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Abstract

Comparative studies of agricultural biotechnology regulation have highlighted
differences in the roles that science and politics play in decision-making.
Drawing on documentary and interview evidence in the United States,
the United Kingdom, and Germany, we consider how the “regulatory
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cultures” that guided national responses to earlier generations of agricul-
tural biotechnology have developed, alongside the emergence of genome
editing in food crops. We find that aspects of the “product-based” reg-
ulatory approach have largely been maintained in US biosafety frameworks
and that the British and German approaches have at different stages
combined “process-based” and “programmatic” elements that address the
scientific and sociopolitical novelty of genome editing to varying degrees.
We seek to explain these patterns of stability and change by exploring
how changing opportunity structures in each jurisdiction have enabled or
constrained public reasoning around emerging agricultural biotechnologies.
By showing how opportunity structures and regulatory cultures interact
over the long-term, we provide insights that help us to interpret current
and evolving dynamics in the governance of genome editing and the longer-
term development of agricultural biotechnology.

Keywords
genome editing, biotechnology, genetic modification, GMO, governance,
policy, regulation

Introduction

Comparative studies of the governance of technology across countries have
illuminated how the application of scientific evidence in decision-making
has been shaped by institutional, political, and cultural differences (e.g.,
Vogel 1986; Jasanoff 1991). Within this broad literature, the transatlantic
divergence in agricultural biotechnology regulation has attracted significant
attention over the past three decades, including in the pages of this journal
(e.g., Levidow et al. 1997; Joly and Marris 2003; Levidow, Murphy, and
Carr 2007; Kuzma 2016; Frow 2020). In particular, distinctions have been
made between the regulatory approaches taken in the United States, which
was the first country to develop a framework to govern the first generation
of agricultural biotechnology, and different nations within the European
Union (EU), each of which developed their approaches within the EU’s
framework. These adopted approaches, as Chataway and Tait (1993) state,
were of two kinds: “product-based” or the reactive regulation of genetically
modified organisms (GMOs) on the basis of hazards from existing product
categories, and “process-based” or the proactive regulation of GMOs as a
new category with potential novel and unforeseen hazards. In a further
contribution, Jasanoff (1995) identified three cultures of biotechnology
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regulation, which she termed product (in the United States), process (in the
United Kingdom), and program (in Germany). Jasanoff’s “three cultures”
thesis revealed how cultural and historical differences in each country’s
regulatory regime could help explain divergences in their respective
approaches to genetically modified (GM) crops; divergences which led to
controversy and a World Trade Organization (WTO) dispute.

The arrival of another generation of agricultural biotechnologies, notably
those involving genome editing techniques such as CRISPR-Cas, again draws
our attention to international and transatlantic differences. In this paper, we
consider genome editing in food crops and interrogate the evolving regulatory
approaches of the United States, the United Kingdom, and Germany. We ask
how the regulatory cultures that emerged in response to the first generation of
agricultural biotechnology have developed over the intervening three and a
half decades and in response to the advent of genome editing? We build upon
the work of Jasanoff (1995) and others to explore how legal and political
developments have contributed to regulatory changes, and ask what concep-
tual tools can help us to explain change over this longer duration?

Our approach is both comparative and longitudinal, allowing an empirical
investigation over broad temporal and geographical scales that is absent from
other recent country studies (Helliwell, Hartley, and Pearce 2019) or multi-
country (Meyer and Heimstddt 2019). Between 2001 and 2021, the authors
were involved in several separate projects investigating the regulation and
governance of GMOs in each of the three countries that are the focus of this
paper. Each of these projects drew on documentary analysis, as well as inter-
views and group discussions (see “Reconsidering Regulatory Cultures™), but
in utilizing these data, we limit our analysis to the period from 1986 to January
2021, when both the United Kingdom’s Brexit transition period and the US
Trump presidency concluded. By examining the long-term regulatory
approaches to agricultural biotechnology across these three countries, we show
how elements of the three cultures identified by Jasanoff continue to shape how
the governance of genome editing and its products are being grappled with in
the United States, United Kingdom, and Germany. We also discuss how key
moments such as the new EU Directives in 2001 and 2015, the US move
toward labeling of bioengineered food, the July 2018 ruling by the European
Court of Justice (pertinent to genome editing), and the United Kingdom’s
departure from the EU have affected possibilities for policy change.

We explore the notion of “opportunity structures” as a means to under-
stand these changes. In so doing, we reveal when and how regulatory
cultures that might appear static (e.g., Jasanoff 1995) can actually evolve
or change over time, with implications for subsequent generations of
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technology. The social movements literature has traditionally pointed to
political opportunity structures, alongside other factors, to explain the effec-
tiveness of campaigns against the state (McAdam et al. 2001, 41). In the
pages of this journal, the concept has been applied to understand how
scientists and entrepreneurs have mobilized within the political opportunity
structures provided by mainstream institutions (Woodhouse and Breyman
2005), and to explain how activists were able to create alternative socio-
technical infrastructures (Espinoza Vasquez 2021). In this paper, we focus
on opportunities for different stakeholders—scientists, corporates, activists,
and campaigning organizations—to participate in public debate and
decision-making about agricultural biotechnologies. Such opportunities are
“situational” rather than permanent (Tarrow 1998, 76-77), and thus the
notion of opportunity structures offers a more dynamic viewpoint that
allows scholars to appreciate how events such as political or legislative
changes can influence shifts in regulatory cultures that shape stakeholder
contributions to regulatory decision-making.

Within biotech regulation specifically, the notion of opportunity struc-
tures has more recently been applied to industrial as well as political struc-
tures. Calling for scholars of social movements to “decenter the state,”
Schurman (2004, 247-48) examined the importance of “industry opportu-
nity structures,” including behavior, culture, and actor networks in explain-
ing the effectiveness of the “anti-biotechnology” movement in Europe.
Macnaghten and Habets (2020, 355) describe the opportunity structure
afforded to the same movement by the labeling of GMOs in the EU, cre-
ating unprecedented space for public debate and consumer pressure. For our
purposes, we define opportunity structures as the changing social, legal, and
political frameworks within which public reasoning about controversial
technologies can take place.! Using this broad definition, we seek concep-
tual tools that take us beyond regulatory cultures and help to explain policy
change and stability over the longer term. We explore how opportunity
structures enable or constrain spaces for stakeholders to question and debate
the physical, social, and political risks of agricultural biotechnologies and
demonstrate how these processes have shaped the regulation of those bio-
technologies over consecutive generations.

Comparing Regulatory Cultures of Agricultural
Biotechnology Regulation

Why compare regulatory decision-making across jurisdictions? Compara-
tive studies of the legal and institutional contexts in which regulatory
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decisions are made offer a nuanced and persuasive explanation of
divergence. As Jasanoff (2005b, 43) has written, “whether or not such
understanding leads to greater convergence in public values or policy
action, it should increase the intelligence and sophistication of the global
debate on these issues.” Longitudinal comparisons allow a deeper apprecia-
tion of the interplay of social and technical aspects of decision-making over
time and enable further reflexivity.

Prior to the 1990s, emerging regulatory frameworks on both sides of the
Atlantic largely followed an apparent consensus that there should be a case-
by-case assessment of physical risks arising from recombinant DNA tech-
niques (OECD 1986), with food safety assessment based on the principle of
“substantial equivalence” (OECD 1993). Toward the end of the 1980s,
significant divergences began to appear between jurisdictions. The key
distinction contrasted the US approach, which focused on characteristics
of the GMO product as a trigger for regulatory oversight, with the EU
approach, which treated the process through which GMOs had been created
as a trigger for regulatory oversight (Cantley 1995). This split became
entrenched when the EU enacted legislation in 1990 to govern deliberate
release and marketing of products derived from specific techniques of
genetic modification (listed in Annex 1 of Directive 1990/220/EC).

This transatlantic divergence set the stage for subsequent studies of
science and regulatory policy, analyzing the limits of “substantial equiv-
alence” as a framing assumption for risk assessment (e.g., Levidow,
Murphy, and Carr 2007) and compared how different procedures and
institutions reinforced distinct risk framings in the United States and the
European Union (e.g., Levidow 1999). According to Macnaghten and
Habets (2020, citing Grove-White 2001, 469), the divergence provided an
opportunity structure for controversy to arise, which “facilitated an operat-
ing space for NGOs (and later, the media and other actors) to translate
‘diffuse or unfocused public concerns into terms compatible with what they
understand to be the particular policy world in question.””

Adopting a longer analytical time frame that included the period before
EU-wide legislation, Jasanoff (1995) examined the development of differ-
ent regulatory cultures in the United States, United Kingdom, and Germany.
They showed that the US product—based approach interpreted the risks from
biotechnology primarily as physical risks to health or the environment,
while the UK process—based approach also focused on broader social risks,
and the German program-based approach incorporated political risks
alongside social concerns (Jasanoff 1995, 323). In later work, Jasanoff
(2005a, 249) explored how these differences could be explained with
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reference to different civic epistemologies—culturally specific, histori-
cally, and politically grounded ways in which citizens expect the state’s
expertise, knowledge, and reasoning to be produced, tested, and used in
decision-making. Conceptualizing United States, British, and German civic
epistemologies as contentious, communitarian, and consensus-seeking,
respectively, Jasanoff (2005a, 259; 2005b, 44) identified how the regulatory
decisions that flow from these different civic epistemologies “position the
ontological novelties created by biotechnology either on the side of the
familiar and manageable or on the side of the unknown and perhaps insup-
portably risky.” By adopting an even longer time frame, our study is able to
trace how these regulatory decisions have shaped the contingent dynamics
of policy debate, stability, and change. As we discuss below, by framing
GMOs as unknown and risky, the EU Directive 1990/220/EC created an
opportunity structure that bounded the possibilities for public reasoning
around later generations of agricultural biotechnology.

Comparative studies of liberal democracies point to clear differences in
regulatory cultures that are interesting in their own right. Moreover, given
the international economic and political influence of some of these coun-
tries, they have been shown to have broad implications. For example, sev-
eral studies have pointed to the influence of US and EU discourse and direct
lobbying on emerging national biosafety regimes in African countries
(Paarlberg 2008; Aerni and Bernauer 2006; Schnurr 2019). Ely (2006) has
applied Jasanoff’s notion of a “program” culture to study Austrian biosafety
policy, while the product/process distinction has been applied in studies of
several other jurisdictions (Applegate 2001; Schnurr and Smyth 2016) and
has been a subject of debate in international fora such as the EU and WTO
(Kinchy et al. 2008). Therefore, we find that these three so-called regulatory
cultures provide a useful framework to use as a starting point in compara-
tive studies of agricultural biotechnology regulation. After introducing reg-
ulatory debates regarding new genome editing technologies applied to
agriculture and food, we consider how these regulatory cultures have been
influenced by changing opportunity structures to shape current policies in
the United States, the United Kingdom, and Germany.

From Genetic Modification to Genome Editing

Conventional techniques of genetic modification pioneered in the early
1970s involve the manipulation of DNA to create chimeric molecules con-
taining one or more genes that are inserted somewhere into a target organ-
ism’s genome. The resulting GMOs are commonly labeled transgenic to
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reflect this transfer of DNA. The technology has been used widely as a tool
to produce industrial and medical products in simple organisms, to increase
expression of specific traits in crop plants, and, in a few cases, to modify
animals. In agriculture, the diversity of commercialized transgenic crops
has fallen far short of the early predictions from biotechnologists that
applications “are only limited by our imaginations, and at the moment,
imagination is running unchecked” (Alper 1984, 13). In reality, just the two
transgenic traits of herbicide tolerance and Bacillus thuringiensis (Bt)-
based insect resistance account for 99 percent of acres planted to GM crops
(NAS Committee on Genetically Engineered Crops 2016).

Genome editing manipulates a particular site in the target organism’s
DNA, and is the basis of a new generation of agricultural biotechnology
products. Until 2012, two genome editing techniques appeared to be most
promising. They involved the use of zinc finger nucleases (ZFNs) or tran-
scription activator-like effector nucleases (TALENS), which are artificial
enzymes that can be engineered to target specific DNA sequences for
cutting and recombination. These tools have now been superseded by
CRISPR-Cas-based tools, which have been widely heralded as a more
nimble, versatile, and inexpensive tools for genome editing. CRISPR-Cas
techniques have been taken up very rapidly by the scientific community,
first in prokaryotes (Jinek et al. 2012), and later in eukaryotes (Cong et al.
2013) including crop plants (Shan et al. 2013). Further research extended
the application of CRISPR-Cas techniques to important food crops such as
maize, sorghum, wheat, barley, soybean, brassicas, potatoes, sweet oranges,
and tomatoes, producing stable heritable changes in the transformed organ-
isms’ germ lines (e.g., Bortesi and Fischer 2015), with emerging approaches
deploying CRISPR-Cas-based tools across wider taxa, including simulta-
neous edits at multiple locations in the genome and their application in
directed evolution. As in the early days of GM crops, there have been
enthusiastic, and sometimes breathless, media claims about how agriculture
will be improved (e.g., Parrett 2015). Not surprisingly, the question of
how the technology will be, and should be, regulated is urgent and hotly
contested.

