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Composition of forage and grain from genetically modified
DP202216 maize is equivalent to non-modified

conventional maize (Zea mays L.)

Jennifer A. Anderson, Bonnie Hong, Emily Moellring, Sarah TeRonde, Carl Walker,
Yiwei Wang, and Carl Maxwell
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ABSTRACT. DP202216 maize was genetically modified to increase and extend the expression of the
zmm28 gene relative to native zmm28 gene expression, resulting in plants with enhanced grain yield
potential. Standard nutritional and compositional parameters for maize grain and forage (e.g., proximates,
fiber, minerals, amino acids, fatty acids, vitamins, anti-nutrients, secondary metabolites) from DP202216
maize were compared to grain and forage from non-modified near-isoline maize (control). Three amino
acids (glycine, methionine, and serine) and two vitamins (vitamin B1 and vitamin B3) were statistically
different between DP202216 and control maize grain but were not statistically different when adjusted
using the false discovery rate method. These analyte values also fell within the ranges of natural variation
of non-modified commercial maize varieties supporting that statistical differences were not biologically
relevant. The composition of grain and forage from DP202216 maize is comparable to grain and forage
from non-modified maize with a history of safe use.
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INTRODUCTION

Genetically modified (GM) crops conferring
insect pest protection and tolerance to herbicides
have been successfully developed and commer-
cialized for over 20 years.1 Historically, GM
traits protect crop yield (e.g., by reducing damage
from insects, competition from weeds, or more
recently reducing sensitivity to abiotic stresses)
but do not offer a measurable yield advantage
under non-stressed conditions. Recognizing the
increasing global food, feed, fiber, and fuel
demands,2,3 new agricultural innovations will be
needed to satisfy global productivity and sustain-
ability needs in the future. GM crops are now
being developed to improve crop yield. For
example, MON 87403 maize (OECD identifier
MON-874Ø3-1) has been modified to express
a gene from Arabidopsis thaliana for increased
ear biomass,4 and HB4 soybean (OECD identi-
fier IND-ØØ41Ø-5), submitted by Verdeca,
LLC, has been modified to express a gene from
Helianthus annuus for increased yield.5

By selecting for desired plant phenotypes,
conventional breeding approaches have made
incremental improvements in maize grain yield
and have altered the expression of endogenous
maize genes and genetics over time. For exam-
ple, MADS-box genes which encode transcrip-
tion factors related to development have been
selected for over time during maize
domestication.6 DP202216 (OECD identifier
DP-2Ø2216-6) maize was genetically modified
to increase and extend the expression of the
zmm28 gene relative to the native zmm28
gene expression. Both the introduced and
native zmm28 genes encode the ZMM28 pro-
tein, a MADS-box transcription factor. The
increased and extended expression of the
ZMM28 protein results in plants with enhanced
grain yield potential.7 The zmm28 gene, which
encodes the ZMM28 protein, is endogenous to
maize, including sweet corn.8 Using modern
biotechnology tools to alter the expression of
the endogenous zmm28 gene complements tra-
ditional breeding approaches for germplasm
improvement. DP202216 maize also contains
the phosphinothricin acetyltransferase protein,

which confers tolerance to the herbicidal active
ingredient glufosinate-ammonium.

Prior to commercialization, food and feed
derived from GM crops undergo extensive test-
ing to demonstrate food and feed safety, consid-
ering among other things the changes in the
composition of the plant as a result of the
modification.9,10 Substantial equivalence, which
uses food and feed with a history of safe use (in
this case commercial non-modified maize) as
a reference to assess the safety of food and feed
from a GM crop, is a key concept used in the
compositional assessment.11–13 As a screening
tool, compositional analytes (proximates, nutri-
ents, antinutrients, etc.) from the GM crop are
statistically compared to the same compositional
analytes from a near-isoline control (a hybrid that
has the same or a very similar genetic back-
ground but does not contain the genetic modifi-
cation) to identify analytes with statistically
significant differences. Those analytes are then
subject to further evaluation including comparing
data from the GM crop to the ranges of natural
variation observed in commercial non-modified
maize to understand biological relevance of any
observed differences. The objective of this paper
is to investigate whether the composition of grain
and forage fromDP202216maize is substantially
equivalent to the grain and forage from non-
modified maize.

