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Abstract

Pyramiding (combining) of plant incorporated protectants (PIPs)
with insecticidal activity in genetically engineered crops is a strategy
used to improve efficacy as well as delay potential resistance for a
specific group of targets. In some countries, a regulatory risk assess-
ment is required for breeding “stacks” expressing multiple PIPs and
these countries may require an assessment of potential interaction
among the PIPs. This study evaluated whether combining soybean
events MON 87551 and MON 87701 results in a toxicological inter-
action that effects a species that is controlled by each event. MON
87751 coexpresses the Cry1A.105 and Cry2Ab2 proteins and MON
87701 expresses the CrylAc protein. EC values for MON 87751
and MON 87701 were comparable in diet-incorporation bioassays

using corn earworm (Lepidoptera: Noctuidae, Helicoverpa zea) and
the observed combined activity of the stack was consistent with pre-
dictions of additivity (i.e., no interaction). Under the concentration
and response addition models, predicted and observed median ef-
fect levels differed by <10%. These results demonstrate independent
action at the median effect level between the insecticidal activity
of MON 87751 and MON 87701. Taken together, no interaction
between these PIPs and acceptable margins of safety for the indi-
vidual proteins to nontarget organisms, it is appropriate to bridge
back to the risk assessments for the individual products that dem-
onstrated environmental safety of stack products containing both
MON 87751 and MON 87701.
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Genetically engineered (GE) crops producing plant incorporated
protectants (PIPs) for control of economically important pests have
been commercially cultivated for almost 25 yr (ISAAA 2018). First-
generation GE crops only produced a single PIP for insect control.
However, to improve the efficacy, pest spectrum, and delay potential
resistance, PIPs with different modes of action are now commonly
combined to target a specific group (e.g., pyramided for Lepidoptera
control) to have efficacy against different orders (e.g., Lepidoptera
and Coleoptera; Head and Greenplate 2012). GE crops with com-
bined insecticidal PIPs and or herbicide tolerance traits (i.e., stacked
trait products) produced through conventional breeding are now
commercially available for cotton, corn, and soybean (ISAAA
2018). Recently, Monsanto Company developed and registered a
stacked trait soybean product to control targeted pests that com-
bined events MON 87751 and MON 87701 through conventional
breeding (USEPA 2016, ISAAA 2018). MON 87751 was produced
by stable insertion of the coding sequences of the Cry1A.105 and
Cry2Ab2 insecticidal proteins. MON 87701 was produced by stable
insertion of the coding sequence for the Cry1Ac insecticidal protein
(USEPA 2010). Both MON 87751 and MON 87701 provide protec-
tion from feeding damage by several lepidopteran pests. In addition,

MON 87751 x MON 87701 has been conventionally bred with
Roundup Ready 2 Xtend (MON 87708 x MON 89788), resulting in
a stack comprised of MON 87751 x MON 87701 x MON 87708 x
MON 89788. MON 87708 is a dicamba-tolerant soybean that pro-
duces a dicamba mono-oxygenase protein from Stenotrophomonas
maltophilia to confer tolerance to dicamba (3,6-dichloro-2-methox-
ybenzoic acid) herbicide and MON 89788 soybean confers tolerance
to glyphosate by expressing the S5-enolpyruvyl-shikimate-3-phos-
phate synthase protein (EPSPS).

In 2009, the United States Environmental Protection Agency
(USEPA) suggested data requirements for stacked PIPs produced
by conventional breeding of previously registered events (USEPA
2009a,b). The USEPA’s evaluation of breeding stacks utilizes data
from existing registrations of each parental (single) line in conjunc-
tion with well-defined bridging studies. The purpose of one of these
bridging studies is to demonstrate that the combined activity of the
PIPs in the stack does not affect existing risk assessments for any of
the previously registered single events that comprise the stack. The
EPA refers to this study as the “synergy” study and it has this title
to show the interest in evaluating the potential for supra-additive
activity of combined PIPs and implication for the environmental risk
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assessment (USEPA 2009a). The term synergy has many definitions
and carries negative connotations in some fields. Therefore, the term
“greater than additive” (GTA), which is more precise and objective,
will be used here instead of “synergy.” In the toxicological literature,
a GTA interaction occurs when the combined effects of two com-
ponents are significantly greater than the sum of the effects of each
component given alone (e.g., 2 + 2 = 20; Casarett et al. 2003). Data
that are consistent with additivity (e.g., 2 + 2 = ~4) do not represent
an interaction and are commonly termed zero-interaction or no-in-
teraction (Konemann and Pieters 1996).

Test species for interaction studies should be susceptible to one
or more of the PIPs and be amenable to a laboratory bioassay. For
practical reasons, interaction studies for PIPs are usually carried out
with target pest species and it is their sensitivity to one or more of the
PIPs, not their pest status, that is important. The rationale for testing
a sensitive species is that increases in toxicity are more likely to be de-
tected. If GTA interaction is not demonstrated against a susceptible
species, and there are sufficient margins of exposure for nontarget
organisms (NTOs) for the individual PIPs, then no adverse effects to
NTOs would be expected from combining two or more PIPs (USEPA
2009a). In other words, if the PIPs in a combined-trait product show
no-interaction with a susceptible species, there are adequate margins
of safety for the individual components, and there is comparable en-
vironmental exposure for the single and the stack (i.e., comparable
expression levels in both), then the safety assessment for the stack
can be bridged back to the existing studies that support the safety
assessment for the single products. For the Cry1A.105, Cry2Ab2,
and CrylAc proteins, there is highly comparable protein expression
levels in the single and the stacks (CTNBIO 2018). This approach
of independent assessment has a long-standing application in the
field of toxicology and has been referred to as the principal of inde-
pendent assessment. (USEPA 2004, Levine et al. 2016). The Federal
Insecticide, Fungicide, and Rodenticide Act Scientific Advisory Panel
(FIFRA SAP) recommended to USEPA that for combinations of PIPs
that have been previously registered as individual events and have a
proven safety record, that GTA interaction less than 10-fold should
not trigger additional NTO testing (USEPA 2009b). The rationale
for this recommendation provides a risk-based approach to address
GTA effects in the context of an environmental risk assessment. In
addition, this approach largely reflects the need to achieve a margin
of exposure of >10 times the expected environmental concentration,
which is the margin of exposure generally required for Tier I NTO
testing and assessments (USEPA 2007, USEPA 2010). As an alterna-
tive to conducting interaction studies, NTOs can be tested with all
PIPs in combination.

This study evaluated whether combining MON 87751 and MON
87701 through conventional breeding results in GTA interaction
using the corn earworm, (Lepidoptera: Noctuidae, Helicoverpa zea).
There are two well-accepted approaches to assess additivity of two
or more components and these models are the concentration and
response addition models (Finney 1971). Response addition has his-
torically been used to assess endpoints for mixtures with different
(i.e., independent) modes of action (USEPA 1986, Green et al. 1995).
For this reason, the response addition model has been known as
the “independent action” model and the combined response simply
equals the sum of the two fractional responses minus their product
(Bliss 1939). Therefore, under the principles of the response addition
model, components present at doses or concentrations below their
no-effect levels (i.e., levels below a toxic threshold) will not con-
tribute to a joint effect, and combined effects from the mixture are
not predicted (i.e., 0 + 0 = 0; Kénemann and Pieters 1996, Borgert
2004, Price 2010, Kortenkamp and Altenburger 2012). Accordingly,

when assessment endpoints are based on no observed effects levels
(NOELSs), and exposure levels do not exceed a threshold effect level,
a finding of no-interaction can support bridging back to the conclu-
sions of the existing assessments for the individual products. Several
published Bt interaction studies have used the response addition
model to effectively test the hypothesis of no-interaction (Raybould
et al. 2010, Levine et al. 2015, Graser et al. 2017).

