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ABSTRACT
Event DP-Ø23211-2 (hereafter referred to as DP23211) maize expresses the DvSSJ1 double-stranded 
RNA (DvSSJ1 dsRNA) and the IPD072Aa protein, encoded by the ipd072Aa gene. DvSSJ1 dsRNA and 
the IPD072Aa protein each provide control of corn rootworms (Diabrotica spp.) when expressed in 
plants. As part of the environmental risk assessment (ERA), the potential hazard to non-target 
organisms (NTOs) exposed to the DvSSJ1 dsRNA and the IPD072Aa protein expressed in DP23211 
maize was assessed. Worst-case estimated environmental concentrations (EECs) for different NTO 
functional groups (pollinators and pollen feeders, soil dwelling detritivores, predators and para
sitoids, aquatic detritivores, insectivorous birds, and wild mammals) were calculated using worst- 
case assumptions. Several factors that reduce exposure to NTOs under more realistic environmental 
conditions were applied, when needed to provide more environmentally relevant EECs. Laboratory 
bioassays were conducted to assess the activity of DvSSJ1 dsRNA or the IPD072Aa protein against 
selected surrogate species, and margins of exposure (MOEs) were calculated by comparing the Tier 
I hazard study results to worst-case or refined EECs. Based on specificity and MOE values, DvSSJ1 
dsRNA and the IPD072Aa protein expressed in DP23211 maize are not expected to be harmful to 
NTO populations at environmentally relevant concentrations.
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Introduction

Western corn rootworm (WCR; Diabrotica virgi
fera virgifera LeConte) is an insect pest of maize 
(Zea mays L.) that causes widespread economic 
damage and substantial crop loss. Resistance has 
developed in WCR populations to cultural con
trol methods (crop rotation), some chemical 
insecticides, and some crystalline (cry) proteins 
derived from Bacillus thuringiensis (Bt) that are 
expressed in genetically modified (GM) maize.1–3 

This presents a challenge for producers to suc
cessfully reduce crop injury by this agricultural 
pest. New in-planta modes of action against 
WCR are being developed4–8 to support 
a diverse management approach for controlling 
this difficult insect pest.

Event DP-Ø23211-2 (hereafter referred to as 
DP23211 maize) provides two new modes of action 
to control of corn rootworms (Diabrotica spp.) via 
expression of a DvSSJ1 double-stranded RNA 
(DvSSJ1 dsRNA) and the IPD072Aa protein.9 An 

environmental risk assessment was conducted, 
which considered among other things, the potential 
risks of the DvSSJ1 dsRNA and the IPD072Aa 
protein on non-target organisms (NTOs). The risk 
assessment framework described by the U.S. 
Environmental Protection Agency10 was employed 
and has been used for decades to assess GM crops 
derived from Bacillus thuringiensis (Bt). It is robust 
and suitable for assessing plants expressing non-Bt 
proteins11 and dsRNA.5,12

Problem formulation was used to guide the 
exposure and hazard assessments,13–16 and hypoth
eses for potential harm to NTO functional groups 
that provide beneficial ecosystem services were 
developed. The mode of action and the specificity 
of the gene products were considered to help focus 
the exposure and hazard assessment.6,17,18 The 
DvSSJ1 dsRNA is targeted to match a portion of 
the smooth septate junction protein 1 (dvssj1) gene 
from WCR. Smooth septate junctions (SSJs) are 
unique to invertebrate cells and are not found in 
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vertebrates. When DvSSJ1 dsRNA in DP23211 
maize is ingested by WCR, RNA interference 
(RNAi) down-regulates expression of the DvSSJ1 
protein in the midgut, which disrupts the integrity 
of the SSJ, resulting in WCR mortality.7,8 The 
DvSSJ1 dsRNA has been shown to be highly speci
fic, with activity limited to Coleoptera within the 
genus Diabrotica (Boeckman et al., in preparation). 
The IPD072Aa protein is encoded by the ipd072 
gene, which was derived from Pseudomonas chlor
oraphis, a soil bacterium with a history of safe use in 
agricultural applications.11 The IPD072Aa protein 
disrupts the midgut epithelial cell lining in WCR, 
resulting in mortality.19 Based on spectrum-of- 
activity testing, the insecticidal activity of the 
IPD072Aa protein is limited to the order 
Coleoptera.6

Relevant routes of exposure of the DvSSJ1 
dsRNA and the IPD072Aa protein in DP23211 
maize to different functional groups (pollinators 
and pollen feeders, soil dwelling detritivores, pre
dators and parasitoids, aquatic detritivores, insecti
vorous birds, and wild mammals) were considered. 
Worst-case assumptions regarding exposure (e.g., 
maximum observed concentrations of the DvSSJ1 
dsRNA and the IPD072Aa protein in relevant 
DP23211 maize tissues) were used to determine 
worst-case estimated environmental concentra
tions (EECs). Refined EECs were calculated using 
more realistic assumptions when there was an 
interest in understanding more environmentally 
relevant exposures. Laboratory bioassays were con
ducted to assess the activity of the DvSSJ1 dsRNA 
and the IPD072Aa protein against selected surro
gate species.15,20 Margins of exposure (MOEs) were 
calculated by comparing these Tier I hazard study 
results to the worst-case or refined EECs. The MOE 
values were interpreted to assess potential risks 
associated with the cultivation of DP23211 maize 
to NTO populations.

Methods

DvSSJ1 dsRNA and IPD072Aa Protein Expression: 
As described previously,21 DP23211 maize was 
planted during the 2018 growing season at eleven 
sites in the United States (including one site in 
Indiana, Minnesota, Nebraska, and Pennsylvania; 
two sites in Illinois and Texas; and three sites in 

Iowa), and one site in Ontario, Canada. Sites were 
selected to represent commercial maize growing 
regions of North America. Normal agronomic 
practices (irrigation, fertilization, herbicide and 
pesticide applications, etc.) were applied as needed 
and were applied uniformly to each entire trial area. 
Throughout the season, tissue samples were col
lected from DP23211 maize plants grown at six of 
these sites. QuantiGene analysis and a quantitative 
enzyme linked immunosorbent assay (ELISA) were 
used (as described in Supplemental Information) to 
determine the DvSSJ1 dsRNA and the IPD072Aa 
protein concentrations, respectively.

Exposure Assessment

Pollinators and Pollen Feeders: For pollinators and 
pollen feeders, where the route of exposure is via 
consumption of DP23211 maize pollen, a worst- 
case scenario for exposure was assumed, based on 
consumption of only DP23211 maize pollen and 
maximum observed concentrations of DvSSJ1 
dsRNA and the IPD072Aa protein in the pollen 
(2.02 × 10−3 ng DvSSJ1 dsRNA/mg and 1.3 ng 
IPD072Aa/mg dry weight; Table 1). 
Representative pollinators and pollen feeders con
sidered in the exposure assessment included honey 
bee (larvae and adults), pollen-feeding non-target 
lepidopterans, and pollen-feeding coccinellids 
(Table 2). Honey bee larvae were assumed to con
sume 2 mg of maize pollen during larval develop
ment [22 Table 2]. Honey bee adults were assumed 
to consume 4.3 mg of maize pollen per day [23 

Table 2].
Soil dwelling detritivores: For soil dwelling detri

tivores, the route of exposure to the DvSSJ1 dsRNA 
and the IPD072Aa protein is via consumption of 
senescent DP23211 maize tissues that are deposited 
or incorporated into the soil (Table 2). The worst- 
case EEC for soil-dwelling organisms was calcu
lated using the maximum concentration of the 
DvSSJ1 dsRNA and the IPD072Aa protein in senes
cent (R6) whole plant tissue (2.99 × 10−2 ng/mg and 
24 ng/mg, respectively; Table 1).