METHODS

Field study

DP202216 maize, non-modified near-isoline
control maize (control maize), and four non-
modified commercial maize hybrids (reference
maize) were planted during the 2017 growing
season at each of eight sites in the United States
(Iowa, Illinois, Indiana, Missouri, Nebraska,
Pennsylvania, and Texas) and one site in Canada
(Ontario), which were selected to represent com-
mercial maize-growing regions of North America.
The control maize has the same genetic back-
ground as DP202216 maize but does not contain
the genetic modification. The four referencemaize
hybrids grown at each location were selected from
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16 reference maize hybrids (34N84, 35F38,
35P12, P0506, P0589, P0760, P0965, P0987,
P0993, XL5140, XL5513, XL5828, XL5840,
BK5883, XL5939, and BK6076) based on matur-
ity. All seeds were analyzed by event-specific
polymerase chain reaction to confirm the presence
of the event in DP202216 and the absence of the
event in the control and referencemaize. Eachfield
site employed a randomized complete block
design, containing four blocks, and each treatment
(DP202216 maize, control maize, or one of the
four reference maize) was randomly assigned to
one six-row plot within each block. Normal pest
control and maintenance practices (irrigation, fer-
tilization, herbicide and pesticide applications,
etc.), consistent with maize production, were
used and were applied uniformly to each entire
trial area.

Forage and grain sample collection and
processing

One forage sample, which consisted of three
plants at the R4 growth stage,14 and one grain
(R6) sample, which consisted of grain pooled
from five ears, were collected from each of the
DP202216 maize plots (N = 32 total DP202216
forage and grain samples), control plots (N = 32
total control forage and grain samples), and from
each of the reference maize plots (N = 32 total
forage and grain samples for each reference maize
hybrid). Forage samples were collected by cutting
the aerial portion of the plants 10–15 cm above the
soil surface line. Plants were chopped into sections
(≤7.6 cm long), plant material was pooled, and
approximately one-third of the pooled material
was placed into a plastic-lined, cloth bag. Grain
samples were collected by husking and shelling
five ears, and the grain from the five ears was
pooled and placed into a plastic bag which was
then placed into a plastic-lined, cloth bag. Forage
and grain samples were kept cool using wet ice,
artificial ice, or dry ice until placed in a freezer
(≤−10°C). After samples were harvested from the
plant, they were shipped frozen to EPL Bio
Analytical Services (EPL BAS, Niantic, IL,
USA). Sampleswere stored frozen (approximately

−20°C) at EPL BAS prior to being processed for
composition analysis, as described previously.15

Composition analysis

Proximates, fiber, and minerals (crude protein,
crude fat, crude fiber, acid detergent fiber [ADF],
neutral detergent fiber [NDF], ash, carbohy-
drates, calcium, and phosphorus) were analyzed
in forage samples. Grain samples were analyzed
for the same proximates, fiber, and minerals as
forage, with the addition of total dietary fiber
(TDF), copper, iron, magnesium, manganese,
potassium, sodium, and zinc. Grain samples
were further analyzed for fatty acids (lauric
[C12:0], myristic [C14:0], palmitic [C16:0], pal-
mitoleic [C16:1], heptadecanoic [C17:0], hepta-
decenoic [C17:1], stearic [C18:0], oleic [C18:1],
linoleic [C18:2], α-linolenic [C18:3], arachidic
[C20:0], eicosenoic [C20:1], eicosadienoic
[C20:2], behenic [C22:0], erucic [C22:1], and
lignoceric [C24:0] acids), amino acids (alanine,
arginine, aspartic acid, cystine, glutamic acid,
glycine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threo-
nine, tryptophan, tyrosine, and valine), vitamins
(β-carotene [pro vitamin A], vitamin B1 [thia-
mine], vitamin B2 [riboflavin], vitamin B3 [nia-
cin], vitamin B5 [pantothenic acid], vitamin B6
[pyridoxine], vitamin B9 [folic acid], α-
tocopherol [vitamin E], β-tocopherol, γ-
tocopherol, and δ-tocopherol), as well as second-
ary metabolites and antinutrients (p-coumaric
acid, ferulic acid, furfural, inositol, phytic acid,
raffinose, and trypsin inhibitor). Composition
analysis was performed by EPL BAS using
GLP validated methods, as described
previously.15,16 Additional modifications for
some analytes are briefly described below.

NDF and TDF

The NDF detergent solution contained 30.0 g
sodium dodecyl sulfate instead of sodium lauryl
sulfate. TDF17 was quantified by an automated
method using an ANKOM Dietary Fiber
Analyzer.18 Duplicate samples were gelatinized
with heat stable α-amylase then enzymatically
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digested with protease and digested with amylo-
glucosidase to remove starch and protein.
Soluble dietary fiber was precipitated with etha-
nol. The residue was quantified gravimetrically.
Protein analysis was performed on one of the
duplicate samples using an automated Kjeldahl
technique19 employing a Foss Kjeltec™ 8400
Analyzer20, while the other duplicate sample
was analyzed for ash.

