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By Gregory Jaffe

This article reviews the US history and impact of Genetically Engineered (GE) crops over two 
decades, explains the federal oversight of GE crops and suggests improvements to federal 
oversight to ensure the safety of GE crops and greater consumer confidence in GE foods. 
The article also discusses public attitudes toward GE foods and the issues surrounding the 
labeling of those foods, including the law requiring mandatory disclosure signed by President 
Obama on 29 July 2016. 

Twenty years ago, the first farmers planted Genetically Engineered (GE) soybeans that 
were tolerant to the herbicide “glyphosate.” Currently, there are 10 crops with GE variet-
ies grown on millions of acres in the US. Although a strong body of evidence documents 
no significant human health or environmental harms related to GE crops or food products, 
controversy surrounding those crops and the foods and ingredients made from those 
crops, has not subsided and is arguably more vocal than ever. 

At the same time, the federal regulatory system overseeing GE crop safety has 
remained nearly unchanged during those 20 years. As the next generation of GE crops 
emerges, it is time to revisit and update the regulatory system to both reflect current sci-
ence and provide consumers with confidence that GE crops are safe.

Background on GE Crops

To develop a GE crop variety, scientists generally remove a gene from one organism (or a 
specific variety of an organism) and transfer that gene to a different organism (or different 
variety) using recombinant DNA methods. Those methods allow scientists to cut DNA and 
insert foreign DNA at the cellular level. The new gene becomes integrated into every cell 
of the organism and is inherited by the modified organism’s offspring. In most cases, the 
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new gene produces a new protein providing the organism with a useful trait the organism 
would not otherwise have.{1}

Most commercially grown GE crops in the US contain introduced genes providing 
either resistance to pests or tolerance to herbicides.{2} For example, GE corn and cotton 
contain genes from the soil bacterium Bacillus thuringiensis (Bt). The proteins produced by 
the Bt genes kill selected insect pests when ingested, eliminating the need to spray chem-
ical pesticides. Scientists have long been aware of the pesticidal aspects of Bt because 
organic farmers have for decades used Bt microbial sprays as an environmentally-friendly 
insecticide to prevent pest damage.{3}

GE soybeans, corn, canola, sugar beets, cotton and alfalfa contain one of several 
genes to protect them from particular herbicides. Those genes allow certain herbicides to 
be applied to the crop without harming it, giving farmers more flexibility using herbicides 
to control weeds, such as treating a field after the crop has emerged, not just before. The 
most common herbicide-tolerant seeds protect crops from the herbicide glyphosate, com-
mercially named “Roundup.”® Farmers also plant herbicide-tolerant seeds tolerant to the 
herbicides glufosinate and 2,4 D.

Other commercially grown GE crops include varieties of squash and papaya engi-
neered with plant virus genes that render those crops virus-resistant. Farmers also can 
grow GE potatoes that are non-bruising and low in the probable carcinogen acrylamide as 
well as GE apples that are non-browning. Additionally, farmers can plant GE corn that is 
drought-tolerant and also GE soybeans producing oils with a healthier fatty acid profile.{4}

According to the US Department of Agriculture, total GE crop acreage in the US in 
2015 was approximately 175 million acres. Approximately 92 percent of all field corn 
(mostly used for cattle feed and ethanol production), 94 percent of all soybeans and 94 
percent of all cotton grown in the US are GE seed varieties with one to as many as seven 
different genes.{5} Other engineered crops—alfalfa, sugar beets, canola, squash, papaya, 
apples and potatoes—are grown on smaller acreage. 

Outside the US, GE crops are grown in 28 countries by more than 18 million farmers 
on 444 million acres. The largest adopters outside the US include Brazil, Argentina, India, 
Canada and China. GE crops are grown by small-scale farmers in countries such as China, 
India, Burkina Faso and the Sudan.{6}

The benefits from GE crops tend to be crop specific and depend both on the environ-
ment in which the crop is grown and the surrounding agricultural system. For example, 
the use of Bt cotton in the US has substantially reduced the use of broad-spectrum and 
highly-poisonous chemical insecticides.{7} Similar benefits have been documented when 
Bt cotton has been used in China, India and other countries. In those countries, some 
farmers were able to reduce their pesticide use while other farmers not using pesticides 
obtained higher yields. Farmers in China also have significantly fewer hospitalizations 
because they avoid poisonings from applying chemical pesticides.{8} In short, many small-
scale developing country farmers, who typically have tiny plots, experience greater yields, 
lower costs, fewer illnesses and higher incomes with reduced harm to insects, birds and 
other species when growing GE crops.

Herbicide-tolerant crops, such as soybeans, corn, cotton, canola and sugar beets, 
have simplified farming by reducing the effort and time needed to battle weeds. Farmers 
who plant herbicide-tolerant soybeans save time on their farms, allowing them to increase 
overall household income through a second job; however, their farm income may not 
increase because they pay a premium for GE seeds. The use of herbicide-tolerant crops 
has contributed to farmer’s adopting ‘conservation tillage,’ which conserves the top layer 
of soil by reducing the frequency of tillage. However, the total amount of herbicide use has 
not decreased because so many acres of farmland now are sprayed with glyphosate.{9}

The use of Bt corn in the US also has resulted in a significant reduction in the amount 
of chemical insecticides used by non-GE farmers.{10}  Scientific studies have shown 
farmers growing Bt corn reduce the total insect population on their farms and also on the 
farms of neighbors who do not grow GE corn. Although they didn’t purchase or plant the 
Bt corn, those farmers experience less damage to their crops, reduce their use of insecti-
cides and obtain higher yields.{11}
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Finally, GE papaya grown in Hawaii protected most, if not all, of the Hawaiian papaya 
trees from becoming infected by the papaya ringspot virus. Without the virus-resistance 
trait, the trees would no longer produce commercially-viable fruit.