Concentration addition is an established model for examining
interactions between substances having a similar mode of action such
as Bt Crystal proteins (Finney 1971). A mode of action is generally
viewed as a category of mechanisms that share key features or steps
(USEPA 1986). The concentration addition model commonly gen-
erates more conservative predictions compared with the response
addition model when the dose responses are parallel (Finney 1971).
However, predictions from both models are comparable for com-
pounds that have concentration—response curves with logistic slope
parameters around 1.5 (Olmstead and Leblanc 2005). For these rea-
sons, concentration addition is the USEPA’s default model for assess-
ment of additivity (USEPA 1986, Backhaus et al. 2010). However,
both approaches have been effectively used to assess the potential for
a GTA interaction between PIPs and a comparison of the results from
the two models is presented for the assessment of potential interaction
between MON 87751 and MON 87701 (USEPA 2009¢, Levine et al.
2015, USEPA 2015b, Levine et al. 2016, Walters et al. 2018).

Materials and Methods

Experimental Design and Test Materials

Lyophilized and ground leaf tissue harvested between V6 and V7
growth stages from MON 87751, MON 87701, and MON 87751 x
MON 87701 x MON 87708 x MON 89788 plants was incorpor-
ated into an artificial lepidopteran diet over a concentration range
determined in range-finding assays. The stack that was tested in bio-
assays included herbicide-tolerance traits because they were part
of the commercial product. The bioassay was infested with newly
hatched H. zea, which is sensitive to Cry1A.105, Cry2Ab2, and
Cry1Ac proteins (USEPA 2015a). This study used lyophilized tissue
rather than the purified Bt proteins because it is an efficient way
to deliver the Bt proteins and the Bt proteins are at the ratio that
they appear in the individual and stacked products. In addition, as
part of the registration review process, registrants are required to
show that the plant-produced and microbially produced Bt proteins
are structurally and functionally equivalent. Sixteen impartially as-
signed and individually housed larvae per treatment replicate were
fed for 7 d. At assay termination, the number of surviving larvae
and their combined mass was recorded. Growth inhibition was
selected as the response variable because it is a sensitive endpoint
and shows a large dynamic range (i.e., a high level of efficacy for
growth inhibition could be observed) and was not confounded by
mortality. Overall, the assay design, analysis, and interpretation re-
flect the recommendations for toxicological interaction studies pre-
sented by Borgert et al. (2001), Levine and Borgert (2018), and the
recommendation made by a USEPA FIFRA SAP (USEPA 2009b).
Together, these criteria and recommendations reflect the consensus
of the literature on interaction analysis developed over decades of
research in pharmacology and toxicology and can be applied to data
from biologicals, drugs, pesticides, industrial chemicals, and food
additives. Briefly, these criteria require adequate characterization of
the concentration-response relationship for the individual compo-
nents and the combination, testing the components at the appro-
priate ratio(s), stating a clear no interaction hypothesis, evaluating a
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biologically relevant endpoint(s), having adequate replication within
and between assays and performing an appropriate analysis and in-
terpretation of the data.

Exposure for the singles and the stack followed a fixed-ratio or
ray-design. Helicoverpa zea larvae were exposed to seven lyophilized
leaf tissue diet concentrations with each test and control material as-
sayed concurrently. Assays for each treatment were run concurrently
and repeated three times on separate days with separate batches of
insects to address and assess interassay variability. Control tissue
was from a conventional soybean line with similar background
genetics to the singles and the stack. All test and control materials
(treatments) were grown in the same genetic background and were
all grown together under the same environmental conditions. A sum-
mary of the test and control substances is presented in Table 1.

Tissue Growth and Preparation for H. zea Bioassays
Leaf tissue was harvested from plants grown in a growth chamber.
Each plant was verified by event-specific Polymerase Chain
Reaction (PCR) assay prior to collection as confirmation of iden-
tity. Any plants that did not test as expected were disposed prior to
sampling. Leaf samples were lyophilized in a VirTis 24 x 48 GPFD
Freeze Dryer (SP Industries, Stone Ridge, NY). After one cycle (ap-
proximately 2 d), all tissue samples were removed from the freeze
dryer to obtain a baseline dry weight in the container. This pro-
cess was repeated until there was no significant difference in the
tissue sample weights (>0.05 g) when compared with the previous
freeze-drying cycle. All control and test tissue samples were assessed
for moisture content with an IR-200 Moisture Analyzer (Denver
Instrument, Denver, CO) and all tissues analyzed had a moisture
content of ranging from 12 to 14%. Lyophilized samples were pul-
verized into a fine powder and the samples were placed in a -80°C
treezer until bioassay initiation.

Bioassay Methodology

Bioassay methodology largely followed the methodology described
by Levine et al. (2016). Concentration-dependent responses for
H. zea growth inhibition with lyophilized tissue from MON 87751,
MON 87701, and MON 87751 x MON 87701 x MON 87708 x
MON 89788 were characterized in 7-d diet-incorporation bioassays.
Helicoverpa zea eggs were obtained from Benzon Research (Carlisle,
PA). Eggs were placed into covered boxes and held at a target tem-
perature of 10°C prior to incubation for hatching at 27°C. Treatment
concentrations were chosen to characterize concentration—response

Table 1. Summary of treatments for Bacillus thuringiensis (Bt)
proteins produced by MON 87751, MON 87701, MON 87751 x
MON 87701 x MON 87708 x MON 89788

Treatment™ Phenotype Expressed Bt Protein
Conventional Control Conventional None
MON 87751 Insect pro- Cry1A.105, Cry2Ab2
tected
MON 87701 Insect pro- CrylAc
tected
MON 87751 x MON Insect pro- Cry1A.105, Cry2Ab2, CrylAc
87701 x MON tected,
87708 x MON 89788 glyphosate

and dicamba
tolerant

*All test and control materials (treatments) have the same genetic back-
ground and were all grown together under the same environmental conditions.

relationships and to accurately estimate median effect values. For
treatments with MON 87751, MON 87701, or MON 87751 x
MON 87701 x MON 87708 x MON 89788, one replicate for each
concentration was tested. Test concentrations ranged from 0.16
to 10 pg tissue/ml diet with a two-fold separation factor between
concentrations. Three conventional control replicates, each con-
taining 10 pg tissue/ml diet, were included with each replicate assay.
Bioassays in our laboratory have shown that these small microgram
amounts of lyophilized soybean tissue incorporated into diet do not
have an impact on H. zea.