Contours in Regulatory Debates over Genome Editing

To date, regulation of genome editing in agriculture is following a more
permissive path in the United States than in Europe, where controversy
continues (Mampuys, this issue). A qualitative study of official reports and
position statements from EU member states (Meyer and Heimstadt 2019)
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showed subtle differences in themes such as innovation, risk, ethics, econ-
omy, legislation, food quality, epistemology, and intellectual property,
pointing toward the challenges of coexistence between policy options
across the union. The emergence of familiar, contrary positions reminds
many observers of arguments that raged two decades ago, over how to
regulate GMOs (Macnaghten and Habets 2020; Nawaz et al. 2020). Current
tensions hinge on three issues, each with specific technical dimensions,
which we do not discuss in detail here (see EFSA 2012; Sprink et al.
2016), and physical, social, and political risk implications.

The first major tension concerns the degree of precision within genome
editing, which rests on its ability to manipulate site-specific genomic
sequences. While proponents claim that this precision leads to safer prod-
ucts, some recent reports suggest that CRISPR-Cas9 technology is capable
of creating unintended on- and off-target mutations in plants and other
genera, which could induce deleterious effects and make breeding efforts
more complicated and costly (e.g., Kosicki, Tomberg, and Bradley 2018;
Hahn and Nekrasov 2019). Even if other scientists insist that such mutations
are extremely rare and can be effectively mitigated, opponents remain
unconvinced, labeling the CRISPR-Cas9 technique “unpredictable” and
suggesting that risks created by genome editing are equivalent to those
generated by gene transfer between organisms (e.g., ENSSER 2017).

Secondly, some scientists argue that genome-edited organisms should
not be classified (or stigmatized) as GMOs if their genomes do not contain
foreign DNA (Duensing et al. 2018). Critics respond that genome editing
nevertheless often involves the introduction of foreign DNA, even if only
transiently. Even when breeders later select plants that are free of trans-
genes, thereby sometimes avoiding regulatory oversight (Khatodia et al.
2016), some regulators still call for a case-by-case risk evaluation of gen-
ome edited organisms proposed for commercial release to identify unin-
tended effects (Eckerstorfer et al. 2019).

The third tension, relating to detection, has implications for post-
approval monitoring and trade. Whereas transgenic crops can easily be
identified by exotic DNA signatures, some genome-edited organisms can
be indistinguishable from organisms that might have mutated naturally or
been altered using established mutation breeding technologies which are
not regulated in the same way (Ledford 2015; Grohmann et al. 2019). This
makes it difficult to monitor and enforce process-based regulation.
Genome-edited crops could thus pose a new kind of challenge with respect
to responsible use and safe stewardship (Macnaghten and Habets 2020).
Detection challenges could also make it harder for breeders or seed
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companies to claim or enforce proprietary rights over genome-edited prod-
ucts that contain no transgenes. While this could be a disadvantage to
breeders and seed companies, it may mean that some applications of gen-
ome editing technology might be more readily accessible than GMOs to
small firms and public breeders in emerging economies. Helliwell, Hartley,
and Pearce (2019, 21) thus suggest that “genome editing may also disrupt
some of the established NGO critiques surrounding power dynamics in the
sector.” The technology’s social and political implications will depend in
large part on how intellectual property is framed and enforced in each
jurisdiction (Grohmann et al. 2019).

The resolution of these debates could have substantial implications for
the commercial release of genome-edited plant varieties. Besides ensuring
that genome edited organisms can be released into the environment and
food chains safely, regulatory regimes will determine whether it may be
practical, affordable, and profitable for various public and private stake-
holders to develop and release genome edited varieties.

Reconsidering Regulatory Cultures

In revisiting the regulatory cultures outlined above, we deepen our con-
sideration of the evidence underpinning Jasanoff’s (1995) distinctions
with regard to the regulation of GMOs and analyze subsequent changes
in each jurisdiction that have shaped debates with regard to genome edit-
ing. Collectively, we were able to draw upon our previous and ongoing
research to investigate the same three countries—the United States,
United Kingdom, and Germany—allowing Jasanoff’s (and others”) earlier
work to serve as a baseline, and for subsequent political and legal changes
over the past three and a half decades to be investigated through the lens of
opportunity structures. Extending our analytic perspective back to the
1980s reveals a more dynamic and nuanced interpretation of the three
regulatory cultures, and highlights the utility of opportunity structures
in understanding policy changes.

Documentary analysis across each of the jurisdictions firstly involved
legal texts: this required assembling a dataset of laws (e.g., laws and stat-
utory instruments for the United Kingdom, the Gentechnikgesetz (GenTG)
and amendments as well as relevant EU Directives and Regulations for
Germany, and relevant standards and rules from the Federal Register for
the United States). We also drew on other official reports and policy doc-
uments produced by relevant ministries or departments, (as identified
through interviews or documentary analysis) and texts from political
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speeches. In interpreting expert decision-making processes at national lev-
els and in the EU, we drew upon reports, press releases, statements, and
minutes of meetings from advisory committees (e.g., UK Advisory Com-
mittee on Releases to the Environment, EU European Food Safety Author-
ity). To clarify details of policy discussions and decisions, we conducted 57
semi-structured interviews with administrators, regulatory experts and advi-
sors, nongovernmental organization (NGO) and corporate representatives
and other stakeholders across the three jurisdictions.> We complemented
this documentary and interview data with an online forum conducted under
the project Genome Editing and Agricultural Policy, Practice, and Public
Perceptions (http://geap3.com).> These data have been brought together
and synthesized for the first time in this article.

Product-based Regulation in the United States

The United States was, according to Cantley (1995), where “the debate
about the regulation of biotechnology was first played out in depth and
breadth.” The 1986 Coordinated Framework for Regulation of Biotechnol-
ogy centered the responsibility for environmental regulation of GMOs in
the hands of existing agencies, especially the US Department of Agriculture
(USDA), which held statutory mandates to regulate crop pests under the
Plant Pest Act (PPA); the Environmental Protection Agency (EPA), which
oversaw agricultural chemicals under the Federal Insecticide, Fungicide
and Rodenticide Act (FIFRA); and the Food and Drug Administration
(FDA), which invited voluntary premarket review of products under the
Federal Food, Drug and Cosmetic Act (FFDCA). This limited regulatory
action to scientific issues that were well-understood based on experience
with plant pests (e.g., cauliflower mosaic virus) or with previous technol-
ogies (e.g., insecticides in the case of Bt crops). Regulatory agencies’
powers and procedures were tightly defined by legislation and their deci-
sions had to be defensible against legal challenges brought by nongovern-
mental actors, including the biotechnology industry and public interest
groups (Jasanoff 2005a; Ely 2006). The challenges created by this approach
have been evident for many years, as illustrated in an interview with an EPA
scientist (December 9, 2004):

in many respects we’re trying to fit a square peg into a round hole. You see all
our laws are written for conventional chemical pesticides, and nobody has
written laws specific for PIPs [plant-incorporated protectants], so we’re try-
ing to fit it into the regulations for chemicals and they don’t fit in some places.
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The FDA’s oversight was based on an expectation or “de facto
requirement” (Parrott 2018) that firms would voluntarily demonstrate prod-
ucts’ safety before placing them on the market. Despite its challenges, the
predictability provided by this product-based framework served to accel-
erate the rapid commercialization of GMOs within the United States.

This US regulatory system has continued to evolve, while retaining its
principal focus on the same characteristics of transgenic products covered
under earlier laws. However, two deviations are worth discussing. Firstly, in
1998, the EPA moved to protect the biopesticide Bt in transgenic crops as a
“public good,” by mandating farmers to adopt practices that would prevent
or delay resistance among target pests. These changes arose as a result of
intense advocacy by groups such as the Union of Concerned Scientists and
the Environmental Defense Fund (Mellon and Rissler 1996) and a lawsuit
brought by 73 plaintiffs, led by Greenpeace, the Washington-based Center
for Food Safety, and the International Federation of Organic Agricultural
Movements (Wadman 1999). In line with the US contentious civic episte-
mology, this forced insect resistance management onto the agenda of the
FIFRA Scientific Advisory Panel. Thus, by engaging with the broad
product-based approach and its focus on health and environmental risks,
civil society mobilization created an opportunity structure that allowed
critical experts to force policy to address previously neglected risks asso-
ciated with specific GM products (Bt crops) in a way that was not applied in
other (microbial) Bt formulations.

A more recent and significant deviation from a product approach has
been the shift toward labeling of GMOs in food. Following voluntary
initiatives and hard-fought campaigns (Bain and Dandachi 2014; Bain and
Selfa 2017) and a state-level labeling law in Vermont (Velardi and Selfa
2020), the federal Biotechnology Labelling Solutions Act was passed in
2016, with USDA’s National Bioengineered Food Disclosure Standard in
2018 specifying mandatory compliance from 2022. In some ways, this
represents a programmatic response to political risks, for the first time
enshrining a process-based element within US law with “bioengineered
foods” being defined in process terms as those which “contain detectable
genetic material that has been modified through certain lab techniques and
cannot be created through conventional breeding or found in nature”
(USDA-AMS 2021, emphasis added). However, as emphasized by a Con-
gressional Research Service report (see Croft 2020), this process-based
distinction “does not affect how foods derived from biotechnology are
regulated for safety and approval for human consumption” or cultivation;
the implementation of the standard involves the USDA Agricultural
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Marketing Service (USDA-AMS) rather than the Animal and Plant Health
Inspection Service (APHIS), which is the part of the department responsible
for GMO risk regulation under PPA. Through this separation, bioengi-
neered foods are subject to labeling requirements but remain isolated from
the kind of process-based biosafety regulatory trigger seen in the EU.

The Vermont GM labeling law demonstrates how public reasoning can
be both enabled and constrained by opportunity structures. After years of
campaigns, in July 2016 the state passed a law mandating clear labeling of
foods containing GM crop ingredients. Supporters emphasized the impor-
tance of local agricultural identity, democracy, and socioeconomic commu-
nity welfare (Velardi and Selfa 2020). Civil society action forced open an
opportunity structure allowing for broad debates that included programma-
tic concerns. In contrast, the federal law was brought in just two weeks after
Vermont’s state-level legislation. Focusing on “right-to-know” issues and
designed to avoid the emergence of a patchwork of state-level laws, the Act
was passed, according to the state’s Democratic Party Senator Patrick
Leahy, “with no committee process, no debate or amendment process”
(Lugo 2016). In contrast to the broad process or program-related debates
seen earlier in Europe, the rapid federal move toward labeling imposed a
restrictive opportunity structure through which commercial interests sought
to quell social mobilization across the country and constrain the possibility
of a national moment of more profound public reasoning. Meanwhile, the
USDA’s 2018 standard was expected to be challenged in the courts (Parrot
2018), reflecting a contentious US civic epistemology in which litigation
represents a common response to regulatory uncertainties. Numerous ambi-
guities leave the standard open to legal challenge, among them the extent to
which genome-edited foods require labeling given that the USDA-AMS has
said it will respond on a “case-by-case basis” (Croft 2020, 6).

US researchers have argued that “framing the debate around ‘product
versus process’ is neither logical nor scientific” and, in the face of biotech-
nological advances, “is stalling productive dialogue on the development of
appropriate oversight” (Kuzma 2016, 165-66). While this may be true, the
US approach to the biosafety regulation of genome-edited organisms has
continued to rely on existing legislation and primarily product-oriented
arguments around the absence of physical risks under FIFRA or PPA. Based
on an Obama administration memorandum, a new National Strategy for
Modernizing the Regulatory System for Biotechnology Products was pub-
lished in September 2016 and the Coordinated Framework itself was
updated in January 2017 to clarify agency responsibilities. Their effect is
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that the government’s commitment to administrative decision-making has
been reaffirmed while virtually eliminating regulatory oversight for most
existing genome-edited crops. For example, the USDA stated that CRISPR-
edited varieties of waxy maize (corn) and nonbrowning mushrooms may be
commercialized without oversight—a decision in line with its previous
rulings relating to plants transformed using ZFN and TALEN techniques
(Waltz 2016). Since 2015, some US farmers have been cultivating Cibus’s
genome edited “Falco” variety of Brassica napus, which is also unregulated
under PPA.

