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ABSTRACT
The cumulative weight of the evidence demonstrates the safety and equivalence of genetically
engineered (GE) crops compared to the conventional varieties from which they have been
derived. Confirmatory toxicology and animal nutrition studies have nevertheless become an
expected/mandated component of GE crop safety assessments, despite the lack of additional
value these studies provide for product safety assessment. Characterization and safety data (e.g.
trait protein safety; molecular, compositional, and agronomic/phenotypic assessments), and ani-
mal feeding studies form a weight of the evidence supporting the safety of insect-protected maize
MON 810. Independent animal testing has recently confirmed the lack of MON 810 toxicity in
subchronic and chronic toxicity studies. These results could have been predicted from the
available safety data. Animal testing of GE crops should be supported by testable scientific
hypotheses and testing should be consistent with ethical obligations to reduce, refine, and
replace (3Rs) animal testing when possible.
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Introduction

Genetically engineered (GE) crops have played an
important role in global agriculture since their com-
mercial introduction in the mid-1990s. GE crops are
developed through the introduction of a gene or
genes that confer to the plant a trait, i.e., a desirable
characteristic such as agronomic, phenotypic, or
nutritional enhancement. To date, GE crops have
been cumulatively planted on over 2.5 billion hec-
tares and have led to substantial agricultural produc-
tivity gains.1 In 2018, GE crops were planted in 26
different countries of which 21 were developing
countries and 5 were industrial countries. The
United States, which represents 39% of the total
global acreage, has the largest GE crop footprint,
but there is also considerable planting of GE crops
outside the US with Brazil, Argentina, Canada and
India representing an additional 52% of the global
acreage. The economic benefits of GE crops are
represented by an additional gain of $186.1 billion
US dollars from 1996 to 2016.1 Environmental ben-
efits include: CO2 reduction impact (27.1 billion kg
in 2016 alone) due to reduced fuel use from less

insecticide/herbicide spraying and reduced plowing
through low/no-till agricultural production
methods,2 and a reduction of pesticide use (insecti-
cides and in some cases, herbicides) by 671 million
kg of active ingredients during the period from 1996
to 2016.1 In addition, GE crops are associated with
reduced pesticide poisonings in developing countries
when insect-resistant varieties of GE cotton are used
instead of broad-spectrum chemical insecticides.3–5

The most broadly available GE crops are those
tolerant to herbicides and those protected against
insect damage. For example, YieldGard (MON 810)
maize is resistant to the European Corn Borer insect
(Ostrinia nubilalis) and other lepidopteran insect
pests, a trait conferred through the introduction of
a gene encoding the insecticidal protein Cry1Ab,
derived from the soil-dwelling bacterium, Bacillus
thuringiensis (Bt), subspecies kurstaki (Btk). Prior
to the introduction of Cry1Ab into GE crops,
strains of Btk [expressing Cry1Ab] had been used
in agriculture since the early 1960s as topical sprays
for insect control,6,7 supporting the history of safe
use of this protein and safety of any residues asso-
ciated with the use of products containing this
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protein. Before the first GE crops were ever placed
into commerce, consideration was given to the
potential for unique risks that might arise in these
crops or their derived food and feed products, and
a framework for the safety assessment of these (at
the time) novel crops was developed. For GE crops,
the potential for novel impacts of both the gene
insertion process and the introduced gene product-
(s) was explicitly considered prior to the commer-
cialization of the technology.8 It is important to
note that this evaluation placed GE plants into the
overall context of plant breeding. All breeding tech-
niques, including conventional (i.e. non-GE) breed-
ing, are targeted toward the introduction of
desirable traits, and all have a potential to introduce
unexpected effects. In practical terms, the impact of
any unexpected effects in both GE and conven-
tional plant breeding (e.g. traditional crossing
and/or leveraging of mutagenesis) is minimized
through plant selection processes.9 These consid-
erations are reflected in the assessment paradigm
that has been globally adopted for the safety assess-
ment of GE crops, as described below.

The Conceptual Framework for GE Crop Safety
Assessment

Other than the introduction of a trait and the intended
changes it confers, the process of developing a GE
plant through the insertion of a transgene does not
inherently lead to a plant that is substantially different
from its non-engineered counterparts.10–12 However,
due to the untargeted insertion of the gene and poten-
tial impacts of the expressed protein on the plant, there
is a potential to introduce unintended characteristics
that are not native to the plant species. Consequently,
characterization and safety evaluations of GE crops
have been included as an integral component of their
path to the marketplace since the introduction of the
technology. It is important to note that traditional
plant breeding can result in the introduction of addi-
tional genes or alleles and novel gene combinations,
and that notable changes in nature can occur within
plants due to crossingwithwild relatives, gene transfer
across phylogenetic boundaries, the activity of trans-
posable elements, and through naturally occurring
genetic rearrangements.9,12–15 Therefore, considering
natural variation and the potential impacts of breeding
noted above, the assessment of GE crops should be

considered within the context of the potential for
unexpected novel phenotypes to occur in nature or
through plant breeding. However, the advent of GE
crops triggered an assessment framework that gener-
ates vastly more characterization data for these pro-
ducts than that performed on their conventionally
bred counterparts, including products derived from
chemical or radiation-induced mutagenesis. Based on
the weight of the evidence to date, the data collected in
this assessment framework demonstrate the absence
of unexpected effects of genetic engineering and illus-
trate the substantial equivalence of GE crops to their
conventional counterparts.

The framework for the safety evaluation of GE
crops was developed to enable hazard identification
and risk assessment for these crops. This frame-
work recognized that traditional foods used in tra-
ditional ways have a history of safe use, despite the
fact that some foods contain naturally occurring
toxic components,16 see Table 1. Thus, for assess-
ment of the GE crop, a comparative safety assess-
ment paradigm was adopted by the Codex
Alimentarius Commission (CAC) of the Joint
FAO/WHO Food Standards Programme. Within
this framework, a comparison is made between
the GE crop and a conventional non-GE compara-
tor, to determine similarities and differences in key
components relevant to the safety and nutrition of
the crop.17–19 Figure 1 provides a graphical depic-
tion of this comparative assessment process. For
any identified differences, further evaluation
focuses on the nature of those differences and the
evaluation of any potential hazards and/or risks
they could potentially pose for consumers. Recall
that non-GE plants naturally contain hazardous
substances,16 see Table 1, but are not considered
to present unacceptable risks to consumers. In
addition to the comparative assessment, character-
ization focused on the introduced gene and gene
product is conducted to directly address the safety
of newly introduced gene products, and to confirm
insertion of the expected gene, to provide informa-
tion about its copy number and stability, and to
evaluate the insertion location.