Scientific evidence that current GE crops and the foods and ingredients made from 
those crops are safe for human consumption is substantial. For example, a recent 
National Academy of Science report thoroughly reviewed all available evidence on GE 
crop safety and concluded “no differences have been found that implicate a higher risk 
to human health safety, from these GE foods than from their non-GE counterparts.”{12} 
The same conclusion has been reached by other scientific bodies, including the European 
Commission and the World Health Organization.{13,14} It should be noted while humans 
eat some GE crops whole, such as papaya, sweet corn and squash, the vast majority of 
GE crops enter the US food supply as highly-processed ingredients, such as oils or high-
fructose corn syrup. When those ingredients are made, all of the crop’s DNA (including the 
new foreign DNA) and all proteins (including those synthesized from the foreign DNA) are 
eliminated, making the ingredient biologically and chemically identical to that produced 
from a non-GE crop.{15}

Despite their benefits, current GE crops also have had negative impacts. Overuse and 
misuse of glyphosate-tolerant crops with their corresponding herbicide by farmers—such 
as the reliance of the same herbicide year after year in the same field—has resulted 
in the development of 14 unique glyphosate-tolerant weed species found on millions 
of acres of US farmland.{16,17} Farmers with glyphosate-tolerant weeds in their fields 
must spray additional herbicides, thereby reducing the benefits of the GE crop. Similarly, 
improper use of some Bt corn varieties killing below-ground corn rootworm pests has 
resulted in the development of resistant corn rootworm populations.{18} These impacts, 
which decrease the benefit of growing a GE crop, will continue unless GE crop developers 
and farmers use GE crops in a more sustainable manner. For those seeds to remain effec-
tive for future farmers, today’s farmers need to use GE seeds along with integrated weed 
and pest management practices.

There also have been some significant negative economic impacts from GE crops. For 
example, when Starlink corn, which was only approved for feed purposes, was found in food 
products, it led to food product recalls in the US and significant trading losses.{19} More 
recently, an unapproved variety of GE corn was found in grains to be imported into China. 
The ships containing the unapproved grain were turned away, at a significant cost to the grain 
company.{20} Another example is the recent documentation of the inadvertent presence of 
the GE varieties in crops for the non-GE market, causing economic losses to farmers.{21}

Consumer Perceptions and Misconceptions of GE Crops and Foods

Whether reading newspapers or browsing the Internet, it is easy to get the false impression 
that most consumers know a lot about GE crops and foods. Over the past several years 
a number of organizations have released polling data showing consumers overwhelmingly 
support mandatory labeling of all foods containing an ingredient that came from a GE crop.
{22,23,24} However, a more detailed review of the survey data available suggests at least 
half, if not most, American consumers know little about GE foods and as a result, their 
opinions are not consistent with scientific evidence on safety of those crops.

In a 2013 poll by Rutgers University, half of the nationally representative sample 
stated they had heard “very little” or “nothing at all” about GE foods. Similarly,  two-thirds 
of them had never had a conversation about GE foods with anyone else.{25} A more 
recent Harris poll, conducted in May, 2016, obtained similar results when it asked the 
nationally representative sample, “how familiar are you with the debate around geneti-
cally modified organisms in food?”  A little more than half of respondents considered 
themselves to be “very familiar” or “somewhat familiar,” while just under half considered 
themselves to be “not very familiar” or “not familiar at all.”{26} 

In 2015, a poll conducted by the University of Florida found 84 percent of a nationally 
representative sample supported mandatory labeling of foods containing GE ingredients. 
However, they also found 80 percent of consumers supported labeling of foods containing 
DNA, which is found in all living organisms.{27} Similar results emerged from  a poll con-
ducted by Oklahoma State in early 2015.{28} If the same percentage of consumers want 



August 2016regulatoryfocus.org 4

GE foods and DNA labeled, the results may say more about what consumers know about 
biology than about what they understand about GE foods.

It is not surprising recent surveys also find the public’s view on GE food safety is 
significantly different than that of scientists and the overwhelming weight of scientific evi-
dence. The Pew Research Center and the American Association for the Advancement of 
Science conducted a survey in 2014 of scientists and the public on a number of science-
related issues. They found that 88 percent of scientists believe it is safe to eat GE foods, 
while only 37 percent of the public feels that way. This 51 percent difference was greater 
than the views between scientists and the public on whether climate change is caused by 
humans (a 37 percent gap) and whether it is safe to eat foods grown with pesticides (a 
40 percent gap).{29} The general belief that GE foods are not safe is confirmed by a 2016 
Harris poll which found 81 percent of those sampled thought GMO labeling is “a health 
and safety issue.”{30} A recently published study found most of the people in the US who 
are strongly opposed to GE food are actually “disgusted” by those foods and their opinion 
cannot be swayed by any scientific evidence on safety.{31} 

These results reflect that despite the recent national debate over the labeling of GE 
foods, at least half of the public knows little about genetic engineering. In addition, those 
who have some knowledge about GE foods seem more likely to believe they are not safe 
and oppose them, despite the scientific evidence supporting the safety of GE foods. 

