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ABSTRACT
Event DP-2Ø2216-6 (referred to as DP202216 maize) was genetically modified to increase and 
extend the expression of the introduced zmm28 gene relative to endogenous zmm28 gene 
expression, resulting in plants with enhanced grain yield potential. The zmm28 gene expresses 
the ZMM28 protein, a MADS-box transcription factor. The safety assessment of DP202216 maize 
included an assessment of the potential hazard of the ZMM28 protein, as well as an assessment of 
potential unintended effects of the genetic insertion on agronomics, composition, and nutrition. 
The history of safe use (HOSU) of the ZMM28 protein was evaluated and a bioinformatics approach 
was used to compare the deduced amino acid sequence of the ZMM28 protein to databases of 
known allergens and toxins. Based on HOSU and the bioinformatics assessment, the ZMM28 protein 
was determined to be unlikely to be either allergenic or toxic to humans. The composition of 
DP202216 maize forage and grain was comparable to non-modified forage and grain, with no 
unintended effects on nutrition or food and feed safety. Additionally, feeding studies with broiler 
chickens and rats demonstrated a low likelihood of unintentional alterations in nutrition and low 
potential for adverse effects. Furthermore, the agronomics observed for DP202216 maize and non- 
modified maize were comparable, indicating that the likelihood of increased weediness or inva-
siveness of DP202216 maize in the environment is low. This comprehensive review serves as 
a reference for regulatory agencies and decision-makers in countries where authorization of 
DP202216 maize will be pursued, and for others interested in food, feed, and environmental safety.
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Introduction

Safety assessments are conducted to characterize 
the food, feed, and environmental safety of 
genetically modified (GM) crops prior to com-
mercial approval.1–3 To assess the food and feed 
safety of a newly introduced protein in a GM 
plant, a tiered weight of evidence approach is 
used, which first identifies potential hazards 
(Tier I) by considering the source and history 
of safe use (HOSU) of the gene, the mode of 
action of the protein, and potential for the pro-
tein to be an allergen or toxin (via bioinfor-
matics assessment of the gene sequence 
compared with a database of known allergens 
or toxins, and an assessment of protein stability 
to heat and digestion). When triggered by uncer-
tainty in the Tier I assessment, additional hazard 
characterization studies (for example, an acute 

toxicity study; Tier II) may be warranted.4 In 
many cases, not all Tier I and Tier II data are 
scientifically justified to assess the safety of 
a newly expressed protein. As originally proposed 
in Ref. 4, these studies should only be required on 
a case-by-case basis when these data are informa-
tive to the overall risk assessment.

A science-based, WOE approach was used to 
assess the food, feed, and environmental safety of 
DP-2Ø2216-6 maize (referred to as DP202216). 
This review of the safety of DP202216 maize serves 
as a reference for regulatory agencies and decision- 
makers in countries where authorization of 
DP202216 maize will be pursued, and for others 
interested in food, feed, and environmental safety. 
Furthermore, this case study demonstrates the suit-
ability of using this science-based streamlined 
approach for hypothesis-driven regulatory over-
sight of GM crops.
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Characteristics of the Introduced Trait

Since the early 1930s, maize grain yields have been 
incrementally increasing, largely as a result of the 
widespread adoption of hybrid crops, germplasm 
improvement through selective breeding, and opti-
mized crop management practices.5 Over thou-
sands of breeding cycles, desired plant phenotypes 
and their underlying genotypes have been selected 
by breeders, and the expression of endogenous 
maize genes has been shaped by these decisions 
over time.6 In addition to naturally occurring 
mutations, native genes have been modified using 
radiation and chemical mutagenesis,7,8 which adds 
genetic variability for selection. Recently, biotech-
nology tools have been adopted to help identify and 
target specific maize genes that are associated with 
yield or yield-related phenotypes [for example, the 
zmm28 gene, which encodes the ZMM28 protein, 
a MADS-box transcription factor9]. Biotechnology 
tools can complement existing selective breeding 
and mutagenesis techniques and allow for more 
efficient and targeted yield improvements in 
crops, which will be important for reaching global 
agricultural sustainability and food security 
goals.10,11

MADS box proteins belong to a multigene family 
of transcription factors found in plants, animals, 
and fungi12 and have recently been identified as 
candidates for targeted yield improvement.9 