Aquatic detritivores: For aquatic detritivores, the 
route of exposure to the DvSSJ1 dsRNA and the 
IPD072Aa protein is via exposure to DP23211 
maize tissues that enter water (Table 2). The worst- 
case EEC for aquatic detritivores was estimated 
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using the EPA standard agricultural field-farm 
pond model. Worst-case assumptions were applied 
to the model, as reported previously.24 Briefly, all of 
the above-ground maize tissue from a 10-hectare 
(ha) field was assumed to be deposited in a 1-ha 
pond (2 m deep; equivalent to 20,000,000 L of 
water); maize planting density was assumed to be 
75,000 plants/ha; and one maize plant was assumed 
to weigh 0.3 kg (dry weight). The mean concentra
tion of the DvSSJ1 dsRNA and the IPD072Aa pro
tein concentration in whole plant tissues was 
determined to be highest at the R1 growth stage 
for DvSSJ1 dsRNA (2.19 × 10−2 ng/mg; Table 1) 
and at the R6 growth stage for IPD072Aa protein 
(11 ng/mg; Table 1); therefore, these concentrations 
were used to calculate the worst-case EECs. Mean 
concentrations were considered in this case because 
all of the maize tissue from the entire 10-ha field 
was assumed to enter the water.

Herbivores: Most insects that consume maize 
tissue directly are considered agricultural pests; 
however, some beneficial non-target organisms 
may consume maize tissues [for example, 

coccinellids;25 Table 2]. For the worst-case EEC, 
we assumed that an herbivore was exposed to the 
highest maximum concentration from any above- 
ground plant tissue and from any growth stage 
(0.113 ng DvSSJ1 dsRNA/mg from R4 leaf and 39 
ng IPD072Aa protein/mg from V9 leaf; Table 1). 
For a refined EEC, we assumed that an herbivore 
was exposed to the highest mean concentration 
from any above-ground plant tissue and from any 
growth stage (0.0646 ng DvSSJ1 dsRNA/mg from 
R4 leaf and 16 ng IPD072Aa protein/mg from R1 
leaf; Table 1).

Predators, Parasitoids, and Insectivorous Birds: 
For insect predators or parasitoids, the route of 
exposure to the DvSSJ1 dsRNA and the IPD072Aa 
protein is via consumption of insect prey that has 
previously consumed tissue from a DP23211 maize 
plant (Table 2). Similar to predatory insects, some 
wild birds may consume insect prey that has con
sumed DP23211 maize tissue (Table 2). For the 
worst-case EECs for predators, parasitoids, and 
insectivorous birds we assumed that there was no 
degradation of the DvSSJ1 dsRNA or the IPD072Aa 

Table 1. Concentration (dry weight) of the DvSSJ1 dsRNA and the IPD072Aa Protein DP23211 Maize Tissues

Tissue 
(Growth Stage)

ng DvSSJ1 dsRNA/mg ng IPD072Aa Protein/mg

Mean Maximum Standard Deviation Mean Maximum Standard Deviation

Root (V6) 5.13 × 
10−2

9.44 × 10−2 2.08 × 10−2 25 60 25

Root (V9) 3.74 × 
10−2

8.70 × 10−2 1.48 × 10−2 19 84 19

Root (R1) 2.91 × 
10−2

5.85 × 10−2 1.00 × 10−2 21 51 21

Root (R4) 1.84 × 
10−2

3.56 × 10−2 6.69 × 10−3 24 42 24

Root (R6) 1.15 × 
10−2

3.57 × 10−2 8.31 × 10−3 31 72 31

Leaf (V9) 5.92 × 
10−2

9.85 × 10−2 1.34 × 10−2 13 39 13

Leaf (R1) 4.97 × 
10−2

9.67 × 10−2 1.79 × 10−2 16 33 16

Leaf (R4) 6.46 × 
10−2

1.13 × 10−1 2.32 × 10−2 10 15 10

Leaf (R6) 1.32 × 
10−2

3.31 × 10−2 1.05 × 10−2 1.6 10 1.6a

Pollen (R1) 9.87 × 
10−4

2.02 × 10−3 3.09 × 10−4 0.65 1.3 0.65

Forage (R4) 1.90 × 
10−2

5.65 × 10−2 1.07 × 10−2 16 28 16

Whole Plant (R1) 2.19 × 
10−2

3.59 × 10−2 5.10 × 10−3 7.9 14 7.9

Whole Plant (R6) 1.08 × 
10−2

2.99 × 10−2 5.40 × 10−3 11 24 11

Grain (R6) 4.13 × 
10−3

1.09 × 10−2 2.36 × 10−3 2.1 4.8 2.1

Mean and/or maximum values determined to be relevant for the exposure assessment are highlighted in bold text. 
aSome, but not all, sample results were below the LLOQ. A value equal to half the LLOQ value was assigned to those samples to calculate the mean and standard 

deviation.
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Table 2. Worst-case and Refined Estimated Environmental Concentrations (EEC) for Functional Groups of Non-Target Organisms 
Exposed to DvSSJ1 dsRNA and the IPD072Aa Protein from DP23211 Maize

Functional 
Groups Route of Exposure

Assumptions Worst-case and Refined EEC

Worst-case Refined DvSSJ1 dsRNA
IPD072Aa 

Protein

Pollinators 
and Pollen 
Feeders

Consumption of 
DP23211 maize 
pollen

Honeybee larvae 
Consume 2 mg of pollen during larval 
development1 

Exposed to the maximum pollen 
concentration

No refinement to worst-case EEC 
considered

Worst-case EEC 
= 4.04 × 
10−3 ng/ 
larvae 
Refined EEC 
= NA2

Worst-case 
EEC = 2.6 
ng/larvae 
Refined EEC 
= NA

Honeybee adults 
Consume 4.3 mg of pollen per day1 

Exposed to the maximum pollen 
concentration

No refinement to worst-case EEC 
considered

Worst-case EEC 
= 8.69 × 
10−3 ng/bee 
Refined EEC 
= NA

Worst-case 
EEC = 5.59 
ng/bee 
Refined EEC 
= NA

Non-target Lepidoptera 
Exposed to the maximum pollen 
concentration

No refinement to worst-case EEC 
considered

Worst-case EEC 
= 2.02 × 
10−3 ng/mg 
Refined EEC 
= NA

Worst-case 
EEC = 1.3 
ng/mg 
Refined EEC 
= NA

Pollen feeding coccinellids 
Exposed to the maximum pollen 
concentration

No refinement to worst-case EEC 
considered

Worst-case EEC 
= 2.02 × 
10−3 ng/mg 
Refined EEC 
= NA

Worst-case 
EEC = 1.3 
ng/mg 
Refined EEC 
= NA

Soil-Dwelling 
Detritivores

Consumption of 
senescent 
DP23211 maize 
tissue

Exposed to the maximum concentration 
in senescent (R6) whole plant tissue

No refinement to worst-case EEC 
considered

Worst-case EEC 
= 2.99 × 
10−2 ng/mg 
Refined EEC 
= NA

Worst-case 
EEC = 24 
ng/mg 
Refined EEC 
= NA

Aquatic 
Detritivores

Consumption of 
DP23211 maize 
tissue

EPA standard pond model 3 

Exposed to the highest mean whole 
plant concentration across any 
growth stage

No refinement to worst-case EEC 
considered

Worst-case EEC 
= 2.46 × 
10−4 mg/ml 
Refined EEC 
= NA

Worst-case 
EEC = 
0.124 mg/ 
ml 
Refined EEC 
= NA

Herbivores Consumption of 
DP23211 maize 
tissue

Herbivorous Coccinellids 
Exposed to the maximum 
concentration in above-ground tissue 
(highest expressing tissue across the 
growing season)

Consume mean concentration in above- 
ground tissue (highest mean 
concentration across the growing 
season)

Worst-case EEC 
= 0.113 ng/ 
mg 
Refined EEC 
= 0.0646 
ng/mg

Worst-case 
EEC = 39 
ng/mg 
Refined EEC 
= 16 ng/mg

Predators and 
Parasitoids

Consumption of prey 
that has 
consumed 
DP23211 maize 
tissue

Prey consumes the maximum 
concentration in above-ground tissue 
(highest expressing tissue across the 
growing season) 
No degradation of the dsRNA or 
protein in prey.