Amino Acids

Amino acids were quantified using reverse
phase ultra-performance liquid chromatogra-
phy (UPLC) with ultraviolet (UV) detection
(UPLC/UV). Methionine and cystine analyses
employed the sodium metabisulfite alternative
with performic acid oxidation.21

Thiamine (Vitamin B1) and Riboflavin
(Vitamin B2)

Samples were extracted with 10% acetic
acid/4.3% trichloroacetic acid solution and
then analyzed by reverse phase high perfor-
mance liquid chromatography (HPLC) tandem
mass spectrometry (MS/MS).

Tocopherols (α, β, γ, δ)

Samples were extracted with hot hexane and
extracts analyzed by normal phase UPLC with
fluorescence detection.22,23

Beta-Carotene

Samples were extracted using a 40:60 acet-
one:hexane with tert-butylhydroquinone solu-
tion and then analyzed by HPLC with UV/
visible detection.24,25

Statistical analysis

Statistical analysis was conducted to compare
the nutrient composition of forage and grain
derived from DP202216 maize and the control
maize using SAS software, Version 9.4 (SAS

Institute Inc., Cary, NC, USA). Analytes were
analyzed with linear mixed models, with maize
line as a fixed effect and site and the interaction
between maize line and site as random effects.
Means were estimated for each maize line and
compared to test whether there was a significant
difference (raw p-value < 0.05) between the
means. The approximate degrees of freedom for
the statistical test were derived using the
Kenward–Roger method.26 For each analyte,
goodness-of-fit of the model was assessed in
terms of meeting distributional assumptions of
normally, independently distributed errors with
homogeneous variance. Deviations from assump-
tions were addressed using an appropriate trans-
formation or by fitting heterogeneous error
variances across sites.

Seven fatty acids (lauric [C12:0], myristic
[C14:0], heptadecanoic [C17:0], heptadecenoic
[C17:1], eicosadienoic [C20:2], behenic [C22:0],
and erucic [C22:1] acids), three vitamins (vitamin
B2, β-tocopherol, and δ-tocopherol), and one sec-
ondary metabolite (furfural) were not statistically
compared because either all samples were below
the lower limit of quantification (LLOQ) or more
than half of the samples of both maize lines were
below the LLOQ (Supporting Information), which
violated the assumptions of linear mixed models.
Two fatty acids (palmitoleic [C16:1] and lignoce-
ric [C24:0] acids), two minerals (copper and
sodium), and one antinutrient (raffinose) had
<50% of sample values below the LLOQ
(Supporting Information). The false discovery
rate (FDR) method27,28 was used to control false
positive outcomes across all analytes analyzed
using linear mixed models, and the adjusted
p-value is reported for analytes with a raw
p-value < 0.05.

RESULTS AND DISCUSSION

No statistical differences were observed for
proximates, fiber, or minerals between
DP202216 and control maize forage (Table 1) or
grain (Table 2). No statistical differences were
observed for fatty acids (Table 3), or for secondary
metabolites or antinutrients between DP202216
maize grain and control grain (Table 4). Only
three amino acids (glycine, methionine, and
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serine) and two vitamins (vitamin B1 and vitamin
B3)were statistically different (rawp-value<0.05)
between DP202216 maize grain and control grain
(Tables 5 and 6, respectively). However, when
controlling for false positives using the FDR
method, these three amino acids and two vitamins
were not significantly different between
DP202216maize grain and control grain (adjusted
p-value ≥ 0.05), which indicates that these differ-
ences were likely false positives and may not be
biologically relevant. A false positive outcome
occurs if the difference in means between two
entries was declared statistically significant,
when in fact the two means are not statistically
different. In the FDR method, the FDR is held at
5% across comparisons of multiple analytes via an
adjustment to the p-value and is not inflated by the
number of analytes in the comparison. Since its
introduction in the mid-1990s, the FDR approach
has been widely employed across a number of
scientific disciplines, including genomics, ecol-
ogy, medicine, plant breeding, epidemiology,
dairy science, and signal/image processing (e.g.,
see Refs.[34,35]).