The Federal Regulatory System for GE Crops

The federal regulatory system for GE organisms was established in 1986 in the 
“Coordinated Framework for the Regulation of Biotechnology.”{32} That policy focused 
on three existing agencies—the US Department of Agriculture (USDA), the Environmental 
Protection Agency (EPA) and the Food and Drug Administration (FDA). According to policy, 
all three agencies would use existing laws to regulate GE organisms. Further, the policies 
stated oversight would be based on the final product, not the process by which the prod-
uct was developed. 

USDA regulates the import, interstate movement, transport and environmen-
tal release of GE crops through regulations issued under the Plant Protection Act. 
Under those regulations, regulated GE crops must submit to one of three over-
sight processes before release into the environment. 

The first process, known as “notification,” is used if the GE crop meets eli-
gibility criteria and the field trial meets established containment standards. The 
applicant provides USDA with a notification detailing the release and USDA has 
30 days to respond. As many as 1,000 field trials are authorized each year using 
this procedure. 

The second process is called “permitting.” It requires a more detailed applica-
tion and a longer review time at USDA before the release is authorized. Permitting 
is not as common as the notification although hundreds of permits have been 
issued since USDA began regulating GE crops. The third process is a called a 
“petition for non-regulated status,” where a developer requests that USDA deter-
mine there is no plant pest risk and the crop no longer needs regulation. The 
petition process is the primary path to commercialization and more than 150 
crops have been deregulated.{33}

EPA regulates GE crops that have been engineered to express a pesti-
cide, called Plant Incorporated Protectants (PIPs) under the Federal Insecticide, 
Fungicide and Rodenticide Act (FIFRA). All pesticides, including PIPs, must be 
registered under FIFRA, which requires EPA to determine the PIP will not cause 
“unreasonable adverse effects on the environment” and it does not have any 
food-safety concerns for any edible portions.{34} So far, EPA has registered at 
least 85 PIPs.{35} 

To ensure food safety, FDA regulates food under the Federal Food, Drug and 
Cosmetic Act (FFDCA), which requires pre-market approval only for “food additives.” 
FDA determined in 1992 that adding DNA into crops and its resulting product are 
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not “food additives” and they do not require mandatory pre-market approval.{36} 
FDA set up a voluntary consultation process  by which GE crop developers can 
share food safety data with FDA so the agency can identify any deficiencies. To 
date, approximately 150 GE crops have completed the FDA voluntary consultation 
process.{37}

Under the US regulatory system discussed above, the number of agencies with over-
sight for a particular GE product depends on the crop, the introduced trait and the purpose 
of the product (e.g., to act as a pesticide). A corn plant that expresses a pesticidal protein 
is regulated by all three agencies—by FDA because it is a food crop; by EPA because it 
produces a pesticide; and by USDA because it could be a potential “plant pest.”  An her-
bicide-tolerant corn would be regulated by USDA and FDA, whereas an herbicide-tolerant 
bentgrass would only be regulated by USDA. 

Deficiencies in the Regulation of GE Crops and Proposed Solutions

With more than 20 years of experience regulating GE crops, the federal regulatory system 
is overdue for an overhaul. On 2 July 2015, the Office of Science and Technology Policy 
(OSTP) announced it was reviewing the “Coordinated Framework” policy to (1) clarify the 
roles and responsibilities of the different agencies; (2) adopt a mechanism to regularly 
review and update the Coordinated Framework going forward and (3) develop a long-term 
strategy to ensure the regulatory system can address the risks, if any, associated with 
future products.{38} USDA also announced on 5 February 2016 the department would 
review and revise its regulation of GE crops by adding new legal authorities and reducing 
the number of GE crops considered “plant pests.”{39} While both processes are ongoing 
and should be supported, they may not address the different deficiencies in the current 
regulation of GE crops.

A Mandatory Pre-Market Approval Process at FDA is Necessary to Ensure 
Safety and Provide Consumer Confidence

In the FDA voluntary process, a GE crop developer submits a summary of data showing 
the GE crop is substantially equivalent to its traditionally bred counterpart and does not 
pose any novel food risk. FDA reviews the data and alerts the developer to any concerns 
regarding the developer’s food safety assessment. FDA concludes the process with a let-
ter stating it has “no further questions about the safety of the GE crop,” but it does not 
render an opinion on whether the GE crop is safe to eat. 

The FFDCA puts the burden on FDA to find a GE crop potentially unsafe before it can 
stop its introduction into the food supply. In contrast, every other country with a functional 
regulatory system for GE crops requires a government food-safety approval before a GE 
crop is marketed. In the US, GE crops need formal approval to be planted outdoors (see 
below), but no formal approval to enter the food supply. This policy was not established 
because GE crops are more dangerous to the environment than they are to eat; rather, 
it is a result of trying to fit products made using a new technology into an old regulatory 
scheme not designed for engineered crops.