Although the CAC guidance and other guidance
documents described the comparative assessment
approach for the safety evaluation of GE crops, the
regulatory process for hazard identification and risk
assessment of GE crops has evolved based in part on
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considerations relevant to other substances in food
and agricultural production, e.g. food additives or
agricultural chemicals. Unlike GE crops, food addi-
tives and agricultural chemicals tend to be synthetic
small molecules, and there is often little known about
potential hazards during early product development.
As a result, an extensive testing regimen is therefore
conducted that includes numerous toxicological stu-
dies to enable the establishment of a hazard profile.
However, this approach is not well suited to whole
foods that cannot be added to the diet at high multi-
ples of potential human exposures as such levels
would present a nutritional imbalance and because
food intake is limited. Furthermore, these whole
foods are readily broken down in the digestive tract
and absorbed in the form of their naturally-
occurring constituent components (e.g. nutrients,
amino acids, nucleic acids). Due to robustness of
the comparative assessment, as well as the lack of
suitability of animal studies for testing whole foods,
an extensive battery of toxicology studies was deter-
mined to be unnecessary for demonstrating the
safety of GE crops and therefore not included as
a component of the safety assessment paradigm
articulated in CAC guidance documents. Rather, as

indicated, a demonstration of the safety of the intro-
duced gene product, of the overall lack of disruptive
impact of transgene insertion, and of the similarity of
the nutritional characteristics to those of non-GE
comparators provides an indication that the GE
crop is as safe as conventional varieties of the crop.
In spite of this regulatory guidance and other similar
guidance,20,21 publications in the peer-reviewed
literature,22 and the imperfect scientific fit for pur-
pose; feeding studies have frequently been conducted
on GE crops, nominally to provide confirmatory
support for the safety conclusion arising from the
weight of evidence assessment of the characteriza-
tion and comparative safety data for the GE crop.

Here we review what is necessary to evaluate the
safety of a GE crop, and put this in the context of
safety assessment of the insect-resistantmaize product
MON 810, one of the first GE crops placed in com-
mercial use. This review demonstrates that the hazard
identification principles now codified within the CAC
guidance document18 are indeed sufficient for deter-
mining whether a GE crop is as safe as its conven-
tional comparator. MON 810 was selected for this
evaluation because considerable testing has been per-
formed on this product by the technology developer,

Figure 1. A rigorous, integrated process to assess the safety of GE crops/food.
Figure content is adapted from the guidance provided by the Codex Alimentarius Commission of the UN Food and Agriculture
Organization.17–19
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Table 1. Toxic substances present in safely consumed foods.16.

Toxin Crop(s) Effect(s)

Β-Thujone Sage, Clary, Wormwood/absinthe GABA Cl- channel blockade; CNS effects, convulsions
Prussic Acid (cyanide from
cyanogenic glycosides)

Peach, Apple, Cherry Pits Cellular oxygen depravation, necrosis, tissue damage;
rapid breathing, trembling, incoordination, respiratory/
cardiac arrest

Prussic Acid (cyanide from
cyanogenic glycosides)

Cassava (improperly processed) Demyelination of the optic, auditory, and peripheral
nerves; “tropical ataxic neuropathy”

Hyperforin and Hypericin St. John’s Wort Inhibition of serotonin (5-HT) reuptake; serotonin
syndrome. Hyperforin induces CYP3A4 and CYP2C9.
Photosensitization and liver damage.

Goitrogens (glucosinolates) Spinach, Cassava, Peanuts, Soybeans, Strawberries, Sweet
Potatoes, Peaches, Pears, Broccoli, Brussel Sprouts,
Cabbage, Canola, Cauliflower, Mustard Greens, Radishes,
and Rapeseed

Interfere with iodine uptake; suppress thyroid function,
thyroid enlargement (goiter)

Erucic Acid in Rape Rape (annual herb of the mustard family) Rapeseed oil increased adrenal cholesterol and caused
cardiac lipidosis in rats. Similar impact to domestic fowl.

Furocoumarins Citrus fruits, Parsnip, Parsley, Celery, and Carrots DNA adducts and crosslinks in presence of UV light;
mutations, chromosome aberrations, and cell death.
Bergamot inhibits CYP3A4 and is phototoxic.

Amylase Inhibitors Wheat, Rye, and Kidney Beans Reduction of blood glucose after starch ingestion. α-
Amylase inhibitor protein is an allergen linked to
“baker’s asthma disease.” Some food allergies.

Lectins Legumes (black beans, soybeans, lima beans, kidney
beans, and lentils)

Glycoproteins bind red blood cells and mucosa of small
intestine; intestinal malabsorption. Rodent growth
retardation and death. Ricin from castor bean is a lectin
associated with bioterrorism.

Anti-thiamine Compounds
(Thiaminase)

Fish, Crab, Clams, Blueberries, Black Currants, Red Beets,
Brussel sprouts, and Red Cabbage

Renders thiamine biologically inactive. Thiamine
deficiency: weakness, weight loss, cardiac enlargement,
anorexia, and ataxia.

Pyrrolizidine Alkaloids (PAs) Comfrey root and leaf, Coltsfoot leaf and flower, and
Borage leaf

Hepatotoxic, mutagenic, teratogenic and/or
carcinogenic. PAs converted to pyrroles; found in liver,
can travel to lungs causing pulmonary hypertension.

Oxalic acid Rhubarb, Tea, Spinach, Parsley, Purslane, Asparagus,
Broccoli, Brussel Sprouts, Collards, Lettuce, Celery,
Cabbage, Cauliflower, Turnips, Beets, Peas, Coffee, Cocoa,
Beans, Potatoes, Berries, and Carrots

Binds calcium and other minerals, decreasing
bioavailability. High dietary doses cause vomiting,
diarrhea, decreased bone growth, renal toxicity,
coagulopathy, and coma

Cucurbitacins Zucchini, Cucumbers, Pumpkins, Squash, Melons, and
Gourds

Stomach cramps and diarrhea; deaths reported from
ingestion of bitter zucchini

Coumarins Tonka Beans, Melilot, Woodruff, Oil of Bergamot, and
Cassia

Molds in spoiled sweet clover metabolize coumarin to
dicoumarol; inhibits vitamin K synthesis, hemorrhage/
death in cattle. Chronic high doses cause liver and lung
tumors in rodents.

