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Abstract

The history of US biotechnology oversight for genetically modified plants is
analyzed in the context of policy process theories to derive insights for
contemporary governance of gene-edited plants. The Advocacy Coalition
Framework sheds light on how opposing coalitions with different policy
beliefs struggled to influence oversight, along with coalition disputes over
the scope of issues that should be considered in regulatory policy-making.
The Multiple Streams Approach and Punctuated Equilibrium Theory explain
how focusing events arising from these struggles opened “windows of
opportunity” to put issues on the public policy agenda and force changes to
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oversight over time. For example, nongovernmental organizations had a
prominent role in bringing legal challenges through federal courts or in raising
attention to risk issues in the media—efforts that prompted advancements in
federal regulations, guidance documents, or risk-mitigation practices for
biotechnology oversight. These policy dynamics depended on public infor-
mation to bring controversies to light and elicit a policy response. However,
recent biotech regulations allow for gene-edited crops to enter the mar-
ketplace without requirements for public disclosure or tracking. Lack of
transparency jeopardizes the public legitimacy of gene-edited crops, venues
for public participation in biotechnology oversight, and ultimately respon-
siveness to adapt oversight to future biotech products and emerging risks.

Keywords
genome editing, policy process theory, biotechnology, regulation,
governance, GMO

Introduction

Currently, new policies for the oversight of gene-edited crops are emerging in
the United States and abroad with uncertainty about the future impacts of these
policies. This paper examines the history of oversight for genetically modified
organisms (GMOs) to formulate hypotheses about the future impacts of the
current gene-edited crop oversight system. I use policy process theories, specif-
ically the concepts of “focusing events” and “scope expansion,” to examine the
historical dynamics of US genetically modified (GM) crop oversight. Toward
the end of the paper, I hypothesize about how the current structure of gene-
edited crop oversight is likely to impact policy dynamics into the future.

Policy process theories help guide the study of complex policy systems by
providing a consistent framework for analysis (Sabatier and Weible 2014). A
retrospective analysis of the dynamics of policy systems (e.g., oversight of
biotechnology development) and subsystems (e.g., regulation of GM crops),
coupled with this theoretical lens, lays the ground for hypotheses about the
behavior of policy systems in the future. Policy process theories have much to
offer the study of GMO oversight at this crucial time when policies are being
formulated or beginning implementation for gene-edited crops. Yet, scholar-
ship on GMOs oversight has rarely intersected with policy process theory.

I begin by discussing the role of focusing events within the context of
three specific policy process theories. Then, focusing events and other
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aspects of these theories, such as scope or issue expansion, are used to frame
the retrospective analysis of major events and the resulting oversight
changes in a forty-five-year history for GM crops. Finally, the paper sug-
gests hypotheses to consider about the potential impacts of current and
emerging regulatory approaches for gene-edited crops. The ability of the
oversight system to be responsive to emerging risk issues and societal
concerns is discussed.

Analytical Approach and Prior Work

Retrospective analysis is a cornerstone of public policy analysis and is used
to analyze the past in order to project outcomes from current or future
policies (see Dunn 2015; Bardach 2019). The historical analysis of GM
crop oversight in this article relies on previously published work by the
author' which analyzed interviews conducted with diverse experts and
stakeholders involved in US biotechnology oversight to identify key
themes, events, and historical periods of GM crop oversight (Kuzma
et al. 2009; Kuzma 2014, 2020). This paper builds upon those papers and
other published literature to explore important historical periods and events
in GM crop oversight through several policy process theories. These periods
are marked by major changes to US GM crop oversight, such as the estab-
lishment of new regulatory rules, frameworks, or federal agency guidance
documents. Transitions from one phase to the next mark these significant
policy changes.

Policy process theories from Sabatier and Weible’s (2014) seminal book
were selected based on which were most applicable to the observed
dynamics of US GMOs oversight. Focusing events were prominent in the
selected theories as well as in the history of US GM crop oversight. Three of
these theories also place importance on how coalitions of actors strive over
time to influence the scope of issues considered in the policy process in
order to influence policy dynamics. The science and technology studies
(STS) literature has identified struggles over the scope of what should count
as “knowledge” or expertise worthy of being considered during decision-
making as aspects of power and control in the policy-making process for
GMOs (see Bonneuil and Levidow 2012; Macnaghten and Habets 2020).
This is referred to as “knowledge politics” across broader scientific areas
(see Grundmann 2007; Stehr 2015). Similarly, policy process theories
describe how coalition groups with power tend to scope policy issues nar-
rowly in order to retain control of the policy agenda (Schattschneider 1960;
Jenkins-Smith et al. 2014). Such overlaps between STS concepts and scope
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expansion/contraction from policy process theory are identified in the anal-
ysis of GMOs oversight history.

Policy Process Theories and Focusing Events

The history of US biotechnology oversight points to certain public events or
controversies that forced changes to the oversight system, for example,
through the adoption of federal policy, promulgation of agency rules, or
revision of regulatory guidance documents (Kuzma et al. 2009; Kuzma
2014, 2020). Under policy process theories, key circumstances or occur-
rences that catalyze policy change are called “focusing events” (Sabatier
and Weible 2014; Baumgartner and Jones 1993; Zahariadis 2014; Jenkins
et al. 2014; Baumgartner and Mortensen 2014). Focusing events help to
bring attention to issues and put them on the public policy-making agenda.
For the analysis, three policy process theories were chosen that make
“focusing events” a central focus of policy change.

Focusing events are a central element in the multiple streams approach
(MSA; Kingdon 1995; Zahariadis 2014). MSA describes three streams
flowing through the policy system: policy problems, policy ideas, and pol-
itics. At critical junctures, these streams are brought together by policy
entrepreneurs to increase the chances that policy changes can be made. One
key idea of MSA is that the “policy window” can open when problems,
ideas, and politics come together as prompted by focusing events. Accord-
ing to MSA, a key limit to getting issues put on the policy agenda under
complex and chaotic circumstances is whether one can garner the attention
of policy makers who are under significant time constraints. Focusing
events play a role in this process because they often involve public crises
or societal conditions that enable policy makers to concentrate their time on
the issue at hand and consider new policies or programs to address it.

Punctuated equilibrium theory (PET) arose out of MSA and adopts some
of'its key elements. In contrast to MSA, it holds that policy subsystems (like
US GM crop oversight) are not always chaotic and complex but have
periods of stability and incremental change (equilibria), or alternatively,
larger-scale departures from past policies and programs and punctuated
change (Baumgartner and Jones 1993; Baumgartner and Mortensen
2014). Under PET, periods of stability are maintained due to the conserva-
tive nature of political systems that favor the status quo and the interests of
groups already in power (Baumgartner and Jones 1993). These “policy
monopolies” can collapse when pressures for change build up and newly
involved political actors or government institutions intervene. Like with
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MSA, “focusing events” play a role in dynamic policy change and often
stem from these public pressures. However, PET expands the idea of focus-
ing events beyond events in a temporal sense, to different ways of under-
standing a policy issue—such as a change in “policy image,” or new places
for making policy, such as a change in “policy venue.” For example, a
group without power in a static policy system may change the venue for
a policy dispute to a more independent place (such as a judicial court or a
media outlet) where they can win the dispute and effect change.