Transcription factors bind to specific DNA 
sequences and modulate endogenous gene expres-
sion. During the domestication of maize, MADS- 
box genes were likely selected through breeding 
because they regulate genes related to growth and 
development.6,13 For example, the SQUAMOSA 
(AP1-FUL) clade of MADS box genes is thought 
to play a role in flower and seed development14 and 
may be involved in flower development as plants 
transition from the vegetative to reproductive 
growth stages.9,15–17

As part of a transgenic discovery pipeline, hun-
dreds of maize transcription factors (of which 
a subset were MADS box genes) were screened to 
identify gene targets for yield improvement. The 
zmm28 gene, which belongs to the SQUAMOSA 
(AP1-FUL) clade of MADS box genes, is 
a transcription factor from maize that was selected 

as a candidate for targeted yield improvement.9 In 
the event of DP202216 maize, the introduced 
zmm28 gene is controlled by the Zea mays transla-
tion initiation factor gos2 gene promotor region 
(zm-gos2; [U.S. Patent 911520318]. This promoter 
provides moderate constitutive expression,9 result-
ing in increased and extended expression of the 
introduced zmm28 gene relative to endogenous 
zmm28 gene expression. The increased and 
extended expression of the zmm28 gene results in 
plants with enhanced grain yield potential through 
improved plant vigor, increased photosynthetic 
capacity, and enhanced nutrient utilization.9 

DP202216 maize also expresses the maize- 
optimized phosphinothricin acetyltransferase gene 
(mo-pat) that was isolated from Streptomyces vir-
idochromogenes. The PAT protein was used as 
a selectable marker during transformation and con-
fers commercial levels of herbicide tolerance to 
glufosinate ammonium.

Plant vigor (e.g., increased plant height, leaf bio-
mass, total leaf area, and early seedling vigor) is 
a phenotypic trait that is typically associated with 
plant yield. For example, early seedling vigor has 
been correlated with increased maize yield,19 and 
greater leaf area in developing plants can drive 
photosynthesis through improved interception of 
sunlight by the canopy.20,21 Likewise, since over 
90% of plant biomass is accumulated through 
photosynthesis, an increase in plant photosynthetic 
rate likely promotes increased plant biomass and 
yield.11 Optimal carbon and nitrogen balance 
further supports plant growth and development, 
since increased photosynthesis drives increased 
demand for nitrogen.22,23 In DP202216 maize, 
plant height, leaf biomass, and total leaf area were 
all significantly increased, relative to controls, and 
there were statistically significant increases in 
photosynthesis-related endpoints and enzyme 
activities [e.g., carbon dioxide exchange rate, elec-
tron transport rate, PEPC activity, NADP-MDH 
activity, and PPDK activity;9] Nitrogen uptake, 
rate of nitrogen assimilation, and nitrogen reduc-
tase activity were also significantly increased in 
DP202216 maize plants compared with control 
maize plants. Collectively, these observed increases 
in these phenotypic, photosynthesis, and nitrogen 
utilization endpoints support the increased yield 
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phenotype in the DP202216 maize plants that was 
observed across multiple environments, hybrid 
backgrounds, and years.9

Hazard Assessment of the Newly Expressed 
Proteins

PAT Protein

The mo-pat gene expresses the PAT protein, which 
is identical to the PAT protein expressed in number 
of approved GM events across several different 
crops that are currently in commercial use.24 The 
PAT protein has been previously assessed for 
potential allergenicity and toxicity and has been 
found unlikely to present any significant risks to 
the environment, human, or animal health.25 In 
addition, there is a considerable body of public 
information supporting the safety of the PAT 
protein.25–28 Previously, nonspecific acetylation 
has been reported;29 however, no safety implica-
tions are known. PAT protein safety has been 
reviewed and authorized for food and feed use by 
regulatory authorities in 20 different countries and/ 
or regions. In total there are about 460 regulatory 
approvals in these countries, representing 7 species 
of plants and more than 110 transformation 
events.26 Therefore, the present review is restricted 
to the DP202216 maize event and the introduced 
ZMM28 protein.