Treatments were prepared by mixing 5 ml of purified water with
finely ground lyophilized leaf tissue and then adding 20 ml of warm
(52°C) agar-based multispecies diet (Southland Products). Diet was
then vortex-mixed until visually homogeneous. A volume of 1.0 ml
of diet was aliquoted into individual wells of 128-well bioassay trays
(Benzon Research, Carlisle, PA) and the diet was then allowed to cool
and solidify. One newly hatched larva (<30 h from the first observed
hatching) was placed in each well. Larvae were individually and im-
partially added to each treatment in a nonsystematic manner. Once
one treatment was completed, another treatment was nonsystemati-
cally selected, and individual larvae were added to each well. Each rep-
licate contained a target number of 16 H. zea that were individually
housed and covered with a ventilated adhesive cover. At the end of the
bioassay, the total number of insects, the number of surviving insects,
and the combined insect weight of the surviving insects were recorded.

Concentration Response Modeling and Assessment

of Additivity

Concentration response modeling and median effect concentra-
tions for growth inhibition (EC ) and their associated asymptotic
95% CI were estimated with a 3-parameter logistic equation (Van
Ewijk and Hoekstra 1993). The median effect level was selected
as the measurement endpoint to compare observed and predicted
values because it is the most statistically reliable endpoint to be es-
timated from a concentration—response curve (Newman 2013). The
model was constrained to use a shared parameter for control weight
across treatments. In addition, the model was constrained to use a
shared slope parameter across treatments because there was not a
significant difference in slopes across treatments (P > 0.050). No
generally accepted procedures exist for statistically significant devi-
ations from additivity; however, many statistical methods and study
designs that address biological variability in interaction analysis
have been published (Cassee et al. 1998). For this analysis, antag-
onism (less than additivity) would be concluded if the upper bound
of the 95% CI for the observed median effect level was less than
the predicted median effect level using the concentration addition
model. A GTA interaction would be concluded if the lower bound
of the 95% CI for the observed median effect level was greater than
the predicted median effect level using the concentration addition
model. Additivity would be concluded if the predicted median effect
level was captured within the 95% CI of the observed median effect
level (Lewis and Perry 1981, Tabashnik 1992, Jonker et al. 2012,
Levine et al. 2016) or within the 95% CI bounding the isobole
(Borgert et al. 2005). The isobole method is based on concentration
addition and is carried out by constructing a graph with the axes of
the graph representing doses of the two substances on a linear scale
(Loewe and Muischnek 1926, Berenbaum 1985). A line joining the
iso-effective doses for the single events predicts the combinations
that will yield the same effect, provided the interaction is additive.
For this analysis, the iso-effective dose that was selected was the
median effect concentration.
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For the concentration addition model, predicted EC, values
were calculated as follows: 1/predicted EC, = ma/EC, a + nb/EC b,
where g and 7tb are the proportions of the two single trait products,
a=MON 87751 and b = MON 87701 in the combined trait product
MON 87751 x MON 87701 x MON 87708 x MON 89788. For
MON 87751 and MON 87701, mta and ntb are equal to one be-
cause they are both expressed in the combined trait product and
expression is comparable for the singles and combined trait product
(Finney 1971). Combined responses for MON 87751 and MON
87701 under the response addition model were calculated for each
treatment level following the formula for multiplicative responses
(Finney 1971): P, =1 - (1 = P, errst) (1 = Pyonernor)s Where P
equals the predicted response of the stack based on the responses
of the individual events. Predicted and observed concentration re-
sponses were fit with the 3-parameter logistic regression to estimate
EC,, values and their associated asymptotic 95% CI. Predicted and
observed EC values based on responses for the stack were com-

stack

pared as described for the concentration addition model.

Results and Discussion

Combining PIPs in GE soybeans has become an important strategy
to delay potential insect resistance and improve the spectrum of con-
trolled pests. Recently, DAS-8149-2 which produces the Cry1F and
Cry1Ac proteins to control lepidopteran pests in soybean was recently
commercialized (USEPA 2014, Marques et al. 2018). Monsanto has
also recently developed a multiple PIP soybean product to control
lepidopteran pests in soybean by combining events MON 87751 and
MON 87701 through conventional breeding. This combined trait
product was bred with MON 87708 that confers dicamba tolerance
and MON 89788 that confers glyphosate tolerance. Many regula-
tory authorities require interaction studies to evaluate the potential
for an interaction between PIPs in stacked products that could affect
a human or environmental risk assessment. To support global stack
registrations for MON 87751 x MON 87701 x MON 87708 x
MON 89788, a PIP toxicological interaction study was conducted
using a sensitive insect bioassay. This study tested the null hypoth-
esis of no interaction between the insecticidal activity expressed by
MON 87751 and MON 87701.

The design of interaction studies is a subject that has received
a lot of attention in the literature and recommendations have been
made on how to implement economical study designs (Cassee et al.
1998). The experimental design of interaction studies can vary based
on activity and specificity of the substances as well as the organism
tested and endpoint measured. The design used in this study for as-
sessing potential interactions is the fixed-ratio design or ray design.
With this design, the concentration—response for each substance was
characterized along with the concentration-response for the com-
bination as expressed in the stack. The fixed-ratio design also pro-
vided a good visual interpretation of the results and lends itself to an
easy analysis of deviations from additivity. An assessment of a poten-
tial interaction for fixed-ratio design studies is commonly based on
constructing a 95% confidence interval (CI) around the fitted effect
of the response and then analyzing whether the predicted effect is
captured by the CI (Tabashnik 1992, Jonker et al. 2012, Levine et al.
2016). The advantage of this design and approach is that it considers
the uncertainty in the prediction.

Helicoverpa zea demonstrated concentration-dependent growth
inhibition after 7 d of feeding on leaf tissue derived from MON
87751, MON 87701, and MON 87751 x MON 87701 x MON
87708 x MON 89788 incorporated into an artificial diet (Fig. 1).
Mortality in the control and treatment groups was low with no

single replicate exceeding 6 and 20%, respectively. EC values were
estimated to be 1.6 pg tissue/ml diet and 1.9 pg tissue/ml for MON
87751 and MON 87701, respectively (Table 2). The observed EC;
value for the stack was 0.86 pg tissue/ml diet (Table 2), with the

A.

N a N
e o9

0

0 13 2.6 5.0 10
ug Tissue/mL Diet

a N
o O
1 1

O

N
(3,
1

0

0 1.3 2.6 5 10
p1g Tissue/mL Diet

N O N
a o O
L L L

0

0 1.3 2.6 5.0 10
ng Tissue/mL Diet

Fig. 1. Concentration responses for corn earworm (Lepidoptera: Noctuidae,
Helicoverpa zea) growth inhibition after 7-d feeding on leaf tissue derived
from (A) MON 87751, (B) MON 88701, and (C) MON 87751 x MON 87701 x
MON 87708 x MON 89788 incorporated into an artificial diet. Addition of EC,;
values for MON 87751 and MON 88701 were consistent with predicted EC,
values using the concentration addition model and concentration responses
for MON 87751 x MON 87701 x MON 87708 x MON 89788 were comparable.
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Table 2. Estimated 7-d soybean podworm (Helicoverpa zea) EC, values and 95% confidence intervals (Cl) for MON 87751, MON 87701,
and MON 87751 x MON 87701 x MON 87708 x MON 89788 and the predicted EC, value for MON 87751 x MON 87701 x MON 87708 x MON

89788 using the concentration addition model

Treatment EC,, value 95% CI Predicted EC, % Deviation for
(pg tissue/ml diet)* value (pg tissue/ predicted EC, value
ml diet)"
MON 87751 1.9 1.4-2.4
MON 87701 1.6 1.2-2.1
MON 87751 x MON 87701 0.86 0.64-1.1 0.88" 2.3%

x MON 87708 x MON 89788

*Slopes were not significantly different across the treatments (P > 0.05); therefore, a shared logistic slope of 1.0 was used for joint concentration response

modeling.