The Advocacy Coalition Framework (ACF) is the last policy process
framework used in this analysis. Like PET and MSA, ACF applies at the
level of the policy subsystem (in this case, US GM crop oversight), but it
pays more attention to the competing coalitions within the system and how
they catalyze policy change (Jenkins-Smith et al. 2014). Variables in the
ACF include:

a. atleast two competing coalitions in a policy subsystem using various
strategies to influence decisions made by government authorities,

b. relatively stable parameters such as the macro-level constitutional
structure of a political system, and

c. dynamic external events.

This last category of dynamic external events is analogous to the focus-
ing events described in PET and MSA. In ACF, existing policies and pro-
grams reflect the beliefs of the predominant coalition with greatest
influence on the policy system. The ACF posits that focusing events provide
short-term opportunities that can be exploited by coalitions with different
policy beliefs than those in power. Coalitions hold three levels of beliefs
according to the ACF: deep core beliefs (normative, cultural worldviews),
policy beliefs (related to the fundamental policy issue at hand), and sec-
ondary policy beliefs (specific policy proposals regarding the issue at hand;
Jenkins-Smith et al. 2014). The ACF also hypothesizes that coalitions form
from individuals or groups that share deep and core policy core beliefs; that
major controversies between opposing coalitions in a policy subsystem
occur when deep and policy core beliefs are in dispute; and that coalitions
of allies versus opponents tend to be stable over periods of at least a decade.

Another important hypothesis related to the ACF is that coalition groups
with power will tend to confine policy issues narrowly in order to retain
control of the policy agenda, whereas those without power will attempt to
expand the issues to recruit additional members to their coalition and
increase their power (Schattschneider 1960; Jenkins-Smith et al. 2014).
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How this scope expansion and contraction play out in the history of GMO
oversight will be discussed below, along with their links to similar concepts
from the STS literature.

It should be noted that as these three theories are not mutually exclusive,
they are used together to interpret dynamics in US GM crop oversight over
time. For instance, the ACF sheds light on how opposing coalitions with
different policy beliefs and ways of scoping GM crop issues struggled to
change US biotechnology oversight over the course of its forty-five-year
history. Meanwhile, MSA and PET help explain how focusing events arise
from such coalition struggles and work to open windows of opportunity,
disrupt power arrangements, and bring attention to GMO oversight issues
from decision makers, which put issues on the public policy agenda and
catalyze changes to the oversight system over time.

Analysis of Policy Dynamics of GMOs Oversight

Evolution (1973-1986)

The laboratory development of recombinant DNA (rDNA) methods (aka
modern biotechnology) in the early 1970s is the beginning of the US bio-
technology oversight story. As rDNA techniques emerged, scientists pro-
posed a temporary moratorium on laboratory work using them due to
concerns about the transfer of pathogenic sequences to workers from rDNA
vectors (Berg et al. 1975; Talbot 1980; Hurlbut 2015). Shortly thereafter,
they convened the Asilomar Conference, which brought together prominent
scientists working on molecular biology along with a few lawyers and
journalists to discuss whether rDNA experiments warranted precaution and
to put some consensus restrictions on GM technology (Berg et al. 1975;
Talbot 1980; Hurlbut 2015).

The development of biotechnology and this temporary pause to reflect
on biotechnology safety can be thought of as the first “focusing event” for
biotechnology oversight that sparked national policy change (Figure 1). The
Asilomar Conference resulted in voluntary guidelines for physical and bio-
logical containment of GMOs in the laboratory. It outlined the types of
experiments that should not be conducted, such as transferring genes to and
from human pathogens (Talbot 1980). After Asilomar, this temporary self-
imposed moratorium of the scientific community was lifted, and soon there-
after, the National Institutes of Health (NIH) published guidelines for IDNA
research for laboratory experiments tied to NIH funding (NIH 1978).



Kuzma 7

Adaptation
(2002-2011)
Contamination & Monarchs Agency Guidances
In the Media
Court Case on NEPA
— Cong. Hearings on Authority
Implementation Re-Envision
(1986-2002) (2017-present)
| Regulatory Rule- Clarify Policy and
Making

Court Case on MIH Reg.
Ice Minus release

Revise Rules

CRISPR, Madia,
Evolution Public Pressure
(1973-1986)

Federal Policy of
CFRB

(2011-2017)

Re-interpret Law for
Policy

Stringency of GM Crop Regulation

‘ Revolution

FDONA
Asilomar

Focusing events #1 Focusing events #2 Focusing events #3 Focusing events #4  Focusing events #5

Figure |. Dynamics of the US genetically modified organisms (GMOs) oversight
system. The x-axis depicts the 45+ year time line of US GMO oversight with
focusing events prompting changes in GMO oversight as described in the text.
The y-axis is an estimate of the degree to which GM crops (including gene-edited
crops after 2010) would undergo formal premarket regulation by US federal
agencies. For example, historical phases higher on the y-axis mean a greater number
of regulations, guidance documents or policies to regulate GM crops were enacted
as a result of the focusing events. Those lower indicate a relaxation of policies or
their implementation to loosen premarket regulation of GM crops, such as when
the definition of “plant pest” was narrowly interpreted for gene-edited crops after
201 | and most were exempt from US Department of Agriculture review under the
Plant Pest Act.

Policy process theories help understand these early events in US bio-
technology oversight history. First, the Asilomar Conference was narrow in
scope and participants by design, with attendees largely falling into one
advocacy coalition: an elite set of early developers and proponents of bio-
technology, along with a few media representatives to publicize the event,
while the general public was excluded (Hurlbut 2015). From policy process
theory, and in particular ACF, one hypothesis is that coalition groups with
power (in this case, the molecular biologists developing rDNA method) will
tend to confine policy issues narrowly in order to retain control of the policy
agenda (Schattschneider 1960; Jenkins-Smith et al. 2014). Asilomar seems
to fit this hypothesis, as the biotechnologists’ coalition excluded critics
from the conference and tried to stave off onerous top-down government
regulations for biotech by giving themselves a mandate for self-regulating
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laboratory safety. One of the biotechnologists leading the conference
explained that it was an attempt at “avoiding governmental responses”
which would be “too rigid, too hard to reverse, and too hard to work within”
(Weiner 2001, 208). Hurlbut (2015, 11) describes the meeting as “an
expression of not only scientific responsibility, but also of control,” where
the scientific community assumed authority to “determine what risks war-
rant worry, and what technological futures are possible, desirable, and
good.” In the terms of PET, issue confinement also helped to maintain the
status quo, power relations, and a stable policy equilibrium (Schattschnei-
der 1960; Baumgartner and Jones 1993).

The struggles over the scope of the risk issues and the people whose
expertise counted in Asilomar can also be interpreted through the STS
concept of “knowledge politics” (Grundmann and Stehr 2003; Grundmann
2007; Stehr 2015). Knowledge politics creates an inside/outside distinction
for the “specific bodies of knowledge used as justification for policy” and
the “experts chosen by politicians to perform their role of advisors”
(Grundmann 2007, 417). In this early evolution phase of GMOs oversight,
the dominant coalition of early developers of molecular biology exerted
power by confining the risk issues to be considered at Asilomar and limiting
who could participate in the conference. More recent studies illustrate how
knowledge politics continues to play an important role for maintaining
power and control in the policy process for GMOs (Bonneuil & Levidow
2012; Macnaghten & Habets 2020).