The product-based approach met Trump’s “America First” agenda in the
President’s Executive Order 13874 of June 11, 2019. The order emphasized
a product-based approach by specifying that the Federal Government’s
policy was to “avoid arbitrary or unjustifiable distinctions across like prod-
ucts developed through different technologies” (Section 3). It mandated the
review and streamlining of regulations for “low-risk products” (Section 4)
and “genome-edited-specialty-crop-plant products designed to have signif-
icant health, agricultural, or environmental benefits” (Section 6), and the
development of a strategy “to increase international acceptance of products
of agricultural biotechnology” in support of US agricultural exports. Fol-
lowing a process of soliciting public comments to help define the alterna-
tives, impacts, and issues for APHIS to consider (Federal Register 2018),
USDA-APHIS implemented these mandates by publishing the
“Sustainable, Ecological, Consistent, Uniform, Responsible, Efficient”
(SECURE) rule (USDA-APHIS 2020a) which specifies the instances where
products are not subject to regulation on the basis of product characteristics
(USDA-APHIS 2020b).

Thus, through a sequence of largely administrative decisions, the US
regulatory system has curtailed new opportunity structures that would enable
agencies to explore wider environmental and health uncertainties associated
with genome-edited crops and continued to downplay potential social and
political risks. Controversies over labeling have been addressed separately
through legislative changes that continue to be subject to challenge.

Beyond Process-based Regulation in the United
Kingdom

Until the 1990s, the United Kingdom’s GMO regulation approach mirrored
that of the United States in its permissiveness toward both field trials and

food imports. The UK Environmental Protection Act 1990 translated the
original EU “Deliberate Release” Directive 1990/220, which required risk
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assessment on the basis of product characteristics outlined in Annex 2. But
foods containing unlabeled GM ingredients appeared in UK supermarkets
in 1996 at an awkward moment—the British government having recently
admitted that, contrary to its previous claims, new variant Creutzfeld-Jakob
disease could be caused by eating beef products infected with Bovine
Spongiform Encephalopathy (BSE). Trust in both government institutions
and scientific expertise evaporated (Van Zwanenberg and Millstone 2003,
28), contributing to a significant public backlash against GMOs in the late
1990s. In response to similar political risks emerging across Europe, the EU
temporarily ceased approvals of GMOs and introduced requirements for
labeling. This process-based approach, embodied within Directive 1990/
220/EC, provided an opportunity structure that allowed public reasoning
about programmatic social and political risks associated with transgenic
technology to hold up GMO approvals. In response, the new EU Directive
2001/18/EC further opened up public and parliamentary debate to include
social and political issues, highlighting process-related uncertainties and
updating the principles of environment risk assessment (Annex 2) to include
“interactions with other organisms, transfer of genetic material, or changes
in use or management” which might elicit “indirect” effects. Regulations
(EC) No 1829/2003 and 1830/2003 later amended this Directive, introdu-
cing rules for traceability and labeling of GMOs in response to consumer
pressure from across the EU.

In response to similar pressures, including direct action against GM crop
trial sites, the UK government experimented with broader forms of demo-
cratic input; a narrow and technocratic style of safety assessment was
widened to a more programmatic approach. This incorporated social and
ethical concerns through the “GM Nation?” public dialogue on GM crops
convened in 2001 (Poortinga and Pidgeon 2004; Dryzek et al. 2009, 275),
and significant debate in parliament throughout the early 2000s. The Advi-
sory Committee on Releases to the Environment became more open to
public scrutiny, independent from industry, and biased toward ecological
expertise (Ely 2006, 118-19). Farm-scale evaluations and a GM Science
Review provided additional scientific inputs to government decision-
making. Another government-appointed body, the Agricultural and Envi-
ronmental Biotechnology Commission (AEBC 2001-2005), broached
programmatic questions about the forces shaping the agricultural biotech-
nology research agenda (AEBC 2005). Even though its advice was not
statutory, the Commission played a key role in determining the consumer
choice and liability implications of the government’s decisions over GM
herbicide-tolerant crops in 2004 (see AEBC 2003). It also advocated for
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a more strategic or programmatic approach to “agriculture as a whole”
(Grant 2005).

On June 23, 2016, the UK public voted through a popular referendum to
leave the EU, with “Brexit” taking place on January 31, 2020. The United
Kingdom’s departure from the EU raised many questions about the direc-
tion that the country would take in the coming years and thereby provided a
new opportunity structure for public reasoning about the regulation of gen-
ome editing. Clues about the deregulatory approach favored by the ruling
Conservative Party were provided by Prime Minister Johnson’s (2019) call
to “liberate the United Kingdom’s extraordinary bioscience sector from
anti-genetic modification rules” and “develop the blight-resistant crops that
will feed the world” in his first speech as prime minister. Brexit created
numerous opportunity structures for both social movements and industry
interests. The strong Conservative majority in the House of Commons has
meant that the Johnson government has used these opportunities to forward
the Brexit objective of regulatory independence from previous EU laws at
least performatively.

This is particularly significant in the context of a European Court of
Justice (ECJ) decision in July 2018. In Case C-528/16 the ECJ ruled that,
while the “products obtained by means of techniques/methods of mutagen-
esis which have conventionally been used in a number of applications and
have a long safety record” were exempt from regulation under Directive
2001/18, this did not extend to products of mutagenesis in general (e.g.,
directed mutagenesis through genome editing), which should otherwise be
regarded as GMOs. As a result of this decision, a new opportunity structure
for public reasoning around genome editing did not emerge in the EU,
though some UK politicians expressed their disapproval. In a letter in
October 2018, the Secretary of State for Environment, Food and Rural
Affairs, George Eustice, described the regulation of genome edited crops
as “an early candidate for us to depart from the approach the EU is taking”
(Byrne 2020, para. 7).

In 2018, but prior to the ECJ decision, UK authorities gave approval for
field trials of genome-edited plants of the Brassica family. At the time, the
Advisory Committee on Releases to the Environment advised that
“Camelina sativa plants produced by CRISPR-Cas9 genome editing could
have been produced through traditional breeding techniques” (ACRE 2018)
and judged that the risks to human health and the environment associated
with the release were “extremely low,” leading the Department of Environ-
ment, Food and Rural Affairs (Defra) to permit the trials. Later, in a June
2020 statement to the UK Environmental Audit Committee, Eustice
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commented that “some of these [genome editing] techniques are really just
an extension of conventional plant breeding. I am not saying there would
not be any kind of regulation, but I think it is a moot point as to whether it is
appropriate to have the same regulation as you would for transgenesis”
(EAC 2020, Q44). At the time, Eustice also stated that the government did
not propose to change current regulations on GMOs.

More broadly, debates in the United Kingdom about GMOs and genome-
edited crops lay within a once-in-a-lifetime reconfiguration of domestic
agri-food-environment policy, with the 2020 Agriculture Act and 2021
Environment Act possibly paving the way for a systemic restructure. The
process to produce England’s first National Food Strategy was launched in
2019, with ambitious plans for a “National Food Conversation” signaling a
desire for broader public consultation and engagement (NFS 2020). The
country found itself in the midst of a period of thinking strategically about
both biotechnology and, as the AEBC proposed, “agriculture as a whole.”
This is signaled in parliamentary debates of these changes, which began to
offer opportunities for wider process-based considerations. In 2020, the UK
National Farmers’ Union called for policy changes to allow British farmers
access to genome editing technology after Brexit—a call supported by the
All-Party Parliamentary Group on Science and Technology in Agriculture.
An amendment to modify definitions in the Environmental Protection Act
1990 regarding “products of breeding techniques where nucleic acid
changes could have occurred naturally or through traditional breeding
methods” (Lord Cameron of Dillington 2020) was tabled in the House of
Lords then withdrawn in July 2020 after mobilization by campaigning
organizations. Lord Gardiner then announced that the government would
soon launch a public consultation on the issue, indicating a process-based
distinction from the regulatory trajectory of GMOs.

This consultation was eventually launched by Defra on January 7, 2021,
just one week after the United Kingdom’s Brexit transition period came to
an end (Defra 2021). The consultation implicitly maintained the EU’s ear-
lier definition of GMOs but also sought to define genome editing (which it
referred to as “gene editing” or GE) as “a range of technologies that can
achieve genetic changes of the type that are selected for in traditional
breeding, such as insertions, deletions and, occasionally, translocations of
genetic material.” In Part 1 of the consultation, it put forward the proposal
that “organisms produced by GE or by other genetic technologies should
not be regulated as GMOs if they could have been produced by traditional
breeding methods.” As such, while the consultation was ambiguous as to
whether GE as a process was distinct from GM, it was proposing to remove
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the same process-based regulatory trigger for some products. If the United
Kingdom had still been constrained by the ECJ’s 2018 ruling, this proposal
would have been problematic, but the opportunity structure provided by
Brexit was strategically deployed by Defra to frame GE within the same
category as conventionally bred crops, for biosafety purposes, and as dis-
tinct from transgenic GM products regulated under the EU’s process-based
framework. The consultation also asked whether there were any “non-safety
issues to consider,” pointing to social and political risks that go beyond the
traditional product-based approach described by Jasanoff (1995). Defra
(2021) stated that it might “seek to amend the statutory definition of a
GMO” depending on Part 1 results, potentially leading to “legislative
change in the next 1-2 years.”

Part 2 of the consultation dealt with “questions on broad reform of
legislation governing organisms produced using genetic technologies,”
responses to which would inform “the start of a separate engagement
process” that would then inform further policy development and stake-
holder engagement (Defra 2021). It remained to be seen whether these
would resemble programmatic approaches of the sort seen in the early
2000s. Other UK studies of social and ethical debates regarding genome
editing have stressed the important role of NGOs in bringing such issues
into political discussions, while also suggesting they need to be addressed
formally, arguing that politicization should be welcomed by public institu-
tions and research bodies “if they are committed to wider public dialogue
and involvement” (Helliwell, Hartley, and Pearce 2019, 789). Part 2 of
Defra’s consultation sought to lay the foundation for a more thorough over-
haul of the wider agricultural biotechnology sector. The promised enact-
ment of new primary legislation provided an opportunity structure in which
scientific uncertainties and broader programmatic concerns could be dis-
cussed within and beyond parliament.

Program-based Regulation in Germany

In the early days, the key discussion about biotechnology regulation in
Germany was whether existing regulatory frameworks were sufficient or
whether a “new political order” was needed (Jasanoff 1995, 322). After an
initial focus on physical risks, the German regulatory system rapidly iden-
tified political risks such as strong resistance and intense conflicts—like
those experienced in the 1970s and 1980s regarding nuclear energy—to be
graver than either physical or social risks, adopting a deliberative political
response exemplified by the parliamentary Enquéte-Kommission
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(Commission of Enquiry) “Chances and Risks of Genetic Engineering”
(Deutscher Bundestag 1987). At the end of the 1980s, a court in Hessen
ruled that the use of biotechnology in industrial production processes
required specific legislation. By attending to technical, social, and polit-
ical risks in the parliamentary search for consensus, Germany took into
account the “programmatic relationship between technology and society”
(Jasanoff 1995, 324). The Gentechnikgesetz (GenTG, Genetic Engineer-
ing Law) came into force in 1990 and sought to balance the principles of
precaution and innovation by combining the protection of nature and
humans with the possibilities for the advancement of biotechnology (§1
GenTG).

Both GenTG and decisions around the deliberate release of specific
products have since been amended several times. The law was amended
to implement parts of the European Directive 2001/18 on deliberate release
in 2005. The establishment of the Standortregister (location register) for
trials and cultivation in 2005 (Bundesamt fiir Verbraucherschutz und
Lebensmittelsich [BVL] n.d.) and the Fourth Amendment of the GenTG
in 2008, adding the Gentechnik-Pflanzenerzeugungsverordnung or
“Regulation on Good Practice in the Production of Genetically Modified
Plants” (GenTPfIEV 2008, see below) is especially relevant to Germany’s
programmatic focus on political risks.

The 2005 changes paved the way for the cultivation of MONS810 insect-
resistant maize, providing civil society with a renewed focus for debate and
protest. While the Standortregister led to intense conflicts in villages and
rural areas, as it clearly identified areas where GMOs were cultivated, it
also enabled transparency about the extent of GMO cultivation. The 2008
GenTG amendment included regulations associated with “ohne Gen-
technik” (GMO-free) labeling. Furthermore, with GenTPfIEV it established
the possibility of agreements between neighbors to waive legally required
separation distances between GM and conventional or organic crops. This
led to an individualization of the conflicts on the one hand, and a reinforce-
ment of deliberation between neighbors on the other. As in the United
Kingdom, sites became a visible and iconic focus around which public
attention and debate emerged, with regulatory decisions about specific
products providing the opportunity structure for more programmatic issues
to surface.