Phytates (Phytic Acid) Bran, Germ of plant seeds, Grains, Legumes (Soybean),
Nuts

Chelator of divalent cations. Reduces mineral
bioavailability, inhibits digestive enzymes. Mineral
deficiencies, decreased starch, reduced protein
digestibility.

Hypoglycin Ackee Alkaloids hypoglycin A and B in unripe fruit. Hypoglycin
toxin causes inhibition of gluconeogenesis, drowsiness,
vomiting, delirium, fever, loose bowels, coma and death

Safrole Oils of Nutmeg, Cinnamon, Camphor, and Sassafras Weight loss, testicular atrophy, bone marrow depletion,
and malignant liver tumors in rats. Possible human
carcinogen.

Myristicin Nutmeg, Mace, Black Pepper, Carrot, Celery, Parsley, Dill Weak inhibitor of monoamine oxidase. Psychotropic
effects in humans; decreased alertness, euphoria,
nausea, tremor, tachycardia, and anxiety

Tomatine Leaves, stems, and unripe fruit of the Tomato plant Toxic to a variety of fungi. Forms complex with
membrane sterols, causing membrane disruption.

Anisatin, Neoanisatin, and
Sesquiterpene Lactone
Veranisatin

Japanese Star Anise Potent neurotoxins. Symptoms include jitteriness,
vomiting, seizures, and rapid eye movement

Glycoalkaloids (Solanine
and Chaconine)

Potatoes, Eggplant, Apple, Bell Peppers, Cherries, Sugar
Beets, and Tomatoes

Highest levels in potato sprouts, peels.
Acetylcholinesterase inhibition, cell membranes
disruption. Acutely toxic to humans. Drowsiness,
hyperesthesia, labored breathing, and GI issues.
Embryotoxic and teratogenic in experimental animals
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by academic laboratories and government agencies,
and because MON 810 has also been tested in inde-
pendent long term feeding studies conducted in the
EU.23,24 As many feeding studies have been con-
ducted for MON 810, this review considers the con-
text for these studies, the results of the original and
repeated whole food feeding studies conducted for
this product and examines the necessity of feeding
study data for determining whether MON 810 is as
safe as its conventional comparator.

Weight of Evidence Assessment, Mon 810
Maize

As previously described in this paper, MON 810
maize has been genetically engineered to contain
and express a gene encoding the Cry1Ab insecti-
cidal crystal (Cry) protein (δ-endotoxin) to protect
the plant from damage due to targeted insect pests.

MON 810 was characterized within the frame-
work of the GE crop safety assessment paradigm, as
outlined in CAC guidance documents and in other
guidance documents8,17,18,19,25,26 with the caveat that
these assessments utilized available published and
draft guidance in place at the time they were con-
ducted. The aspects specified in these guidance
documents that are directly related to MON 810
and support the conclusions that MON 810 is as
safe as conventional maize varieties are discussed
briefly below and have been provided in more detail
elsewhere.27,28

MON 810 Characterization:

Description of the Donor Organism

The source organism of the cry1Ab gene in MON
810 is Bt (subspecies kurstaki), a soil bacterium that
has been used safely in biopesticide applications for
half a century to provide pest control in agriculture,
including organic agricultural production.29–31

Description of the Genetic Modification

MON 810 was produced by microprojectile bom-
bardment of maize embryonic tissue with a plasmid
containing the cry1Ab gene.27 Following this trans-
gene insertion, embryonic maize tissue expressing

the construct is grown through tissue culture to
produce multiple “transgenic events” (e.g. thou-
sands). These plants are then thoroughly character-
ized and evaluated for molecular, agronomic, and
phenotypic characteristics that enable identification
of which transgenic events to move forward in the
product development process. This process ulti-
mately led to the selection of one event, MON 810,
for regulatory testing.

Characterization of the Genetic Modification

Southern blot analysis of MON 810 demonstrated
that a single copy of the cry1Ab gene was inte-
grated into the genome. It was further demon-
strated that the introduced gene was inherited in
an expected Mendelian pattern over successive
generations, indicating stable integration.27 MON
810 expresses a truncated (trypsin-resistant core or
tryptic core) version of the Cry1Ab protein toxin
rather than the full-length version expressed in Bt;
however, the active site is retained.28 The tryptic
core of Cry1Ab is the insecticidally active form of
the protein32 as further evidenced by the activity of
the MON 810 expressed Cry1Ab protein against
targeted insect pests. Therefore, further distinction
is not made in this manuscript between the MON
810 produced Cry1Ab tryptic core protein and
that of the full-length Cry1Ab toxin produced by
Bt as both proteins are insecticidally active against
the targeted insect pests. Both proteins are there-
fore interchangeably referred to simply as
“Cry1Ab”. Furthermore, data were generated to
compare the truncated tryptic core of Cry1Ab
produced in the plant to that produced in E. coli
to demonstrate the appropriateness of the bacte-
rially produced protein used in the protein safety
studies as a suitable analogue to that produced in
the plant (e.g. comparable molecular weight,
amino acid sequence, immunoreactivity, insectici-
dal activity, etc.).27,28 Therefore, the use of this
surrogate protein is not further addressed in this
manuscript.

The expression level of Cry1Ab protein in MON
810 was quantified to enable the evaluation of
potential exposures to this protein for consumers
of the harvested products. The expression level of
Cry1Ab protein in MON 810 was approximately
3–5 µg/g fresh weight in forage and approximately
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0.3–0.5 µg/g fresh weight in harvested grain.27 For
context, maize grain is approximately 7.8% protein
(or 78 mg of protein/g of grain), and glutelin
makes up approximately 40% (or 31.2 mg of glu-
telin/g of grain) of the protein in maize grain.33

Safety Assessment:

Expressed Substances

Bt protein safety and mode of action have been
reviewed elsewhere in the scientific literature.30,31

The mode of action of Cry1Ab and related Bt
endotoxins is well understood,34–37 Briefly, the
ingested toxin is cleaved in the alkaline insect gut
and binds to the cadherin-like receptor protein Bt-R1

(Accession CAC41165.1)38,39 leading to oligomeriza-
tion of the toxin and subsequent binding to amino-
peptidase N in the insect.34,39 Specific binding to these
two receptors leads to pore formation and disruption
of ion flow in the insect midgut resulting in cell swel-
ling and lysis. This results in insecticidal activity of
Cry1Ab only in lepidopteran insects that express the
target receptors. Unlike insects, humans and other
mammals have an acidic gut, and invitro simulated
gastric fluid assays indicate that these conditions trig-
ger degradation and loss of insecticidal activity of the
Cry1Ab protein.27 Based on a lack of binding to the rat
GI tract following oral administration of Cry1Ab and
the lack of specific Cry1Abbinding to intestinal tissues
from rats, mice, rhesus monkeys, and humans, mam-
mals appear to lack high-affinity receptors for Bt
proteins.40 This is consistent with bioinformatic
screens that show Bt-R1 truncated alignments with
identity levels in the mid to low 20% range (Table 2)
when compared to mammalian, human, and known
human intestinally expressed cadherin-like proteins