Prey consume the mean concentration 
in above-ground tissue (highest 
mean concentration across the 
growing season) 
No degradation of the dsRNA or 
protein in prey.

Worst-case EEC 
= 0.113 ng/ 
mg 
Refined EEC 
= 0.0646 
ng/mg

Worst-case 
EEC = 39 
ng/mg 
Refined EEC 
= 16 ng/mg

Insectivorous 
Birds

Consumption of prey 
that has 
consumed 
DP23211 maize 
tissue

Prey consumes the maximum 
concentration in above-ground tissue 
(highest expressing tissue across the 
growing season) 
No degradation of the dsRNA or 
protein in prey.

Prey consume the mean concentration 
in above-ground tissue (highest 
mean concentration across the 
growing season) 
No degradation of the dsRNA or 
protein in prey.

Worst-case EEC 
= 0.113 ng/ 
mg 
Refined EEC 
= 0.0646 
ng/mg

Worst-case 
EEC = 39 
ng/mg 
Refined EEC 
= 16 ng/mg

Granivorous 
Mammals

Consumption of 
DP23211 maize 
grain

DDD 4 = FIR/BW * C 
Exposed to the maximum 
concentration in grain (R6). 
73% of diet consists of maize grain

No refinement to worst-case EEC 
considered

.Worst-case 
EEC = 
0.0026 mg/ 
kg body 
weight 
Refined EEC 
= NA

Worst-case 
EEC = 
1.156 mg/ 
kg body 
weight 
Refined EEC 
= NA

1Babendreier et al., 2004; Crailsheim et al., 1992. 
2NA; No refinement to worst-case EEC considered. 
3as described previously (Carstens et al., 2016). All of the above ground maize tissue from a 10-hectare (ha) field was assumed to be deposited in a 1-ha pond (2 

meters deep; equivalent to 20,000,000 L of water); maize planting density was assumed to be 75,000 plants/ha (equivalent to 750,000 plants); and one maize 
plant was assumed to weigh 0.3 kg (dry weight; which is equivalent to 225,000 kg of maize tissue). 

4DDD = FIR/BW * Concentration (Crocker et al., 2002; Raybould et al., 2007); the worst-case FIR/BW ratio for seed-eating rodents is 0.33 for the harvest mouse 
(Micromys minutus) (Raybould et al., 2007). 73% of the mammal’s diet consists of maize grain (Raybould et al., 2007).
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protein in prey, and 100% of the DvSSJ1 dsRNA or 
the IPD072Aa protein was transferred from 
DP23211 maize tissue to prey and then on to the 
predator, parasitoid, or insectivorous bird. Because 
the EEC for predators, parasitoids, or insectivorous 
birds does not factor any loss of the DvSSJ1 dsRNA 
or the IPD072Aa protein during tri-trophic trans
fer, the worst-case and refined EECs for predators 
or predator, parasitoid, or insectivorous bird are 
the same as the worst-case and refined EECs for 
herbivores that consume the DP23211 maize tissue 
directly (Table 2).

Granivorous Mammals: For granivorous mam
mals, the route of exposure to the DvSSJ1 dsRNA 
and the IPD072Aa protein is via consumption of 
DP23211 maize grain (Table 2). For the worst-case 
EEC, we used the maximum concentration of the 
DvSSJ1 dsRNA and the IPD072Aa protein in 
DP23211 grain (1.09 × 10−2 ng/mg and 4.8 ng/mg, 
respectively; Table 1) and assumed that 73% of the 
diet contained maize grain.26 A daily dietary dose 
(DDD) for wild rodents accounts for food intake 
rate (FIR) and body weight (BW) and was calcu
lated using the approach previously described by 
26,27 and The worst-case FIR/BW ratio for seed- 
eating rodents previously determined for the har
vest mouse (Micromys minutus26) was used to cal
culate the worst-case EECs (Table 2).

Hazard Assessment

All hazard studies were conducted in compliance 
with Good Laboratory Practice regulations as pro
vided in EPA 40 CFR part 160.28 For IPD072Aa 
protein bioassays, the IPD072Aa protein was 
expressed in E. coli, lyophilized, and characterized 
as described previously.6 For DvSSJ1 dsRNA 
bioassays, an RNA oligonucleotide DvSSJ1_210 
dsRNA was produced by Genolution Inc. (Seoul, 
Korea) using a proprietary method. The equiva
lence between the plant expressed and E. coli pro
duced IPD072Aa protein was established. 
Similarly, the equivalence between the plant 
expressed DvSSJ1 dsRNA and the DvSSJ1_210 
dsRNA was confirmed (see supplemental materials 
for further description of both test substances). 
DvSSJ1 dsRNA and IPD072Aa bioassays were con
ducted in separate experiments, based on the lack 
of biologically meaningful synergism observed in 

an organism sensitive to both DvSSJ1 dsRNA and 
IPD072Aa protein. To assess for synergism 
between the two actives, median lethal concentra
tions were first established using multiple 14-d 
bioassays with each active alone (not shown). 
Subsequently, three additional 14-d bioassays 
were conducted using mixtures of the two actives 
at each respective LC10, LC20, LC30, LC40 and LC50 
concentrations. Additional treatments included 
a negative control and each active alone at the 
established LC50 value to serve as a control to 
understand the consistency of performance of 
multiple batches of WCR. The independent 
model of combined action29 was used to estimate 
the potency of the mixtures. The independent 
action model is appropriate to assess the combined 
potency given the different modes of action 
between DvSSJ1 dsRNA and IPD072Aa30,31; 
however,32have suggested the independent model 
of combined action may underestimate toxicity of 
mixtures (and therefore falsely conclude mixtures 
are acting synergistically) perhaps due to general
ized physiological effects within organisms 
exposed to combinations of stressors. Table 3 

Table 3. Results of Mixture Testing with Western Corn Rootworm 
Fed DvSSJ1 DsRNA and IPD072Aa Protein

Treatment Bioassay

Corrected 
Mortality 

(%)

Estimated 
% Mortality 

(95% 
Confidence 

Interval)

Model 
Predicted 
Mortality 

(%)

Model 
Predicted 
Mortality 

(%) 
Assuming 

2-fold 
Synergism

Negative 
Control 
Diet

1 0 0 - -
2 0
3 0

LC50 of  
IPD072Aa

1 30.4 47.3 (34.3 – 
60.7)

- -
2 51.9
3 65.5

LC50 of 
DvSSJ1

1 50.4 58.2 (45.0 – 
70.3)

- -
2 79.3
3 34.0

LC10 of each 
active

1 13.0 20.5 (11.9 – 
33.0)

19 51.5
2 25.0
3 23.0

LC20 of each 
active

1 30.4 38.0 (26.2 – 
51.4)

36 73.5
2 53.6
3 22.3

LC30 of each 
active

1 54.9 71.3 (58.6 – 
81.4)

51 84.9
2 83.3
3 71.6

LC40 of each 
active

1 76.6 80.7 (68.1 – 
89.1)

64 91.3
2 86.7
3 75.0

LC50 of each 
active

1 100 100 75 95.1
2 100
3 100
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shows the observed mortality of WCR associated 
with each bioassay and each treatment. Mortality 
in each bioassay was first corrected for the natural 
mortality observed in the negative control. 
A generalized linear model assuming a binomial 
distribution and a logit link function was used to 
fit the adjusted mortality data as responding to the 
treatment. Mortality percentages for each treat
ment across the three bioassays were then esti
mated with 95% confidence intervals. The 95% 
confidence intervals for mortality associated with 
each of the individual actives alone at the pre
viously estimated LC50 included 50% mortality 
indicating the performance of WCR used to assess 
for synergism between the two actives was suffi
ciently similar to the previous bioassays used to 
estimate the LC50 values. As shown in Table 3, 
observed WCR mortality with mixtures of the 
two actives at the LC10 and LC20 was consistent 
with the predicted mortality from the independent 
model of combined action. Observed mortality of 
WCR at the LC30, LC40 and LC50 mixtures 
exceeded the model predicted mortality. Based 
on regulatory guidance documents a five-fold 
increase in potency was considered as a threshold 
beyond which additional work would be necessary 
to further characterize the potency of the com
bined mixtures.31 As several treatments were 
showing greater than model predicted mortality, 
the independent model of combined activity was 
again used to derive hypothetically expected mor
tality of a mixture acting synergistically at a two- 
fold level (Table 3). Given all mixtures except the 
combination of actives at the LC50s (where 100% 
mortality was observed) are showing potency less 
than a two-fold level and given the independent 
model of combined activity may underestimate 
potency of mixtures, the threshold for additional 
mixture characterization was not met and there
fore hazard studies conducted with the individual 
test substances are informative for the risk 
assessment.