Following cultivation from 2005 to 2008, MON810 was banned in spring
2009 (BVL 2009) with the BVL justifying its decision with scientific evi-
dence concerning risks for nontarget organisms (2001/18/EC and § 20
GenTG). These arguments became the subject of subsequent scientific
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debate across Europe. Some public sector scientists argued that the BVL’s
justification was incomplete and confused (Ricroch, Bergé, and Kuntz
2010), while others pointed to the need to follow up on laboratory studies
showing negative effects on nontarget species (Beohn et al. 2012), both
claiming that data had been selectively cited and interpreted. Regardless,
these arguments illustrate the country’s attention to physical risks, which
were then the only basis upon which GMOs could be banned under the EU
Directives. Technical risks were further examined, for instance by the
GeneRisk research project that was funded in the 2000s by the Federal
Ministry of Education and Research (BMBF; Breckling et al. 2012) and
the Federal Agency for Nature Conservation (BfN; BfN n.d.). Other studies
have also illustrated that political considerations, such as the likelihood of
protests at cultivation sites, also played a role in the decision to ban
MONS10 (Friedrich 2020). For instance, a few weeks before the ban, in
February 2009, the Green Party had proposed a general ban on all GMO
cultivation in the country (Deutscher Bundestag 2009). In this initiative,
programmatic arguments played a crucial role and the growing resistance to
the cultivation of MONS810 maize was listed as a prominent reason for the
ban (Deutscher Bundestag 2009, 1). The initiative, however, did not find a
majority.

After April 2009, commercial cultivation of GMOs continued with the
GM potato Amflora marketed in Germany between 2010 and 2011. Like
MONSI10, this led to activist mobilization against both commercial cultiva-
tion and field trials, including the destruction of crops. But a significant
difference between MON810 and Amflora was that there was almost no
demand from farmers for Amflora and therefore it had very limited cultiva-
tion (BVL n.d.). Although policy continued to permit cultivation, marketing
of Amflora was halted by BASF in 2012. This time, programmatic con-
siderations around consumer rejection and citizen concerns around coex-
istence played a significant role for the firm involved rather than for the
government. A headline from the Siiddeutsche Zeitung (2012, translation by
authors) read: “No chance for genetic engineering in Europe. BASF gives
up and relocates this sector to the United States. People on the continent
simply don’t want the GM potato Amflora.”

EU Directive 2015/412 was later passed, allowing member states to
restrict the cultivation of GMOs on the basis of wider considerations, such
as “environmental or agricultural policy objectives, or other compelling
grounds such as town and country planning, land use, socioeconomic
impacts, coexistence and public policy.” The Directive represents a legal
opportunity structure that emerged as a result of political pressure from
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member states within the EU’s process-based framework, which treated
these wider programmatic considerations as a legitimate basis for policy
decisions. Alongside several others, Germany restricted GMO cultivation in
2015 (European Commission n.d.), but to date the EU Directive 2015/412
has not been translated into national laws such as the GenTG. There were
several draft versions and a broad debate. Beyond regulations translating
the Directive’s opt-out process, a key question was whether to include not
only the precautionary principle but also an “innovation principle” in light
of emerging gene editing techniques (Deutscher Bundestag 2016). In the
end, the coalition of conservative and social democratic parties could not
find a consensus and the revision of the GenTG was declared “failed” in
May 2017, a few months before elections (SPD Bundestagsfraktion 2017).

Bearing in mind the political risks, Germany’s programmatic approach
has enabled participation of civil society at several points since the original
Enquéte-Kommission, the roundtable initiated by the BMBF in the 2000 that
seemed to reflect its “consensus-seeking” civic epistemology and the delib-
erative quality of its democracy. However, critics have argued that the com-
mitment to public participation has been mostly symbolic, in that the German
approach has sought an “acceptance of irresolvable differences” rather than a
resolution of conflicting positions (Béschen 2010, 116, authors’ translation).
With respect to the aforementioned roundtable, all environmental NGOs
eventually withdrew from the process (Friedrich et al. 2019, 170), further
calling into question the consensus-seeking civic epistemology.

The emergence of genome editing has led to another round of discussion
about a possible change to the GenTG. During the period covered by this
paper, genome edited organisms have been treated as GMOs in Germany, as
prescribed by the ECJ, and none had undergone field trials. However, in
2020 the German government saw genome editing as a promising innova-
tion. Julia Klockner, CDU Minister for Food and Agriculture, told the
Bundestag, “there are new breeding techniques that save us time and I plead
for us to be open here” (Deutsche Bundesregierung 2020, translation by
authors). In the debate after her speech, politicians who were critical of the
minister’s point of view referred mainly to product-related arguments asso-
ciated with scientific risks. Rainer Spiering, an MP from the social demo-
crats (SPD) asked for instance: “Can we take responsibility for those?”
(Deutscher Bundestag 2020, 24213, translation by authors). Ministry of
Education and Research policy statements in the same year supported the
view that the whole range of biotechnologies should be used in agriculture,
while continuing to seek consensus on a balance between innovation and
precaution (BMBF 2020).
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The arrival of genome editing technology has been met with other calls
for openness. In the summer of 2020, a group of 22 members of the Greens,
a party that played a formative role in the early GMO debates based on
strong opposition to GM technology, produced a paper calling for genetic
engineering regulations to be updated, arguing that the existing situation
promoted monopolies and that new genetic technologies could potentially
contribute to more sustainable agriculture (Christmann et al. 2020). On the
one hand, this can be seen as part of the Greens” move away from more
radical positions, but on the other it also addresses political challenges or
risks. During a party conference in November 2020, the party adopted a new
basic program (Biindnis 90/Die Griinen 2020). Whether to approve or reject
new biotech techniques was a key subject of controversy, with many mem-
bers still clearly opposed to all kinds of agricultural biotechnology. Even-
tually, the majority of the party members voted to keep the principles of
GM-free agriculture and precaution in the basic program, as well as strict
regulation of new techniques, while also enabling research in that field. This
was a departure for the party. Even if short-lived and based on a minority
view, the discussion within the Greens illustrates how political risks still
played a role in German debates and political differences persisted even
within the same party. Differences in opinion have also been evident for
various government agencies: the BfN “welcomed” the 2018 ECJ decision,
whereas the Federal Office for Consumer Protection and Food Safety did
not (Meyer and Heimstadt 2019).

Among the public, recent government research has suggested high levels
of skepticism—not only toward traditional GMOs but also to newer tech-
niques (BMU/B{N 2020, 58-63). Environmental NGOs have also mobilized
by calling for strict regulation of genome editing, trying to shut down an
opportunity structure for new, more permissive policies. The political
opportunity structure provided by the EU Directives and confirmed by the
EC]J decision has led to a resurrection of many earlier debates. In line with
Germany’s programmatic regulatory culture, the government has responded
with several consultation processes regarding genome editing, which have
included forums involving scientists and civil society organized by the Fed-
eral Ministry of Food and Agriculture, and a consumer conference on genome
editing organized by the Federal Institute for Risk Assessment. This illus-
trates a continued commitment to the public engagement characteristic of the
programmatic regulatory culture on the part of the government. However, in
the absence of a new opportunity structure, this did not evolve into a new
round of public reasoning at the national level. Constrained by the ECJ
decision, the settlement on a no-GMO consensus remains.
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Nonetheless, ensuing developments in the EU may change this. The
strong commitments of Chancellor Merkel and her Christian Democratic
party (CDU) to the European project, and the need for EU states to move
forward together, led Germany and 13 other member states to call for a
“unified approach to gene editing in plants” in 2019 (Fortuna 2019). This
would need to be informed by EU and national parliamentary debates,
offering a new opportunity structure in which programmatic concerns
such as the potential contributions of GE to sustainable agriculture could
be debated.

Discussion: Comparing Regulatory Cultures
and Governance

Jasanoff (2005a, 260) argues that “the attributes of civic epistemology have
to be performed and reperformed to maintain their hold as living, breathing
instruments. It follows that radical breaks and disjunctures can always occur
in theory, but shocks of exceptional severity may be needed to precipitate
them.” Our analysis identifies no such shocks; however, our consideration
of the politics surrounding the governance of GMOs and genome editing in
the United States, the United Kingdom, and Germany demonstrates how
regulatory cultures in each case have developed and changed. Despite the
years that have passed since Jasanoff’s analysis was published, it is still
possible to identify substantial continuities in the regulatory cultures of
these three countries. At the same time, new opportunity structures have
enabled the adoption or rejection of elements from other regulatory cul-
tures, providing a more dynamic picture that helps to explain policy change
in some cases, and stability or even entrenchment in others. While civic
epistemologies define the “how” of public reasoning, opportunity structures
can be understood as defining “when” it has taken place.

In the United States, adherence to the Coordinated Framework and
reluctance to introduce new laws to regulate the techniques and products
of genome editing has helped to cement a form of “lock-in,” whereby
regulatory agencies have largely been prevented from examining or con-
sidering anything but a narrow and circumscribed set of risks associated
with specific product characteristics as prescribed by Congress. Critics and
skeptics of biotechnological techniques in food and agriculture have articu-
lated alternative process- and program-oriented principles for governing
GMOs and genome editing in the United States, yet the product-based
approach to biosafety regulation has remained largely unchanged for 30
years (notwithstanding policy shifts around Bt insect resistance
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management). The question of labeling, on the other hand, has emerged
within a different regulatory sphere outside these constraints, in which
programmatic concerns were initially forced onto the legislative agenda
at the level of individual states. When the debate was transferred to the
federal level, the National Bioengineered Food Disclosure Standard thus
had no direct impact on biosafety regulation. It is possible, given the EU
experience following labeling regulations, that new opportunity structures
for public debate may be opened up by the continuing conflicts over the
Standard’s implementation. Overall, the combination of the country’s con-
tentious civic epistemology and the regulatory framework’s stability over
six presidential administrations from Reagan to Trump, strongly supported
by US-based transnational agribusinesses, have led to an outcome in which
genome-edited crops with certain product characteristics are almost com-
pletely unregulated in the United States (see Kuzma, this issue).

Soon after the turn of the 21st century, public resistance prompted the
UK government to broaden the process-based frameworks that character-
ized the country’s governance of the first generation of agricultural bio-
technologies, namely GMOs. The “GM Nation?” debate marked a shift
toward more programmatic attention to political risks, and led the country
toward a more cautious stance on GMOs in the United Kingdom than some
politicians and many scientists and farmers wanted. Brexit created a new
opportunity structure in which the national policy frameworks relating to
biotechnologies could be revisited. By early 2021, the UK government had
recognized certain applications of genome editing as distinct from GMOs
on the basis of their equivalence to conventionally bred products. However,
this apparent shift toward a product-based approach was combined with a
consultation on the new generation of agricultural biotechnologies that
included a question about their wider societal implications and entangle-
ments. Until the British government gave notice of the country’s intention
to leave the EU, the space for a consultation of this kind had been limited by
the parameters of European law and politics. Brexit, its proponents argued,
offered a space in which a fresh approach could be designed in the context
of a once-in-a-generation rebooting of national strategies and laws relating
to agriculture, food, environment, trade, and consumer rights. The govern-
ment’s recognition of genome editing and its products as distinct from
existing GMOs, and inclusion of “nonsafety” concerns in its 2021 consulta-
tion, were early signs of a more programmatic engagement with the new
technology that considered its political dimensions, public concerns and
societal implications—though the extent to which these will be addressed
remains unclear. The promised primary legislation created an opportunity
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structure for the United Kingdom’s communitarian civic epistemology to
deliver a framework incorporating novel combinations of product, process,
and program elements.

In Germany, an early interaction between opportunity structures and reg-
ulatory cultures was the amendment of the GenTG in 2005. This enabled the
commercial cultivation of MONS810 maize, precipitating intense conflicts at
cultivation sites as well as at federal state and national levels. Paradoxically,
this amendment was not only the target of protest but it also gave both GMO
proponents and the environmental movement opportunities to articulate their
positions in a moment of public reasoning (Friedrich 2020, 5), culminating
with the ban of MON810 maize in 2009. Although officially the ban occurred
through the safeguard clause, due to technical risks associated with the prod-
uct, political considerations played a significant role. There have not been
further amendments of the GenTG because there was no consensus about
how to implement EU Directive 2015/412 nationally.