"The 95% CI for the predicted EC;, value was estimated to be 0.67-1.1 ng tissue/ml using the Delta method.

3

Dose MON 87751 (ug/mL diet)

Dose MON 87701 (ng/mL diet)

Fig. 2. The line joining the EC,, values for MON 87751 and MON 88017
shows similar predicted and observed 50% effect levels for the combined
activity of MON 87751 and MON 88017 against corn earworm (Lepidoptera:
Noctuidae, Helicoverpa zea) under the assumption of additivity. The dotted
lines represent the 95% confidence interval for the isobole for MON 87751
and MON 88017.The observed activity is represented by a square (M) and the
bar indicates the 95% confidence interval.

stacked product demonstrating an approximate two-fold increase in
activity over the single events. A formal assessment of additivity for
MON 87751 and MON 87701 in the stack was performed with
the concentration and response addition models. Under the con-
centration addition model, the predicted EC, value for the stack of
0.88 pg tissue/ml diet, which is captured within the 95% CI (0.64
to 1.1 pg tissue/ml diet) for the predicted EC, value (Table 2). The
difference between the observed and predicted EC, values for the
stack was only 2%.

The small difference between predicted and observed activity
has been further illustrated with an isobologram (Fig. 2). An isobo-
logram shows concentration ratios that give constant biological
activity and assist in a visual assessment of potential deviations
from additive activity. Historically, isobolograms for median “50™
centile” effect levels have been used to graphically illustrate poten-
tial deviations from the line of additivity. However, a confidence
interval bounding the line of additivity is rarely included with

isobolograms and these intervals can be used to illustrate the un-
certainty around predictions of combined additivity. Borgert et al.
(2005) proposed that this interval should be routinely added to
isobolograms to help evaluate whether combined activity was con-
sistent with additivity. An isobologram with a 95% CI bounding
the line of additivity for the median 50™ centiles for MON 87751
and MON 87701 was included to provide a visual assessment of
potential deviations from additivity. The isobologram shows that
the observed EC, value is well within the confidence intervals of
the EC, values for the individual events. Each of these compari-
sons, based on the concentration addition model, demonstrates no
interaction (i.e., additivity) between the PIPs produced by MON
87751 and MON 87701.

The predicted activity for the stack with the response add-
ition model is highly comparable with the predicted activity for
the stack with the concentration addition model (Tables 2 and 3).
Concentration—responses for each single and observed and predicted
responses for the stack are illustrated in Supp Fig. 1 (online only).
The predicted EC,; value under the response addition model of
1.1 pg tissue/ml diet is captured within the 95% CI for the observed
EC,, value for the stack (0.79 to 1.4 ng tissue/ml diet), demonstrat-
ing that the combined response to MON 87751 and MON 87701
is consistent with additivity (Table 3). Comparable predictions for
median effect levels from both additivity models is not unexpected
and a slightly more conservative prediction of combined activity
under the concentration addition model is also not unexpected
since this model commonly provides more conservative predictions
(Finney 1971). Nonetheless, both models support the hypothesis of
no interaction. Since both models differed by less than 10% between
predicted and observed median effect values, either approach was
acceptable for assessing deviations from additivity for the stack.

The conclusion that the combined activity of MON 87751 and
MON 87701 on a sensitive insect species is consistent with additivity
agrees with several studies that evaluated subcombinations of the Bt
proteins produced by MON 87751 and MON 87701. Previously, the
potential for interaction with Cry1A.105 and Cry2Ab2 proteins was
evaluated as part of the registration of MON 89034 maize and ac-
tivity was shown to be additive with H. zea and the European corn
borer (Lepidoptera: Crambidae, Ostrinia nubilalis) using mortality and
development stage as endpoints (USEPA 2009¢). Similarly, the com-
bined activity of CrylAc and Cry2Ab2 protein has been shown to be
additive with H. zea (Greenplate et al. 2003). Furthermore, Luo et al.
(2007) showed with reciprocal binding tests with brush border mem-
brane vesicles from Helicoverpa armigera (Lepidoptera: Noctuidae)
that Cry2Ab could not displace CrylAc. Hernandez-Rodriguez
et al. (2008) confirmed the results of these earlier studies with two
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Table 3. Estimated 7-d soybean podworm (Helicoverpa zea) EC, values and 95% confidence intervals (Cl) for MON 87751, MON 87701,
and MON 87751 x MON 87701 x MON 87708 x MON 89788 and the predicted EC, value for MON 87751 x MON 87701 x MON 87708 x MON

89788 using the response addition model

Treatment EC,, value 95% CI Predicted EC % Deviation for
(pg tissue/ml value (pg tissue/ml diet) predicted
diet)™” EC,, value
MON 87751 1.9 1.3-4.4
MON 87701 1.9 1.6-2.3
MON 87751 x MON 87701 1.1 0.79-1.4 1.2F 9%

x MON 87708 x MON 89788

*Slopes were not significantly different across the treatments (P > 0.05); therefore, a shared slope of ~1.4 was used for joint concentration response modeling.
"The 95% CI for the predicted EC,, value was estimated is 0.9-1.6 pg tissue/ml diet.

Heliothine species by demonstrating that Cry2Ab does not compete
for binding sites with Cry1Ac. In contrast to these competition binding
studies, Ibargutxi et al. (2008) reported a 3-fold lower median effect
concentration for the combined activity of Cry1Ac and Cry2Ab with
Helicoverpa armigera but only at a Cry1Ac:Cry2Ab2 ratio of 1:4 but
did not observe this difference at the other tested ratios of 1:1 and 4:1.
No mechanistic information was provided by Ibargutxi et al. (2008)
to understand the basis for the reported difference in predicted and
observed activity. This result is inconsistent with Luo et al. (2007) and
Hernandez-Rodriguez et al. (2008), which as previously discussed,
showed with reciprocal binding tests with brush border membrane
vesicles from Helicoverpa armigera that Cry2Ab could not compete
Cry1Ac. Furthermore, high heterogeneity in larval weights was ob-
served for Cry2Ab2 in Ibargutxi et al. (2008), which could have con-
founded the assay. It was also not clear from the paper whether assays
with the individual proteins and the different combinations were tested
in in head-to-head assays. This is important because potency estimates
(i.e., LC, values) are not biological constants (Casarett et al. 2003).
Recently, Belden and Brain (2018) concluded that difference between
predicted and observed values that are less than five-fold are not in-
dicative of a GTA interaction and this five-fold criterion is consistent
with guidance from the European Food Protection Agency (EFSA) that
considers a less than five-fold difference not indicative of a significant
interaction (EFSA 2013). This five-fold criterion was re-emphasized in
EFSA’s recent draft guidance on mixtures testing and assessment for
microbial and biological pesticides (EFSA 2018). As previously men-
tioned, the USEPA considers differences between predicted and ob-
served values of <10-fold not be impactful to a risk assessment for the
combined trait product (USEPA 2009a).