Before any GE crop is made into a food product, FDA should have to formally deter-
mine its safety for human and animal consumption. Congress should amend the FFDCA to 
require a mandatory pre-market approval process open to public participation and review. 
Formal approval of GE crops might lengthen the approval process, but approval also would 
result in greater assurance of safety and provide greater public confidence in the safety of 
these widely-consumed crops. Improving public confidence in the safety of GE crops and 
ingredients made from them is essential, especially since the survey data noted in this 
article documents how many consumers do not think GE foods are safe to eat. 

In 2004, Senator Richard Durbin (D–Illinois) introduced legislation giving FDA such 
authority (S. 2654), but Congress did not act on that proposed legislation.{40} More 
recently, Congressman Pompeo (R–Kansas) introduced legislation requiring GE seed devel-
opers to go through the consultation process, but would not impose a requirement that 
FDA give its opinion on the GE crop’s safety.{41}
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When that bill passed the House of Representatives on 23 July 2015, it was amended 
to require developers complete the FDA consultation process because USDA would need 
the FDA consultation letter before it could authorize the GE crop to be grown commercially. 
If that bill became law, it would have been a small step in the right direction, but the pref-
erable option is to give FDA mandatory approval authority. 

USDA Needs to Establish Science-Based Regulations Addressing the Real 
Potential Impacts of Growing GE Crops

USDA’s regulatory system for GE plants is based on the definition of a “plant pest” in the 
Plant Protection Act. GE plants subject to USDA oversight include (1) any crop that is a 
listed plant pest and (2) any crop introducing DNA from a listed plant pest or an organism 
whose plant pest status is undetermined.{42} For example, the regulations capture any GE 
crop using agrobacterium DNA as part of the transformation process  to insert a new gene 
into a plant. The regulations do not include crops engineered using a gene gun, unless the 
inserted DNA comes from a listed plant pest or an organism where the plant’s pest status 
is undetermined. 

Until the last few years, every GE plant tested outdoors went through the notifica-
tion or permitting requirements. In addition, every GE plant that became a commercial 
product completed the petition process where USDA determined that the GE crop was no 
longer be regulated. However, beginning in 2011, USDA started receiving inquiries from GE 
seed developers about whether GE crops that did not have plant pest components in the 
introduced DNA or used agrobacterium to transform the plants were regulated. USDA has 
responded to those inquiries, stating that those GE crops are not regulated and can be 
released into the environment without oversight. As of early 2016, USDA found numerous 
crops—some of which contain newly introduced DNA without any plant pest components 
and others developed with new gene-editing techniques—were not within its statutory 
authority and therefore, do not need to comply with the regulations.{43}

USDA’s recent decisions have resulted in some GE crops not being regulated. Those 
determinations have not been science- or risk-based decisions where potentially risky GE 
crops are regulated and GE crops without any potential risks are not regulated. Instead, 
USDA made those  decisions based solely on whether any “plant pest” components 
are part of the engineering process. For example, one seed developer could introduce 
an herbicide-tolerance gene into corn using agrobacterium that would be regulated, yet 
introducing the same gene using the gene gun would not be regulated. If those regulatory 
decisions continue, developers may intentionally seek to avoid regulation, resulting in the 
introduction of potentially risky GE-crops into the environment. The public will, as a result, 
lose confidence in both the USDA’s oversight and the environmental and agricultural safety 
of GE crops because the regulatory process is not science-based. 

USDA needs to establish a regulatory system based on whether a GE crop has poten-
tial risk, not based on whether it falls within the narrow definition of a “plant pest.”  This 
recommendation was made in a recent General Accounting Office report looking at USDA 
oversight of GE crops and found it has exempted GE crops in the last few years.{44} USDA 
announced a proposal in early 2016 to revise its regulations by adding its authority under 
the “noxious weed” provisions of the Plant Protection Act and by narrowing their interpreta-
tion of a “plant pest.” However, that proposal is not likely to capture more GE crops and 
could possibly exempt the vast majority of GE crops in the future.{45} Therefore, if USDA 
is unable to conduct science-based regulation of GE crops under its current law, Congress 
should pass legislation to require it.

USDA’s narrowly focused oversight of GE crops as potential “plant pests” also does 
not adequately address some of the agricultural impacts of GE crops. Every time USDA 
has received a petition for non-regulated status, it has been granted because no GE crop 
has exhibited plant pest characteristics. USDA and GE crop developers spend significant 
resources proving what is obvious—that using agrobacterium to introduce a gene or using 
a small amount of DNA from a known plant pest does not result in the GE crop becoming 
a plant pest. At the same time, farmers’ use of herbicide-tolerant GE crops have led to the 
development of resistant weeds and GE crops producing a biological pesticide have led to 
resistant pest populations. Both of these agricultural impacts were predicted before USDA 
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granted those crops non-regulated status, but USDA could not address those risks in its 
regulation of those crops because of its narrow authority under the Plant Protection Act. 

A better and more efficient USDA regulatory system would spend little or no time on 
insignificant risks (such as becoming a plant pest) and concentrate oversight on properly 
managing and reducing likely impacts from using GE crops, such as weed and pest resis-
tance. If USDA cannot manage environmental and agricultural impacts of GE crops using 
existing laws, it should request Congress to establish legal authority to carry out reason-
able oversight to manage such potential impacts.