Since the emergence of genome editing, Germany has maintained a
programmatic approach in line with its deliberative tradition and
consensus-seeking civic epistemology. Recently, attention to political risks
was demonstrated by members of the Greens (Christmann et al. 2020),
emphasizing corporate monopoly control and opportunities for more sus-
tainable agriculture. Even if most Greens remained critical of biotechnol-
ogies, the minority contribution can be seen as an appeal to renewed public
reasoning. However, as long as genome editing was regulated in the same
way as GMOs, there was no opportunity structure to enable a differentiated
debate with regard to this new generation of agricultural biotechnology.

Conclusion

We have reconsidered earlier distinctions between product, process, and
program approaches in light of three and a half decades of policy change
and the arrival of new techniques of genome editing. Our analysis of
biotechnology regulation in the United States, the United Kingdom, and
Germany over that period leads us to suggest they do not have fixed reg-
ulatory cultures but rather three somewhat dynamic trajectories, each exhi-
biting varying degrees and elements of product, process, and program
approaches at different times. These shifts have been possible without
evident changes in the countries’ underlying civic epistemologies. We have
further examined how the developments in each case have been precipitated
by changing social, legal, and political opportunity structures. These have
interacted with each other in different ways, whether this be social
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mobilization creating opportunity structures for subsequent legal changes
(e.g., the US labeling case), new legal frameworks precipitating opportuni-
ties for government-led consultation (e.g., the UK post-Brexit), or legal
decisions precluding deep and broad societal debate (e.g., the ECJ ruling’s
effects in Germany). Mobilizing concepts from STS and social movement
theory in the long-term comparative analysis of how societies cope with
consecutive generations of agricultural biotechnology illustrates the inter-
play between regulatory cultures and opportunity structures. As well as
highlighting a degree of lock-in to the product-based approach in the United
States, we have also shown lock-in to process- and program-based
approaches in Germany and the United Kingdom.

What are the broader implications of these insights for scholars of tech-
nology policy and regulation? For future studies, these results imply that
greater attention should be afforded to changing opportunity structures,
seen as the moments when countries’ civic epistemologies can be, in Jasan-
off’s words, “performed and reperformed.” They define the moments when
public reasoning can be strategically deployed, not just by NGOs as social
movement studies have emphasized, but also by other actors in government
and industry and citizens more generally. Bringing together these concepts
from STS and social movement theory contributes to our understanding of
continuity and change in national regulations and suggests particularly
promising avenues for long-term analyses.

Our comparative study began with the initial divergences of the 1980s
and illustrated how these developed across the three nations in question.
Such an approach could be applied to trace the evolution of regulatory
policies in other liberal democracies in which risk regulation plays an
important role. It could also be applied to build upon analyses that have
described how countries such as Norway (Binimelis and Myhr 2016), South
Africa, and Kenya (Beumer 2019) have brought socio-economic considera-
tions into policy decisions in a more explicit way than either the United
States, the United Kingdom, or Germany. What role opportunity structures
have played in the emergence of these and other national frameworks needs
to be considered in the context of different historical and political back-
grounds. China’s political system poses particular questions with regard to
the conventional application of social movement theory concepts; however,
opportunity structures may prove useful in explaining policy shifts that
other studies have attributed to the changing influence of activists and social
media (Ely 2015) or international debates (Cao 2018).

Our analysis has focused at national levels, however also illustrated the
importance of transnational opportunity structures. These influences are
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evident within the World Trade Organization, whose Dispute Settlement
Panel ruled on the GM crops dispute on the basis of sanitary and phytosa-
nitary science (Bonneuil and Levidow 2012), and where the United States
has joined with other countries to advocate for gene editing regulations that
were “science- and risk-based, transparent, predictable, timely, and consis-
tent with relevant international trade obligations” (WTO 2018, section 2.3).
The strategic linking of neoliberal and scientistic discourses within the
multilateral trade regime, seen by Kinchy et al. (2008) as an attempt to
depoliticize agricultural biotechnology, shuts down opportunity structures
that could enable programmatic concerns to inform national decisions. We
suggest further studies are necessary to analyze interactions between coun-
tries, and the international influence of national-level opportunity struc-
tures, just as our study illustrates the influence of EU-level decisions.
Opportunity structures could also inform analyses in other domains in
which different national styles or regulatory cultures have been identified,
for example nanotechnology (Justo-Hanani and Dayan 2016), civil nuclear
energy (Johnstone and Stirling 2020), or pharmaceuticals (Abraham and
Davis 2020). We suggest that insights from longitudinal studies such as this
will enable a more informed and reflexive approach to the regulation of
genome editing and other emerging technologies, by helping us to consider
the potential impact of contemporary decisions upon future generations of
agricultural biotechnology.
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Notes

1. We recognize that other types of opportunity structures may exist; however, we
focus in this paper on: social changes relating to broad public opinion and
mobilization; legal changes associated with codified laws, rules, regulations, and
guidelines; and political changes involving changes in administration or minis-
terial responsibility. These interact with each other in ways that we explore in
each case.

2. Interviews were conducted across the three jurisdictions between 2002 and 2021:
14 in the United States, 7 in the United Kingdom, 34 in Germany, and 2 at the
European Union level.

3. While we do not quote from the forum, our analysis is informed by 190 contri-
butions from a total of 24 (primarily Europe-based) experts, regulators, private
sector, and nongovernmental organization representatives who exchanged per-
spectives between October 1 and 24, 2020.

References

Abraham, John, and Courtney Davis. 2020. “International and Temporal Compara-
tive Analysis of UK and US Drug Safety Regulation in Changing Political
Contexts.” Social Science & Medicine 255: 113005. https://doi.org/10.1016/j.
socscimed.2020.113005.

Advisory Committee on Releases to the Environment (ACRE). 2018. “Advice on
Genome Edited Camelina Plants with Increased Levels of Oleic Acid.”
Accessed November 30, 2020. https://assets.publishing.service.gov.uk/gove
rnment/uploads/system/uploads/attachment_data/file/800593/gmo-camelina-
oleic-acre-advice.pdf.

Aerni, Phillip, and Thomas Bernauer. 2006. “Stakeholder Attitudes toward
GMOs in the Philippines, Mexico, and South Africa: The Issue of Public
Trust.” World Development 34 (3): 557-75. https://doi.org/10.1016/j.worlddev
.2005.08.007.

Agriculture and Environment Biotechnology Commission (AEBC). 2003. GM
Crops? Coexistence and Liability. London, UK: Agriculture and Environment
Biotechnology Commission.

Agriculture and Environment Biotechnology Commission (AEBC). 2005. What
Shapes the Research Agenda in Agricultural Biotechnology? London, UK:
Agriculture and Environment Biotechnology Commission.

Alper, Joseph. 1984. “What’s New in Biotechnology.” New York Times, November 18.


https://orcid.org/0000-0002-3242-839X
https://orcid.org/0000-0002-3242-839X
https://orcid.org/0000-0002-3242-839X
https://doi.org/10.1016/j.socscimed.2020.113005.
https://doi.org/10.1016/j.socscimed.2020.113005.
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/800593/gmo-camelina-oleic-acre-advice.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/800593/gmo-camelina-oleic-acre-advice.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/800593/gmo-camelina-oleic-acre-advice.pdf
https://doi.org/10.1016/j.worlddev.2005.08.007.
https://doi.org/10.1016/j.worlddev.2005.08.007.

28 Science, Technology, & Human Values XX(X)

Applegate, John S. 2001. “The Prometheus Principle: Using the Precautionary Prin-
ciple to Harmonize the Regulation of Genetically Modified Organisms.” Indiana
Journal of Global Legal Studies 9 (1): Article 11. https://www.repository.law.
indiana.edu/ijgls/vol9/iss1/11.

Bain, Carmen, and Tamera Dandachi. 2014. “Governing GMOs: The (Counter)
Movement for Mandatory and Voluntary Non-GMO Labels.” Sustainability
6 (12): 9456-76. https://doi.org/10.3390/5u6129456.

Bain, Carmen, and Theresa Selfa. 2017. “Non-GMO vs Organic Labels: Purity or
Process Guarantees in a GMO Contaminated Landscape.” Agriculture and
Human Values 34 (4): 805-18. https://doi.org/10.1007/s10460-017-9776-x.

Beumer, Koen. 2019. “How to Include Socio-economic Considerations in Decision-
making on Agricultural Biotechnology? Two Models from Kenya and South
Africa.” Agriculture and Human Values 36: 669-84. https://doi.org/10.1007/
$10460-019-09934-1.

Binimelis, Rosa, and Anne Ingaborg Myhr. 2016. “Inclusion and Implementation of
Socio-economic Considerations in GMO Regulations: Needs and Recommenda-
tions.” Sustainability 8 (1): 62. https://doi.org/10.3390/su8010062.

Behn, Thomas, Raul Primicerio, and Teerge Traavik. 2012. “The German Ban on
GM Maize MONSI10: Scientifically Justified or Unjustified?” Environmental
Sciences Europe 24 (22): 1-7. https://doi.org/10.1186/2190-4715-24-22.

Bonneuil, Christophe, and Les Levidow. 2012. “How Does the World Trade
Organization Know? The Mobilization and Staging of Scientific Expertise
in the GMO Trade Dispute.” Social Studies of Science 42 (1): 75-100.
https://doi.org/10.1177/0306312711430151.

Bortesi, Luisa, and Rainer Fischer. 2015. “The CRISPR/Cas9 System for
Plant Genome Editing and Beyond.” Biotechnology Advances 33 (1): 41-52.
https://doi.org/10.1016/j.biotechadv.2014.12.006.

Boschen, Stefan. 2010. Reflexive Wissenspolitik: die Bewdltigung von (Nicht-)
Wissenskonflikten als institutionenpolitische Herausforderung. In Umwelt- und
Technikkonflikte, edited by Peter Feindt and Thomas Saretzki, 104-22. https://
doi.org/10.1007/978-3-531-92354-3_5.

Breckling, Broder, Gunther Schmidt, and Winfried Schroder, eds. 2012. GeneRisk.
Systematische Risiken der Gentechnik: Analyse von Umweltwirkungen gentech-
nisch verdnderter Organismen in der Landwirtschaft. Berlin, Heidelberg:
Springer Verlag.

Bundesamt fiir Naturschutz (BfN). n.d. “Biotechnology and Genetic Engineering.”
Accessed June 9, 2022. https://www.bfn.de/thema/biotechnologie-und-gentechnik.

Bundesamt fiir Verbraucherschutz und Lebensmittelsich (BVL). n.d. “Bundesamt
fiir Verbraucherschutz und Lebensmittelsicherheit ‘Standortregister.”” Accessed


https://www.repository.law.indiana.edu/ijgls/vol9/iss1/11
https://www.repository.law.indiana.edu/ijgls/vol9/iss1/11
https://doi.org/10.3390/su6129456.
https://doi.org/10.1007/s10460-017-9776-x.
https://doi.org/10.1007/s10460-019-09934-1
https://doi.org/10.1007/s10460-019-09934-1
https://doi.org/10.3390/su8010062.
https://doi.org/10.1186/2190-4715-24-22.
https://doi.org/10.1177/0306312711430151.
https://doi.org/10.1016/j.biotechadv.2014.12.006.
https://doi.org/10.1007/978-3-531-92354-3_5.
https://doi.org/10.1007/978-3-531-92354-3_5.
https://www.bfn.de/thema/biotechnologie-und-gentechnik

Ely et al. 29

February 4, 2022. https://apps2.bvl.bund.de/stareg_visual_web/localeSwitch.
do?language=de&page=/data.do.

Bundesamt fiir Verbraucherschutz und Lebensmittelsicherheit (BVL). 2009. Besc-
heid an Monsanto Europe S.A. vom 17.04.2009. Accessed June 7, 2022. https://
www.bvl.bund.de/SharedDocs/Downloads/09_Presselnfothek_Print/mon_810_
bescheid.pdf?__blob=publicationFile&v=3.

Bundesministerin fiir Bildung und Forschung (BMBF). 2020. Bundesbericht For-
schung und Innovation 2020. Forschungs- und innovationspolitische Ziele und
MaBnahmen. Accessed June 7, 2022. https://www.bundesbericht-forschung-inno
vation.de/files/BMBF_BuFI-2020_Hauptband.pdf.

Bundesministerium fiir Umwelt, Naturschutz und nukleare Sicherheit (BMU), and
Bundesamt fiir Naturschutz (BfN). 2020. “Naturbewusstsein 2019. Bevolkerung-
sumfrage zu Natur und biologischer Vielfalt.” Accesssed June 21, 2022. https://
www.bmuyv.de/fileadmin/Daten_BMU/Pools/Broschueren/naturbewusstsein_20
19_bf.pdf.