It was argued by De Schrijver et al. (2015) that potential inter-
actions between combinations of Bt proteins with overlapping spe-
cificity are difficult to predict. However, it has been well established
in the scientific literature that GTA interactions are exceptionally
rare (Syberg et al. 2009, NRC 2013, Cedergreen 2014). In EPA’s re-
view of Bt Cry protein interaction studies, that have been submitted
to support combined trait insecticidal products, no combinations
of Cry proteins demonstrated significant GTA interactions (USEPA
2009a). In 2012, a committee formed under the National Academy
of Sciences to address uncertainties in the assessment of pesticide
mixtures recommended that regulatory agencies only consider GTA
interactions quantitatively when the best available scientific evidence
supports the evaluation (NRC 2013). In other words, in the absence
of any data that would support the hypothesis for a GTA interaction,
the effects analysis should proceed under the assumption of no-in-
teraction. Therefore, interaction studies for PIPs are generally viewed
by the USEPA as data that inform a bridging assessment from the
single events to stacked products.

Previously, the environmental safety of MON 87751 and MON
87701 has been evaluated (USEPA 2010, USEPA 2015a). For MON
87751 and MON 87701, it was concluded that adverse effects to
NTOs, including birds, wild mammals, freshwater and marine/estu-
arine fish and invertebrates, nontarget insects, honey bees, soil inver-
tebrates, and terrestrial and aquatic plants, are not anticipated. This
assessment was primarily based on results from laboratory studies
where large margins of exposure were established between no ef-
fect levels for nontarget organisms and predicted environmental ex-
posure levels (USEPA 2010, USEPA 2015a). Based on these results
from studies on NTOs, and information on habitat requirements
for threatened and endangered, the USEPA made a “no effect” de-
termination for direct and indirect effects to threatened and endan-
gered species and their habitats from cultivation of MON 87751 and
MON 87701 and by extension a combined trait product with MON
87751 and MON 87701.

Conclusions

The results from bioassays with H. zea demonstrate that the com-
bined activity of MON 87751 and MON 87701 is consistent with
additivity. Overall, there was good agreement with predicted and
observed median effect levels for the stack under both the con-
centration and response addition models. It is generally under-
stood that exposed organisms are not susceptible to combined
effects when exposure concentrations for components with dif-
ferent mechanisms of action do not exceed their no effect levels
(Price 2010, Kortenkamp and Altenburger 2012). The NTO as-
sessments for MON 87751 and MON 87701 were based on no
observed effects levels (NOELs) and there were sufficient margins
of safety (i.e., 210-fold) between the NOELs and field exposure
levels making the chance of additive effects at field-relevant ex-
posures unlikely. These margins of safety reflect the high taxo-
nomic specificity of the Bt proteins produced by MON 87751 and
MON 87701 for lepidopterans (Widner and Whiteley 1989, Van
Rie et al. 1990). Therefore, a finding of no interaction, and no un-
reasonable adverse effects to NTOs at exposure levels that exceed
field exposure levels, provides a mechanism to bridge back to the
independent assessments for the individual products that demon-
strate the environmental safety of MON 87751 and MON 87701
(USEPA 2009a, Levine et al. 2016).

Supplementary Data

Supplementary data are available at Environmental Entomology
online.

Downloaded From: https://complete.bioone.org/journals/Environmental-Entomology on 01 May 2024

Terms of Use: https://complete.bioone.org/terms-of-use



Environmental Entomology, 2019, Vol. 48, No. 5

1247

Conflict of Interest

S.L.L., J.M.E, J.P.U. are employees of Bayer Crop Science, a developer of
pest control technology and manufacturer of pest control products. We con-
firm that the manuscript has been read and approved by all named authors
and that there are no other persons who satisfied the criteria for authorship
but are not listed. We further confirm that the order of authors listed in the
manuscript has been approved by all of us. We confirm that we have given
due consideration to the protection of intellectual property associated with
this work and that there are no impediments to publication, including the
timing of publication, with respect to intellectual property. In so doing, we
confirm that we have followed the regulations of our institutions concerning
intellectual property.

Acknowledgments

We would like to thank Debbie Mahadeo, Luis Burzio, and Anil Gowda for
their review of this paper prior to submission.

Authors’ Contributions

J-MLE and J.P.U. were responsible for data curation and review and editing.

S.L.L. was responsible for data analysis and manuscript preparation.

References Cited

Backhaus, T., H. Blanck, and M. Faust. 2010. Hazard and risk assessment of
chemical mixtures under REACH: state of the art, gaps and options for
improvement. Swedish Chemicals Directorate. 3/10: 1-75. https://www.
semanticscholar.org/paper/Hazard-and-Risk-Assessment-of-Chemical-
Mixtures-of-Backhaus-Blanck/9d930009¢295f978e003bcd6c96ca262ffc
ead45

Belden, J. B., and R. A. Brain. 2018. Incorporating the joint toxicity of co-ap-
plied pesticides into the ecological risk assessment process. Integr. Environ.
Assess. Manag. 14: 79-91.

Berenbaum, M. C. 1985. The expected effect of a combination of agents: the
general solution. Adv Cancer Res. 35: 269-335.

Bliss, C. I. 1939. The toxicity of poisons applied jointly. Ann. Appl. Biol. 26:
585-615.

Borgert, C. J. 2004. Chemical mixtures: an unsolvable riddle? Hum Ecol Risk
Assess. 10: 619-629.

Borgert, C. J., B. Price, C. S. Wells, and G. S. Simon. 2001. Evaluating chem-
ical interactions studies for mixture assessment. Hum Ecol Risk Assess.
7:259-306.

Borgert, C. ]., S. A. Borgert, and K. C. Findley. 2005. Synergism, antagonism,
or additivity of dietary supplements: application of theory to case studies.
Thromb. Res. 117: 123-32; discussion 145.

Casarett, L. J., C. D. Klaassen, and J. B. Watkins. 2003. Chapter 1, page 25.
Casarett and Doull’s Essentials of Toxicology. McGraw-Hill/Medical Pub.
Div, New York.

Cassee, FE. R., J. P. Groten, P. J. van Bladeren, and V. J. Feron. 1998.
Toxicological evaluation and risk assessment of chemical mixtures. Crit.
Rev. Toxicol. 28: 73-101.