ZMM28 Protein

As part of the weight of evidence of safety, potential 
hazards of the ZMM28 protein were identified 
(Tier 1) by considering the source of the zmm28 
gene, the mode of action, the history of exposure to 
transcription factors in food, the HOSU of the 
ZMM28 protein, and the potential for the 
ZMM28 protein to be an allergen or toxin (via 
bioinformatics assessment of the gene sequence 
compared with a database of known allergens or 
toxins) (Table 1). The source of the zmm28 gene is 
maize, which is extensively cultivated worldwide 
and has a long history of safe use. Maize grain 
and maize-derived products represent staple food 
and feed for a large portion of the global 
population.30 No significant toxicity has been 
ascribed to any food or feed uses of maize, and 

maize has been described as a food that is likely to 
have low allergenicity.31 The introduced zmm28 
gene is native to maize, and the mode of action of 
the ZMM28 protein has been characterized.9 The 
history of exposure to transcription factors in 
human and animal diets is well established as they 
are ubiquitous, endogenous proteins found in 
plants.32 The HOSU of the ZMM28 protein has 
also been evaluated, which supports the safety 
assessment of the ZMM28 protein for food and 
feed.33 Based on bioinformatic sequence analysis, 
the introduced ZMM28 amino acid sequence in 
DP202216 maize is identical to the native ZMM28 
amino acid sequence in non-modified conventional 
maize, and it is also identical to the ZMM28 protein 
in several commonly consumed varieties of sweet 
corn.33 In addition, the ZMM28 protein shares 
homology with the proteins of its homologs in 
many other food crops.33

A bioinformatics assessment of the ZMM28 pro-
tein sequence for potential cross-reactivity with 
known or putative allergens was conducted accord-
ing to relevant guidelines34,35 using the ZMM28 
protein sequence [as shown in Figure 1 of33] and 
an up-to-date allergen database (Comprehensive 
Protein Allergen Resource (COMPARE) 2019 data-
base (January 2019) available at http://compareda 
tabase.org). This peer-reviewed database is 
a collaborative effort of the Health and 
Environmental Sciences Institute (HESI) Protein 
Allergens, Toxins, and Bioinformatics (PATB) 
Committee and is comprised of 2,081 sequences. 
The ZMM28 protein sequence was used as the 
query in a FASTA v35.4.436 search against the aller-
gen sequences. The search was conducted using 
default parameters, except the E-score threshold 
was set to 10−4. An E-score threshold of 10−4 has 
been shown to be an appropriate value for aller-
genicity searches.37 No alignments that were 
a length of 80-mers or greater with a sequence 
identity of ≥35% were identified (including an 
adjustment for shorter alignments where ≥29 
amino acid identity is present: 29/80> 35%). 
A second search was conducted to identify any 
contiguous 8-residue identical matches between 
the ZMM28 protein sequence and allergen 
sequences. No contiguous 8 residue matches were 
identified in the second search. Taken together, the 
comparison of the ZMM28 protein sequence to the 
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allergen sequences showed that there is no apparent 
allergenicity concern for the ZMM28 protein. Even 
using these highly conservative alignment 
thresholds,37,38 no potential cross-reactive risks 
were identified.

A bioinformatics assessment was also used to 
assess the potential toxicity of the ZMM28 protein. 
An internal toxin database was developed based on 
the sequences in UniProtKB/Swiss-Prot (https:// 
www.uniprot.org/). The internal toxin database is 
updated annually and includes a subset of protein 
sequences that are considered most relevant for 
assessing toxicity or adverse health effects (e.g., 
keywords containing toxin, hemagglutinin, vasoac-
tive, etc.). BLASTP was used to assess alignment 
based on default parameters and a few exceptions 
(low complexity filtering was turned off, the 
E-value threshold was conservatively set to 10−4, 
and unlimited alignments were returned). No 
alignments with an E-value ≤ 10−4 were returned 
between the ZMM28 protein sequence [as shown in 
Figure 1 in Ref. 33] and any protein sequence in the 
internal toxin database, indicating no apparent 

relationship between the ZMM28 protein and 
known toxins.