Biindnis90/Die Griinen. 2020. “...zu achten und zu schiitzen ...—Verdnderung
schafft Halt. Grundsatzprogramm.” Accessed June 7, 2022. https://cms.gruene.
de/uploads/documents/20201124_vBeschluss_GSP.pdf.

Byrne, Jane. 2020. “USDA Study: Brexit Could Propel Agricultural Biotechnology
Forward in UK.” Feed Navigator, April 15. Accessed June 07, 2022. https://
www.feednavigator.com/Article/2020/04/16/Brexit-could-propel-ag-biotechno
logy-forward-in-UK.

Cantley, Mark. 1995. “The Regulation of Modern Biotechnology: A Historical and
European Perspective.” In Biotechnology Vol 12. Legal, Economic and Ethical
Dimensions, edited by H. J. Rehm and G. Reed, 505-681. Weinheim, Germany:
VCH Verlaggesellschaft mbH.

Cao, Cong. 2018. GMO China: How Global Debates Transformed China’s Agri-
cultural Biotechnology Policies. New York: Columbia University Press.

Chataway, Joanna, and Tait Joyce. 1993. “Is Risk Regulation a Strategic Influence
on Decision Making in the Biotechnology Sector?” Agriculture and Human
Values 10: 60-67 https://doi.org/10.1007/BF02217605

Christmann, Von AnnaViola von Cramon, Theresia Bauer, Kai Gehring, Katharina
Fegebank, Danyal Bayaz, Hans-Josef Fell, et al. 2020. “Neue Zeiten, Neue
Antworten: Gentechnikrecht Zeitgeméal Regulieren.” Gruene, June 10. Accessed
October 15, 2020. https://www.gruene.de/artikel/neue-zeiten-neue-antworten-ge
ntechnikrecht-zeitgemaess-regulieren.

Cong, Le, Ann Ran, David Cox, Shuailiang Lin, Robert Barretto, Naomi Habib,
Patrick D. Hsu, et al. 2013. “Multiplex Genome Engineering Using CRISPR/
Cas Systems.” Science 339 (6121): 819-23. https://doi.org/10.1126/science.
1231143.


https://apps2.bvl.bund.de/stareg_visual_web/localeSwitch.do?language=de&page=/data.do
https://apps2.bvl.bund.de/stareg_visual_web/localeSwitch.do?language=de&page=/data.do
https://apps2.bvl.bund.de/stareg_visual_web/localeSwitch.do?language=de&page=/data.do
https://apps2.bvl.bund.de/stareg_visual_web/localeSwitch.do?language=de&page=/data.do
https://www.bvl.bund.de/SharedDocs/Downloads/09_PresseInfothek_Print/mon_810_bescheid.pdf?__blob=publicationFile&v=3
https://www.bvl.bund.de/SharedDocs/Downloads/09_PresseInfothek_Print/mon_810_bescheid.pdf?__blob=publicationFile&v=3
https://www.bvl.bund.de/SharedDocs/Downloads/09_PresseInfothek_Print/mon_810_bescheid.pdf?__blob=publicationFile&v=3
https://www.bvl.bund.de/SharedDocs/Downloads/09_PresseInfothek_Print/mon_810_bescheid.pdf?__blob=publicationFile&v=3
https://www.bvl.bund.de/SharedDocs/Downloads/09_PresseInfothek_Print/mon_810_bescheid.pdf?__blob=publicationFile&v=3
https://www.bundesbericht-forschung-innovation.de/files/BMBF_BuFI-2020_Hauptband.pdf
https://www.bundesbericht-forschung-innovation.de/files/BMBF_BuFI-2020_Hauptband.pdf
https://www.bmuv.de/fileadmin/Daten_BMU/Pools/Broschueren/naturbewusstsein_2019_bf.pdf
https://www.bmuv.de/fileadmin/Daten_BMU/Pools/Broschueren/naturbewusstsein_2019_bf.pdf
https://www.bmuv.de/fileadmin/Daten_BMU/Pools/Broschueren/naturbewusstsein_2019_bf.pdf
https://cms.gruene.de/uploads/documents/20201124_vBeschluss_GSP.pdf
https://cms.gruene.de/uploads/documents/20201124_vBeschluss_GSP.pdf
https://www.feednavigator.com/Article/2020/04/16/Brexit-could-propel-ag-biotechnology-forward-in-UK
https://www.feednavigator.com/Article/2020/04/16/Brexit-could-propel-ag-biotechnology-forward-in-UK
https://www.feednavigator.com/Article/2020/04/16/Brexit-could-propel-ag-biotechnology-forward-in-UK
https://doi.org/10.1007/BF02217605
https://www.gruene.de/artikel/neue-zeiten-neue-antworten-gentechnikrecht-zeitgemaess-regulieren
https://www.gruene.de/artikel/neue-zeiten-neue-antworten-gentechnikrecht-zeitgemaess-regulieren
https://doi.org/10.1126/science.1231143.
https://doi.org/10.1126/science.1231143.

30 Science, Technology, & Human Values XX(X)

Croft, Genevieve K. 2020. The National Bioengineered Food Disclosure Standard:
Overview and Select Considerations. Congressional Research Service Report
R46183.2020. Accessed June 21, 2022. https://crsreports.congress.gov/product/
pdf/R/R46183.

Department for Environment and Rural Affairs (Defra). 2021. “The Regulation of
Genetic Technologies: A Public Consultation on the Regulation of Genetic
Technologies.” Accessed January 30, 2021. https://consult.defra.gov.uk/agri-
food-chain-directorate/the-regulation-of-genetic-technologies/.

Deutsche Bundesregierung. 2020. Bulletin Der Bundesregierung Nr. 127-2 vom 19.
November 2020 Rede der Bundesministerin fiir Erndhrung und Landwirtschaft,
Julia Kl6ckner, zum Gentechnikstandort Deutschland vor dem Deutschen Bun-
destag am 19. November 19, 2020. Accessed January 30, 2021. https://www.bu
ndesregierung.de/resource/blob/975954/1817796/d5d7963cc7bc21be3b76a
268df85b9e9/127-2-bmel-gentechnikstandort-data.pdf?download=1.

Deutscher Bundestag. 1987. Bericht der Enquete-Kommission Chancen und Risiken
der Gentechnologie. Accessed June 21, 2022. https://archive.org/stream/ger-bt-
drucksache-10-6775/1006775_djvu.txt.

Deutscher Bundestag. 2009. Antrag der Abgeordneten Ulrike Hofken, Cornelia
Behm, Hans-Josef Fell, Bettina Herlitzius, Winfried Hermann, Peter Hettlich,
Bérbel Hohn, Dr. Anton Hofreiter, Sylvia Kotting-Uhl, Undine Kurth (Quedlin-
burg), Nicole Maisch und der Fraktion BUNDNIS 90/DIE GRUNEN. Accessed
June 9, 2022. https://dserver.bundestag.de/btd/16/119/1611919.pdf.

Deutscher Bundestag. 2016. Sachstand: Das Innovationsprinzip. Accessed June 9,
2022. https://www.bundestag.de/blob/487670/cda05a4abdb39a95a8f9a3061ee
22db2/wd-5-106-16-pdf-data.pdf.

Deutscher Bundestag. 2020. Plenarprotokoll 19/192. Accessed June 9, 2022. https://
dserver.bundestag.de/btp/19/19192.pdf.

Dryzek, John S., Robert E. Goodin, Aviezer Tucker, and Bernard Reber. 2009.
“Promethean Elites Encounter Precautionary Publics: The Case of GM Foods.”
Science, Technology, & Human Values 34 (3): 263-88. https://doi.org/10.1177/
0162243907310297.

Duensing, Nina, Thorben Sprink, Wayne A. Parrott, Maria Fedorova, Martin A.
Lema, Jeffrey D. Wolt, and Detlef Bartsch. 2018. “Novel Features and Consid-
erations for ERA and Regulation of Crops Produced by Genome Editing.” Fron-
tiers in Bioengineering and Biotechnology 6 (79): 1-16. https://doi.org/10.3389/
fbioe.2018.00079.

Eckerstorfer, Michael F, Marion Dolezel, Andreas Heissenberger, Marianne Mik-
lau, Wolfram Reichenbecher, Ricarda A Steinbrecher, and Friedrich Wallmann.
2019. “An EU Perspective on Biosafety Considerations for Plants Developed by
Genome Editing and Other New Genetic Modification Techniques (nGMs).”


https://crsreports.congress.gov/product/pdf/R/R46183
https://crsreports.congress.gov/product/pdf/R/R46183
https://consult.defra.gov.uk/agri-food-chain-directorate/the-regulation-of-genetic-technologies/
https://consult.defra.gov.uk/agri-food-chain-directorate/the-regulation-of-genetic-technologies/
https://www.bundesregierung.de/resource/blob/975954/1817796/d5d7963cc7bc21be3b76a268df85b9e9/127-2-bmel-gentechnikstandort-data.pdf?download=1.
https://www.bundesregierung.de/resource/blob/975954/1817796/d5d7963cc7bc21be3b76a268df85b9e9/127-2-bmel-gentechnikstandort-data.pdf?download=1.
https://www.bundesregierung.de/resource/blob/975954/1817796/d5d7963cc7bc21be3b76a268df85b9e9/127-2-bmel-gentechnikstandort-data.pdf?download=1.
https://www.bundesregierung.de/resource/blob/975954/1817796/d5d7963cc7bc21be3b76a268df85b9e9/127-2-bmel-gentechnikstandort-data.pdf?download=1.
https://archive.org/stream/ger-bt-drucksache-10-6775/1006775_djvu.txt
https://archive.org/stream/ger-bt-drucksache-10-6775/1006775_djvu.txt
https://dserver.bundestag.de/btd/16/119/1611919.pdf.
https://www.bundestag.de/blob/487670/cda05a4abdb39a95a8f9a3061ee22db2/wd-5-106-16-pdf-data.pdf
https://www.bundestag.de/blob/487670/cda05a4abdb39a95a8f9a3061ee22db2/wd-5-106-16-pdf-data.pdf
https://dserver.bundestag.de/btp/19/19192.pdf.
https://dserver.bundestag.de/btp/19/19192.pdf.
https://doi.org/10.1177/0162243907310297.
https://doi.org/10.1177/0162243907310297.
https://doi.org/10.3389/fbioe.2018.00079.
https://doi.org/10.3389/fbioe.2018.00079.

Ely et al. 31

Frontiers in Bioengineering and Biotechnology 7 (31): 1-21. https://doi.org/
10.3389/fbioe.2019.00031.

Ely, Adrian. 2006. Regulatory Appraisals of Bt Maize: A Study of Science in Govern-
ance. PhD diss., SPRU—Science Policy Research Unit, University of Sussex,
Brighton, United Kingdom.

Ely, Adrian. 2015. “Lessons from China’s GM Controversy.” In Governing
Agricultural Sustainability, edited by Phil Macnaghten and Susana Carro-
Ripalda, 161-66. London, UK: Routledge. http://dx.doi.org/10.4324/
9781315709468-9.

Environmental Audit Committee (EAC). 2020. “Environmental Audit Committee
Oral Evidence: One-off Session with Secretary of State for Defra, HC 319.”
House of Commons, June 18. Accessed Nov 30, 2020. https://committees.pa
rliament.uk/oralevidence/547/pdf/.

Espinoza Vasquez, Fatima K. 2021, November. “Working at the Seams of Colonial
Structures: Alternative Sociotechnical Infrastructures Revealed by Hurricane
Maria.” Science, Technology, & Human Values. https://journals.sagepub.com/
doi/10.1177/01622439211058448.

European Commission (EC). n.d. “Restrictions of Geographical Scope of GMO
Applications/Authorisations: EU Countries Demands and Outcomes.” Accessed
September 15, 2020. https://ec.europa.eu/food/plant/gmo/authorisation/cultiva
tion/geographical_scope_en#de.

European Court of Justice. 2018. “Judgement of the Court (Grand Chamber).” Case
C-528/16.

European Food Safety Authority (EFSA). 2012. “Scientific Opinion Addressing the
Safety Assessment of Plants Developed Using Zinc Finger Nuclease 3 and Other
Site-Directed Nucleases with Similar Function.” EFSA Journal 10 (10): 2943.
https://doi.org/10.2903/j.efsa.2012.2943.