In all bioassays, the DvSSJ1 dsRNA or IPD072Aa 
protein concentrations in diets were characterized 
to confirm stability, homogeneity in diet, and con
centration. Depending on the bioassay, fresh diet 
was prepared and replaced daily, every 3–4 d, or as 
needed to maintain the DvSSJ1 dsRNA or the 
IPD072Aa protein above 70% of the target 

concentration. Appropriate positive controls were 
included with each study to verify exposure of each 
organism to the DvSSJ1 dsRNA or the IPD072Aa 
protein in the diet. A negative control, consisting of 
diet without either the DvSSJ1 dsRNA or the 
IPD072Aa protein, was included to assess bioassay 
performance. In general, acceptability criteria 
required ≤20% mortality in the negative control 
over a 7-d duration for IPD072Aa or 14-d duration 
for DvSSJ1 dsRNA, and at least 80% mortality in 
the positive control. To demonstrate the bioactivity 
of the DvSSJ1 dsRNA or the IPD072Aa protein in 
diet, a portion of the diet fed to each surrogate 
species was incorporated into diet and fed to WCR.

Surrogate species were selected based on the 
exposure assessment, understanding of the speci
ficity of DvSSJ1 dsRNA or the IPD072Aa protein, 
[6 Boeckman et al., in preparation], as well as 
practical considerations (e.g., availability of 
laboratory-reared insects and established, repro
ducible, and robust methods). Surrogate species 
assessed included Apis mellifera (honey bee larvae 
and adults), Folsomia candida (springtail), 
Chrysoperla rufilabris (green lacewing), 
Coleomegilla maculata (pink spotted lady beetle), 
Hippodamia convergens (convergent ladybird bee
tle), Dalotia coriaria (rove beetle), Pediobius foveo
latus (parasitic hymenoptera), Colinus virginianus 
(Northern bobwhite quail), and Mus musculus 
(mouse), which represent functional groups of 
pollinators and pollen feeders, soil-dwelling detri
tivores, predators and parasitoids, insectivorous 
birds, and granivorous mammals (Tables 4 and 
Tables 5). Insect bioassays were conducted in 
small environmental chambers, with temperatures 
ranging from 21°C to 30°C depending on the 
insect of interest. The light regime was maintained 
at either continuously dark or with a 16 L:8D 
photoperiod, and relative humidity was generally 
maintained above 65%. Most of the bioassays were 
initiated with neonates, less than 24-h old unless 
otherwise noted (Tables 4 and Tables 5).

Honey bee larvae: Honey bee larvae (Apis melli
fera) were exposed to diet containing 4 ng DvSSJ1 
dsRNA/larvae (Table 4). In a separate study, 
honey bee larvae were exposed to diet containing 
IPD072Aa protein (100 and 200 ng IPD072Aa 
protein/larvae; Table 5). Bioassays were 22-d in 
duration and followed OECD Guidance 
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Table 4. Early Tier Laboratory Study Results and Margins of Exposure (MOEs) for the DvSSJ1 dsRNA on Representative Non-Target 
Organisms

Species 
(Common 

Name)
Duration of Study and 

Concentration Endpoints Assessed Results 1 Margin of Exposure (MOE) 2

Pollinators 
and Pollen 
Feeders

Apis mellifera 
(Honeybee 
larvae)

22-d: Diet containing 
4.0 ng DvSSJ1 
dsRNA/larvae

Larval survival, pupal 
survival, adult 
emergence, or adult 
weight at emergence

No adverse effects on larval 
survival, pupal survival, adult 
emergence, or adult weight 
at emergence. 
The survival NOED is 4.0 ng 
DvSSJ1 dsRNA/larvae

MOE = 990X based on a worst-case 
EEC.

Apis mellifera 
(Honeybee 
adults)

14-d: Diet containing 
a mean daily dose of 
26 ng DvSSJ1 
dsRNA/bee/day

Survival, adult weight No adverse effects on survival 
or adult weight were 
observed. 
The survival NOEDD is 26 ng 
DvSSJ1 dsRNA/bee/day

MOE = 2,993X based on a worst- 
case EEC.

Non-target 
lepidopterans

Tier I hazard studies on non-target lepidopterans were not conducted based on 
negligible potential for exposure and lack of effects of DvSSJ1 dsRNA observed on 
Lepidoptera as part of the spectrum of activity assessment (Boeckman et al., 
submitted). 
The LC50 of the DvSSJ1 dsRNA for the most sensitive target pest (D. virgifera 
virgifera) is 0.036 ng DvSSJ1 dsRNA/mg (Boeckman et al., in preparation)

MOE = 18X (based on a worst-case 
EEC for non-target Lepidoptera 
and the LC50 of D. virgifera 
virgifera).

Pollen feeding 
coccinellids

Coleomegilla maculata and Hippodamia convergens bioassays were conducted (see 
details of Tier 1 hazard studies summarized in the predator and parasitoid 
functional group). The predator and parasitoid route of exposure was determined 
to be higher than the Pollinators and Pollen Feeders route of exposure for non- 
target coccinellids. 
The LC50 of the DvSSJ1 dsRNA for the most sensitive target pest (D. virgifera 
virgifera) is 0.036 ng DvSSJ1 dsRNA/mg (Boeckman et al., in preparation), which 
was used to estimate the MOE for pollen feeding coccinellids.

MOE = 18X (based on a worst-case 
EEC for pollen feeding 
coccinellids and the LC50 of 
D. virgifera virgifera).

Soil-Dwelling 
Detritivores

Folsomia 
candida 
(Springtail)

28-d: Diet containing 1 
ng DvSSJ1 dsRNA/ 
mg diet

Survival, reproduction No adverse effect on survival or 
reproduction were observed. 
The survival NOEC is 1 ng 
DvSSJ1 dsRNA/mg diet

MOE = 33X based on a worst-case 
EEC.

Aquatic 
Detritivores

Aquatic 
detritivores

Tier I hazard studies on non-target aquatic organisms for the IPD072Aa protein were 
not conducted based on negligible potential for exposure. 
The LC50 of the DvSSJ1 dsRNA for the most sensitive target pest (D. virgifera 
virgifera) is 0.036 ng DvSSJ1 dsRNA/mg (Boeckman et al., submitted), which was 
used to estimate the MOE for non-target aquatic organisms.

MOE = 146X (based on a worst- 
case EEC for non-target aquatic 
organisms and the LC50 of 
D. virgifera virgifera).

Predators and 
Parasitoids

Chrysoperla 
rufilabris 
(Green 
lacewing)

21-d: 1 ng DvSSJ1 
dsRNA/mg

Survival, pupation No adverse effects on survival 
or pupation were observed 
The survival NOEC is 1 ng 
DvSSJ1 dsRNA/mg diet

MOE = 9X based on a worst-case 
EEC and 15X based on a refined 
EEC.