EPA Needs to use its Oversight of GE Crops and Conventional Pesticides to 
Prevent the Development of Resistant Pests and Weeds

EPA does a reasonably good job ensuring pesticide-producing plants are safe before they 
are grown. It conducts a thorough environmental assessment of each PIP before it is 
allowed to be used commercially. EPA’s decisions to register pesticide-producing plants 
are often time-limited, so EPA can revise or revoke the registration if new information 
becomes available. However, EPA should improve its oversight of engineered Bt crops after 
they are commercialized to prevent or delay the development of resistant pests.

When EPA registers Bt corn varieties, the agency imposes obligations on farmers 
who plant those crops that will delay the development of resistant pests, which harm the 
technology’s effectiveness. The seed developers are required to enter into a contract with 
the farmer requiring the farmer to plant a portion of their farms with non-Bt varieties; this 
area serves as a “refuge” for pests not resistant to the Bt pesticide. EPA instituted those 
requirements because it has a responsibility to preserve the Bt technology, which is a rela-
tively benign and highly-effective biological pesticide, for future farmers.{46}

In the years after the requirement for refuges was made mandatory in 2001, the 
percentage of noncompliant farmers has varied from 20 percent to 35 percent or more.
{47,48} As Bt corn was adopted by additional farmers, including many who planted corn 
in the same field over successive years, corn rootworms resistant to one or more of the 
Bt toxins have developed.{49} To limit the spread of resistant insect populations and 
to preserve other Bt toxins still effective at killing either corn rootworms or corn borers, 
EPA needs to impose additional requirements on Bt corn seed developers and the farm-
ers who grow Bt corn. Additional requirements should include, but not be limited to, not 
allowing the use of soil insecticides with Bt corn, requiring farmers to use corn with two 
different Bt toxins effective on the same pest, requiring developers to establish remedia-
tion plans in advance of resistance developing, and requiring farmers to rotate between 
different Bt toxin varieties in their corn fields.{50,51} An EPA Office of Inspector General 
report also identified a number of actions that EPA should use to prevent the development 
of resistant pests.{52} Therefore, EPA should use its legal authority broadly to make the 
use of Bt corn not only safe but sustainable.

While EPA does not regulate herbicide-tolerant GE crops, it does regulate the use of 
the herbicides with those seeds. When EPA modified the registration of glyphosate for use 
with glyphosate-tolerant corn, soybeans, cotton, sugar beets and other engineered crops, 
it did not impose any weed-resistance management requirements. Overuse of glyphosate 
on glyphosate-tolerant crops has resulted in the development of 14 glyphosate-resistant 
weed species on millions of acres of farmland.{53} More recently, EPA began requiring 
weed resistance management as a requirement of its registration of other pesticides, 
such as  2,4, D and Dicamba,  when used with GE crops. The requirements include direct-
ing farmers to alert developers of resistant weeds as well as requiring farmers and seed 
developers to carry out remediation to prevent their spread. Farmers also need to carry 
out resistant-weed management and seed developers need to develop resistant-weed 
management plans.{54,55} Those requirements are a good first step, but EPA needs to be 
vigilant and modify herbicide registrations with  additional weed management conditions if 
resistant weeds develop.

Labeling Foods with Ingredients from GE Crops

Over the past several years, mandatory labeling of foods and ingredients from GE crops 
has become a very contentious issue. Four states have voted on ballot initiatives involv-
ing mandatory labeling—California in 2012, Washington in 2013, Oregon in 2014 and 
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Colorado in 2014. All have been defeated by small margins except in Colorado where 
it was defeated by a large margin. Vermont enacted a mandatory law in 2014, which 
became effective 1 July 2016. In response to the Vermont law, a number of food compa-
nies have announced plans to label all their food products nationwide.

Congress also has addressed the issues surrounding labeling of GE foods. 
Congressman Pompeo introduced legislation in 2015 to initiate federal oversight of volun-
tary labeling of foods that contain—or do not contain—GE foods. The legislation aimed at 
codifying current FDA labeling policy, which states GE foods only need to be labeled if they 
are “materially” different from their conventional counterpart. The legislation would pre-
empt Vermont’s (and any other states) mandatory labeling law. The legislation, HR 1599, 
was approved on 23 July 2015 by a vote of 275 to 150.{56}

In early 2016, Senator Pat Roberts (R–Kansas) introduced S. 2609, which established 
a voluntary labeling system.{57} It was approved by the Senate Agriculture Committee, but 
failed to pass the Senate vote on cloture, needing 60 votes to pass. At the end of June, 
a compromise bill (S. 764) was introduced by Senators Roberts and Debbie Stabenow 
(D–Michigan). That bill gives authority to the Secretary of Agriculture to promulgate regula-
tions that establish a nationwide mandatory disclosure system for food manufacturers to 
provide information to consumers about whether a food or an ingredient in a processed 
food came from a GE crop. Those regulations, which are to be completed within two years 
of enactment of the law, must provide the food manufacturer with three options for the 
disclosure: (1) text on the food package; (2) a symbol on the food package designed 
by USDA or (3) a digital link from the package, such as a QR code. It also preempts the 
Vermont law and any other state labeling laws.  That bill was passed by the Senate on 7 
July by a vote of 63-30 and passed the House on 14 July by a vote of 306-117. It became 
law when President Obama signed it on 29 July 2016. 