European Network of Scientists for Social and Environmental Responsibility (ENS-
SER). 2017. “Press Release: Products of New GM Techniques should be Strictly
Regulated as GMOs.” Last modified September 28, 2017. Accessed June 21,
2022. https://ensser.org/press_release/ngmt-statement-press/.

Federal Register. 2018. “Notice of Intent to Prepare an Environmental Impact
Statement; Movement and Outdoor Use of Certain Genetically Engineered
Organisms.” Federal Register 83 (126): 30688. https://www.federalregister.go
v/documents/2018/06/29/2018-14019/notice-of-intent-to-prepare-an-environme
ntal-impact-statement-movement-and-outdoor-use-of-certain.

Fortuna, Gerardo. 2019. “14 EU Countries Call for ‘Unified Approach’ to Gene
Editing in Plants.” EURACTIV. Accessed September 15, 2020. https://www.eura
ctiv.com/section/agriculture-food/news/14-eu-countries-call-for-unified-approa
ch-to-gene-editing-in-plants/.


https://doi.org/10.3389/fbioe.2019.00031.
https://doi.org/10.3389/fbioe.2019.00031.
http://dx.doi.org/10.4324/9781315709468-9
http://dx.doi.org/10.4324/9781315709468-9
https://committees.parliament.uk/oralevidence/547/pdf/.
https://committees.parliament.uk/oralevidence/547/pdf/.
https://journals.sagepub.com/doi/10.1177/01622439211058448
https://journals.sagepub.com/doi/10.1177/01622439211058448
https://ec.europa.eu/food/plant/gmo/authorisation/cultivation/geographical_scope_en#de
https://ec.europa.eu/food/plant/gmo/authorisation/cultivation/geographical_scope_en#de
https://doi.org/10.2903/j.efsa.2012.2943.
https://ensser.org/press_release/ngmt-statement-press/
https://www.federalregister.gov/documents/2018/06/29/2018-14019/notice-of-intent-to-prepare-an-environmental-impact-statement-movement-and-outdoor-use-of-certain.
https://www.federalregister.gov/documents/2018/06/29/2018-14019/notice-of-intent-to-prepare-an-environmental-impact-statement-movement-and-outdoor-use-of-certain.
https://www.federalregister.gov/documents/2018/06/29/2018-14019/notice-of-intent-to-prepare-an-environmental-impact-statement-movement-and-outdoor-use-of-certain.
https://www.euractiv.com/section/agriculture-food/news/14-eu-countries-call-for-unified-approach-to-gene-editing-in-plants/
https://www.euractiv.com/section/agriculture-food/news/14-eu-countries-call-for-unified-approach-to-gene-editing-in-plants/
https://www.euractiv.com/section/agriculture-food/news/14-eu-countries-call-for-unified-approach-to-gene-editing-in-plants/

32 Science, Technology, & Human Values XX(X)

Friedrich, Beate. 2020. “Pathways of Conflict: Lessons from the Cultivation of
MONS10 in Germany in 2005-2008 for Emerging Conflicts over New Breeding
Techniques.” Sustainability 12 (1): 144. https://doi.org/10.3390/sul12010144.

Friedrich, Beate, Hackfort, Sarah, Boyer, Miriam, and Gottschlich, Daniela. 2019.
“Conflicts over GMOs and their Contribution to Food Democracy.” Politics and
Governance 7 (4): 165-77. https://doi.org/10.17645/pag.v7i4.2082.

Frow, Emma. 2020. “From “Experiments of Concern” to “Groups of Concern”:
Constructing and Containing Citizens in Synthetic Biology.” Science, Technology,
& Human Values 45 (6): 1038-64. https://doi.org/10.1177/0162243917735382.

Gentechnik-Pflanzenerzeugungsverordnung (GenTPfIEV). 2008. “Verordnung
Uber Die Gute Fachliche Praxis Bei Der Erzeugung Gentechnisch Verénderter
Pflanzen.” Accessed February 4, 2022. https://www.gesetze-im-internet.de/
gentpflev/GenTPfIEV .pdf.

Grant, Malcolm. 2005. “Biotechnology Commission Members’ Reaction to the
Review and the Future of the AEBC.” Letter to Margaret Beckett, UK Secretary
of State for the Environment, January 18.

Grohmann, Lutz, Jens Keilwagen, Nina Duensing, Emilie Dagand, Frank Hartung,
Ralf Wilhelm, Joachim Bendiek, and Thorben Sprink. 2019. “Detection and
Identification of Genome Editing in Plants: Challenges and Opportunities.”
Frontiers in Plant Science 10: 236. https://doi.org/10.3389/1pls.2019.00236.

Grove-White, Robin. 2001. “New Wine, Old Bottles? Personal Reflections on the
New Biotechnology Commissions.” Political Quarterly 72 (4): 466-72. https://
doi.org/10.1111/1467-923X.00426.

Hahn, Florian, and Vladimir Nekrasov. 2019. “CRISPR/Cas Precision: Do We Need
to Worry about Off-Targeting in Plants?” Plant Cell Reports 38 (4): 437-41.
https://doi.org/10.1007/s00299-018-2355-9.

Helliwell, Richard, Sarah Hartley, and Warren Pearce. 2019. “NGO Perspectives on
the Social and Ethical Dimensions of Plant Genome Editing.” Agriculture and
Human Values, 36 (4), 779-91. https://doi.org/10.1007/s10460-019-09956-9.

Jasanoff, Sheila. 1991. “Cross-national Differences in Policy Implementation.” Eva-
luation Review 15 (1): 103-11. https://doi.org/10.1177/0193841X9101500106.

Jasanoff, Sheila. 1995. “Product, Process, or Programme: Three Cultures and the
Regulation of Biotechnology.” In Resistance to New Technology: Nuclear Power,
Information Technology and Biotechnology, edited by Martin Bauer, 311-31.
Cambridge, UK: CUP. https://doi.org/10.1017/CB09780511563706.016.

Jasanoff, Sheila. 2005a. Designs on Nature: Science and Democracy in Europe and
the United States. Princeton, NJ: Princeton University Press.

Jasanoff, Sheila. 2005b. “In the Democracies of DNA: Ontological Uncertainty and
Political Order in Three States.” New Genetics and Society 24 (2): 139-56.
https://doi.org/10.1080/14636770500190864.


https://doi.org/10.3390/su12010144.
https://doi.org/10.17645/pag.v7i4.2082.
https://doi.org/10.1177/0162243917735382.
https://www.gesetze-im-internet.de/gentpflev/GenTPflEV.pdf
https://www.gesetze-im-internet.de/gentpflev/GenTPflEV.pdf
https://doi.org/10.3389/fpls.2019.00236.
https://doi.org/10.3389/fpls.2019.00236.
https://doi.org/10.1111/1467-923X.00426.
https://doi.org/10.1111/1467-923X.00426.
https://doi.org/10.1007/s00299-018-2355-9.
https://doi.org/10.1007/s10460-019-09956-9
https://doi.org/10.1177/0193841X9101500106.
https://doi.org/10.1017/CBO9780511563706.016
https://doi.org/10.1017/CBO9780511563706.016
https://doi.org/10.1080/14636770500190864.

Ely et al. 33

Jinek, Martin, Krzysztof Chylinski, Ines Fonfara, Michael Hauer, Jennifer A
Doudna, and Emmanuelle Charpentier. 2012. “A Programmable Dual-RNA-
guided DNA Endonuclease in Adaptive Bacterial Immunity.” Science 337
(6096): 816-21. https://doi.org/10.1126/science.1225829.

Johnson, Boris. 2019, July 24. “Boris Johnson’s First Speech as Prime Minister.”
Accessed January 8, 2021. https://www.gov.uk/government/speeches/boris-jo
hnsons-first-speech-as-prime-minister-24-july-2019.

Johnstone, Phil, and Andy Stirling. 2020. “Comparing Nuclear Trajectories in Ger-
many and the United Kingdom: From Regimes to Democracies in Sociotechnical
Transitions and Discontinuities.” Energy Research & Social Science 59: 101245.
https://doi.org/10.1016/j.erss.2019.101245.

Joly, Pierre Benoit, and Claire Marris. 2003. “Mise sur Agenda et Controverses: Une
Approche comparée du cas des OGM en France et aux Etats-Unis.” Revue
Internationale de Politique Comparée 10 (2): 195-206. https://www jstor.org/
stable/26376003.

Justo-Hanani, Ronit, and Tamar Dayan. 2016. “Explaining Transatlantic Policy
Divergence: The Role of Domestic Politics and Policy Styles in Nanotechnology
Risk Regulation” Global Environmental Politics 16 (1): 79-98. https://doi.org/
10.1162/GLEP_a_00337.

Khatodia, Surender, Kirti Bhatotia, Nishat Passricha, S.M.P. Khurana, and Narendra
Tuteja. 2016. “The CRISPR/Cas Genome Editing Tool: Application in Improve-
ment of Crops.” Frontiers in Plant Science 7 (506): 1-13. https://doi.org/
10.3389/fpl1s.2016.00506.

Kinchy, Abby J., Danniel Lee Kleinman, and Robyn Autry. 2008. “Against Free
Markets, Against Science? Regulating the Socio-economic Effects of Biotechnol-
ogy.” Rural Sociology 73: 147-79. https://doi.org/10.1526/003601108784514570.

Kosicki, Michael, Kirt Tomberg, and Allan Bradley. 2018. “Repair of Double-strand
Breaks Induced by CRISPR—Cas9 Leads to Large Deletions and Complex Rearran-
gements.” Nature Biotechnology 36 (8): 765-71. https://doi.org/10.1038/nbt.4192.

Kuzma, Jennifer. 2016. “Policy: Reboot the Debate on Genetic Engineering.”
Nature 531 (7593): 165-7. https://doi.org/10.1038/531165a.

Ledford, Heidi. 2015. “CRISPR, the Disruptor.” Nature 522 (7554): 20-24. https://
doi.org/1038/522020a.

Levidow, Les. 1999. “Regulating Bt Maize in the United States and Europe.”
Environment 41 (10): 10-23. https://doi.org/10.1080/00139159909605542.

Levidow, Les, Susan Carr, David Wield, and Rene Von Schomberg. 1997.
“European Biotechnology Regulation: Framing the Risk Assessment of
a Herbicide-tolerant Crop.” Science, Technology, & Human Values 22 (4):
472-505. https://doi.org/10.1177/016224399702200403.


https://doi.org/10.1126/science.1225829.
https://www.gov.uk/government/speeches/boris-johnsons-first-speech-as-prime-minister-24-july-2019
https://www.gov.uk/government/speeches/boris-johnsons-first-speech-as-prime-minister-24-july-2019
https://doi.org/10.1016/j.erss.2019.101245.
https://www.jstor.org/stable/26376003.
https://www.jstor.org/stable/26376003.
https://doi.org/10.1162/GLEP_a_00337.
https://doi.org/10.1162/GLEP_a_00337.
https://doi.org/10.3389/fpls.2016.00506.
https://doi.org/10.3389/fpls.2016.00506.
https://doi.org/10.1526/003601108784514570.
https://doi.org/10.1038/nbt.4192.
https://doi.org/10.1038/531165a.
https://doi.org/1038/522020a.
https://doi.org/1038/522020a.
https://doi.org/10.1080/00139159909605542.
https://doi.org/10.1177/016224399702200403.

34 Science, Technology, & Human Values XX(X)

Levidow, Les, Joseph Murphy, and Susan Carr. 2007. “Recasting “Substantial
Equivalence” Transatlantic Governance of GM Food.” Science, Technology, &
Human Values 32 (1): 26-64. https://doi.org/10.1177/0162243906293885.

Lord Cameron of Dillington. 2020. “Agriculture Act 2020: Lord Cameron of
Dillington’s amendment, After Clause 42 (275).” Accessed June 23, 2022.
https://bills.parliament.uk/bills/2551/stages/12194/amendments/53251

Lugo, Dianne. 2016. “U.S. Senate Passes GM Food Labeling Bill.” Science. https://
doi.org/10.1126/science.aag0649.

Macnaghten, Phil, and Michelle G.J.L. Habets. 2020. “Breaking the Impasse:
Towards a Forward-looking Governance Framework for Gene Editing with
Plants.” Plants, People, Planet 2 (4): 353-65. https://doi.org/10.1002/ppp3
.10107.

McAdam, Doug, Sidney Tarrow, and Charles Tilly. 2001. Dynamics of Contention.
Cambridge, UK: Cambridge University Press. https://doi.org/10.1017/CB0O9780
511805431.

Mellon, Margaret, and Jane Rissler. 1996, October 10. Letter to Lynn Goldman,
Assistant Administrator EPA OPPTS.