Coleomegilla 
maculata 
(Pink spotted 
lady beetle)

28-d: 1 ng DvSSJ1 
dsRNA/mg

Survival, weight, days to 
adult emergence

No adverse effects on survival, 
weight, or number of days to 
adult emergence were 
observed. 
The survival NOEC is 1 ng 
DvSSJ1 dsRNA/mg diet

MOE = 9X based on a worst-case 
EEC and 15X based on a refined 
EEC.

Hippodamia 
convergens 
(Convergent 
ladybird 
beetle)

28-d: 1 ng DvSSJ1 
dsRNA/mg

Survival, weight, days to 
adult emergence

No adverse effects on survival, 
weight, or number of days to 
adult emergence were 
observed. 
The survival NOEC is 1 ng 
DvSSJ1 dsRNA/mg diet

MOE = 9X based on a worst-case 
EEC and 15X based on a refined 
EEC.

Dalotia coriari 
(Rove beetle)

14-d: 1 ng DvSSJ1 
dsRNA/mg

Survival No adverse effects on survival 
were observed. 
The survival NOEC is 1 ng 
DvSSJ1 dsRNA/mg diet

MOE = 9X based on a worst-case 
EEC and 15X based on a refined 
EEC.

Pediobius 
foveolatus 
(parasitic 
hymenoptera)

7-d: 1 µg DvSSJ1 
dsRNA/ml

Survival No adverse effect on survival 
were observed. 
The survival NOEC is 1 µg 
DvSSJ1 dsRNA/ml

MOE = 9X based on a worst-case 
EEC and 15X based on a refined 
EEC.

Insectivorous 
Birds

Colinus 
virginianus 
(Northern 
bobwhite 
quail)

14-d: 105 mg DvSSJ1 
dsRNA/kg body 
weight

Mortality, body weight, 
abnormal behavior, 
signs of toxicity

No adverse effects on survival, 
weight, abnormal behavior 
or signs of toxicity were 
observed. 
The NOEL and the LD50 are 
>105 mg DvSSJ1 dsRNA/kg 
body weight

MOE = 929X based on a worst-case 
EEC and 1,625X based on 
a refined EEC.

Granivorous 
Mammals

Mus musculus 
(Mouse)

Based on the low potential for exposure to non-target granivorous mammals, Tier I hazard assessment was not 
conducted for the DvSSJ1 dsRNA. There are barriers to uptake of dsRNA that likely limit exposure of mammals to the 
DvSSJ1 dsRNA

1Note: median lethal concentration (LD50), no observed effect concentration (NOEC), no observed effect dose (NOED), or no observed effect dietary-dose 
(NOEDD) 

2All MOEs are rounded to the nearest whole number and are calculated based on tissue dry weight (DW). The dry weight concentrations are considered high 
estimates, since in reality NTOs would be exposed to levels comparable to fresh weight levels (US-EPA, 2017). Insect bioassays may be reported based on wet 
weight or dry weight concentrations.
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Document No. 239. In each study, there were 36 
replicates per treatment, and freshly prepared diet 
containing one of the following treatments 
(DvSSJ1 dsRNA or the IPD072Aa protein treat
ments, negative control, or positive control, which 
consisted of dimethoate, a known honey bee tox
icant) was provided on four occasions prior to 
pupation. The endpoints that were assessed 
included larval and pupal survival, adult emer
gence, and adult weight at emergence.

Honey bee adults: Honey bee adults (Apis melli
fera; ≤2-d old emerged) were exposed to diet con
taining a mean daily dose of 26 ng DvSSJ1 dsRNA/ 
bee/day for 14 d (Table 4). In a separate study, 
honey bee adults were exposed to diet containing 
a mean daily dose of 1,300 ng IPD072Aa protein/ 
bee/day for 10 d (Table 5). Bioassays followed 
OECD Guidance Document No. 245. In each 
study, there were 30 replicates per treatment, and 
freshly prepared diet containing one of the follow
ing treatments (DvSSJ1 dsRNA or the IPD072Aa 
protein, negative control, or the positive control 
dimethoate) was provided daily. The endpoints 
that were assessed included survival and adult 
weight.

Springtail (Folsomia candida) adults were 
exposed to diet containing 1 ng DvSSJ1 
dsRNA/mg diet for 28 d (Table 4). In a separate 
study, springtail adults were exposed to diet 
containing 500 ng IPD072Aa protein/mg diet 
for 28 d (Table 5). Springtail were housed in 
small wide-mouth glass jars (8 replicate jars con
taining a target of 10 individuals each) and were 
provided freshly prepared diet containing one of 
the following treatments (DvSSJ1 dsRNA or the 
IPD072Aa protein, negative control, or positive 
control, which consisted of teflubenzuron) daily. 
The endpoints that were assessed included sur
vival and reproduction.

Green lacewing (Chrysoperla rufilabris) neonates 
were exposed to diet containing 1 ng DvSSJ1 
dsRNA/mg diet for 21 d (Table 4). In a separate 
study, green lacewing neonates were exposed to 
diet containing 500 ng IPD072Aa per mg diet for 
21 d (Table 5). Green lacewings were housed in 
30 mL plastic cups (40 replicates per treatment) 
and were provided freshly prepared diet containing 
one of the following treatments (DvSSJ1 dsRNA or 
the IPD072Aa protein, negative control, or positive 

control, which consisted of cryolite) daily. The end
points that were assessed included survival and 
pupation.

Spotted lady beetle (Coleomegilla maculata) neo
nates were exposed to a diet containing 1 ng DvSSJ1 
dsRNA/mg diet (Table 4). In a separate study, 
C. maculata larvae were exposed to diets containing 
100, 500, or 1000 ng IPD072Aa protein/mg diet 
(Table 5). The study duration was 28 d or until adult 
emergence. C. maculata larvae were housed individu
ally in Petri dishes (30 replicates per treatment) and 
were provided freshly prepared diet containing one of 
the following treatments (DvSSJ1 dsRNA or the 
IPD072Aa protein treatments, negative control, or 
positive control, which consisted of cryolite) every 
3–4 d. The endpoints that were assessed included 
survival, weight, and number of days to adult 
emergence.

Convergent lady beetle (Hippodamia convergens) 
neonates were exposed to a diet containing 1 ng 
DvSSJ1 dsRNA/mg diet (Table 4). In a separate 
study, H. convergens neonates were exposed to diets 
containing 100, 500, or 1000 ng IPD072Aa protein/ 
mg (Table 5). The study duration was 28 d or until 
adult emergence. H. convergens were housed indivi
dually in Petri dishes (30 replicates per treatment) and 
were provided freshly prepared diet containing one of 
the following treatments (DvSSJ1 dsRNA or the 
IPD072Aa protein treatments, negative control, or 
positive control, which consisted of boric acid) every 
3–4 d. The endpoints that were assessed included 
survival, weight, and number of days to adult 
emergence.

Rove beetle (Dalotia coriaria) adults were 
exposed to a diet containing 1 ng DvSSJ1 dsRNA/ 
mg diet (Table 4). In a separate study, D. coriaria 
adults were exposed to diets containing 100, 500, or 
1000 ng IPD072Aa protein/mg (Table 5). The study 
durations were 14 d and 7 d, respectively. D. coriaria 
were housed in 30 mL plastic cups (1 individual per 
cup), for a total of 30 individuals per treatment and 
were provided freshly prepared diet containing one 
of the following treatments (DvSSJ1 dsRNA or the 
IPD072Aa protein treatments, negative control, or 
positive control, which consisted of boric acid) daily. 
The endpoint assessed was survival.