For several years in the early development phases of rDNA technology,
the molecular biology community succeeded in staving off top-down man-
datory government regulation and avoiding “punctuations” that might have
otherwise come through focusing events, new policy images or venues. By
1978, several bills were introduced into Congress to expand the NIH guide-
lines and make them mandatory for all laboratory work, including work in
the private sector and funded publicly by other agencies (Weiner 2001).
However, research universities and scientific organizations lobbied to stop
national legislation that they regarded as a threat to their control, while
scientists assured policy makers that they had previously overstated the
risks during Asilomar and could now ensure the safety of biotechnology
(Weiner 2001). The NIH guidelines for laboratory use remained the main
policy vehicle for biotech oversight until the early 1980s.

However, in the ensuing years, another advocacy coalition was emerging
with different core and policy values than the biotechnology development
coalition. This coalition was composed of nongovernmental organizations
(NGOs), including environmental groups, and concerned academics from
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ecology, social science, and ethics, who voiced opposition to moving
forward so rapidly with rDNA research. This emerging advocacy coalition
worked to expand the issues associated with biotechnology policy by rais-
ing broader concerns beyond direct harm caused by laboratory pathogens
(Weiner 2001). The NGOs and concerned scientists’ coalition expanded the
issues from narrow definitions of biotechnology risk to human health from
the use of pathogenic sequences in the laboratory to larger societal and
ecological impacts. This broadening of the scope of debate may have helped
to put biotech policy on the national legislative agenda.

Issue expansion is a tactic described in policy process theories to recruit
additional members to a coalition and thus disrupt power relations
(Schattschneider 1960; Zahairidis 2014; Baumgartner et al. 2014). With a
wider coalition, groups initially without power who opposed to the status
quo (in the GMOs case, the NGOs coalition) are more likely to spark a
focusing event, for example, by having additional capacities or resources to
move the struggle to a more neutral policy venue. This occurred in the early
1980s when researchers proposed to move GMOs out of the laboratory and
into the environment. In response to this proposal, NIH approved small-
scale field tests of a GMO, the Ice Minus bacterium, that was to be sprayed
on strawberry plants to prevent frost damage (Weiner 2001). However, in
1983, three environmental NGOs and two individuals filed suit against the
federal officials responsible for this decision, arguing that NIH did not have
the requisite ecological expertise to make such a decision, and that it had not
complied with the requirements of the National Environmental Policy Act
(NEPA) in approving the release of Ice Minus (FET v. Heckler 1985).
Congruent with PET and ACF, the NGO coalition, initially the coalition
without power, shifted the policy venue to the more independent federal
courts, where they had a chance of winning (Figure 1, Table 1).

This federal case was a significant focusing event for the development of
US biotechnology oversight at a critical juncture. Ultimately, the plaintiffs,
the NGO coalition, scored a victory when the US Court of Appeals stated,
“we emphatically agree with the District Court’s conclusion that NIH has not
yet displayed the rigorous attention to environmental concerns as demanded
by law” (FET v. Heckler 1985, 2). This led to renewed interest in biotechnol-
ogy at the US Congress, and Congressional hearings about US biotechnology
oversight followed (see US Congress 1983). In response to Congressional
interest and the lawsuit, the White House Office of Science and Technology
Policy (OSTP) tasked an interagency working group with drafting an overall
federal framework for biotechnology oversight (Marden 2002).



(panunuod)

s||ays ooe1
Ul UJOD dulleIS puly
01 53531 Op SOON

(13d) 2uaAd Suisndoy
SE BIpSW O3 SNUSA
Aanj0d aya ur s

(YSW)
mopuim Adijod

Supjew-a|nJ [ew.o

s1onpoud
WD Yam esp
01 sJusWNd0p
aouepingd
Jo suonejnsa.
mau saysiiqnd

A3ojouydaolg

Jo uonejn3ay

SY3 .0} dJomawely
pa1euipaoo?) dojaasp

(auswuasrod

|eJapay asurede
[so©DN] uoneziues.io
[eauswulaA08uou)

([13d]
A4oayy wnrquinbs
pasenmdund

A|jeonsuss
Yyum Supjiom
Joy saulepind

‘uone|ngdas
juswuiarod

paJaA0dsIp suado ‘(4DV) elpaw Aouage yoes 01 Ad1j04 ASojouyds |
sanss| A19fes | 9yl ul UONEBUIWEIUOD “lIoMaWE.l4 puE 92U3I3G JO PO
9NSUD S3ISISA0IIUOD pue uoneUIWEIUOD pue A19jes JaAo 9SNOH AYAA pa3jeuipioo) azAe1ed s8ulieay (z00z-9861)
pue suiodsJ eipa)y -$S0UD | SNOLIBA 3|38n.3s suopyeo) | WOy 3uawnd0p Adljod Japun [euoissaJduon) uoneuswa|dwj
a3ueyd
129ye 03 (13d)
S1INOD [eJ3pd) JO
anuaa Adijod [esnau
aJow ul Ino paked
Ajprewnin (10v)
suoni|eod JadojeAsp Aiojeioqe|
-422101q pue SOON ays u (OWD)
Suowre s383n.ag swsiuedio

24N0D [eJopdy ‘[HoV] Homewre.y Buipuny VNG HIN | 3o aAeis pue a1e|nau

ur sunsme| sadwoud | u 0D A5e20ApY) | HIN ©2 pan sauijaping -J|3s 03 saJisop

xwo_oE_umuo_n_ jJo JUDWIUOIIAUD DSl du1usIdS, 01 xuw.,:wm Aouage |edspa4 Jd0oM S1snuaIds pue A1ajes

uone|n3aJ uo sdulsesy syl ur QWO sanss| 3ujuyuod Aq AioreJoqe INOQE SUJadu0D)
[euoissalduor 1s41 jo 3uswAojdep Jamod urejurew o3 Juone|ndau-js, Joj wnliorelow (9861-€£61)
sydwoud nsme pasodo.d An sasi8ojouydazolg Aunwwod synuaig Asesodwe | suiSaq dJom yYNQH uonn|oAy
aseyq SIUSA] sjuswi|g Aousdurng adueyd s3uaAj Suluuiseg aseyd

IX3N 01 uonisued | Suisndo 3uipug Aioay] ssadoud Aiore|n3ay ui a3ueyd Ad1j0d Sunjnsay
Adljod 12y10 pue |oo] Adijod

'sadueyD) 3isuaAQ douD) D PaIBID0SSY pPUE ‘SIUSWD|T [BD139409Y ] ‘SIuaA] Suisndod °| d|qe L

o



'syeadaJ djwoupuljed 1uoys padedsaaul A|lJejnga. pausasnd = YdSIYD ‘PaulwIIep 9q 01 = g ‘Aduade uondalo.d [BIUSWUOUIAUL = 4T “Aduadulis A1olejndaJ ul