(CAD17, Accession Q12864.3).42 Collectively, the
acidic environment of the mammalian GI tract and
the absence of Cry1Ab receptors make these toxins
ineffective in humans and other mammals. Based on
the safe use of Cry1Ab and other three-domain Cry
proteins since the 1920s as topical biopesticides (con-
sisting of Bt spores and crystalline insecticidal pro-
teins) and the above weight of the scientific evidence,
the favorable results of the safety studies for Cry1Ab
andMON 810 outlined in this paper is not surprising.

Bioinformatic assessment of the Cry1Ab amino
acid sequence confirmed homology with other
Cry1 proteins and demonstrated a lack of similar-
ity of the Cry1Ab protein to known mammalian
toxins or to known allergens.6,27,43

Cry1Ab protein (in its insecticidal tryptic core
form) was evaluated in an in vitro digestion assay
and found to be rapidly degraded under simulated
gastric digestion conditions and was also found to be
heat-labile.6,27,43 These findings indicate that sys-
temic exposure to intact, active Cry1Ab protein fol-
lowing the ingestion of foods derived from MON
810 would be negligible. Furthermore, such exposure
may not even occur given that dietary proteins are
mainly absorbed from the intestines as free amino
acids and peptides ≤3 amino acids in length.44–46 In
addition to toxicological potential, the aforemen-
tioned bioinformatics, heat stability, and digestibility
data can be leveraged as a weight of the evidence to
address potential allergenicity of Cry1Ab. In addi-
tion, Cry1Ab is from a non-allergenic source organ-
ism and constitutes a very small portion of the total
protein present in the grain of MON 810. This evi-
dence collectively indicates that Cry1Ab is not likely
to have any allergenic potential. Lack of immuno-
genic, allergenic, or adjuvant capacity of Cry1Ab
(trypsin-activated toxin) was indicated in data gen-
erated from a mouse food allergy model.47 The

Table 2. Bioinformatics search for Bt-R1 (Bt toxin receptor) homologs in humans and mammals.
BLAST searchesa

Database Accession Description Identity Alignment length E-score

NR Full database AAY44392.1 Cadherin-like protein [Ostrinia nubilalis] 99.18% 1717aa 0.0
NR (Entrez mammalia) XP_023351096.1 Cadherin-23 isoform X3 [Sarcophilus harrisii] 23.29% 1597aa 5e-39
NR (Entrez homo sapiens) AAR13653.1 Fat-like cadherin FATJ protein [Homo sapiens] 22.70% 1089aa 6e-22
AAY44392.1 (Direct comparison) Q12864.3 RecName: Full = Cadherin-17 25.06% 403aa 3e-15

aSearches were conducted using BLAST (BLASTP 2.8.1+) from the NCBI Blast portal (https://blast.ncbi.nlm.nih.gov, accessed 03-7-2019) against the
NR protein database using accession CAC41165.1 as the query sequence.41 For the NR mammalian search, the Entrez category was restricted to
taxid: 40674. For the NR human search, the Entrez category was restricted to taxid: 9606.
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absence of allergenicity of MON 810 and Cry1Ab is
further confirmed by human clinical data in sensitive
populations (children with allergies and individuals
with asthma) in the form of skin prick testing and
testing for IgE antibodies against Cry1Ab.48 Such
animal testing and human testing provide confirma-
tory data for MON 810 and Cry1Ab and yet, these
data are not necessary for the evaluation of allergenic
potential of proteins inGE crops, as these data can be
predicted from the weight of evidence generated
during product safety evaluation as described above.

Based upon the history of safe use and empirical
safety data concerning Bt-derived proteins within
biopesticide products, safety testing has been con-
ducted on a number of individual Cry proteins,
including Cry1Ab.6 Since insecticidal Cry proteins
act through acute mode of action in controlling
insect pests, the potential human health hazards of
these Cry proteins can be assessed through acute
oral toxicological assessments.28 Cry proteins gen-
erally have been shown to be nontoxic to mam-
mals in oral toxicity tests at high doses31,49 such as
those exceeding 1000 mg/kg body weight. Cry1Ab
(in its insecticidal tryptic core form) was not toxic
at oral doses of up to 4000 mg/kg body weight in
mice.28,49 Such doses typically represent very large
margins of exposure relative to their anticipated
human exposures following consumption of GE
crops (e.g. on the order of thousands to hundreds
of thousands or higher). The weight of the scien-
tific evidence demonstrates that both biopesticides
from Bt and their component proteins, including
Cry1Ab, are not toxic to mammals.6,31,43,50 Thus,
the established history of safe use and the lack of
mammalian toxicity demonstrate the safety of
Cry1Ab in MON 810 for consumption in human
food and livestock feed.

Compositional Analysis of Key Components

A comparative assessment of the nutritional composi-
tion of the grain and forage ofMON 810 relative to an
appropriate conventional comparator was conducted.
The purpose of the assessment was to determine if the
grain and forage of MON 810 were compositionally
equivalent to the comparator variety, and therefore
provide evidence regarding whether there are any
differences that have the potential to impact the safety
of MON 810 relative to conventional maize. The

compositional assessment of grain was conducted in
amanner consistent with international guidance from
the OECD and included measuring the levels of prox-
imates (protein, fat, ash, crude fiber, carbohydrates
(by difference), and moisture), amino acids, fatty
acids, and the minerals calcium and phosphorus.
For forage, proximates were similarly assessed. The
conclusion of the compositional assessment was that
MON 810 is compositionally equivalent to conven-
tional maize.27 These results for MON 810 are typical
of those that have been observed for many other GE
crops, as reviewed by Herman and Price.11 Those
authors concluded that notable unintended effects
on nutritional composition due to genetic modifica-
tion processes have not been observed.