To further evaluate the observed statistical
differences between DP202216 maize grain
and control grain, the levels of the three
amino acids (glycine, methionine, and serine)
and two vitamins (vitamin B1 and vitamin B3)
were considered in the context of natural varia-
tion of these analytes in maize grain, using
tolerance intervals, literature ranges, and in-
study reference ranges. Because there is natural
variation in compositional analytes (proxi-
mates, nutrients, antinutrients, etc.) across
maize varieties, which do not impact the food
or feed safety or nutritional quality15, it is
important to establish natural ranges of varia-
tion and use them to evaluate statistical
differences.36 Tolerance intervals, literature
ranges, and in-study reference ranges provide
estimates of the natural variation in analyte
values possible for conventional maize vari-
eties grown in diverse environments; however,
each of these estimates only partially account
for the possible natural variability (because
they do not individually consider all the possi-
ble growing environments or conventional
maize lines that have a history of safe use). IfT
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the observed analyte values of the DP202216
grain fall within any of these three ranges, we
can conclude that the observed difference is not
biologically relevant because DP202216 maize
values are not outside of natural variation. This
is the basis of using substantial equivalence to
compare the grain from DP202216 to an exist-
ing source with a history of safe use (in this
case, tolerance intervals, literature ranges, and
in-study reference ranges of commercial non-
modified maize).

The tolerance interval is expected to contain
at least 99% of the values for the corresponding
analyte of the conventional maize population
with a 95% confidence level.36 The tolerance
intervals used in this study were derived from
Pioneer’s proprietary accumulated data from
93 non-modified commercial maize lines,
which were grown in 88 unique environments
of commercial maize-growing regions in the
United States, Canada, and South America
between 2003 and 2015. As previously dis-
cussed, the tolerance intervals only partially
account for the possible natural variability,
since the data used to construct them did not
include all commercial maize lines or environ-
ments that have produced grain with a history
of safe use. However, the tolerance intervals
model the variation that would be expected in
this missing data and thus are a useful estimate
of natural variation. In this study, the ranges of
DP202216 maize observations of the three
amino acids and the two vitamins were within
the corresponding tolerance intervals (Tables 5
and 6, respectively), which indicates that the
differences between the DP202216 maize grain
and control grain are not biologically relevant.

Similarly, natural variation is also consid-
ered within the context of the literature range
of the analytes from published literature.15,29–33

The literature ranges complement the statistical
tolerance intervals in that they are composed of
non-proprietary data from additional non-
modified commercial maize lines and growing
environments, which may not all be included in
Pioneer’s proprietary database. However, the
literature ranges only partially account for the
natural variability because they do not include
all maize lines or environments with a historyT
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of safe use. In this study, the ranges of the three
amino acids and the two vitamins were within
the corresponding tolerance intervals, so com-
parison to the literature ranges (Tables 5 and 6,
respectively) was not necessary. Nevertheless,
if literature ranges were used, the ranges of the
amino acids and vitamins were also within the
literature ranges, which again further adds to
the weight of evidence that the differences
between the DP202216 maize grain and control
grain are not biologically relevant.

Finally, the range of analyte observations
from DP202216 maize could also be compared
to the respective range of the analyte measured
in the non-modified reference maize lines
grown in this study. However, the in-study
reference ranges only partially account for the
natural variability of these analytes in maize
because they are based on only 16 conventional
maize lines and 8 environments, which is
a much smaller sample than that of the toler-
ance intervals or literature ranges. Since the
ranges of the three amino acids and two vita-
mins were determined to fall within the natural
variation based on the tolerance intervals or
literature ranges, additional consideration of
the in-study reference ranges is unnecessary.
In some cases, the range of analyte observa-
tions for DP202216 maize does not fall within
the in-study reference lines (serine, vitamin B1,
and vitamin B3). This can be attributed to the
limitations of the in-study reference data as an
estimate of natural variation.

While compositional analysis studies have
been required as part of the regulatory approval
process for GM crops for over 20 years, in
most cases, compositional assessment does
not inform the safety assessment for GM
crops. There is extensive literature on GM
crop composition that demonstrates that the
process used to genetically modify a
plant does not result in unintended harmful
changes in compositional end points.37,38

Compositional assessment should only be con-
ducted if it informs the safety assessment (spe-
cifically in cases where a plausible hypothesis
can be developed for changes in composition,
based on the trait, mode of action, etc.). In the
case of DP202216 maize, the expression of the

MADS-box transcription factor zmm28 was
extended and increased, resulting in plants
with enhanced grain yield potential.7 Based
on the function of transcription factors (regu-
lating gene expression and endogenous plant
pathways), compositional analysis was con-
ducted to investigate whether there were
any unintended compositional changes in
DP202216 maize grain and forage. All of the
composition analytes analyzed for DP202216
maize grain and forage were within the range
of normal variation and the few statistical dif-
ferences detected are not biologically relevant.
Therefore, these results support the conclusion
that the nutrient composition of forage and
grain derived from DP202216 maize is sub-
stantially equivalent to that of conventional
maize represented by non-modified near-
isoline control maize and non-modified com-
mercial maize, which adds to the weight of
evidence of safety of DP202216 maize.
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