95B3.09p € 3JeDIpUl SBUO US3IS pue Mod Jolid ays wouy Bunnsau Aouadulis A101eNSaJ Ul 3seaUdul Ue 33edIpul saxoq djuld ‘uwnjod . * " * |00 Ad1jod,, @3 04 910N
Supjew
-3|n4 pasodoud uonenda.
Jo sdnou Adessadauun yum

saysiiqnd vd3

uoneAOUU| Y23301q
apns o1 30u Suisiwoud

pa3eulpJo0D Y3

uonijeod papuedxa

uonelaadisiuia. [e8e

sanlioyane 1sad

sdoud J9p.Jo 3AIINDOXS
paupe-ausld | Yoy sand pue “uiwpe
pue |5 J0j 3N BWEQQO WO 3N
3¥ND3IS Mau VASN Mau s|jedad (auasaud o1
adl aaL adgL Bupfew-a|nJ [ewo4 | saysiqnd yasn uopesiuiwpe dwna ) £107) UoIsiAsYy
oyiny
P99AA SNOIXON pue uoe|ngau
159 3uB|d Yoq Suisn (4DV) uasnod (sdous D 4oy wouy sdoud
sdoud |9 3unendau Aurersd -J|os A|qisuodsau uone|n3au djewald | Lo Jaylo swos
uo 3jnJ Yedp Auo1e|n3au U0y 01 syyoaduou JO uonexe|. pue paiipa 10y UORIRI0IY
mau saysiiqnd yasn Anunwwod 3unipa PUE SUOIBIDOSSE Bunnsau) vasn -ouag apn|dIxa Jueld ay3 Jspun
pue dJomawe.y -2ua8 Wouy a4nssald spess yum | 4Aq me| asad jued, jo 03 A|mo.eu syue|d |yo a1e|nSau

o1 Aoyane s,yasn

9Z|UJSpoW O3 SIIOYd uonualle suwLIoy Aunwwod ueld syauduanul J3A0 dNSua mwctmu; ﬁ_om._ _omv
S9eW ulwpe eweqO AUdSIYD BIpa Sunips-ausn vasn [euoissa.duo) uonnjoAsy
(239 ‘vd3 ‘auIpaly
(vasn) a4njnoridy pue ‘Sutissuidug
Jo swiiedsq sdoud o 92UBIDS JO SBIWDPERIY
BJ[BJ|E D 10} 1Y SN /Ansnpul Joy uonedniw s |euoneN]) sanssi st
Ad1104 [eauswuoUIAug pue OON/?1ued.io Joj paau Jo3es.d jo SJUBWINO0P 3duepIng uoneulwWeIuod Apnis 01 pausAuod
|euoneN usam1aq sassadoad (4DV) sp112q Adij0d ysno.y passauppe sso.d uaAaud sjpued oynuapg
Japun juswsiels |eaoadde s10aq paJeys uo paseq sonss| st Suidiawa 03 sjuswndop
1oedw)| [eaUSWUOIAUg Je3ns pue gj[ej[e I9A0 sJawrey dluedio pue pasea.Joul aouepingd UO[JBUIWEBIUOD SSOID
1INy op 03 3J4n0d wEmLa:m pue apnjoul 03 spuedxa sjuawadinbau MdU ;m__n_:n_ J9AO SDISIDA0IIUOD : _ON.NQONV
IVasn a4inbau s1uno> |eJapay Ul synsmeT SOON jo uonjjeod Aioze|n3oy sapuade |esopaq pue suiodsJ eipsjy uoneidepy
aseyq SIUDA] sjuswa|g AouaBuing a3ueyd s3uaAg Buluuidsg aseyq
IXSN 03 uonisue.d | Suisndo 3uipug Kioay] ssadoud Aiore|n3ay ul a3uey) Adljod Suninsey
Ad1jod Joy30 pue |00 ] Adijod

(psnunuod) *| sjqeL



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

The NGO lawsuit and mounting struggles between advocacy coalitions
with differing values (biotechnologists for self-regulation and technological
progress; NGOs for “naturalness” and environmental protection) occurred.
The biotechnologist coalition attempted to contract the issues to narrow set
of biotech “scientific” risks, while the NGO coalition sought to expand the
scope of the issues considered to broader ecosystem, social, and ethical
harms. These struggles set forth a “punctuation” in policy-making accord-
ing to PET or a political opening of a policy window according to MSA.
These focusing events set the course for more formal, mandatory federal
regulation for biotechnology for decades to come. The lawsuit by the NGOs
played out in a neutral, public venue, unlike Asilomar that was a closed
meeting largely limited to scientists. It also prompted a bigger policy
change, and struggles between coalitions were now in the national and
Congressional spotlight.

Implementation (1986-2002)

The Coordinated Framework for the Regulation of Biotechnology (CFRB)
arose out of the White House OSTP working group. The CFRB was a policy
document outlining how multiple federal agencies would work together to
oversee the different products of biotechnology, including their environ-
mental release (US OSTP 1986). This point marks the end of the evolution
phase and beginning of the implementation phase of GM crop oversight
(Figure 1, Table 1).

Although biotechnology developers were not successful in staving off
formal regulation by the start of the implementation phase, they did par-
tially “win” the policy struggle when the CFRB stated that:

1. the risks of biotechnology products were the “same in kind” as
conventionally bred organisms—in other words, there were no new
categories of risk with GMOs;

2. the product should be the focus of regulation, not the process by
which it is made (e.g., biotechnology); and therefore,

3. no new laws were needed for regulating biotechnology.

As a result, federal agencies were instructed to use existing laws to
regulate biotechnology products. Yet the CFRB proved flexible enough
to adjust over time with new biotech products and technologies given its
weak legal grounding (Kuzma et al. 2009), and biotechnology developers
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were able to move forward within an oversight framework that could be
reinterpreted over time.

Around the same time that the CFRB was established, US laws were
enacted that allowed for closer relations between academia, government,
and industry to capitalize on their research through intellectual property
partnerships (see Adams et al. 2003; Winickoff 2013). Therefore, the bio-
technology—developer coalition expanded to include government research
agencies and private sector entities including the agricultural and chemical
companies involved in early GM plant development and seed sales. Given
its access to greater private resources and political processes, the expanded
coalition grew in power considerably during the implementation phase of
GMOs oversight. Since the late 1980s, biotechnology developers floated
between private and public sectors, and the relationship between the two has
remained close over time.?

During the implementation phase, policy tools such as formal rules were
needed for the federal agencies to implement the CFRB and apply existing
laws to new biotechnology products. The laws were significantly stretched
under the CFRB to promulgate agency regulations for diverse products of
biotechnology in this phase. For example, in 1997, EPA passed rules to
regulate GM microbes as “toxic chemicals” under the Toxic Substances and
Control Act of 1976 (US EPA 1997). The Animal Plant Health and Inspec-
tion Service (APHIS) of US Department of Agriculture (USDA) was the
lead agency for biotech crops. APHIS passed rules to regulate GM plants as
“plant pests” under the Federal Plant Pest Act (FPPA) of 1957, initially
under field trials (USDA 1987, rev. 1997) and then for full-scale market
release (USDA 1993). During the implementation phase, rDNA methods to
engineer plants used sequences from a bacterium that causes plant disease
(Agrobacterium) in order to deliver genes into plants. Thus, the DNA frag-
ments from these plant pests provided a regulatory hook for the USDA for
all GM crops, even if the engineered gene had nothing to do with the “plant
pest” risks on which the FPPA was based.

Later in the implementation phase, the EPA promulgated rules to regulate
GM plants with pesticide-like substances (e.g., GM crops with Bt protein)
under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA; US
EPA 2001). Yet the Food and Drug Administration (FDA) did not promulgate
formal rules for reviewing the safety of foods from GM crops. Instead, it issued
voluntary guidance for industry for the review of GM foods with novel proteins
under the Federal, Food Drug and Cosmetic Act (FFDCA; US FDA 1992).