Cedergreen, N. 2014. Quantifying synergy: a systematic review of mixture
toxicity studies within environmental toxicology. Plos One. 9: €96580.
CTNBIO. 2018. Parecer Técnico n° 5832 - 2018. http://ctn-
bio.mcti.gov.br/liberacao-comercial/-/document_library_dis-
play/SqhWdohU4BvU/view/22437627_110_INSTANCE_
SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.
br%2Fliberacao-comercial %2F-%2Fdocument_library_display %2FSqh-
WdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_
SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.
gov.br%252Fliberacao-comercial %253Bjsessionid %253D64681E798B-
DDO0C0867FDODS599D3CE329.rima%253Fp_p_id%253D110_
INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_
state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_

id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/
consultar-processo

De Schrijver, A., P. De Clercq, R. A. de Maagd, and K. van Frankenhuyzen.
2015. Relevance of Bt toxin interaction studies for environmental risk as-
sessment of genetically modified crops. Plant Biotechnol. J. 13: 1221-1223.

European Food Safety Authority (EFSA). 2013. Scientific Opinion. Guidance on
tiered risk assessment for plant protection products for aquatic organisms
in edge-of-field surface waters. EFSA Panel on Plant Protection Products
and their Residues (PPR)2,3 EFSA, Parma, Italy. EFSA J. 11(7): 3290.

European Food Safety Authority (EFSA). 2018. Draft guidance on harmonised
methodologies for human health, animal health and ecological risk assess-
ment of combined exposure to multiple chemicals. EFSA J. Last accessed 17
September 2018. https://www.efsa.europa.eu/en/consultations/call/180626-0

Finney, D. J. 1971. Quantal responses to mixtures. Pages 230-268 in Probit
Analysis. Third Edition. Cambridge University Press, Cambridge, United
Kingdom.

Graser, G., Walters F. S., Burns, A., Sauve, A., and A. Raybould. 2017. General
approach to test for interaction among mixtures of insecticidal proteins
which target different orders of insect pests. J Insect Sci. 1: 17(2).

Green, J. M., J. E. Jensen, and J. C. Streibig. 1995. Models to assess joint ac-
tion of pesticide mixtures. Aspects Appl Bio. 41: 61-68.

Greenplate, J. T., J. W. Mullins, S. R. Penn, A. Dahm, B. J. Reich, J. A. Osborn,
P. R. Rahn, L. Ruschke, and Z. W. Shappley. 2003. Partial characterization
of cotton plants expressing two toxin proteins from Bacillus thuringiensis:
relative toxin contribution, toxin interaction, and resistance management.
Appl Entomol. 127: 340-347.

Head, G. P, and J. Greenplate. 2012. The design and implementation of in-
sect resistance management programs for Bt crops. GM Crops Food. 3:
144-153.

Hernandez-Rodriguez, C. S., A. Van Vliet, N. Bautsoens, J. Van Rie, and
J. Ferré. 2008. Specific binding of Bacillus thuringiensis Cry2A insecticidal
proteins to a common site in the midgut of Helicoverpa species. Appl.
Environ. Microbiol. 74: 7654-7659.

Ibargutxi, M. A., D. Muno, I. R. de Escudero, and P. Caballero. 2008.
Interactions between Cry1Ac, Cry2Ab, and Cry1Fa Bacillus thuringiensis
toxins in the cotton pests Helicoverpa armigara (Hubner) and Earias insu-
lana (Boisduval). Bio. Control. 47: 89-96

ISAAA. 2018. International service for the acquisition of agri-biotech appli-
cations — GM approval database. https://www.isaaa.org/gmapprovaldata-
base/default.asp. Last accessed 15 March 2018.

Jonker E., A. Gerhardt, T. Backhaus, C. A. M. van Gestel. 2012. Test de-
sign, mixture characterization, and data evaluation, pp. 121-156. In:
CAM van Gestel, M]J Jonker, JE Kammenga, R Laskowski and C Svendsen
(eds.), Mixture toxicity: linking approaches from ecological and human
toxicology, Chapter 4. CRC Press, Boca Raton, FL.

Koénemann, W. H., and M. N. Pieters. 1996. Confusion of concepts in mixture
toxicology. Food Chem. Toxicol. 34: 1025-1031.

Kortenkamp A., and R. Altenburger. 2012. Toxicity of combined exposure to
chemicals, pp. 95-119 (Chapter 3). In: C. A. M. van Gestel, M. J. Jonker,
J. E. Kammenga, R. Laskowski, C. Svendsen, (eds.), Mixture toxicity: link-
ing approaches from ecological and human toxicology. CRC Press, Boca
Raton, FL.

Levine, S. L., and C. ]J. Borgert. 2018. Review and recommendations on cri-
teria to evaluate the relevance of pesticide interaction data for ecological
risk assessments. Chemosphere. 209: 124-136.

Levine, S. L., J. Tan, G. M. Mueller, P. M. Bachman, P. D. Jensen, and
J. P. Uffman. 2015. Independent action between DvSnf7 RNA and
Cry3Bb1 protein in southern corn rootworm, Diabrotica undecimpunc-
tata howardi and Colorado potato beetle, Leptinotarsa decemlineata. Plos
One. 10: e0118622.

Levine, S. L., G. M. Mueller, and J. P. Uffman. 2016. Assessing the poten-
tial for interaction between Bt proteins produced by genetically engin-
eered cotton: an example with COT102 x MON 15985. Regul. Toxicol.
Pharmacol. 79: 35-41.

Lewis M. A., and R. L. Perry. 1981. Acute toxicities of equimolar and equi-
toxic surfactant mixtures in Daphnia magna and Lepomis machrochirus.
Aquatic Toxicology and Hazard Assessment: Fourth conference, ASTM

Downloaded From: https://complete.bioone.org/journals/Environmental-Entomology on 01 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use