Agronomic and Phenotypic Assessments

In addition to the food/feed safety assessment, agro-
nomic parameters of MON 810 were assessed rela-
tive to its conventional counterpart in agronomic
field trials, and no unexpected impacts on the plant
from the genetic modification were observed.51

Agronomic and phenotypic evaluations demon-
strated that MON 810 grew normally and exhibited
the expected physiological properties for maize.6,51

These outcomes were as expected given the nature of
the introduced trait and given the product screening
(i.e., plant selection for product advancement selects
against off-types) that occurs during crop develop-
ment prior to selecting a line for commercialization.9

In addition, evaluation of the insect activity spec-
trum of Cry1Ab was conducted, and the environ-
mental safety of this protein including potential risks
to non-target organisms has been thoroughly
assessed based on both laboratory and field
experiments.27,51

Feeding Trials for Nutritional Equivalence

As noted above, the assessment of MON 810 was
characterized within the framework of the inter-
nationally recognized GE crop safety assessment
paradigm in place at the time these assessments
were conducted.25,26,8 These evaluations support
the conclusion that MON 810 is as safe as conven-
tional maize varieties.27,28

MON 810 was one of the first insect-protected GE
crops and, therefore, it was considered at the time
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that it would be helpful to have additional data to
complement the existing agronomic, compositional,
and other data that demonstrated the safety and
nutrition of grain from MON 810. Nutritional
equivalence was empirically demonstrated through
the compositional equivalence of MON 810 to its
non-GE comparator(s). Nevertheless, nutritional
equivalence studies have also been performed to
demonstrate the wholesomeness of the GE crop
relative to its non-GE comparator. These studies
have included nutritional equivalence studies in live-
stock as well as repeated-dose toxicity studies in
rodents. Some of these studies were conducted and
published by the product developer, to support the
equivalence of this grain to enable its use in animal
feed, to build further on the weight of the scientific
evidence for product safety, and to facilitate global
regulatory evaluations and approvals for MON 810.
Due to heightened interest in this product as one of
the first widely cultivated GE crops, numerous addi-
tional studies have also been conducted by indepen-
dent third parties. As this technology was new at the
time of the introduction of MON 810, the early
confirmatory studies with this product provided
further confirmation of product safety to consumers,
policymakers, and regulatory decision-makers.
Considering the weight of the evidence amassed in
evaluating GE crop safety to date, these types of
feeding studies should be conducted only when
hypothesis-based and should not be conducted on
a routine basis as a default assessment. Nutritional
feeding studies with MON 810 have been conducted
using a wide variety of species, including broiler
chickens,52–54 dairy cattle,55,56 pigs,57,58 and
Japanese quail.59,60 These studies are summarized
below and consistently demonstrate that MON 810
is nutritionally equivalent to its conventional coun-
terpart (Supplemental Table 1).

Monsanto, the developer of MON 810, conducted
a 42-d nutritional equivalence study in broiler
chickens54 in which 55–60% MON 810 was fed.
Broiler chickens are a rapidly growing species that is
sensitive to nutritional differences that could impact
growth and is, therefore, useful for the prediction of
impacts on both animal health and performance. This
broiler study demonstrated that there were no signifi-
cant differences between MON 810 and the conven-
tional comparator in body weights, feed conversion,
chill weights, fat pad weights, or in weights of thighs,

wings, breast, or drums. An academic study found
that MON 810 at a dietary incorporation rate of
30–35% did not impact mortality, feed consumption,
weight gain, terminal body weights, or hematological
and biochemical parameters in broiler chickens after
42 d.52 Additional independent research also found
that MON 810 did not impact body weight, weight
gain, feed intake/conversion, or mortality in a 42-d
broiler chicken study53 and that MON 810 did not
impact carcass or meat yields, abdominal fat pad,
selected organ weights, nor breast muscle chemical
composition. These studies each demonstrate com-
parable performance in broiler chickens fed MON
810 relative to its conventional maize comparator, as
would be expected due to the equivalence conclusion
derived from the comparative weight of evidence
assessment between MON 810 and its non-GE
counterpart.

In a collaborative effort between academic scien-
tists and Monsanto, MON 810 or its conventional
counterpart were fed to lactating dairy cows as grain
(20–34% feed) and silage (42–60% feed) over two
successive years.55 In this study, there were no differ-
ences in nutrient composition between grain or silage
sources and cows were fed ad libitum and milked
twice per day. There were no impacts of MON 810
on feed intake nor milk production and composition.
Production efficiency and nutritional value of MON
810 and its conventional counterpart were considered
equivalent. In a 25-month feeding study (spanning
two consecutive lactations), dairy cows fed MON 810
or its isogenic control in nutritionally equivalent diet
rations, feed intake was comparable across
treatments.56 Milk yield, milk consumption, and
body condition were unaffected by treatment, con-
firming compositional and nutritional equivalence of
MON 810 and its conventional counterpart.
Therefore, MON 810 does not impact the perfor-
mance of lactating dairy cows which utilize a high
dietary incorporation level ofmaize (~28–42% kernels
and ~14–21% cobs).

An academic study demonstrated in a 110-d feed-
ing study thatMON 810maize (~40% to 80% dietary
incorporation during various study phases) did not
impact the growth or health of pigs relative to that of
isogenic maize fed animals.57 Endpoints included
body weight and feed intake, body composition,
organ weights, serum biochemistry, urinalysis, and
histological analysis.WhenMON 810 was fed to pigs
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(at ~74–87% dietary inclusion rate) during gestation,
lactation, and throughout a 115-d post-weaning per-
iod, there were no impacts on growth (offspring and
carcass weights), organ weights, histopathological
endpoints, serum biochemistry, or other changes
indicative of adverse impacts to animal health.58

These data demonstrate that MON 810 does not
adversely impact the health or growth of adult, fetal
or juvenile pigs.

A 10-generation feeding study with MON 810 in
Japanese quail at a dietary incorporation rate of 25%
w/w was conducted.59,60 There was no impact of
MON 810 on egg-laying/egg mass, hatching, survival,
or bodyweight of either adult or young quail.59 There
were no treatment-related differences in organ and
tissue weights and no adverse impacts of MON 810
on quail after 10 generations of feeding.59 Necropsy
and histopathological examination on 17-week old
animals from each generation did not indicate patho-
logical impacts of MON 810 on quail.60 These feeding
study data confirm the nutritional equivalence of
MON810 to its conventional counterpart and indicate
no adverse impacts of MON 810 on the health or
growth of Japanese quail over 10 successive
generations.59,60

Collectively, these feeding trials demonstrate the
nutritional equivalence of MON 810 to its conven-
tional counterpart. This indicates that there are no
negative impacts of the genetic modification that
impact the feed value of MON 810.