Agencies also began to apply NEPA to their decisions about the release
of GMOs into the environment. NEPA requires that federal agencies assess
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the potential environmental impacts of all “major Federal actions signifi-
cantly affecting the quality of the human environment” (42 USC
§4332(2)(C) 2011). However, under the CFRB and during the implemen-
tation phase, USDA decided to use the more limited environmental assess-
ment and Finding of No Significant Impact options for GM plants under
NEPA, rather than full environmental impact statements (EISs). In the
subsequent adaptation phase, this decision proved to be controversial in
federal oversight for GM plants

During the implementation phase, GM crops entered field trials in 1987,
and within a decade, thousands of field trials were underway. Major com-
modity crops with engineered insect-resistant (Bt) and herbicide-tolerant
(Ht) genes entered the market in 1995, and these GM crops grew to dom-
inate US markets for corn, soybean, and cotton within just five years.
During this same time, significant controversies over the safety of GM
crops to humans and the environment began to emerge in the public sphere.
As with the transition from evolution to implementation, the transition from
implementation to adaptation phases was marked by struggles between two
major coalitions: biotech developers (including those in industry) and con-
sumer/environmental NGOs as interpreted by ACF. This time, there was a
shift in the policy venue (PET) that sparked the focusing events. NGOs
presented and amplified public stories in the media, which prompted public
pressure and policy change (Figure 1, Table 1).

A key focusing event involved the public controversy over the contam-
ination of human food with StarLink GM corn (Figure 1). StarLink corn was
approved by EPA under FIFRA only for animal use, but not for human food
use, because the Bt protein used in this GM corn variety (Cry9C) had some
resemblance in amino-acid sequence homology and indigestibility to
human allergens. However, in September 2000, the Washington Post
reported that traces of StarLink GM corn DNA were found in Kraft taco
shells and other products intended for human consumption. Interestingly,
the tests for StarLink presence were ordered by a coalition of consumer and
advocacy NGOs (Segarra and Rawson 2001). Kraft confirmed the finding
and voluntarily recalled the shells from grocery stores. In November of the
same year, the FDA recalled more than 300 corn products. The StarLink
corn producer, Aventis, voluntarily withdrew its license for the variety from
EPA, as foreign markets for US corn were threatened (Segarra and Rawson
2001).

After this public focusing event, several bills were introduced into Con-
gress to require labeling of GM foods and to amend the FFDCA to require
mandatory, premarket consultation and approval for GM foods (Segarra and
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Rawson 2001). Although these bills were not ultimately passed, it prompted
the FDA to issue stronger, revised guidance for studies in the context of
voluntary GM food safety consultations (US FDA 2006). After the StarLink
corn focusing event, EPA would never again approve something for animal
feed without human food approval. This illustrates the important role of
NGOs in actively creating public focusing events. In this case, it started
with NGOs testing taco shells on grocery shelves, which led to the media
becoming the policy venue. In terms of PET, the venue change may have
prompted greater public attention to the issue and brought the issues asso-
ciated with GM crop cross-contamination to the national policy-setting
agenda (Figure 1, Focus Event #3; Table 1). NGOs, wielding much less
power in typical policy-making venues, took GM risk issues to the public
venue of the media to raise awareness among the general public, expand
their coalition, and thus grow their power.

Following the StarLink incident, GM crop safety was questioned by
laboratory studies that attracted many media reports, about harm to Mon-
arch butterflies from Bt corn pollen; gene flow between Bt and non-Bt
maize in Mexico, the biodiversity center of maize; and contamination of
soybeans for food use with corn grown to produce engineered pharmaceu-
ticals (Segarra and Rawson 2001; Fox 2003; Quist and Chapela 2001). For
example, the company ProdiGene failed to eliminate volunteer GM corn
plants used for pharmaceuticals manufacturing, from a soybean crop
planted later in the same field and destined for human food (Fox 2003;
Byrne 2008). USDA imposed a fine of $250,000 on the company, and
ProdiGene had to reimburse the federal government $3 million for the
destruction of the contaminated soybeans. These controversies, like Star-
Link, were also marked by amplification in the media and struggles
between consumer and environmental NGOs and biotech advocates over
the interpretation of uncertainty in health and environmental safety studies
(see Pew Initiative 2002).

Adaptation (2002-201 1)

During the adaptation phase, federal agencies associated with the CFRB
were prompted to adapt their regulatory procedures to address emerging
cross-contamination and safety issues (Kuzma 2014), leading to a greater
degree of regulatory stringency (Figure 1, Table 1). They did so in response
to growing public discussion in the media and among scholars and scientists
about the events surrounding StarLink, ProdiGene, monarchs, and Mexico.
For example, during this time, the National Academies of Science,
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Engineering, and Medicine (NASEM, 2002, 2003, 2004) also convened
several committees to review health and ecological safety issues associated
with GM crops. These NASEM reports focused on specific emerging con-
cerns, although they generally concluded like previous and future NASEM
reports (NAS 1987; NASEM 2000, 2017) that the categories of risks posed
by GM products were the same as non-GM products. Concerns grew about
the potential allergenicity of GM foods, comingling of unapproved and
approved GM varieties, and gene flow to wild relatives or neighboring
crops, which may contaminate organic crops or cause risks to agriculture
or the environment (e.g., through Ht genes passed on to weedy relatives).

Yet agencies did not promulgate new regulations for GM crops, and the
interpretation of the laws under the CFRB remained largely unchanged.
Instead, several guidance documents and regulatory policies were published
to address these emerging concerns (Table 1, Figure 1). FDA put out a gui-
dance document to improve early food-safety evaluation of GM crops (US
FDA 2006). USDA published enhanced biosafety guidelines requiring more
stringent confinement measures for growing GM plants containing pharma-
ceutical and industrial engineered proteins in field trials (USDA 2003).

The USDA did attempt to promulgate new regulations for GM plants,
and in 2008, it went so far as publishing a draft rule. The agency tried to
clarify its authority for GM crops under the newer Plant Protection Act of
2000 (PPA) and update its regulations to comply with the new law, which
combined and replaced the 1957 FPPA and the Federal Noxious Weed Act
of 1974. In this draft rule, USDA proposed to use its noxious weed author-
ities to regulate GM crops and change its environmental-release decisions to
a tiered permit system based on categories of risk (USDA 2008). The rule
would have subjected GMOs to oversight based on noxious-weed risks for
the first time in addition to “plant pest” risks. However, USDA never
finalized the 2008 rule because the Presidential administration changed just
after the publication of the draft rule.

Around the same time, NGOs were able to expand their coalition to
include the organic industry and organic farmers. Once again, like in the
evolution to implementation transition, an expanded coalition that initially
had less power than the opposing biotech developer coalition was able to
expand the scope of risk issues and put forth legal challenges in a neutral
policy venue (the federal courts) to contest federal government decisions,
specifically USDA decisions for GM crops. These legal challenges were an
important focusing event sparking policy change (Table 1, Figure 1).