As USDA implements the new mandatory disclosure law, there are several issues to 
keep in mind about providing consumers with information about GE content as well as 
identifying foods without any GE content. First, any disclosure must be neutral, accurate 
and not misleading. Such a system will require definitions of what is genetic engineer-
ing, what is or is not a genetically engineered ingredient or food and how the disclosed 
information (for both GE and non-GE labeling) can be stated in a factual manner without 
suggesting the food is not as safe as its non-GE counterpart, nor is it superior to its coun-
terpart. Second, a decision will be needed about whether ingredients derived from a GE 
crop, but have none of the introduced DNA or its molecular product, will be considered 
a GE food or a non-GE food. Many food ingredients made from GE crops, such as sugar, 
high-fructose corn syrup, corn oil, soybean oil and canola oil are biologically and chemi-
cally identical to ingredients made from non-GE crops. Labeling the thousands of foods 
with those ingredients as “GE” could be considered false and misleading. Third, a deci-
sion will be needed about how to disclose information about a processed food product 
where only a minor ingredient came from a GE crop. For example, would a frozen pizza 
have to be disclosed as “GE” even if the only ingredient that came from a GE crop was 
a tiny amount of maltodextrin (made from cornstarch), not the tomato, cheese, wheat or 
other major ingredient? Finally, a national definition of what constitutes a non-GE food 
is needed so consumers who want to purchase those foods know what that label claim 
means. Today, many products are labeled non-GE without explaining to the consumer what 
that term means.

As the labeling debate moves into a stage where the details need to be determined 
in regulations the parties on both sides of the debate will need to get beyond the rhetoric 
and dive into the nuances. Determining the details will help ensure USDA establishes an 
accurate, neutral and informative system of disclosing information about foods with and 
without GE ingredients.

Conclusion 

After more than 20 years of experience growing GE crops, those crops have had signifi-
cant benefits, but also some negative impacts. Food and ingredients from those crops are 
safe to eat, even if consumers may not be aware of the data supporting their safety or 
believe otherwise. However, the federal regulatory system for GE crops is less than ideal. 
It over-regulates some crops and under-regulates others and does not generate consumer 
confidence in GE crop safety. 
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Now is the time for the federal government to review and revise its oversight. For 
some agencies, Congressional action may be necessary, such as providing mandatory 
approval authority to FDA. In other instances, an agency needs to establish stronger risk 
management conditions, such as EPA’s oversight of PIPs. With implementation of the 
proposed changes set forth in this article, the public can be reassured the federal govern-
ment has the tools needed to ensure the safety of GE crops and also develop a regulatory 
system to support the sustainable use of GE crops now and into the future.

References
1. VIB. From Plant to Crop:  The Past, Present and Future of Plant Breeding. pp. 17-19. http://www.vib.be/en/about-vib/plant-

biotech-news/Documents/vib_facts_series_fromplanttocrop_ENG.pdf. Accessed 21 July 2016.
2. National Academy of Sciences. Genetically Engineered Crops: Experiences and Prospects. May 2016. National Academies 

Press website. http://www.nap.edu/catalog/23395/genetically-engineered-crops-experiences-and-prospects. Accessed 21 
July 2016. 

3. Bacillus Thuringiensis. Organic Farming. University of Southern California (UCSD) website. http://www.bt.ucsd.edu/organic_
farming.html. Accessed 21 July 2016.

4. Op cit. 2.
5. Adoption of Genetically Engineered Crops in the US. United States Department of Agriculture (USDA) website. http://www.

ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-us.aspx. Accessed 21 July 2016.
6. International Service for the Acquisition of Agri-biotech Applications (ISAAA) 2015 Annual Report. ISAAA website. https://

www.isaaa.org/resources/publications/annualreport/2015/pdf/ISAAA-Aannual_Report-2015.pdf. Accessed 21 July 2016. 
7. Fernandez-Cornejo, J., Wechsler, S., Livingston, M. and Mitchell, L. Genetically Engineered Crops in the United States. United 

States Department of Agriculture. February 2014. USDA website. http://www.ers.usda.gov/media/1282246/err162.pdf. 
Accessed 21 July 2016.

8. Pray, C., Huang, J., Hu, R. and Rozelle, S. Five years of Bt Cotton in China—the Benefits Continue. The Plant Journal. 2002; 
31(4):423–430.

9. Op cit. 7, pages 22, 25-27.
10. Ibid.
11. Hutchison, W.D., Burkness, E.C. and Mitchell, P.D., et al. Areawide Suppression of European Corn Borer with Bt Maize Reaps 

Savings to Non-Bt Maize Growers. Science Magazine 2010; 330(6001):222–225. 
12. Op Cit. 2, p. 10.
13. Frequently Asked Questions on Genetically Modified Foods. World Health Organization (WHO) website. http://www.who.int/

foodsafety/areas_work/food-technology/faq-genetically-modified-food/en/. Accessed 21 July 2016. 
14. European Commission. European Research Area. A Decade of EU-Funded GMO Research (2001–2010). Project Information. 

2010. https://ec.europa.eu/research/biosociety/pdf/a_decade_of_eu-funded_gmo_research.pdf. Accessed 21 July 2016.
15. Mayer, A. Why Some GMO Foods Don’t Have Genetically Modified DNA. 21 January 2015. National Public Radio (NPR) 

website. http://www.npr.org/sections/thesalt/2015/01/21/378882909/why-some-gmo-foods-don-t-have-genetically-modi-
fied-dna. Accessed 21 July 2016.