Meyer, Morgan, and Cornelius Heimstddt. 2019. “The Divergent Governance of
Gene Editing in Agriculture: A Comparison of Institutional Reports from Seven
EU Member States.” Plant Biotechnology Reports 13 (5), 473-82. https://hal-mi
nes-paristech.archives-ouvertes.fr/hal-02360078.

National Academies of Sciences, Engineering, and Medicine (NAS). 2016. Geneti-
cally Engineered Crops: Experiences and Prospects. Washington, DC: The
National Academies Press. https://doi.org/10.17226/23395.

National Food Strategy (NFS). 2020. National Food Strategy Report: Part 1. https://
www.nationalfoodstrategy.org/partone/.

Nawaz, Sara, Susana Klassen, and Alexandra Lyon. 2020. “Tensions at the Bound-
ary: Rearticulating ‘Organic’ Plant Breeding in the Age of Gene Editing.” Ele-
menta: Science of the Anthropocene 8: 34. https://doi.org/10.1525/elementa.429.

Organisation for Economic Cooperation and Development (OECD). 1986. Recom-
binant DNA Safety Considerations: Safety Considerations for Industrial, Agri-
cultural and Environmental Applications of Organisms Derived by Recombinant
DNA Techniques. Paris, France: Organisation for Economic Co-operation and
Development.

Organisation for Economic Cooperation and Development (OECD). 1993. Safety
Evaluation of Foods Derived by Modern Biotechnology: Concepts and Princi-
ples. Paris, France: Organisation for Economic Co-operation and Development.

Paarlberg, Robert. 2008. Starved for Science: How Biotechnology Is Being Kept Out
of Africa. Cambridge, MA: Harvard University Press.


https://doi.org/10.1177/0162243906293885.
https://bills.parliament.uk/bills/2551/stages/12194/amendments/53251
https://doi.org/10.1126/science.aag0649
https://doi.org/10.1126/science.aag0649
https://doi.org/10.1002/ppp3.10107.
https://doi.org/10.1002/ppp3.10107.
https://doi.org/10.1017/CBO9780511805431
https://doi.org/10.1017/CBO9780511805431
https://hal-mines-paristech.archives-ouvertes.fr/hal-02360078
https://hal-mines-paristech.archives-ouvertes.fr/hal-02360078
https://doi.org/10.17226/23395
https://www.nationalfoodstrategy.org/partone/.
https://www.nationalfoodstrategy.org/partone/.
https://doi.org/10.1525/elementa.429.

Ely et al. 35

Parrett, Tom. 2015. “GMO Scientists Could Save the World from Hunger, If We Let
Them.” Newsweek Magazine, May 21. https://www.newsweek.com/2015/05/29/
gmo-scientists-could-save-world-hunger-if-we-let-them-334119.html.

Parrott, Wayne. 2018. “Outlaws, Old Laws and No Laws: The Prospects of Gene
Editing for Agriculture in United States.” Physiologia Plantarum 164 (4):
406-11. https://doi.org/10.1111/ppl.12756.

Poortinga, Wouter, and Nick F. Pidgeon. 2004. Public Perceptions of Genetically
Modified Food and Crops, and the GM Nation? Public Debate on the Commer-
cialisation of Agricultural Biotechnology in the UK. Norwich, UK: Centre for
Environmental Risk.

Ricroch, Agnés, Jean Baptiste Bergé, and Marcel Kuntz. 2010. “Is the German
Suspension of MON810 Maize Cultivation Scientifically Justified?” Transgenic
Research 19: 1-12 https://doi.org/10.1007/511248-009-9297-5.

Schnurr, Matthew A., and Stuart J. Smyth. 2016. “Can Genetically Modified Crops
Help the Poor? Options for Canada’s Foreign Policy.” Accessed June 21, 2022.
http://www.genomecanada.ca/en/why-genomics/societal-implications-and-pu
blic-policy/policy-briefs.

Schnurr, Matthew. 2019. Africa’s Gene Revolution: Genetically Modified Crops and the
Future of African Agriculture. Montreal, Canada: McGill-Queen’s University Press.

Schurman, Rachel. 2004. “Fighting ‘Frankenfoods’: Industry Opportunity Struc-
tures and the Efficacy of the Anti-biotech Movement in Western Europe.” Social
Problems 51 (2): 243-68. https://doi.org/10.1525/sp.2004.51.2.243.

Shan, Qiwei, Yanpeng Bergé, Jun Li, Zhang Yi, Kunling Chen, Zhen Liang, Kang
Zhang, Jinxing Liu, Jianzhong Xi, Jin-Long Qiu, and Caixia Gao. 2013. “Targeted
Genome Modification of Crop Plants Using a CRISPR-Cas System.” Nature
Biotechnology 31 (8): 686-88. https://doi.org/10.1038/nbt.2650.

SPD Bundestagsfraktion. 2017. “CDU/CSU verweigert praktikable Regelung fiir
Gentechnik-Anbauverbote.” https://www.spdfraktion.de/node/2011648/pdf.
Accessed June 18, 2022.

Sprink, Thorben, Dennis Eriksson, Joachim Schiemann, and Frank Hartung. 2016.
“Regulatory Hurdles for Genome Editing: Process- vs. Product-based
Approaches in Different Regulatory Contexts.” Plant Cell Reports 35 (7):
1493-506. https://doi.org/10.1007/s00299-016-1990-2.

Tarrow, Sidney. 1998. Power in Movement, 2nd ed. New York: Cambridge Univer-
sity Press.

US Department of Agriculture—Agricultural Marketing Service (USDA-AMS).
2021. “BE Disclosure.” Accessed February 1, 2021. https://www.ams.usda.gov/
rules-regulations/be.

US Department of Agriculture—Animal and Plant Health Inspection Service
(USDA-APHIS). 2020a. “7 CFR Parts 330, 340, and 372—Movement of Certain


https://www.newsweek.com/2015/05/29/gmo-scientists-could-save-world-hunger-if-we-let-them-334119.html
https://www.newsweek.com/2015/05/29/gmo-scientists-could-save-world-hunger-if-we-let-them-334119.html
https://doi.org/10.1111/ppl.12756.
https://doi.org/10.1007/s11248-009-9297-5.
http://www.genomecanada.ca/en/why-genomics/societal-implications-and-public-policy/policy-briefs
http://www.genomecanada.ca/en/why-genomics/societal-implications-and-public-policy/policy-briefs
https://doi.org/10.1525/sp.2004.51.2.243.
https://doi.org/10.1038/nbt.2650.
https://www.spdfraktion.de/node/2011648/pdf
https://doi.org/10.1007/s00299-016-1990-2.
https://www.ams.usda.gov/rules-regulations/be
https://www.ams.usda.gov/rules-regulations/be

36 Science, Technology, & Human Values XX(X)

Genetically Engineered Organisms.” Accessed June 21, 2022. https://www.fede
ralregister.gov/documents/2020/05/18/2020-10638/movement-of-certain-geneti
cally-engineered-organisms.

US Department of Agriculture—Animal and Plant Health Inspection Service (USDA-
APHIS). 2020b. “Guidance for Preparing Proposals to Exempt Plants with Addi-
tional Modifications from Regulation Pursuant to 7 CFR § 340.1(b)(4).” Accessed
June 21, 2022. https://aglaw.psu.edu/wp-content/uploads/2021/02/Guidance-for-
Preparing-Proposals-to-Exempt-Plants-with-Additional-Modifications-from-Regu
lation-Pursuant-to-7-CFR-%C2%A7-340.1b4.pdf.

VanZwanenberg, Patrick, and Erik Millstone. 2003. “BSE: A Paradigm of Policy
Failure.” Political Quarterly 74 (1): 27-37. https://doi.org/10.1111/1467-
923X.00509.

Velardi, Sara, and Theresa Selfa. 2020. “Framing Local: An Analysis of Framing
Strategies for Genetically Modified Organism (GMO) Labeling Initiatives in the
Northeastern U.S.” Agroecology and Sustainable Food Systems 45 (3): 366-89.
https://doi.org/10.1080/21683565.2020.1818159.

Vogel, David. 1986. National Styles of Regulation: Environmental Policy in Great
Britain and the United States. Ithaca, NY: Cornell University Press.

Wadman, Meredith. 1999. “US Groups Sue Over Approval of Bt Crops.” Nature
397 (636). https://doi.org/10.1038/17641.

Waltz, Emily. 2016. “CRISPR-edited Crops Free to Enter Market, Skip Regulation.”
Nature Biotechnology 34 (6): 582. https://doi.org/10.1038/nbt0616-582.

Woodhouse, Edward J., and Steve Breyman. 2005. “Green Chemistry: Recent
Developments, Actors, and Institutions.” Science, Technology, & Human Values
30 (2): 199-222. https://doi.org/10.1177/0162243904271726

World Trade Organization (WTO). 2018. “International Statement on Agricultural
Applications of Precision Biotechnology: Communication from Argentina, Aus-
tralia, Brazil, Canada, The Dominican Republic, Guatemala, Honduras, Paraguay,
The United States of America and Uruguay.” Accessed June 21, 2022. https://docs.
wto.org/dol2fe/Pages/FE_Search/FE_S_S009-DP.aspx?language=E&Catalogue
IdList=249321.

Author Biographies

Adrian Ely is a Reader in Technology and Sustainability at the University of
Sussex, UK.

Beate Friedrich is a Research Associate at Leuphana University of Liineburg,
Germany.


https://www.federalregister.gov/documents/2020/05/18/2020-10638/movement-of-certain-genetically-engineered-organisms
https://www.federalregister.gov/documents/2020/05/18/2020-10638/movement-of-certain-genetically-engineered-organisms
https://www.federalregister.gov/documents/2020/05/18/2020-10638/movement-of-certain-genetically-engineered-organisms
https://aglaw.psu.edu/wp-content/uploads/2021/02/Guidance-for-Preparing-Proposals-to-Exempt-Plants-with-Additional-Modifications-from-Regulation-Pursuant-to-7-CFR-%C2%A7-340.1b4.pdf
https://aglaw.psu.edu/wp-content/uploads/2021/02/Guidance-for-Preparing-Proposals-to-Exempt-Plants-with-Additional-Modifications-from-Regulation-Pursuant-to-7-CFR-%C2%A7-340.1b4.pdf
https://aglaw.psu.edu/wp-content/uploads/2021/02/Guidance-for-Preparing-Proposals-to-Exempt-Plants-with-Additional-Modifications-from-Regulation-Pursuant-to-7-CFR-%C2%A7-340.1b4.pdf
https://aglaw.psu.edu/wp-content/uploads/2021/02/Guidance-for-Preparing-Proposals-to-Exempt-Plants-with-Additional-Modifications-from-Regulation-Pursuant-to-7-CFR-%C2%A7-340.1b4.pdf
https://aglaw.psu.edu/wp-content/uploads/2021/02/Guidance-for-Preparing-Proposals-to-Exempt-Plants-with-Additional-Modifications-from-Regulation-Pursuant-to-7-CFR-%C2%A7-340.1b4.pdf
https://doi.org/10.1111/1467-923X.00509.
https://doi.org/10.1111/1467-923X.00509.
https://doi.org/10.1080/21683565.2020.1818159.
https://doi.org/10.1038/17641.
https://doi.org/10.1038/nbt0616-582.
https://doi.org/10.1177/0162243904271726
https://docs.wto.org/dol2fe/Pages/FE_Search/FE_S_S009-DP.aspx?language=E&CatalogueIdList=249321
https://docs.wto.org/dol2fe/Pages/FE_Search/FE_S_S009-DP.aspx?language=E&CatalogueIdList=249321
https://docs.wto.org/dol2fe/Pages/FE_Search/FE_S_S009-DP.aspx?language=E&CatalogueIdList=249321
https://docs.wto.org/dol2fe/Pages/FE_Search/FE_S_S009-DP.aspx?language=E&CatalogueIdList=249321
https://docs.wto.org/dol2fe/Pages/FE_Search/FE_S_S009-DP.aspx?language=E&CatalogueIdList=249321

Ely et al. 37

Dominic Glover is a Research Fellow at the Institute of Development Studies,
University of Sussex, UK.

Klara Fischer is an Associate Professor at the Swedish University of Agricultural
Sciences, Uppsala, Sweden.

Glenn Davis Stone is a Research Professor at Sweet Briar College, Virginia USA.

Ann Kingiri is a Senior Research fellow at the African Centre for Technology
Studies (ACTS), Nairobi, Kenya.

Matthew A. Schnurr is Associate Professor at Dalhousie University, Halifax, Nova
Scotia, Canada.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