The ACF theory highlights issue expansion as a way to recruit additional
members to a coalition and gain more leverage to get issues on the national
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agenda to effect policy change. Environmental and consumer NGOs were
able to combine their interests in consumer choice, health, and environmen-
tal safety with the organic industry’s concerns about cross-contamination of
their crops with GM pollen or GM crops—a socioeconomic risk issue to the
industry. The National Organic Program rule of 2000 prohibits the inten-
tional use of GM crops in certified organic foods (USDA 2000). As GM
crops flooded the market in this phase, organic farmers became increasingly
concerned that GM crops would cross-pollinate or comingle with their
crops and that they would no longer be able to fulfill their contractual
obligations or assert that their products were GM-free. They saw the harm
from GM crops as lost revenue and competition. According to PET, the
policy image for biotechnology risk issues changed, expanding from a
narrow definition of environmental and health risks, to include socioeco-
nomic risk and harm to a US industry. The NGO group recruited an indus-
trial sector of farming and food (organics), at a time when organic
consumption was increasing among US consumers. By aligning their inter-
ests to those of the organic farming industry, NGOs’ broader concerns
began to be taken more seriously by US policy makers—particularly those
at USDA who are tasked with representing all of US agriculture. According
to STS theory, the “knowledge politics” shifted (Grundmann and Stehr
2003; Grundmann 2007; Stehr 2015) as more people were allowed to par-
ticipate in policy-making and the scope of the risk issues that should be
considered in the GM debates broadened (Jasanoff 2005b; Macnaughten
and Habetts 2020). According to policy process theory, the scope expanded
(Schattschneider 1960) and the coalition broadened to gain power (Jenkins-
Smith et al. 2014).

This issue expansion (“harm to a US industry”) and the expanded NGO—
organic industry coalition disrupted power relationships and static policy
states. Through the independent policy venue of the courts, lawsuits against
industry and the USDA were introduced by the NGO—-organic coalition to
challenge the adequacy of USDA’s assessment of GM crops under NEPA
(Cowan and Alexander 2013). The plaintiffs asserted that USDA did not
comply with NEPA because it used a less rigorous environmental assess-
ments than a full-scale EIS process. They also argued that socioeconomic
risks should be considered in USDA’s decisions about GM crops under
NEPA.

Courts were a more open policy-making venue for the NGO—-organic
coalition, whose members had fewer opportunities for participating directly
in federal regulatory decision-making than the more powerful
biotech industry—developer coalition. Participation in the regulatory
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decision-making process was largely open only to biotech developers and
federal agency representatives reviewing GMOs (Kuzma et al. 2009; Kuzma
2021). Federal agency “knowledge politics” insisted that stakeholders and
publics adhere to a limited scope of issues surrounding GMOs, and thus only
the concerns of a limited set of experts were deemed as legitimate (Wynne
2001; Jasanoff 2005a, 2005b; Thompson 2007; Bonneuil and Levidow 2012;
Macnaghten and Habets 2020). The dominant discourse for US risk analysis
for GMOs was that it should be separate from broader concerns and values
(Jasanoff 2005a, 2005b; Wynne 2001; Bonneuil and Levidow 2012; Mac-
naghten and Habets 2020), despite the inherent values and ethical issues
embedded in the risk analysis process (Wynne 2001; Thompson 2007; Kuzma
and Besley 2008). In the more neutral and open venue of the US court system,
the coalition of NGOs and organic industry put forth their broader ecological
and socioeconomic concerns, which had been outside the scope of policy-
making discussion until then.

From these lawsuits, USDA lost two federal district court cases because it
presented inadequate data to support its decision to allow deregulation of
herbicide tolerant (Ht) GM alfalfa, and for ignoring evidence of potential
environmental harm in field trials of GM bent grass. The USDA was forced
to complete its first-ever EIS document for genetically engineered (GE)-crop
deregulation in 2010 (Cowan and Alexander 2013; USDA 2010). Interpreted
by PET and ACF, a shift in US regulatory policy was prompted by an
expanded advocacy coalition and focusing events playing out in an indepen-
dent policy venue (i.e., the courts) to disrupt power relationships, the knowl-
edge politics, and the static policy system. The decisions on these cases mark
the end of the adaptation phase (Table 1; Figure 1, Focusing Events #5).

Revolution (2011-2017)

In December 2010, USDA published the final EIS for GM alfalfa as man-
dated by the courts. USDA outlined three decision alternatives in the doc-
ument: (1) ban the commercial planting of RR GM alfalfa (no
deregulation); (2) approve it with planting restrictions such as greater iso-
lation distances from other crops (partial deregulation); or (3) approve it
with no planting restrictions (full deregulation; USDA 2010). USDA indi-
cated that it was seriously considering the latter two options. In the docu-
ment, USDA (2010) argued that “[b]ecause Congress has mandated a
science-based approach in APHIS regulations and because there is no basis
in science for banning the release of GT (glyphosate tolerant) alfalfa, a
blanket prohibition of the release of GT alfalfa would contravene
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Congressional intent and must be rejected” (p. 14). In this statement, the
USDA seemed to dismiss the consideration of potential socioeconomic
harms to the organic industry by confining or contracting the issues to
“science-based” and maintaining the narrow knowledge politics associated
with their regulatory purview.

After the EIS for GM Ht alfalfa was published, both advocacy coalitions
(NGO-organic versus biotech developers) put pressure on USDA to adopt a
specific regulation model. The organic—-NGO coalition argued for no or
only partial approval, whereas the agricultural commodity—biotech coali-
tion lobbied for full approval (Cowan and Alexander 2013). The US House
Committee on Agriculture became interested and hosted a meeting on
January 20, 2011, to discuss the case with USDA Secretary Tom Vilsack
(US Congress 2011). At this meeting, members of the House of Represen-
tatives intensely questioned the Secretary about the partial deregulation
option in the EIS. The vast majority of Congressional members on the
committee voiced their support for full deregulation—that is, unrestricted
planting of GE alfalfa—and several of these members came from states
associated with agricultural biotechnology companies and industrial farm-
ing systems. Even more important to the oversight story in this revolution
phase, the House members broadly challenged whether USDA had author-
ity for regulating GE crops at all under the Plant Protection Act (US Con-
gress 2011). Just a week after, on January 27, 2011, Secretary Vilsack
announced that USDA was granting GE alfalfa full approval with no restric-
tions. Organic farmers vehemently opposed this decision given their need to
keep GE pollen out of their fields to maintain organic certification. These
events illustrate how even though the less powerful coalition (NGO—
organic) was able to open up a policy venue, initiate a focusing event, and
expand the scope of the issues, it could not overcome the knowledge politics
of federal agencies and political influences of the more powerful coalition
(biotech developers).

Although the policy process was affected by the NGO—organic coalition,
the policy outcome was not favorable to their interests and their efforts
ultimately backfired. After the alfalfa case and Congressional pressures,
USDA started to make decisions that several GM crops, including gene-
edited crops, did not fall under its plant pest based regulations at all. They
began to interpret their regulatory authority narrowly to include only GM
plants that contained plant pest DNA sequences. By contrast, in the earlier
days of the CFRB, USDA signaled their intent to capture all GM plants
under their plant pest regulations regardless of presence of plant pest DNA
(see NASEM 2000). By 2011, however, newer biotechnology methods like
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gene editing and particle gun transformation were becoming common, and
this allowed biotechnologists to avoid plant pest sequences from Agrobac-
terium in the making of GM plants or end products derived from GM plants.
Around 2011, USDA began to exempt many gene-edited and GM crops
from their regulations (Kuzma 2016a). Biotech developers embraced this
approach, arguing that the risks of GM products (as a general category)
were no greater than conventionally bred products (NASEM 2016).