Confirmation of the safety of source of the 
zmm28 gene, the history of exposure to transcrip-
tion factors in food, and the presence of the 
ZMM28 protein in sweet corn supports, in part, 
the evaluation of history of safe use, which can be 
leveraged in the safety assessment of the ZMM28 
protein. Furthermore, confirmation of the lack of 
allergenicity or toxicity of the ZMM28 protein 
using in silico analysis adds to the weight of evi-
dence of safety. Using this weight of evidence 
approach, we found that the increased and 
extended expression of the ZMM28 protein in 
DP202216 maize presents low risk for adverse 
health effects. In this case, additional hazard iden-
tification (e.g., heat liability, digestibility in simu-
lated gastric fluid), and characterization studies 
(e.g., mouse acute oral toxicity), that are typically 
conducted to assess the safety of newly expressed 
proteins in GM crops without a history of safe use, 
are not necessary to assess the safety of the ZMM28 
protein in DP202216 maize because the HOSU of 

Table 1. Tiered weight of evidence approach used to identify (Tier I) and characterize (Tier II) potential hazards of the ZMM28 protein in 
DP202216 maize.

Weight of evidence

Tier I: 
Hazard 
Identification

Source of the zmm28 gene The source of the zmm28 gene is maize. The safety of maize is well established as an agricultural food and feed 
crop).30,31

Mode of action of the ZMM28 
protein

The ZMM28 protein is a MADS-box transcription factor, which are thought to play a role in plant growth and 
development.6,13 The introduced ZMM28 protein in DP202216 maize has been shown to enhance yield potential 
through improved plant vigor, increased photosynthetic capacity, and enhanced nutrient utilization.9

History of exposure to transcription 
factors

There is a well-established history of exposure to transcription factors in food and feed.32

History of safe use (HOSU) of the 
ZMM28 protein

The zmm28 gene is native to maize. The amino acid sequence of the endogenous and the introduced ZMM28 proteins 
in DP202216 maize are identical. The amino acid sequence of the introduced ZMM28 protein in DP202216 maize is 
also identical to the amino acid sequence of the ZMM28 protein found in several varieties of sweet corn. Many other 
food crops, fruits and vegetables contain closely related or homologous proteins.33

Potential for ZMM28 protein to be 
an allergen or toxin

A bioinformatics assessment of the ZMM28 protein sequence for potential cross-reactivity with known or putative 
allergens was conducted according to relevant guidelines.34,35 No alignments that were a length of 80-mers or 
greater with a sequence identity of ≥ 35% were identified.  

A bioinformatics assessment was also conducted to assess the potential toxicity of the ZMM28 protein. No alignments 
with an E-value ≤ 10−4 were returned between the ZMM28 protein sequence and any protein sequence in the 
internal toxin database, indicating no apparent relationship between the ZMM28 protein and known toxins.  

Heat stability and digestibility of the protein in simulated gastric and intestinal fluids add to the weight of evidence that 
a protein is unlikely to be toxic or allergenic. Because this gene is endogenous to maize, and there are no identified 
hazards for the ZMM28 protein, these studies are not necessary to inform an exposure assessment in support of the 
safety assessment.

Tier II: 
Hazard 
Characterization

Acute toxicity When triggered by uncertainty in the Tier I assessment, additional hazard characterization studies (e.g., mouse acute 
oral toxicity) are typically conducted to assess the safety of newly expressed proteins.  

Based on the weight of evidence of safety of the ZMM28 protein, additional hazard characterization studies are not 
necessary to assess safety.

GM CROPS & FOOD 285

https://www.uniprot.org/
https://www.uniprot.org/


the endogenous ZMM28 protein establishes its neg-
ligible hazard (Table 1).

Assessment of Potential Unintended Effects on 
Agronomics

Typically, for cultivation, it is important to under-
stand if the GM plant presents a risk to other plants 
(e.g., increased weediness, invasiveness, gene flow 
to sexually compatible wild relatives). Potential 
changes in agronomic practices (for example, 
increased weed resistance or changes in herbicide 
use) are also considered, and for a trait that confers 
protection against insect pests, the potential risk to 
non-target organisms in the environment is 
assessed. Problem formulation was used as a tool 
to formulate plausible pathways to harm, and 
knowledge about the basic biology of maize was 
used to inform the environmental risk assessment 
[39]. Maize is highly domesticated, does not survive 
outside of cultivation, and is not considered an 
invasive plant.30,40 Pollen-mediated gene flow is 
limited in maize due to the large size of maize 
pollen and a limited range of dispersal.40 

Therefore, non-GM maize is not considered 
weedy or invasive.