Additional Animal Studies with MON 810

As discussed above, a favorable nutritional and
safety profile can be predicted based on the weight
of the evidence for equivalence of MON 810 to its
non-GE counterpart, with confirmatory animal
feeding studies providing little to the overall safety
assessment in the absence of a risk hypothesis. The
molecular characterization and equivalence data
are more than sufficient to demonstrate the safety
of MON 810 and it is now understood that the
animal feeding studies done at the time to support
the initial approval of this product provided assur-
ance to regulators and the public but were not
scientifically necessary to demonstrate the safety
of this nutritionally equivalent product.

A 90-d rat feeding study evaluating toxicology
response variables was conducted by the product

developer to complement the weight of the evidence
regarding its safety and nutritional equivalence and
as an additional means to evaluate for biological
impacts of any potential unintended effects of the
genetic modification. In this assessment, MON 810
maize grain was fed to rats for 90 d.61 MON 810 or
its near-isogenic control grain were fed to 20 rats/
sex/group at 11% and 33% dietary incorporation
levels in a nutritionally balanced diet that conformed
to the specifications for PMICertified LabDiet® 5002,
a commonly used rodent chow in the US. Evaluated
parameters included a range of toxicology response
variables including: clinical observations, body
weight and calculated gain, food consumption, clin-
ical pathology assessment (blood chemistry, hema-
tology, clotting, urinalysis), organ weights, gross and
microscopic pathology. Weight gain and food con-
sumption were comparable in test and control
groups and there were no treatment-related differ-
ences in any of the evaluated parameters, confirming
the weight of the evidence from a multitude of other
studies discussed herein, that MON 810 is nutrition-
ally equivalent to its conventional counterpart at
substantial levels of dietary incorporation (33% of
the daily food intake) and does not adversely impact
animal growth or health. These study results further
support the safe use ofMON 810 for food and feed as
demonstrated by the weight of the evidence above.61

According to the principles of the comparative
safety assessment paradigm in its current form, feed-
ing studies are not necessary to demonstrate the
safety of the GE crop unless the crop is designed
for health benefits, the composition of the crop is not
comparable to conventional foods, or there is an
expected impact to nutrient bioavailability.18 In the
case of MON 810, the assessments outlined above
support a conclusion of equivalence and do not
indicate any concerns relative to non-GE varieties
of the crop. Therefore, although conducted at the
time of MON 810 development based on this being
a new type of product in the marketplace, the weight
of evidence approach for GE crop evaluation did not
indicate that feeding studies were necessary to have
reached a conclusion of safety. In agreement with
this concept, the European Food Safety Authority
(EFSA) has indicated that, “In the situation where
molecular, compositional, phenotypic, agronomic
and other analyses have demonstrated equivalence
between the GM [GE] plant-derived food and feed
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and their near-isogenic counterpart, except for the
inserted trait(s), and do not indicate the occurrence
of unintended effects, experiences with GM [GE]
plants modified for agronomic input traits have
demonstrated that the performance of 90-day feed-
ing trials with rodents or feeding trials with target
animal species have provided little if anything to the
overall safety assessment (except for added confir-
mation of safety)”.20 Furthermore, a detailed review
on the use of whole-food animal studies for GE crop
safety assessment concluded that based on the com-
parative robustness and reliability of the composi-
tional and agronomic evaluations and the minimal
potential for toxicologically significant composi-
tional alterations due to transgene insertion, that
these studies are “unnecessary and scientifically
unjustifiable”.22 Based on the safety of GM crops in
farm animals and the weight of evidence amassed
from favorable toxicological results in animal feed-
ing studies, it has been concluded that for GM crops,
“90-day feeding studies are not needed on a routine
basis, and that further long-term animal feeding
studies are not needed either, unless there are speci-
fic reasons to do so”.62 Despite these science-based
assessments calling into question the need to con-
duct animal feeding studies based on the weight of
the scientific evidence, including the above assess-
ment by the European Food Safety Authority,
a political decision was made to make the 90-d rat
feeding study a legal requirement in the European
Union per the EU Commission Implementing
Regulation No. 503.2013.1

There is a broad scientific consensus on the food
and feed safety of current GE crops,30,31,62,63,64,65

developed in part by the body of safety data for
MON 810. MON 810 has been approved for food
use, feed use, and/or cultivation by 27 countries/geo-
graphical regions (http://www.isaaa.org/gmapproval
database; queried 5/20/2019), signaling a broad inter-
national consensus on the safety of this product.
Despite this scientific consensus and the available
safety assessment data for MON 810 (including the
above-published weight of the evidence and the con-
firmatory toxicology data) and many years of safe use
of this product in agricultural production, a decision
was made by the European Commission, the EU’s
legislative body (i.e., a political rather than scientific
body), to fund and conduct toxicological assessments
that independently assess the safety of this product.

The European research efforts to replicate MON 810
feeding studies were inconsistent with guidance from
EFSA, who indicated that for GE crops with agro-
nomic input traits that are equivalent to their conven-
tional counterpart and for which unintended effects
have not been noted, that, “… the performance of 90-
day feeding trials with rodents or feeding trials with
target animal species have provided little if anything
to the overall safety assessment (except for added
confirmation of safety)”.20

Through the European Commission funded
GMO Risk Assessment and Communication of
Evidence (GRACE; www.grace-fp7.eu) Project, two
90-d rat studies and a one-year rat feeding study
were conducted with MON 810.23,24 The two 90-d
rat feeding studies were conducted using germplasm
(i.e., background genetics) from two different seed
companies, Monsanto and Pioneer. The 90-d studies
were conducted based on considerations from
OECD test guideline 408 on repeated dose 90-day
oral toxicity studies in rodents for the testing of
chemicals66 and EFSA guidance on the conduct of
90-d oral toxicity studies with whole food/feed.67

Each study compared Wistar Han RCC rats fed
diets containing MON 810 (11% and 33% dietary
incorporation levels; 33% total maize incorporation)
to those fed its corresponding near-isogenic non-GE
maize or conventional reference maize varieties (N =
16 rats/sex/group). Evaluated parameters included
clinical observations, body weight, food consump-
tion, clinical pathology assessment (blood chemistry
and hematology), ophthalmological exams, organ
weights, gross and microscopic pathology. There
were no treatment-related differences in any of
these parameters, confirming thatMON 810 is nutri-
tionally equivalent to its conventional counterpart at
substantial levels of dietary incorporation (up to 33%
of the daily food intake) and that MON 810 does not
impact animal growth or health.24 Collectively, the
90-d studies conducted by the GRACE project and
by Hammond et al.61 provide corroborative data on
top of the existing weight of the evidence supporting
the safe use ofMON 810 for food and feed. However,
the additional studies conducted by the GRACE
project were not necessary for concluding on the
safety of MON 810 in light of the existing weight of
the scientific evidence.