With legal challenges from NGOs and organic groups expected to con-
tinue into the future, USDA would be forced more frequently to use the
intensive EIS process for NEPA review of GM crops, for as long as these
came under the agency’s jurisdiction. The EIS process was seen as more
burdensome for an agency with only limited staff and resources, as well as
imposing greater costs on the biotech industry. USDA, faced with poten-
tially more legal challenges from coalitions of NGOs and the organic indus-
try and with increasing Congressional pressure against their authority to
regulate GM crops at all, made a radical choice to back off from GM crop
regulation, marking the new policy equilibrium in the Revolution phase.

This revolution phase returned to the policy tool of national policy-
making, but this time, unlike the hearings and public working groups that
generated the initial CFRB (Figure 1, Focusing Events #2), policy was
quietly made behind closed doors and only captured in letters between
GM crop developers and agency staff (which were eventually requested
under the Freedom of Information Act by interested lawyers and scientists;
Kuzma 2014). According to this policy, USDA would interpret its statutory
authority to regulate “plant pests” under the Plant Protection Act more
narrowly. Only after the Freedom of Information requests did USDA
(2020) began to make these letters publicly accessible on their website
under their “Am I Regulated?” (AIR) web archive of these decisions to
exempt GM plants. From 2011 to 2020, more than hundred GM crops had
undergone this abbreviated review process and were exempted from formal
USDA (2020) oversight.

In summary, the political events that followed the federal court cases
initiated by the NGO-organic coalition at the end of the Adaptation phase
ultimately pushed the oversight system in a less rigorous regulatory direc-
tion during the Revolution phase (Figure 1, see y-axis). The efforts of the
NGO-organic coalition succeeded in getting issues on the policy agenda,
and the coalition even won its cases in federal court (Figure 1, Focusing
Events #4; Table 1). However, what they set in motion backfired, as Con-
gressional interest increased in the alfalfa Supreme Court case, powerful
interests re-emerged, and Congress began to question whether USDA
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should be regulating GM crops at all. The NGO-led coalition won the battle
in the courts, but it may have lost the war in hoping for greater oversight of
GM crops. The oversight system came to a new policy equilibrium in the
Revolution phase, which ran against their interests.

Toward the end of the revolution phase, the use of CRISPR-based gene-
editing methods and the lack of regulation for gene-edited crops garnered
significant media attention and was becoming more of a public issue (see
Waltz 2016; Kuzma et al. 2016). Around the same time, the Obama admin-
istration set forth its willingness to revisit the CFRB to see whether it was
well positioned to keep pace with the advances in biotechnology, such as
CRISPR-based gene editing (Kuzma 2016b; Figure 1, Focusing Events #5;
Table 1). Concerns were also growing among the gene-editing community
about the increasing proportion of consumers choosing non-GM foods
(Kuzma 2018), which might have increased the political feasibility of the
Obama administration’s effort. Industry groups expressed desires to do
better with gene-edited crops in light of controversies surrounding the first
generation of GM foods (Kuzma et al. 2016), and a nonprofit and industry
coalition formed to consider the responsible stewardship of gene-edited
crops (CFI 2020). This marks the end of the revolution phase and beginning
of the revision phase. While the revolution phase involved significantly
weakening GM crops regulation, the revision phase reexamined this state
in light of advances in gene-editing and the trends described above and set
forth efforts to promulgate new rules.

Revision (2017 to Present)

In its final days in January 2017, the Obama administration published a
change in USDA’s rules to regulate GM crops that would have captured
more gene-edited crops and incorporated the noxious weed provisions of
the PPA (in addition to the plant pest authorities, like the failed rule-
revisions of 2008 had attempted to do). To many, changes to the USDA
GMO rules made scientific sense because a demonstrated category of risks
from the first generation of GE crops concerned the evolution of resistant
weeds. For example, by this time, there had been reports of glyphosate-
resistant weeds resulting from GE herbicide-tolerant grasses fertilizing wild
relatives (Rosen 2018; Zapiola and Mallory Smith 2017). Yet, like the 2008
rule, the proposed 2017 rule was withdrawn under the next Presidential
administration. The Trump administration revoked the 2017 GMO Obama
rule, stating that “the proposed requirements would be too burdensome and
had the potential to stifle innovation” (USDA 2020b, 4).
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In 2019, the Trump administration put forth an Executive Order asking
US federal agencies to streamline their approval processes for biotechnol-
ogy products and remove undue regulatory barriers to innovation (White
House 2019). Then, the USDA promulgated the current rule for GM crops
in 2020 that exempts many categories of gene-edited crops, does not invoke
the noxious weed provisions for reviewing risks under the PPA, and shifts
away from plant pest DNA sequences as the regulatory hook and toward a
review of plant pest risks from GM crops (USDA 2020b). This 2020 Sus-
tainable, Ecological, Consistent, Uniform, Responsible, Efficient
(SECURE) rule represents the first major change in USDA GM crops
formal regulation since they first entered the market in the 1990s.

In one sense, SECURE is a step toward greater regulation of GM crops
by replacing the abbreviated AIR review process (Kuzma and Grieger
2020). However, SECURE provides exemptions for several types of
gene-edited crops and allows for developers to self-determine whether their
crop is exempt without consulting with regulators. This self-exemption
pathway also creates a situation where no public information would be
available about the market entry of many gene-edited crops unless the
developer chooses to voluntarily disclose it on their own public website
or venue.” Furthermore, even if a gene-edited crop is reviewed by USDA,
public information about the traits, purposes, and market uses of that crop
may not be disclosed on the USDA’s regulatory lists to protect confidential
business information in regulatory submissions or lack of regulatory obli-
gations to publish this information (Kuzma and Grieger 2020).

In addition, the USDA’s new National Bioengineered Foods Disclosure
Standards (NBFDS) exempt GM foods from being labeled as
“bioengineered” if they do not contain foreign DNA in the final product
(Jaffe 2022; USDA 2018). In other words, current labeling standards do not
apply to most gene-edited crops or ingredients refined from gene-edited or
GM crops. In addition, in 2020, the EPA proposed to draft rules to exempt
most gene-edited crops from its oversight under FIFRA (EPA 2020).
Finally, FDA’s review for food safety of gene-edited crops remains volun-
tary, and the agency has not yet released an updated voluntary guidance for
reviewing gene-edited foods and their safety. In summary, although the
revision phase saw a step toward greater regulation of GM crops through
SECURE, there are significant gaps in regulatory review and public infor-
mation about gene-edited crops.

In our previous interviews with developers of gene-edited crops, most
agreed that mistakes were made with the first generation of GM crops and
acknowledged that stakeholders and citizens should be better informed and
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consulted as they move forward with gene-editing (Kuzma et al. 2016).
They also feared the increasing consumer demand for non-GM food prod-
ucts and hoped gene-edited foods would not be rejected as such. However,
in this revision phase, policies enacted through SECURE and the NBFDS
are likely to decrease consumer transparency and choice, violating ethical
principles of autonomy and informed consent (Kuzma and Besley 2008;
Thompson 2007; Kuzma 2018) and thus reduce the public’s ability to
participate in decision-making about GMOs (Gordon et al. 2021; Kuzma
2021). Although transparency and choice are not enough to earn the trust of
consumers, they seem to be a prerequisite for doing so, and these new
policies could further erode consumer trust in gene-edited foods (Kuzma
and Grieger 2020; Gordon et al. 2021). In addition, they preclude the
inclusion of a wide range of expertise and special and localized knowledge
to benefit regulatory decision-making and risk analysis (Wynne 1989; Fun-
towicz and Ravetz 1993; NRC 1996; Meghani and Kuzma 2011).