The characteristics of the introduced trait were 
considered to further inform the risk assessment 
Table 2. The ZMM28 protein is a maize transcrip-
tion factor, and increased and extended expression 
of the introduced zmm28 gene relative to endogen-
ous zmm28 gene expression results in plants with 
enhanced grain yield potential through improved 
plant vigor, increased photosynthetic capacity, and 
enhanced nutrient utilization.9 Based on the low 
overall expression of the introduced ZMM28 

protein in DP202216 maize relative to the endo-
genous ZMM28 protein9 and the intended function 
of the gene, there is no plausible hypothesis to 
suggest that the increased and extended expression 
of the ZMM28 protein in DP202216 maize could 
result in harm to non-target organisms in the envir-
onment. On the other hand, while the ZMM28 
protein is not intended to increase weediness, inva-
siveness, or survival characteristics of the plant, 
a plausible hypothesis can be developed for how 
increased vigor of the plant could result in 
increased weediness or survival characteristics 
Table 2.

To fulfill regulatory data requirements, an agro-
nomic study was conducted to investigate whether 
the agronomics of DP212216 maize is comparable 
to non-GM maize. The relevant endpoints to con-
sider related to weediness, invasiveness, and survi-
val are early stand count, final stand count, days to 
flowering, and pollen viability, however, to satisfy 
regulatory requirements, the standard suite of agro-
nomics endpoints was evaluated (including early 
stand count, days to flowering, plant height, lod-
ging, final stand count, days to maturity, pollen 
viability, number of kernels, harvest grain moisture, 
yield, and 100-kernel weight; Supplemental 
Information Table S1). The multi-location field 
trial was conducted at 12 sites in commercial 
maize-growing regions of the United States and 
Canada (three sites in Iowa, two sites in Illinois, 
and one site in Indiana, Kansas, Missouri, Ontario, 
Nebraska, Pennsylvania, and Texas) during the 
2017 growing season. The field study design and 
maintenance practices have been summarized 
previously.41 Test entries included one GM maize 
hybrid (DP202216) maize, one non-modified near- 

Table 2. Hypothesis-driven studies to assess potential unintended effects of the ZMM28 transcription factor.

Rational for additional hypothesis- 
based studies

Transcription factors modulate endogenous gene expression. Potential unintended changes in the plant due to 
a transcription factor can be assessed using composition, agronomic, and nutritional equivalency studies.31

Composition There were no biologically relevant differences in the nutrient composition of forage and grain between DP202216 maize 
and conventional maize.41 These results support the conclusion that there were no unintended effects of the genetic 
insertion or increased expression of the endogenous ZMM28 transcription factor on the composition of the plant.

Agronomics There were no biologically relevant differences in the agronomic endpoints and DP202216 maize was determined to 
be comparable to conventional maize (Supplement). These results support the conclusion that there were no 
unintended effects of the genetic insertion or increased expression of the endogenous ZMM28 transcription factor 
on the agronomics of plant.

Nutritional equivalency and 
adverse effects

Based on results from a 42-day broiler study and a 90-day rat study, diets produced with DP202216 maize grain were 
nutritionally equivalent to, and as safe as, diets produced with control maize grain.53,54 These results support the 
conclusion that maize grain containing event DP202216 is as safe and nutritious as maize grain that does not 
contain event DP202216.
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isoline control maize hybrid (control maize), and 
16 non-GM commercial maize hybrids (reference 
maize), as described previously.41 Statistical analy-
sis was conducted to compare the agronomic end-
points from DP202216 maize and control maize 
using SAS software, Version 9.4 (SAS Institute 
Inc., Cary, NC, USA). Briefly, agronomic endpoints 
were fit using a linear mixed model, and means 
were estimated for each maize line and compared 
to determine statistical significance (unadjusted 
P-value <0.05). The false discovery rate (FDR) 
method42,43 was used to control for false-positive 
outcomes across all agronomic endpoints analyzed 
using linear mixed models, and the adjusted 
P-values are reported for agronomic endpoints 
with an unadjusted P-value < 0.05. Statistical differ-
ences were also evaluated in the context of normal 
ranges of variation established from concurrently 
grown non-GM, commercial maize (referred to as 
reference maize) data, as described previously.41