https://www.semanticscholar.org/paper/Hazard-and-Risk-Assessment-of-Chemical-Mixtures-of-Backhaus-Blanck/9d930009c295f978e003bcd6c96ca262ffcead45﻿
https://www.semanticscholar.org/paper/Hazard-and-Risk-Assessment-of-Chemical-Mixtures-of-Backhaus-Blanck/9d930009c295f978e003bcd6c96ca262ffcead45﻿
https://www.semanticscholar.org/paper/Hazard-and-Risk-Assessment-of-Chemical-Mixtures-of-Backhaus-Blanck/9d930009c295f978e003bcd6c96ca262ffcead45﻿
https://www.semanticscholar.org/paper/Hazard-and-Risk-Assessment-of-Chemical-Mixtures-of-Backhaus-Blanck/9d930009c295f978e003bcd6c96ca262ffcead45﻿
http://ctnbio.mcti.gov.br/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/2243762?_110_INSTANCE_SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.br%2Fliberacao-comercial%2F-%2Fdocument_library_display%2FSqhWdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.gov.br%252Fliberacao-comercial%253Bjsessionid%253D64681E798BDD0C0867FD0D599D3CE329.rima%253Fp_p_id%253D110_INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/consultar-processo
http://ctnbio.mcti.gov.br/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/2243762?_110_INSTANCE_SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.br%2Fliberacao-comercial%2F-%2Fdocument_library_display%2FSqhWdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.gov.br%252Fliberacao-comercial%253Bjsessionid%253D64681E798BDD0C0867FD0D599D3CE329.rima%253Fp_p_id%253D110_INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/consultar-processo
http://ctnbio.mcti.gov.br/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/2243762?_110_INSTANCE_SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.br%2Fliberacao-comercial%2F-%2Fdocument_library_display%2FSqhWdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.gov.br%252Fliberacao-comercial%253Bjsessionid%253D64681E798BDD0C0867FD0D599D3CE329.rima%253Fp_p_id%253D110_INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/consultar-processo
http://ctnbio.mcti.gov.br/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/2243762?_110_INSTANCE_SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.br%2Fliberacao-comercial%2F-%2Fdocument_library_display%2FSqhWdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.gov.br%252Fliberacao-comercial%253Bjsessionid%253D64681E798BDD0C0867FD0D599D3CE329.rima%253Fp_p_id%253D110_INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/consultar-processo
http://ctnbio.mcti.gov.br/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/2243762?_110_INSTANCE_SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.br%2Fliberacao-comercial%2F-%2Fdocument_library_display%2FSqhWdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.gov.br%252Fliberacao-comercial%253Bjsessionid%253D64681E798BDD0C0867FD0D599D3CE329.rima%253Fp_p_id%253D110_INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/consultar-processo
http://ctnbio.mcti.gov.br/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/2243762?_110_INSTANCE_SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.br%2Fliberacao-comercial%2F-%2Fdocument_library_display%2FSqhWdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.gov.br%252Fliberacao-comercial%253Bjsessionid%253D64681E798BDD0C0867FD0D599D3CE329.rima%253Fp_p_id%253D110_INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/consultar-processo
http://ctnbio.mcti.gov.br/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/2243762?_110_INSTANCE_SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.br%2Fliberacao-comercial%2F-%2Fdocument_library_display%2FSqhWdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.gov.br%252Fliberacao-comercial%253Bjsessionid%253D64681E798BDD0C0867FD0D599D3CE329.rima%253Fp_p_id%253D110_INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/consultar-processo
http://ctnbio.mcti.gov.br/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/2243762?_110_INSTANCE_SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.br%2Fliberacao-comercial%2F-%2Fdocument_library_display%2FSqhWdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.gov.br%252Fliberacao-comercial%253Bjsessionid%253D64681E798BDD0C0867FD0D599D3CE329.rima%253Fp_p_id%253D110_INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/consultar-processo
http://ctnbio.mcti.gov.br/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/2243762?_110_INSTANCE_SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.br%2Fliberacao-comercial%2F-%2Fdocument_library_display%2FSqhWdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.gov.br%252Fliberacao-comercial%253Bjsessionid%253D64681E798BDD0C0867FD0D599D3CE329.rima%253Fp_p_id%253D110_INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/consultar-processo
http://ctnbio.mcti.gov.br/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/2243762?_110_INSTANCE_SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.br%2Fliberacao-comercial%2F-%2Fdocument_library_display%2FSqhWdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.gov.br%252Fliberacao-comercial%253Bjsessionid%253D64681E798BDD0C0867FD0D599D3CE329.rima%253Fp_p_id%253D110_INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/consultar-processo
http://ctnbio.mcti.gov.br/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/2243762?_110_INSTANCE_SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.br%2Fliberacao-comercial%2F-%2Fdocument_library_display%2FSqhWdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.gov.br%252Fliberacao-comercial%253Bjsessionid%253D64681E798BDD0C0867FD0D599D3CE329.rima%253Fp_p_id%253D110_INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/consultar-processo
http://ctnbio.mcti.gov.br/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/2243762?_110_INSTANCE_SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.br%2Fliberacao-comercial%2F-%2Fdocument_library_display%2FSqhWdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.gov.br%252Fliberacao-comercial%253Bjsessionid%253D64681E798BDD0C0867FD0D599D3CE329.rima%253Fp_p_id%253D110_INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/consultar-processo
http://ctnbio.mcti.gov.br/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/2243762?_110_INSTANCE_SqhWdohU4BvU_redirect=http%3A%2F%2Fctnbio.mcti.gov.br%2Fliberacao-comercial%2F-%2Fdocument_library_display%2FSqhWdohU4BvU%2Fview%2F678023%3F_110_INSTANCE_SqhWdohU4BvU_redirect%3Dhttp%253A%252F%252Fctnbio.mcti.gov.br%252Fliberacao-comercial%253Bjsessionid%253D64681E798BDD0C0867FD0D599D3CE329.rima%253Fp_p_id%253D110_INSTANCE_SqhWdohU4BvU%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%2526p_p_col_id%253Dcolumn-2%2526p_p_col_count%253D3#/liberacao-comercial/consultar-processo
https://www.efsa.europa.eu/en/consultations/call/180626-0
https://www.isaaa.org/gmapprovaldatabase/default.asp
https://www.isaaa.org/gmapprovaldatabase/default.asp

1248

Environmental Entomology, 2019, Vol. 48, No. 5

STP 737. DR Branson and KI Dickson, (eds.), American Society of Testing
Materials, West Conshohocken, PA. pp. 402-418.

Loewe, S., and H. Muischnek. 1926. Effect of combinations: mathematical
basis of problem. N-S. Arch. Ex. Path. Ph. 114: 313-326.

Luo, S., K. Wu, Y. Tian, G. Liang, X. Feng, J. Zhang, and Y. Guo. 2007. Cross-
resistance studies of CrylAc-resistant strains of Helicoverpa armigera
(Lepidoptera: Noctuidae) to Cry2Ab. J. Econ. Entomol. 100: 909-915.

Marques, L. H., A. C. Santos, B. A. Castro, N. P. Storer, J. M. Babcock,
M. D. Lepping, V. Sa, V. F. Moscardini, D. M. Rule, and O. A. Fernandes.
2018. Impact of transgenic soybean expressing CrylAc and Cry1F pro-
teins on the non-target arthropod community associated with soybean in
Brazil. Plos One. 13: e0191567.

National Research Council (NRC) Report. 2013. Assessing Risks to
Endangered and Threatened Species from Pesticides. http://www.nap.edu/
catalog.php?record_id=18344. Last accessed 28 May 2019.

Newman, M. C. 2013. Quantitative Ecotoxicology. Chapter 4. Second Edition.
CRC Press, Boca Raton, FL.

National Research Council (NRC). 2013. Assessing Risks to Endangered
and Threatened Species from Pesticides. http:/www.nap.edu/catalog.
phperecord_id=18344. Last accessed 29 May 2019.

Olmstead, A. W., and G. A. LeBlanc. 2005. Toxicity assessment of envir-
onmentally relevant pollutant mixtures using a heuristic model. Integr.
Environ. Assess. Manag. 1: 114-122.

Price P. 2010. Synergy: a risk management perspective, pp. 371-388. In:
Principles and practice of mixtures toxicology, M. Mumtaz, (ed.), Wiley-
VCH, Weinheim.

Raybould, A., G. Graser, K. Hill and K. Ward. 2010. Ecological risk assess-
ments for transgenic crops with combined insect-resistance traits: the ex-
ample of Bt11 x MIR604 maize. ] Appl Entomol. 19: 595-609.

Syberg, K., T. S. Jensen, N. Cedergreen, and J. Rank. 2009. On the use of mix-
ture toxicity assessment in REACH and the Water Framework Directive: a
review. Hum. Ecol Risk Assess. 15: 1257-1272

Tabashnik, B. E. 1992. Evaluation of synergism among Bacillus thuringiensis
toxins. Appl. Environ. Microbiol. 58: 3343-3346.