Discussion

Through the lens of policy process theories, this analysis illustrates how the
US GM crop oversight system evolved to deal with emerging risk issues and
technologies over time. Changes to oversight seem to be, at least in part,
catalyzed by focusing events, as congruent with several policy process
theories. These focusing events were aided by changes in scoping GM risk
issues, expanding coalitions, and efforts to change the policy venue. They
helped to put GM crop oversight issues on the national policy agenda and
prompt changes to regulatory systems. Struggles among advocacy coali-
tions and focusing events played out in public venues, catalyzing new
equilibria or phases in regulatory oversight. Some phases increased over-
sight capacity to deal with emerging GM crop risk issues and societal
concerns (Figure 1, Evolution, Implementation, Adaptation), while others
removed barriers to the development of gene-editing technology (Figure 1,
Revolution, Revision).

What do these observations from policy process theory mean for the
future of oversight for gene-edited crops? One hypothesis arising from this
retrospective analysis is that public struggles among coalitions and public
focusing events are necessary to force change in oversight systems over
time, so that they are more responsive to emerging conditions and issues.
Whether the current oversight arrangements for gene-edited crops will
allow for this responsiveness in the future is an important question. With
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low transparency for the market entry of gene-edited crops currently, will
public struggles leading to public focusing events be less likely?

Due to the limitations posed by the interpretative, historical, and theore-
tical approach taken in this article, there is not a clear-cut answer to this
question. However, the analysis suggests that there is a connection between
the public nature of policy processes and the ability of the GM crop over-
sight system to adapt to new technologies and risk issues over time. Thus,
there are legitimate concerns that the lack of transparency associated with
the current oversight system for gene-edited crops may hamper socially
responsive and robust policy dynamics. This lends weight to the argument
that without public knowledge of gene-edited crops and their uses in the
market, opposing coalitions cannot struggle openly about specific risk or
societal issues in the public arena. If these struggles are absent or even
reduced, emerging risk issues and other societal concerns are likely to go
unnoticed. Without public pressure and focusing events to advance gene-
edited crop oversight, the oversight system is likely to stagnate.

As gene-edited crops enter and permeate markets, we could be setting
ourselves up for significant, delayed impacts, given the absence of public
coalition struggles and continual oversight adjustments over time. Over the
course of the history of GM crop oversight, public struggles between coali-
tions allowed the system to adapt to new technologies and newly discovered
risk issues, like the early environmental releases of GMOs, StarLink corn,
cross-contamination of pharma crops, Monarch butterflies, or concerns
about gene flow raised by the organic industry. Without these struggles,
it is entirely possible that greater risk issues and controversies would have
materialized, such as the detection of foodborne allergies in people con-
suming GM foods, harm to nontarget ecological species, and more inad-
vertent comingling.

Many gene-edited crops and their food products are poised to enter the
open environment and the market without public disclosure of their loca-
tion, purpose, or uses (Kuzma and Grieger 2020). The maturation of the GM
crop oversight system depended on public struggles among advocacy coali-
tions, who were able to gather information about what GMOs were poised
to be released, publicly contest those decisions in court, openly study the
risk issues (like knowing to look for StarLink corn in taco shells), and raise
their voices in the media or Congressional hearings (Table 1).

Although the future impacts of current oversight approaches for gene-
edited crops are difficult to predict from the retrospective analysis presented
in this article, a recommendation for greater transparency in oversight
seems warranted. Voluntary initiatives for increasing transparency for
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gene-edited crops in the marketplace have been suggested (CFI 2020;
Kuzma & Grieger 2020; Jaffe 2022; Gordon et al. 2021). However, volun-
tary initiatives rely on the goodwill of industry organizations and other
biotech developers to participate—and usually there are market disincen-
tives for doing so. Requiring the formal registration of gene-edited crops
through USDA, even if that gene-edited crop is exempt under the SECURE
rule, seems more likely to foster the transparency needed to enable public
scrutiny of the regulatory framework to oversee gene-edited crops. A pub-
licly accessible government database that contains at least the basic char-
acteristics and market uses of gene-edited crops is more likely to allow for
independent watchdogs to fulfill their important role of catalyzing policy
change when needed.

However, transparency will not be enough if opportunities to participate
and truly have a voice in GMO decision-making are not available to various
experts, stakeholders, coalitions, and publics. Throughout the US oversight
history for GM plants, the courts and the media have been the main venues
for coalitions critical of biotechnology because there were no formal oppor-
tunities to participate in regulatory processes (Wynne 2001; Jasanoff 2005a;
Bonneuil and Levidow 2012; Macnaghten and Habets 2020; Kuzma 2021).
Although less powerful coalitions were able to get their issues onto the
national agenda through these venues, they ultimately could not overcome
the political forces dominating the biotechnology policy arena, which left
coalitions often unable to expand the risk issues and set of values considered
for federal decision-making. The dismissal of public and stakeholder con-
cerns outside of “sound science” (which generally means dismissal of con-
cerns outside of limited health and environmental toxicity that can be
measured in laboratory studies prior to commercialization) remains in the
GM policy sphere and has been entrenched in the knowledge politics of GM
oversight for decades (Wynne 2001; Jasanoff 2005a, 2005b; Thompson
2007; Bonneuil and Levidow 2012; Macnaghten and Habets 2020; Kuzma
2021). Therefore, it is likely that participation in regulatory politics and
federal agency decision-making for GMOs will continue to be closed, and
broader concerns delegitimized, even with greater transparency (Kuzma
2021). If so, risk analyses will suffer from a lack of diverse perspectives
and expertise, and the local and specialized knowledge of interested and
affected publics (Wynne 1989; Funtowicz and Ravetz 1993; NRC 1996).
Although transparency would allow for watchdogs and critics to bring
issues to the agenda through media and the courts, it will also be important
to create independent policy venues through which diverse groups and
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publics can voice broader concerns and values, as well as have them legit-
imized and taken into account for making rules regarding gene-edited crops.
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Notes

1. The author also has a thirty-year history of observing the biotechnology policy
system as a natural-science biotechnology researcher, study-director in a national
think tank, and embedded social science scholar.

2. Given the close relationship between academia, government, and industry in
developing GMOs, “biotechnology scientists or developers” is used to name this
multisector coalition throughout.

3. It is possible that some consumer information would be available on other reg-
ulatory agency websites, such as FDA’s current voluntary notification site for
New Plant Varieties, and the Early Food Safety Guidance for Novel Plant Pro-
teins that are nonpesticidal. However, at this time, it is unclear how gene-edited
crops will be dealt with (because they might not contain Novel Proteins nor be
considered new plant varieties), and the process is voluntary anyway. Indeed,
once the consultation process with FDA has concluded, consumers cannot be
sure if the food is actually on the market or where it is being used. Furthermore,
not all GM crops are destined for food or feed.
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