Three agronomic endpoints (pollen shape at 60 
and 120 minutes, and pollen color at 120 minutes) 
were not included in statistical analysis because 
they did not meet the minimum levels of non- 
uniformity (Supplemental Information Table S2). 
No statistical differences were identified between 
DP202216 maize and control maize in the across- 
site analysis for early stand count, days to flowering, 
pollen viability (based on shape at 0 and 30 minutes 
or color at 0, 30, and 60 minutes), plant height, days 
to maturity, lodging, number of kernels, harvest 
grain moisture, and 100-kernel weight 
(Supplemental Information Table S2). 
A statistically significant difference was detected 
for final stand count and yield between DP202216 
maize and control maize (unadjusted 
P-value = 0.00611 and 0.00566, respectively); how-
ever, neither of these endpoints were statistically 
significant after FDR adjustment (FDR adjusted 
P-value = 0.0519 and 0.0519, respectively; 
Supplemental Information Table S2), which indi-
cates that these differences in final stand count and 
yield are likely false-positive outcomes due to mul-
tiplicity. These statistically significant endpoints 
were further assessed for biological relevance by 
comparing the range of individual values from 
DP202216 maize to the in-study reference range. 
For final stand count, 47 of 48 values for DP202216 
maize were within the reference data range, and 

one value was above the upper reference range. 
For yield, 46 of 48 values for DP202216 maize 
were within the reference data range, and two 
values were below the lower reference range 
(Supplemental Information Table S2). The results 
obtained in the field study demonstrated that agro-
nomic characteristics of DP202216 maize were 
comparable to those of conventional maize, and 
the minor differences observed for final stand 
count and yield are unlikely to result in DP202216 
maize plants with increased weediness potential or 
survivability, compared to conventional maize. 
Therefore, the environmental risks associated with 
the cultivation of DP202216 maize are low. While 
yield in this regulatory field study was comparable 
to control maize, enhanced yield potential for 
DP202216 maize was observed in field evaluations 
containing a larger number genotypes and a sig-
nificantly larger number of replications across mul-
tiple years and sites.9

Assessment of Potential Unintended Effects on 
Composition

A compositional assessment is part of the weight-of 
-evidence approach used to evaluate the food and 
feed safety of genetically modified plant 
products.44,45 Compositional assessment is cur-
rently required for regulatory approval by many 
global authorities; however, comprehensive litera-
ture is available to support the conclusion that 
genetically modified plants are no more likely to 
have unintended changes in composition than tra-
ditionally bred plants.46,47 Therefore, composition 
analysis should only be conducted when a plausible 
hypothesis can be developed for changes in com-
position based on the trait, mode of action, etc.48 In 
the case of DP202216 maize, the expression of the 
endogenous ZMM28 transcription factor was 
increased and extended, and because transcription 
factors modulate endogenous gene expression, we 
investigated if there were unintended changes in 
the composition of DP202216 maize grain or forage 
Table 2. As summarized by,41 there were no biolo-
gically relevant differences in the nutrient composi-
tion of forage and grain derived between DP202216 
maize and conventional maize, which adds to the 
weight of evidence for the safety of DP202216 
maize.
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Assessment of Potential Unintended Effects on 
Nutrition Using Whole-food Animal Feeding 
Studies

Animal feeding studies are required by some regulatory 
authorities to investigate if there are unintended 
changes in the nutrition of the GM grain49,50 or poten-
tial adverse effects. However, the scientific rationale for 
requiring these studies and the ethics of conducting 
animal feeding studies to assess nutrition of grain has 
been challenged based on the large number of studies 
that have concluded that GM crops do not have unex-
pected changes in nutrition that would result in 
harm.49,51,52 In the case of DP202216 maize, based on 
the lack of observed differences in the composition of 
grain or forage, the likelihood of observing adverse 
effects in DP202216 maize grain nutrition was low. 
However, to satisfy global data requirements, the 
required animal feeding studies were conducted to 
investigate the nutritional equivalence and safety of 
DP202216 maize grain Table 2.