16. International Survey of Herbicide Resistant Weeds. Weeds Resistant to EPSP Synthase Inhibitors (G/9) by Species and 
Country. Weed Science website. http://weedscience.org/Summary/MOA.aspx?MOAID=12. Accessed 21 July 2016. 

17. Weed Science Society of America (WSSA). Resistance Summit II. WSSA website. http://wssa.net/wssa/weed/resistance-
summit-ii/. Accessed 21 July 2016.

18. Gassmann, A.J., Petzold-Maxwell, J.L. and Clifton, E.H., et al. Field-Evolved Resistance by Western Corn Rootworm to Multiple 
Bacillus Thuringiensis Toxins in Transgenic Maize. Proceedings of the National Academy of Sciences of the United States. 
2014; 111(14):5141–5146.

19. Lin, W., Price, G.K., Allen, E.W. StarLink: Impacts on the US Corn Market and World Trade. USDA website. http://naldc.nal.
usda.gov/download/36491/PDF. Accessed 21 July 2016.

20. Bunge, J. “US Corn Exports to China Dry up Over GMO Concerns.” The Wall Street Journal (WSJ). April 2014. WSJ website. 
http://www.wsj.com/articles/SB10001424052702303873604579493790405023808. Accessed 21 July 2016. 

21. Greene, C., Wechsler, S.J., Adalja, A. and Hanson, J. Economic Issues in the Coexistence of Organic, Genetically Engineered 
(GE), and Non-GE Crops. USDA website. http://www.ers.usda.gov/publications/eib-economic-information-bulletin/eib-149.
aspx. Accessed 21 July 2016. 

22. Kopicki, A. Strong Support for Labeling Modified Foods. The New York Times. July 2013. NY Times website. http://www.
nytimes.com/2013/07/28/science/strong-support-for-labeling-modified-foods.html. Accessed 21 July 2016.

23. GMO Labeling: The Great Debate. May 2016. The Harris Poll website. http://www.theharrispoll.com/business/GMO-
Labeling-Debate.html. Accessed 21 July 2016. 

24. McFadden, B.R. and Lusk, J.L. “What Consumers Don’t Know About Genetically Modified Food, and How That Effects 
Beliefs.” The Official Journal of the Federation of American Societies for Experimental Biology. 2016;10.1096/
fj.201600598. 

25. Hallman, W. Do American Consumers Want GM Food Labeling? It Depends on How You Ask the Question. NACB Report 27 
Meeting. http://nabc.cals.cornell.edu/Publications/Reports/nabc_27/21_Hallman.pdf. Presented 2015. Accessed 8 June 
2016. 

26. Op cit. 23. 
27. Op cit. 24.
28. Oklahoma State University, Department of Agricultural Economics. Food Demand Study. January 2015. http://agecon.

okstate.edu/faculty/publications/4975.pdf. Accessed 21 July 2016.
29. Public and Scientists’ Views on Science and Society. January 2015. Pew Research Center website. http://www.pewinternet.

org/files/2015/01/PI_ScienceandSociety_Report_012915.pdf. Accessed 21 July 2016.
30. Op cit 23.
31. Scott, S., Inbar, Y. and Rozin, P. “Evidence for Absolute Moral Opposition to Genetically Modified Food in the United States.” 

Perspectives on Psychological Science. 2016; 11(3): 315–324. http://yoelinbar.net/papers/gmo_absolute.pdf. Accessed 
22 July 2016.

32. Executive Office of the President, Office of Science and Technology Policy (OSTP). Coordinated Framework for the Regulation 
of Biotechnology. Federal Register 51:23302. June 1986. APHIS website. https://www.aphis.usda.gov/brs/fedregister/
coordinated_framework.pdf. Accessed 21 July 2016.

33. Code of Federal Regulations: Title 7, Subtitle B, Chapter III, Part 340. e-CFR website. http://www.ecfr.gov/cgi-bin/text-
idx?tpl=/ecfrbrowse/Title07/7cfr340_main_02.tpl. Accessed 21 July 2016.

34. Federal Register. Part IV. Environmental Protection Agency. 40 CFR Parts 152 and 174. Plant-Incorporated Protectants; 
Final Rules and Proposed Rule. July 2001. https://www.law.uh.edu/faculty/thester/courses/Emerging%20Tech%202011/
Plant%20Incorporated%20Protectant%20Rule%2001.pdf. Accessed 21 July 2016. 



August 2016regulatoryfocus.org 10

35. Current and Previously Registered Section 3 Plant-Incorporated Protectant (PIP) Registrations. March 2016. Environmental 
Protection Agency (EPA) website. https://www.epa.gov/ingredients-used-pesticide-products/current-and-previously-registered-
section-3-plant-incorporated. Accessed 21 July 2016. 

36. FDA Guidance to Industry for Food Derived from New Plant Varieties. Federal Register 57:22984. May 1992. FDA website. 
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/Biotechnology/ucm096095.htm. 
Accessed 21 July 2016. 

37. Biotechnology Consultations on Food from GE Plant. May 2016. FDA website. http://www.accessdata.fda.gov/scripts/
fdcc/?set=Biocon. Accessed 21 July 2016.