Parasitoid wasp (Pediobius foveolatus) adults 
were exposed to a 30% sucrose diet containing 1 
ng DvSSJ1 dsRNA/mg diet (Table 4). In a separate 
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study, P. foveolatus adults were exposed to a 30% 
sucrose diet containing 100, 500, or 1000 µg 
IPD072Aa protein/ml diet (Table 5). The study 
duration was 14 d for DvSSJ1 and 7 d for 
IPD072Aa protein. P. foveolatus were housed in 
30 mL plastic cups (30 replicates per treatment) 
and were provided freshly prepared diet containing 
one of the following treatments (DvSSJ1 dsRNA or 
the IPD072Aa protein treatments, negative control, 
or positive control, which consisted of boric acid) 
daily. The endpoint that was assessed was survival.

Northern bobwhite quail (Colinus virginianus) 
were administered a nominal limit dose of 105 mg 
DvSSJ1 dsRNA/kg body weight orally, by gavage, 
and were observed for 14 d, following OCSPP 
Guideline 850.2100. In a separate study, and follow
ing the same guidelines, C. virginianus were admi
nistered a nominal limit dose of 2000 mg IPD072Aa 
protein per kg body weight. A total of 20 birds were 
used in each study with 5 males and 5 females per 
treatment (DvSSJ1 dsRNA or the IPD072Aa protein 
and the negative control water). The endpoints that 
were assessed included mortality, body weight, 
abnormal behavior, and signs of toxicity.

Mice (Mus musculus) were orally exposed at 
a limit dose of 2000 mg IPD072Aa protein/kg 
body weight for 14 d, following OECD, Section 4 
(Part 423), with the following exceptions: num
ber of animals (n = 6 males and n = 6 females 
per treatment), addition of a vehicle control 
(deionized water) group, and addition of 
a Bovine Serum Albumin (BSA) protein control 
group. Male and female (nulliparous and non- 
pregnant) Crl:CD1(ICR) mice were used in the 
study. The endpoints that were assessed included 
mortality, abnormal behavior, and signs of 
toxicity.

Statistical Analysis

Statistical analyses of surrogate insect species other 
than honey bee and quail were conducted using 
SAS™ software, Version 9.4 (SAS Institute Inc., 
Cary, NC, USA) separately for each study and 
each measured endpoint. Statistical analysis of sur
vival data was conducted using Fisher’s exact test 
(SAS PROC MULTTEST) to determine if the sur
vival observed for the DvSSJ1 dsRNA or the 

IPD072Aa protein treatments were less than the 
survival observed with the negative control treat
ment included in each study. The statistical analysis 
methods used to assess the weight of surviving 
insects were dependent upon the validity of statis
tical assumptions for each data set. For some 
experiments, the normality assumption was satis
fied by the data distributions of the test and control 
entries, thus a two-sample t-test (SAS PROC 
TTEST) or an analysis of variance (SAS PROC 
GLIMMIX) was conducted to assess if the test diet 
caused growth inhibition. If the normality assump
tion was not satisfied, SAS PROC NPAR1WAY was 
used to conduct both Wilcoxon two-sample and 
Siegel–Tukey test. The Siegel–Tukey test was con
ducted to further assess for differences in scale 
between the two treatments33 and to determine if 
exposure to the test diet caused a developmental 
delay. For days to adult emergence, in all cases the 
normality assumption was not satisfied; thus, both 
Wilcoxon two-sample and Siegel–Tukey tests were 
conducted. For reproduction, a generalized linear 
mixed model (SAS PROC GLIMMIX) was fit to the 
reproduction data assuming a Poisson distribution 
and a fixed effect of treatment. For F. candida jar 
number within each treatment and block were con
sidered random effects. The estimated model was 
used to test if the reproduction from the adults fed 
the artificial insect diet containing IPD072Aa pro
tein or DvSSJ1 dsRNA was less than the reproduc
tion from the adults fed the assay control diet. For 
each of these tests, all P-values were considered 
significant if <0.05.

Statistical analyses of honey bee data were con
ducted using CETIS Version 1.834 for each study 
and each measured endpoint. All comparisons for 
determination of a NOED and LOED were made at 
≥95% level of certainty (p < .05) and compared on 
a per replicate (individual well or bee) basis. 
Statistical analysis of survival or emergence data 
was conducted using Fisher’s Exact Test with 
Bonferroni-Holm’s Adjustment. Weight data were 
first evaluated by conducting Shapiro-Wilk’s Test 
to assess normality of the distribution and Bartlett’s 
Test to assess homoscedasticity, and then the 
results of these tests were used to select the statis
tical method used in comparisons and determina
tion of NOED and LOED values. For IPD072Aa 
larval weight data, Dunn’s Test with Bonferroni- 
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Holm’s Adjustment was used for comparisons. For 
IPD072Aa adult weights, Dunnett’s multiple com
parison test was used for comparisons. For DvSSJ1 
dsRNA larva and adults, equal variance two-sample 
t-Tests were used for comparisons of weight.

Statistical analyses of Northern bobwhite quail 
data were conducted using Mini Tab 17 (Minitab, 
Inc., College Station, PA) or SAS v9.4. After con
firming that statistical assumptions were satisfied, 
appropriate t-tests were run to determine whether 
there were differences in weight between sexes and 
between treatments prior to treatment. Mean mea
sured body weights, calculated body weight change 
and weekly feed consumption per bird per day were 
similarly analyzed at the end of the study. 
Nonparametric data was analyzed using the 
Wilcoxon’s Rank Sum Test [α = 0.05;.35, 36]

The nominal oral limit dose tested in this limit 
test and corresponding mortality data were used to 
empirically estimate whether the median lethal 
dose (LD50) and the No Observed Effect Level 
(NOEL) were greater or less than the highest nom
inal concentration tested. A similar approach was 
used to establish the LD50 for the mouse study.

Results and Discussion

Pollinators and Pollen Feeders: Based on the worst- 
case assumption that honey bee larvae consume 
2 mg of DP23211 maize pollen during larval 
development,22 the worst-case EECs for the 
DvSSJ1 dsRNA and the IPD072Aa protein are 
4.04 × 10−3 ng/larvae and 2.6 ng/larvae dry weight, 
respectively; Table 2). No adverse effects on honey 
bee larvae (larval or pupal survival, adult emer
gence, or adult weight at emergence) were observed 
and the no observed effect doses (NOEDs) were 
determined to be 4.0 ng DvSSJ1 dsRNA/larvae 
(Table 4; Supplemental Table 1) and 200 ng 
IPD072Aa protein/larvae (Table 5; Supplemental 
Table 2). The margins of exposure (MOEs) for 
honey bee larvae exposed to the DvSSJ1 dsRNA or 
IPD072Aa protein in DP23211 maize pollen are 
990X and 77X the worst-case EECs, respectively 
(Table 4 and Tables 5).

Based on the worst-case assumption that honey 
bee adults consume 4.3 mg of maize pollen per day,23 

the worst-case EECs for the DvSSJ1 dsRNA and the 
IPD072Aa protein are 8.69 × 10−3 ng/bee per day and 

5.59 ng/bee per day dry weight, respectively; Table 2). 
No adverse effects on honey bee adults (adult weight 
and survival) were observed and the no observed 
effect dietary-doses (NOEDDs) were determined to 
be 26 ng DvSSJ1 dsRNA/bee/day (Table 4; 
Supplemental Table 1) and 1,300 ng IPD072Aa pro
tein/bee/day (Table 5; Supplemental Table 2). The 
MOEs for honey bee adults are 2,993X and 233X the 
worst-case EECs, respectively (Table 4 and Tables 5).