A 42-day broiler study was conducted with male and 
female Ross 708 broiler chickens.53 No statistical differ-
ences (P-value > 0.05) were observed between broilers 
consuming diets produced with DP202216 test maize 
grain and broilers consuming diets produced with con-
trol maize grain for 42 days (for standard measurement 
endpoints including weight gain, mortality, mortality- 
adjusted feed efficiency, organ yields, or carcass parts 
yields).53 Based upon the results from this study, diets 
produced with DP202216 maize grain were determined 
to be nutritionally equivalent to diets produced with 
control maize grain.

A 90-day rat feeding study was conducted to 
satisfy regulatory requirements (for example, 
Implementing Regulation (EU) No 503/2013). No 
statistical differences (P-value>0.05) were observed 
between rats consuming diets produced with over 
50% DP202216 maize grain and rats consuming 
diets produced with control maize grain for 
90 days (for standard measurement endpoints 
including body weight, body weight gain, food con-
sumption, food efficiency, clinical signs of toxicity, 
neurobehavioral assessments, clinical pathology 
parameters, organ weights, or gross or microscopic 
pathology).54 These results support the conclusion 
that maize grain containing event DP202216 is as 
safe and nutritious as maize grain that does not 
contain event DP202216.

Conclusions

Over the past 25 years, there have been over 4000 GM 
events assessed for safety in 70 countries, and the safety 
assessment framework is well-established. However, 
the studies required to support safety assessments are 
often driven by regulatory requirements dictated by 
global authorities in response to policies designed to 
appease perceived public fear, rather than a scientific, 
hypothesis-based approach.55 Use of a science-based 
approach, which considers the weight of evidence 
(WOE) for overall conclusions regarding safety, is 
more efficient and effective for assessing risk because 
only those studies that directly inform the risk assess-
ment are conducted. In many cases, not all Tier I and 
Tier II data are scientifically justified to assess the safety 
of a newly expressed protein. Often, some data routi-
nely required by regulatory authorities is unnecessary to 
assess GM crop safety (for example, dietary exposure 
assessments, compositional analyses of forage and 
grain, 42-day poultry and 90-day rat feeding studies to 
assess nutritional equivalence of grain or potential for 
adverse effects, and mouse 14-day acute oral or 28-day 
repeated dose studies to assess toxicity of the newly 
introduced protein). As originally proposed by 
Delaney et al., these studies should only be required 
on a case-by-case basis when these data are informative 
to the overall risk assessment.4

A science-based, WOE approach was used to 
assess the food, feed, and environmental safety of 
DP202216 maize, and this review of the safety of 
DP202216 maize is summarized to serve as 
a reference for regulatory agencies and decision- 
makers in countries where authorization of 
DP202216 maize will be pursued, and for others 
interested in food, feed, and environmental safety. 
As part of this assessment, problem formulation 
was used to identify potential pathways to harm 
and inform the design and conduct of studies that 
were relevant to the risk assessment. In the case of 
DP202216 maize, it was concluded that not all Tier 
I and Tier II data were necessary to assess hazard of 
the ZMM28 protein. For example, the ZMM28 
protein in DP202216 maize is identical to the endo-
genous ZMM28 protein present in conventional 
maize and sweet corn.33 And, based on the safety 
of the source of the zmm28 gene, HOSU of the 
ZMM28 protein, and lack of allergenicity or toxi-
city observed using in silico bioinformatics analysis 
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of the deduced amino acid sequence, the ZMM28 
protein is unlikely to be either allergenic or toxic to 
humans. Additional assessment of heat stability, 
digestion, or acute toxicity of the ZMM28 protein 
was not necessary for hazard identification and 
characterization. While poultry and rat grain feed-
ing studies were conducted to comply with regula-
tory requirements, these studies were considered 
supplementary based on the lack of differences 
observed in the compositional assessment of grain 
and forage. As expected, animal feeding studies 
using broiler chickens53 and rats54 demonstrated 
low likelihood of unintended effects on nutrition 
or safety. Publishing the results of these studies is 
intended to add to the scientific literature demon-
strating the safety and lack of unexpected differ-
ences in nutrition between GM and non-modified 
crop grain, and further supports the position that 
these studies should be required on a case-by-case 
basis when needed to inform the risk assessment.4 

Collectively, the weight of evidence for event 
DP202216 maize indicates low potential for adverse 
effects on humans, animals, or the environment.
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