USEPA. 1986. Guidelines for the health risk assessment of chemical mixtures.
Federal Register 51: 34014-34025.

USEPA. 2004. FIFRA SAP Report titled: Product Characterization, Human Health
Risk, Ecological Risk, And Insect Resistance Management For Bt Cotton
Products. http://www.epa.gov/scipoly/sap/meetings/2004/060804_mtg.htm

USEPA. 2007. White paper on tier-based testing for the effects of protein-
aceous insecticidal plant-incorporated protectants on non-target artho-
pods for regulatory risk assessments. U.S. Environmental Protection
Agency, Biotechnology Regulatory Services and Biopesticides and Pollution
Prevention Division, Washington, D.C. Last accessed 28 May 2019. http://
www.epa.gov/oppbppd1/biopesticides/pips/non-target-arthropods.pdf.

USEPA. 2009a. Position Paper on Scientific Issues Associated with the
Data Required to Register Plant-Incorporated Protectants. Submitted
to the FIFRA Scientific Advisory Panel For Review and Comment;
Regulatory Public Docket EPA-HQ-OPP-2008-0835; Office of Pesticide

Programs.  http://www.regulations.gov/#!documentDetail; D=EPA-HQ-
OPP-2008-0835-0003.

USEPA. 2009b. Transmittal of Meeting Minutes of the FIFRA Scientific Advisory
Panel Meeting Held February 25-26,2009 on the Data Required to Register
Plant-Incorporated Protectants; SAP Minutes No. 2009-04. http://www.epa.
gov/scipoly/sap/meetings/2009/february/022526finalreport.pdf

USEPA. 2009c. Biopesticide registration action document. Bacillus thuringien-
sis Cry1A.105 and Cry2ADb2 insecticidal proteins and the genetic material
necessary for their production in corn. PC Codes: 006515 and 006514.
U.S. Environmental Protection Agency, Washington, D.C.

USEPA. 2010. Biopesticides Registration Action Document (BRAD).
Bacillus thuringiensis CrylAc Protein and the Genetic Material (Vector
PV-GMIRY) Necessary for its production in MON 87701 (OECD Unique
Identifier: MON 87701-2) Soybean [PC Code 006532]. https:/www3.
epa.gov/pesticides/chem_search/reg_actions/pip/bt-crylac-protien.pdf.

USEPA. 2014. Biopesticides Registration Action Document (BRAD). Bacillus
thuringiensis Cryl1Ac Protein and the Genetic Material Necessary for its
Production [PC Code 006527] and Bacillus thuringiensis Cry1F Protein
and the Genetic Material Necessary for its Production [PC Code 006528]
Last accessed January 2018. https://www.regulations.gov/document?D=E
PA-HQ-OPP-2013-0703-0003.

USEPA. 2015a. Biopesticides registration action document. Bacillus
Thuringiensis CrylA.105 and Cry2Ab2 Proteins and the Genetic
Material (Vector PV-GMIR13196) Necessary For Their Production in
MON 87751 (OECD Unique ID. MON-87751-7) Soybean [PC Code
006614 and PC Code 006527]. U.S. Environmental Protection Agency,
Washington, D.C.

USEPA. 2015b. Biopesticides registration action document: Bacillus thuring-
iensis eCry3.1Ab insecticidal protein and the genetic material necessary
for its production (via elements of vector PSYN12274) in 5307 Corn
(SYN-5307-1) PC Code: 016483. U.S. Environmental Protection Agency,
Washington, D.C.

USEPA. 2016. Notice of pesticide registration and pesticide product label. Last
accessed 28 May 2019. https://www3.epa.gov/pesticides/chem_search/
ppls/000524-00627-20160406.pdf

Van Ewijk, P. H., and ]J. A. Hoekstra. 1993. Calculation of the EC50 and
its confidence interval when subtoxic stimulus is present. Ecotoxicol.
Environ. Saf. 25: 25-32.

Van Rie, J., S. Jansens, H. Hofte, D. Degheele, and H. Van Mellaert. 1990.
Receptors on the brush border membrane of the insect midgut as deter-
minants of the specificity of Bacillus thuringiensis delta-endotoxins. Appl.
Environ. Microbiol. 56: 1378-1385.

Walters, F. S., G. Graser, A. Burns, and A. Raybould. 2018. When the Whole
is Not Greater than the Sum of the Parts: A Critical Review of Laboratory
Bioassay Effects Testing for Insecticidal Protein Interactions. Environ.
Entomol. 47: 484-497.

Widner, W. R., and H. R. Whiteley. 1989. Two highly related insecticidal
crystal proteins of Bacillus thuringiensis subsp. kurstaki possess different
host range specificities. J. Bacteriol. 171: 965-974.

Downloaded From: https://complete.bioone.org/journals/Environmental-Entomology on 01 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use


http://www.nap.edu/catalog.php?record_id=18344
http://www.nap.edu/catalog.php?record_id=18344
http://www.nap.edu/catalog.php?record_id=18344
http://www.nap.edu/catalog.php?record_id=18344
http://www.epa.gov/scipoly/sap/meetings/2004/060804_mtg.htm
http://www.epa.gov/oppbppd1/biopesticides/pips/non-target-arthropods.pdf
http://www.epa.gov/oppbppd1/biopesticides/pips/non-target-arthropods.pdf
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2008-0835-0003
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2008-0835-0003
http://www.epa.gov/scipoly/sap/meetings/2009/february/022526finalreport.pdf
http://www.epa.gov/scipoly/sap/meetings/2009/february/022526finalreport.pdf
https://www3.epa.gov/pesticides/chem_search/reg_actions/pip/bt-cry1ac-protien.pdf﻿
https://www3.epa.gov/pesticides/chem_search/reg_actions/pip/bt-cry1ac-protien.pdf﻿
https://www.regulations.gov/document?D=EPA-HQ-OPP-2013-0703-0003
https://www.regulations.gov/document?D=EPA-HQ-OPP-2013-0703-0003
https://www3.epa.gov/pesticides/chem_search/ppls/000524-00627-20160406.pdf
https://www3.epa.gov/pesticides/chem_search/ppls/000524-00627-20160406.pdf

Environmental Entomology, 48(6), 2019, 1511

doi: 10.1093/ee/nvz108

Advance Access Publication Date: 26 September 2019
Corrigendum
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Produced by Conventional Breeding

Correction of “Steven, L. L., M.E Jennifer, and P.U. Johua. 2019.
Assessing the Potential for Interaction in Insecticidal Activity
Between MON 87751 x MON 87701 Produced by Conventional
Breeding. Environ. Entomol.”

Doi: 10.1093/ee/nvz082

This article incorrectly displayed an author name online. The
author’s correct name is Joshua P. Uffman. This has been corrected
online and in print. The authors regret this error.

© The Authors 2019. Published by Oxford University Press on behalf of Entomological Society of America.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), 1511
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Downloaded From: https://complete.bioone.org/journals/Environmental-Entomology on 01 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



	1
	nvz108