The worst-case EECs for non-target pollen- 
feeding Lepidoptera exposed to the DvSSJ1 dsRNA 
and the IPD072Aa protein in DP23211 maize pollen 
are 2.02 × 10−3 ng/mg and 1.3 ng/mg, respectively 
(Table 2). The most sensitive target species tested is 
a useful indicator of potential effects on NTOs.37 The 
LC50 of DvSSJ1 dsRNA and the IPD072Aa protein 
for the most sensitive target pest (D. virgifera virgi
fera) are 0.036 ng/mg and 26 ng/mg, respectively [,6 
Boeckman et al., in preparation]. For DP23211 
maize, the worst-case EECs for non-target lepidop
terans are 18–20X below the levels required to elicit 
50% mortality in the most sensitive target pest (Table 
4 and Table 5). Previously, the lack of activity of 
DvSSJ1 dsRNA and the IPD072Aa protein on four 
different families of Lepidoptera was demonstrated 
as part of a spectrum of activity assessment [6 

Boeckman et al., in preparation]. Therefore, no addi
tional laboratory bioassays were conducted to assess 
hazard of the DvSSJ1 dsRNA and the IPD072Aa 
protein on non-target lepidopterans, and the poten
tial risk to non-target pollen-feeding lepidopterans 
from exposure to DvSSJ1 dsRNA and the IPD072Aa 
protein via pollen is considered low. Similar to non- 
target lepidopterans, the amount of exposure to 
other pollen-feeding non-target organisms (for 
example, some coccinellids) is 18–20X below the 
levels required to elicit 50% mortality in the most 
sensitive target pest (Table 4 and Tables 5), and the 
potential risk to non-target pollinators and pollen 
feeders from exposure to DvSSJ1 dsRNA and the 
IPD072Aa protein via pollen is considered low.

Refined EECs were not calculated for pollinators 
and pollen feeders (Table 2), due to the high MOEs 
using the worst-case assumptions (Table 4 and 
Table 5). Nevertheless, under a more realistic envir
onmental scenario, several factors would reduce 
exposure of non-target pollinators and pollen fee
ders to the DvSSJ1 dsRNA and the IPD072Aa pro
tein in DP23211 maize pollen. For example, honey 
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bees forage over long distances (up to 6–8 miles) to 
collect pollen and nectar.38,39 Adult honey bees are 
likely to feed on pollen from a variety of different 
plant species,40,41 and therefore maize pollen, spe
cifically DP23211 maize pollen, is unlikely to be the 
only food consumed. Similarly, most non-target 
pollen-feeding Lepidoptera larvae do not feed on 
pollen directly but are indirectly exposed to pollen 
as they feed on host plants. For example, Monarch 
butterfly larvae (Danaus plexippus, Lepidoptera: 
Nymphalidae) use milkweed as their host plant.42 

Weed management practices may decrease host 
plant density within maize field and field 
margins,43 and pollen is known to be deposited in 
close proximity to maize field margins.44 The dura
tion of pollen shed for cultivated maize can be 
variable, but typically, pollen shed lasts between 2 
and 14 d and is highly dependent on the maize 
hybrid, developmental stage, weather, and 
location.45 In the U.S., pollen is shed over 2 weeks 
between mid-July and mid-August.42 Therefore, 
these worst-case assumptions are extremely conser
vative, and the potential risk of cultivation of 
DP23211 maize on pollinators and pollen feeders 
is considered negligible.

Soil Dwelling Detritivores: Soil-dwelling detriti
vores are most likely to consume senescent maize 
tissues that are incorporated into the soil post- 
harvest.5 Therefore, for soil dwelling detritivores, 
the route of exposure to the DvSSJ1 dsRNA and the 
IPD072Aa protein is via ingestion of senescent 
DP23211 maize tissues, and the worst-case EECs 
are 2.99 × 10−2 ng/mg and 24 ng IPD072Aa pro
tein/mg, respectively (Table 2). For DvSSJ1 dsRNA, 
no adverse effects on springtail reproduction or 
survival were observed, and the no observed effect 
concentration (NOEC) was determined to be 1 ng 
DvSSJ1 dsRNA/mg diet (Table 4 and Supplemental 
Table 1). For IPD072Aa, no adverse effects on 
springtail survival were observed, and the NOEC 
was determined to be 500 ng IPD072Aa/mg (Table 
5; Supplemental Table 2). A statistically significant 
difference was observed for the sub-lethal endpoint 
reproduction (mean number of offspring per jar), 
however this was not biologically meaningful based 
on acceptability guidelines for collembolan repro
duction established by OECD, as well as the over
lapping range of offspring observed across 
treatments (Table 5; Supplemental Table 2). The 

MOEs for springtail exposed to the DvSSJ1 
dsRNA or IPD072Aa protein in senescent 
DP23211 maize tissue are 33X and 21X the worst- 
case EECs, respectively (Table 4 and Table 5). These 
worst-case assumptions are conservative and, based 
on the high MOEs and narrow spectrum of activity, 
refined EECs were not calculated (Table 2) and the 
risk of cultivation of DP23211 maize to soil dwell
ing detritivores is considered negligible.

Aquatic detritivores: The DvSSJ1 dsRNA and the 
IPD072Aa protein DP23211 maize tissues could 
enter the water column and present a potential 
route of exposure to non-target aquatic detritivores. 
Maize tissue has previously been identified as 
a potential route of exposure for aquatic 
detritivores.13 Although aquatic habitats may be 
located near agricultural areas, exposure of aquatic 
detritivores to GM crops is limited temporally and 
spatially,5 and aquatic exposure to Bt corn has been 
shown to be extremely low.46 The EPA standard 
agricultural field-farm pond model (also called the 
US EPA standard pond model47) has been used to 
estimate pesticide runoff and has been adapted to 
model exposure of aquatic NTOs to newly 
expressed proteins in GM crops.16,24,48 The worst- 
case EECs for DvSSJ1 dsRNA and the IPD072Aa 
protein are 2.46 × 10–22 mg/l and 0.124 mg/l, 
respectively (Table 2). The assumptions used for 
the worst-case EECs are conservative because it is 
very unlikely that all above ground maize tissue 
from a 10-ha field will enter a 1-ha pond and it is 
unlikely that all of the protein in maize tissue will 
enter the water or remain active. Therefore, based 
on negligible potential for exposure, tier I hazard 
studies on non-target aquatic organisms do not 
inform the ERA for DP23211 maize. As discussed 
previously, the LC50 of DvSSJ1 dsRNA and the 
IPD072Aa protein for the most sensitive target 
pest (D. virgifera virgifera) are 0.036 ng/mg and 26 
ng/mg, respectively, [6 Boeckman et al., in prepara
tion], which are 146X and 210X the worst-case 
EECs, respectively (Table 4 and Tables 5). 
Therefore, the risk of cultivation of DP23211 
maize to aquatic detritivores is considered 
negligible.

Herbivores, Predators, and Parasitoids: Insect 
herbivores are typically considered agricultural 
pests (for example, aphids, thrips, etc.), but some 
beneficial non-target organisms may incidentally 
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eat maize tissue or supplement their diets with 
maize tissue when needed [for example, some coc
cinellid species;.25] The worst-case EEC for non- 
target herbivores (exposed to the maximum con
centration of DvSSJ1 dsRNA or the IPD072Aa pro
tein in above-ground DP23211 maize tissue) is 
0.113 ng/mg and 39 ng/mg, respectively (Table 2). 
A refined EEC for non-target herbivores (exposed 
to the mean concentration of DvSSJ1 dsRNA or the 
IPD072Aa protein in above-ground DP23211 
maize tissue) is 0.0646 ng/mg and 16 ng/mg, 
respectively (Table 2).