Although Zeljenková and colleagues24 noted that
the two GRACE 90-d feeding studies, “did not reveal
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any scientific trigger for an extension of the feeding
period”, the GRACE project also included a one-year
chronic oral toxicity assessment of this product.23

This one-year chronic feeding study was conducted
taking into consideration the OECD Test Guideline
452 on chronic toxicity studies for the testing of
chemicals68 and also applicable guidance from
EFSA on the conduct of 90-d oral toxicity studies
with whole food/feed.67 This study included MON
810 at 11% or 33% incorporation, its near-isogenic
non-GE control, and a conventional reference vari-
ety (33% total maize incorporation), fed to 20 paired
animals/sex/group.23 Evaluated parameters included
a range of toxicology response variables such as
clinical observations, body weight, food consump-
tion, clinical pathology assessment (blood chemistry
and hematology, urinalysis), ophthalmological
exams, organ weights, gross andmicroscopic pathol-
ogy. There were no treatment-related differences in
any of the in-life toxicology response variables, con-
firming the weight of the evidence for the mamma-
lian safety of MON 810. The authors conclude that,
“The results obtained show that the MON 810 maize
at a level of up to 33% in the diet did not induce
adverse effects in male and female Wistar Han RCC
rats after a chronic exposure”.23 These independent
research data provide confirmation of the safe use of
MON 810 for food and feed. Based on its collective
toxicology database on MON 810, the GRACE pro-
ject concluded that, “GRACE data support the scien-
tific reasoning that only in case a trigger is available
from the initial molecular, compositional, phenoty-
pic and/or agronomic analyses, feeding trials with
whole food/feed may provide an added scientific
value for the risk assessment of GM [GE] crops”.23

Furthermore, the GRACE project reported that,
“The 1-year study conducted in GRACE did not
provide relevant additional information compared
with the 90-day studies (http://www.grace-fp7.eu/).”

An additional feeding study in the EU, the
GMO90+ Project, also concluded in a 6-month rat
feeding trial (30 Wistar Han RCC rats/sex/group)
with MON 810 at up to 33% in the diet.69 This
study included an assessment of traditional toxicol-
ogy response variables and also included non-
targeted “omics” assessments (transcriptomics and
metabolomics). There were no treatment-related
effects of MON 810 noted in this study and there-
fore, these results by Coumoul and colleagues

provide further support for the conclusion that
MON 810 produces no adverse impacts in rats.
Although the additional “omics” assessments pro-
vide more measurements, these conclusions could
have been reached without the additional non-
targeted data as any toxicologically relevant findings
in the animals would have manifested themselves in
physiological effects detectable within a standard
toxicological assessment. This study further con-
firms that when there is compositional equivalence
between a GE crop and its conventional comparator,
there should not be an expectation that additional
measurements will result in a difference that is rele-
vant to the wholesomeness or safety of the GE crop.
The existing data sets generated for GE crops are
therefore sufficiently robust to reach a definitive con-
clusion on the potential impacts of these crops on the
health of the consuming organism.

Discussion

As one of the first insect-protected GE crops to
reach the marketplace, MON 810 has been widely
cultivated and represents one of the few products
that was approved for cultivation within the
European Union. As an early GE product, an
unusually large weight of the evidence exists for
the safety of MON 810 and the Bt crystal protein
Cry1Ab that confers insect control to this maize
product.

One of the key components supporting the deter-
mination of potential adverse effects of the genetic
modification on the crop is a detailed understand-
ing of the identity and location within the plant of
the inserted genetic material. In MON 810, this
analysis confirms that the inserted genetic material
has not interrupted a critical gene or locus in the
plant and would therefore not have an adverse
impact on the physical properties or on the edible
portions of the plant (unpublished data, http://
www.isaaa.org/gmapprovaldatabase/default.asp).
The lack of agronomic or phenotypic impact of the
modification on MON 810 can be demonstrated by
its yield and normal field performance (e.g. normal
plant height, pollen production, ear length, etc.;
http://www.isaaa.org/gmapprovaldatabase/default.
asp). These endpoints indicate that the plants have
not been fundamentally altered by insertion of the
transgene in such a way that would impact plant
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physiology and therefore, it is highly unlikely that
fundamental changes in plant metabolism have
occurred (e.g. no physiological manifestation if
there were metabolic changes) and this is also
further demonstrated through the compositional
assessment.

The most critical component of the weight of
the evidence for MON 810 as it pertains to food or
feed safety was a demonstration of compositional
equivalence between MON 810 and its appropriate
non-GE conventional comparator, as summarized
above. The compositional evaluation showed that
there were no unanticipated compositional
impacts of the genetic modification that would
have food or feed safety impacts, and therefore
demonstrated that MON 810 was compositionally
equivalent to and as safe as conventional maize. It
is worth noting that the analyses of many other GE
crops have likewise demonstrated compositional
equivalence between the GE crop and a close non-
GE comparator, providing strong empirical evi-
dence that the process of creating a GE crop is
not intrinsically disruptive of crop metabolism.11

The safety of the Cry1Ab protein expressed in
MON 810 was based on the history of safe use of
the source organism for this protein (Bt), the lack
of similarity of Cry1Ab to known toxic proteins,
its rapid degradation by gastric proteases (some
allergens are refractory to digestion), and its heat
lability (indicative of degradation due to cooking
and/or processing).6 These data reflect the “Tier I”
safety assessment and are sufficient for demon-
strating the safety of Cry1Ab for food and feed
use.70 Nevertheless, due to the nascent status of
GE crops at the time MON 810 was under devel-
opment, a toxicological evaluation of Cry1Ab in
animals was conducted as a confirmatory
approach to further illustrate the safety of this
protein. Cry1Ab did not exhibit toxicity in mice
after exposure to a very high dose of this protein
via the oral exposure route. Specifically, Cry1Ab
protein was dosed at up to 4000 mg/kg in mice
and did not produce oral toxicity.43,49 Using
a Cry1Ab expression level in a grain of 0.5 µg/g
as described above27, a 70 kg person would have to
eat 560,000 kg of maize grain in a single day to
reach a Cry1Ab exposure equivalent to this tested
dose. Alternatively, using the estimated expression
level in grain from MON 810 of 0.5 µg/g and US

maize consumption at the 95th percentile of 2.0 g/
kg/day2 (1.0 µg/g of Cry1Ab exposure/day), mice
administered 4000 mg/kg/day of Cry1Ab received
1.8 × 105 times as much of this protein as humans
would consume in the most highly exposed US
subpopulation if all grain consumed in the US
contained MON 810. This margin of exposure
(MOE) far exceeds that targeted to ensure human
health protection, as an MOE of 1,000 represents
a conservative value to protect human health (cov-
ers 10x for animal to human extrapolation, 10x for
inter-individual variation within the human popu-
lation, and an additional 10x to account for any
additional uncertainties).