38. Executive Office of the President, Office of Science and Technology Policy (OSTP). Clarifying Current Roles and 
Responsibilities Described in the Coordinated Framework for the Regulation of Biotechnology and Developing a Long-Term 
Strategy for the Regulation of the Products of Biotechnology. Federal Register 80:60414. October 2015. https://www.
federalregister.gov/articles/2015/10/16/2015-26311/clarifying-current-roles-and-responsibilities-described-in-the-coordi-
nated-framework-for-the. Accessed 21 July 2016.

39. United States Department of Agriculture. Environmental Impact Statement; Introduction of the Products of Biotechnology. 
Federal Register 81:6225. February 2016. https://www.federalregister.gov/articles/2016/02/05/2016-02247/environ-
mental-impact-statement-introduction-of-the-products-of-biotechnology. Accessed 21 July 2016.

40. Genetically Engineered Foods Act, S. 2546, introduced by Senator Durbin (D. IL) on 17 June 2004.
41. Safe and Accurate Food Labeling Act, H.R 1599, introduced by Congressman Pompeo on 25 March 2015.
42. Op cit. 33.
43. United States Department of Agriculture, Animal and Plant Health Inspection Service (APHIS). Regulated Article Letters of 

Inquiry. June 2016. APHIS website. https://www.aphis.usda.gov/aphis/ourfocus/biotechnology/am-i-regulated/regulated+ar
ticle+letters+of+inquiry/regulated+article+letters+of+inquiry. Accessed 21 July 2016. 

44. Genetically Engineered Crops: USDA Needs to Enhance Oversight and Better Understand Impacts of Unintended Mixing with 
Other Crops. March 2016. US Government Accountability Office (GAO) website. http://www.gao.gov/products/GAO-16-241. 
Published March 15, 2016. Accessed 21 July 2016.

45. Op cit 39.
46. Biopesticides Registration Action Document for Bt Plant-Incorporated Protectants. October 2001. Environmental Protection 

Agency (EPA) website. https://www3.epa.gov/pesticides/chem_search/reg_actions/pip/bt_brad2/1-overview.pdf. Accessed 
21 July 2016.

47. Complacency on the Farm. November 2009. Center for Science in the Public Interest. (CSPI) website. http://cspinet.org/
new/pdf/complacencyonthefarm.pdf. Accessed 21 July 2016.

48. Planting Trouble:  Are Farmers Squandering BT Corn Technology. June 2003. Center for Science in the Public Interest. (CSPI) 
website. http://www.cspinet.org/new/pdf/bt_corn_report.pdf. Accessed 21 July 2016.

49. Op cit 18. 
50. Comments to Docket No. EPA-HQ-OPP-2014-0805 Regarding the Proposed Changes to the EPA Framework for the 

Registration of Plant-Incorporated Protectants for Corn Rootworm. April 2015. Center for Science in the Public Interest. 
(CSPI) website. https://cspinet.org/new/pdf/Comment%20on%20Proposed%20Changes%20to%20EPA%20Framework%20
for%20.pdf. Accessed 21 July 2015.

51. Framework to Delay Corn Rootworm Resistance. EPA website. https://www.epa.gov/regulation-biotechnology-under-tsca-and-
fifra/framework-delay-corn-rootworm-resistance. Accessed 21 July 2016.

52. Office of Inspector General. Report: EPA Needs Better Data, Plans, and Tools to Manage Insect Resistance to Genetically 
Engineered Corn. June 2016. EPA website. https://www.epa.gov/office-inspector-general/report-epa-needs-better-data-plans-
and-tools-manage-insect-resistance. Accessed 21 July 2016. 

53. Op cit 16. 
54. Final Registration of Enlist Duo Herbicide. October 2014. EPA website. https://www.epa.gov/sites/production/files/2014-

10/documents/final_registration_-_enlist_duo.pdf. Accessed 21 July 2016.
55. Proposed Registration of Dicamba on Dicamba-Tolerant Cotton and Soybeans. March 2016. EPA website. https://www.

regulations.gov/#!docketDetail;D=EPA-HQ-OPP-2016-0187. Accessed 21 July 2016. 
56. H.R.1599—Safe and Accurate Food Labeling Act of 2015. Congress.gov website. https://www.congress.gov/bill/114th-

congress/house-bill/1599/. Accessed 21 July 2016.  
57. S.2609—An Original Bill to Amend the Agricultural Marketing Act of 1946 to Require the Secretary of Agriculture to Establish 

a National Voluntary Labeling Standard for Bioengineered Foods, and for Other Purposes. Congress.gov website. https://
www.congress.gov/bill/114th-congress/senate-bill/2609. Accessed 21 July 2016.

About the Author
Gregory Jaffe is the director of the biotechnology project at the Center for Science in the Public Interest, a non-profit consumer 
organization located in Washington, DC. He is a recognized expert in biotechnology and biosafety and has published numerous 
articles and reports on those topics. Jaffe received his law degree from Harvard Law School. He can be reached at gjaffe@
cspinet.org.

Cite as: Jaffe, G. “Genetically Engineered Foods and their Regulation: the Way Forward after Twenty Years of Adoption.” 
Regulatory Focus. August 2016. Regulatory Affairs Professionals Society.

© 2016 by the Regulatory Affairs Professionals Society. All rights reserved.

mailto:gjaffe@cspinet.org
mailto:gjaffe@cspinet.org