The collective weight of the evidence demon-
strating the safety of the Cry1Ab protein and
equivalent agronomic, phenotypic, and composi-
tional profiles between MON 810 and its near-
isogenic non-GE maize counterpart provides
assurance of the food/feed safety of this product.
However, studies with GE crops fed to food-
producing animals were also conducted on this
early GE crop product to determine if these
crops were nutritionally equivalent for livestock,
the most extensive consumers of GE crops63 such
as MON 810. These studies conducted by the
technology provider and by independent academic
and government laboratories demonstrate that
MON 810 is nutritionally equivalent to its conven-
tional counterpart in broiler chickens, dairy cattle,
pigs, and quail. Collectively, the weight of the
evidence from technology providers and indepen-
dent researchers provides a robust demonstration
of the equivalence and food and feed safety for
insect-protected maize MON 810.

Despite the weight of evidence for the safety of
MON 810, further assurance to the consumer,
policymaker, and regulatory evaluators were pro-
vided by the technology provider through the con-
duct of a 90-d rat feeding study with MON 810
that included assessment of toxicology response
variables. This comparative feeding study
addressed the potential for food and feed safety
impacts of any unintended changes made to MON
810 during the genetic modification. This study
did not identify any impacts of MON 810 to the
growth or health of Sprague–Dawley rats following
90 d of feeding with a whole grain at up to 33% in
the diet. Therefore, after approximately 10% of the
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rat lifespan, a food source representing about
a third of daily caloric intake had no impact on
the consuming organism.

Based on the weight of the evidence described
above, there were no adverse impacts of the
genetic modification on MON 810. Therefore,
the conduct of a 90-d rat feeding study was
unnecessary for demonstrating the safety of
MON 810. Nevertheless, such data were gener-
ated in light of the timing of this product devel-
opment, as an early example of a GE crop, when
there was a less robust overall dataset supporting
the safety of GE crops. Unfortunately, this his-
torical precedent has led to some regulatory
expectations that such an analysis be conducted
for each new GE variety, despite such assess-
ments to date having simply confirmed the
safety already determined by evaluating the
weight of the evidence from other endpoints as
discussed herein. While unnecessary for demon-
stration of safety, these confirmatory studies
have confirmed the predictive value for safety
assessment afforded by the agronomic, phenoty-
pic, and compositional equivalence data and Tier
I safety data of the trait. Thus, as previously
noted, 90-d rat feeding studies should only be
conducted in the case that there is a testable
scientific hypothesis-driven by changes in agro-
nomic, phenotypic, or compositional analyses
that could signal unintended effects with poten-
tial for safety implications in the consuming
organism.

Despite the breadth of evidence available to
support the safety of GE crops, in particular,
MON 810, and the lack of necessity for feeding
studies to demonstrate their safety, millions of
euros were spent to confirm the lack of impact of
MON 810 to animal growth or health. These stu-
dies included feeding studies of 90 d, 6 months,
and 1-y duration.23,24,69 These studies utilized
approximately 700 rats to provide confirmatory
data on a product that has been approved for
two decades and has been extensively grown
around the globe. These confirmatory data were
generated on top of existing data from feeding
studies on thousands of experimental animals
(e.g. rats, pigs, cows, chickens, quail;
Supplemental Table 1) and after years of safe con-
sumption by livestock animals in commercial feed.

Despite the lack of value added by whole food
feeding studies on GE crops and the additional
use of significant quantities of animals for confir-
matory feeding studies, feeding projects and reg-
ulatory requirements for the 90-d rat study
continue in the EU and globally.

The weight of the scientific evidence on GE
crops derived from product characterization data
and protein safety evaluation data provides the
necessary information for the assurance of food
and feed safety of new GE crops. Rather than
defaulting to animal feeding studies and whole-
food toxicological assessments, such studies should
only be conducted, if needed, based on
a hypothesis that leverages the data generated dur-
ing product development and characterization.
Based on two decades of safe use of GE crops,
and their robust characterization, adoption of
a streamlined regulatory paradigm that appropri-
ately weighs these safety data are in order. This
refined approach could raise consumer confidence
by removing the implication of putative unantici-
pated impacts on the crop and putative toxicolo-
gical hazards from the GE crop when both an
understanding of the GE crop development pro-
cess and empirical evidence demonstrate that such
effects are not observed in GE crop production.
This approach would eliminate unnecessary ani-
mal testing for products that are already demon-
strated to be safe based on the weight of the
scientific evidence. This animal testing of GE
crops by default, therefore, represents the usage
of animals in research that is not scientifically
justified nor consistent with ethical obligations to
reduce, refine, and replace (3Rs) animal testing
where possible. Furthermore, this new approach
of using the risk-based determination of study
requirements would also result in a lower barrier
to entry for product registration by universities,
not for profit institutions, and start-up companies
that could potentially result in more traits to ben-
efit a broader range of agricultural production
systems.

Notes

1. EC Commission. Implementing Regulation (EU) No
503/2013 of 3 April 2013 on applications for author-
ization of GM [GE] food and feed in accordance with
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Regulation (EC) No 1829/2003 of the European
Parliament and of the Council and amending
Commission Regulations (EC) No 641/2004 and
(EC) No 1981/2006. Off. J. Eur. Communities 2013,
L157, 1−52.

2. Corn consumption was based on Dietary Exposure
Evaluation Model Food Commodity Intake Database
(DEEMFCID/Calendex version 4.02, 05-10-c, https://
www.epa.gov/pesticide-science-and-assessing-pesticide-
risks/models-pesticide-risk-assessment#deem) and food
consumption data from the National Health and
Nutrition Examination Survey/“What We Eat in
America” dietary survey for the years 2005–2010. Maize
consumption on a g/kg/day user basis is derived using an
average body weight of 57 kg for the overall US popula-
tion. Commodities included: corn flour, corn flour-baby
food, cornmeal, corn meal-baby food, corn bran, corn
starch, corn starch-baby food, popcorn, sweet corn, and
sweet corn-baby food.
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