For insect predators or parasitoids, the route of 
exposure to the DvSSJ1 dsRNA and the IPD072Aa 
protein is via consumption of prey that has pre
viously consumed tissue from a DP23211 maize 
plant (Table 2). Because a predator typically does 
not feed directly on large amounts of the maize 
plant, one factor to consider in the exposure assess
ment for predators or parasitoids is the amount of 
DvSSJ1 dsRNA or the IPD072Aa protein that trans
fers and accumulates in the prey. Secondary expo
sures via prey are influenced not only by the rates of 
ingestion, digestion and excretion of plant material 
by the prey [see,39for review], but also are affected 
by the stability of the DvSSJ1 dsRNA or the 
IPD072Aa protein within the prey. The EECs for 
predators and parasitoids were based on the con
servative assumption that there is no degradation of 
the DvSSJ1 dsRNA or the IPD072Aa protein in 
prey (i.e., 100% of the DvSSJ1 dsRNA or the 
IPD072Aa protein is transferred from plant to 
prey to predator). The worst-case and refined 
EECs for predators and parasitoids are therefore 
the same as the worst-case and refined EECs for 
herbivores (Table 2); however, environmental 
exposure through the predator and parasitoid path
way is likely much lower. For example, previously 
an assumption of 20% transfer from plant to prey to 
predator has been used to calculate EECs.48

Five surrogate species representing the predator 
and parasitoid functional group were assessed: one 
Neuroptera (C. rufilabris), one Hymenoptera 
(P. foveolatus), and three Coleoptera, which included 
one Staphylinidae (Dalotia coriaria), and two 
Coccinellidae (C. maculata and H. convergens). No 
adverse effects on C. rufilabris survival or pupation 
were observed, and the NOECs were determined to be 
1 ng DvSSJ1 dsRNA/mg diet (Table 4; Supplemental 

Table 1) and 500 ng IPD072Aa protein/mg diet (Table 
5; Supplemental Table 2). No adverse effects on 
P. foveolatus survival were observed, and the NOECs 
were determined to be 1 µg DvSSJ1 dsRNA/ml (Table 
4; Supplemental Table 1) and 1000 µg IPD072Aa 
protein/ml diet (Table 5; Supplemental Table 2). The 
worst-case and refined MOEs for these representative 
Neuroptera and Hymenoptera species exposed to the 
DvSSJ1 dsRNA via prey are both 9X and 15X, respec
tively (Table 4). The worst-case MOEs for C. rufilabris 
and P. foveolatus exposed to the IPD072Aa protein are 
13X and 26X, respectively (Table 5), and the refined 
EEC are 31X and 63X, respectively (Table 5). The 
overall MOE values for these surrogate species repre
senting the predator and parasitoid functional group 
indicate that the DvSSJ1 dsRNA and the IPD072Aa 
protein in DP23211 maize is unlikely to be harmful at 
environmentally realistic concentrations.

Based on the specificity of the DvSSJ1 dsRNA 
(Boeckman et al., in preparation), non-target 
Coleoptera are more likely to be sensitive than 
NTOs from other orders. No adverse effects on 
D. coriaria survival, or C. maculata or 
H. convergens survival, weight, or number of days 
to adult emergence were observed, and the NOECs 
were determined to be 1 ng DvSSJ1 dsRNA/mg diet 
(Table 4; Supplemental Table 1). The worst-case 
and refined MOEs for these non-target Coleoptera 
(from the families Staphylinidae and Coccinellidae) 
exposed to the DvSSJ1 dsRNA via prey or direct 
feeding on DP23211 maize tissues are 9X and 15X, 
respectively (Table 4), and based on these MOEs, 
DvSSJ1 dsRNA in DP23211 maize is unlikely to 
be harmful at environmentally realistic 
concentrations.

Based on the spectrum of activity of the 
IPD072Aa protein being within the order 
Coleoptera,6 non-target coleopterans are more 
likely to be sensitive than NTOs from other orders. 
No adverse effects on D. coriaria survival were 
observed, and the NOECs were determined to be 
1000 µg IPD072Aa protein/ml diet (Table 5; 
Supplemental Table 2). The worst-case and refined 
MOEs for D. coriaria exposed to the IPD072Aa 
protein via prey or direct feeding on DP23211 
maize tissues are 26X and 63X, respectively (Table 
5), and based on these MOEs, DP23211 maize is 
unlikely to be harmful at environmentally realistic 
concentrations.
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At the highest concentrations tested (500 ng/mg 
and 1000 ng/mg), C. maculata, had increased mor
tality, and significant effects were observed on sub- 
lethal endpoints (weight, or number of days to 
adult emergence; Supplemental Table 2). 
C. maculata survival, weight, and number of days 
to adult emergence were not significantly different 
than negative control in the 100 ng/mg treatment 
(Table 5, Supplemental Table 2). Therefore, the 
survival NOEC is 100 ng/mg, which results in 
worst-case and refined MOEs of 3X and 6X. 
Similarly, at the highest concentration tested 
(1000 ng/mg), H. convergens had significantly 
increased mortality, significantly lower weight and 
a higher number of days to adult emergence com
pared with the control (Supplemental Table 2). At 
500 ng/mg, H. convergens also had significantly 
lower weight and a higher number of days to 
adult emergence (Table 5, Supplemental Table 2), 
but survival was not significantly different. The 
survival NOEC for H. convergens is 500 ng/mg, 
which correspond to MOEs of 13X and 31X the 
worst-case and refined EECs (Table 5; 
Supplemental Table 2).

Some sublethal effects were observed in non- 
target coccinellids, and the survival NOEC for 
C. maculata is less than the 10X threshold, which 
is routinely used to gauge the need for either addi
tional hazard or exposure assessment. However, in 
the highest treatment tested (1000 ng/mg diet, 
which represents 25X the worst-case EEC and 
62.5X the refined-EEC), the mortality of 
C. maculata was only 36.7%, which is well below 
the 50% effect threshold recommended for trigger
ing additional hazard testing (Supplemental Table 
2). As previously discussed, a less than 50% effect 
observed at a maximum hazard dose (i.e., 10X the 
EEC) indicates minimal risk.39 Furthermore, at the 
highest tested concentration, the sub-lethal end
points also did not approach the 50% effect thresh
old. Mean adult weight in the 1000 ng IPD072Aa/ 
mg treatment was 10.4 mg, compared to 12.0 mg in 
the control treatment (Supplemental Table 2), and 
median number of days to adult emergence was 
16 d in the 1000 ng IPD072Aa/mg treatment, com
pared to 14 d in the control treatment 
(Supplemental Table 2). Similarly, for 
H. convergens mortality in the 1000 ng IPD072Aa/ 
mg treatment was 56.7%. H. convergens mean adult 

weight in the 1000 ng IPD072Aa/mg treatment was 
8.63 mg, compared to 19.7 mg in the control treat
ment (Supplemental Table 2), and median number 
of days to adult emergence was 22 d in the 1000 ng 
IPD072Aa/mg treatment, compared to 14 d in the 
control treatment (Supplemental Table 2). These 
effects observed in the 1000 ng IPD072Aa/mg treat
ment (which represents 25X the worst-case EEC 
and 62.5X the refined-EEC) approach or cross the 
50% threshold, which triggered further considera
tion of exposure.

Several factors are likely to reduce the actual 
exposure of non-target coccinellids to the 
IPD072Aa protein via prey or direct feeding on 
DP23211 maize tissues, below the worst-case 
EECs and the refined EECs used in this screening 
assessment. For example, for predators, we used the 
assumption that there is no degradation of the 
protein in prey, and 100% of the protein transfers 
from DP23211 maize to prey to predator. In reality, 
it is likely that there is some protein degradation 
and/or clearance of the protein in prey, and the 
amount of protein transferred to predator is over
estimated by these assumptions. Additionally, not 
all of the prey that these predators consume may 
feed exclusively on DP23211 maize tissue. 
Furthermore, coccinellids consume a variety of 
foods including pollen (which has low concentra
tions of the IPD072Aa protein) or prey that fed on 
other plant tissues so the assumption that 
a population of predators will consume only 
DP23211 maize tissue or prey that consumed 
DP23211 maize tissue is highly conservative. 
Therefore, based on these mitigating factors and 
the established MOEs, there are unlikely to be bio
logically relevant adverse effects on populations of 
non-target Coccinellids due to cultivation of 
DP23211 maize under realistic biological 
conditions.

Insectivorous Birds: Similar to insect predators, 
the worst-case EECs for insectivorous birds is based 
on the highest maximum concentration of the 
DvSSJ1 dsRNA and the IPD072Aa protein in 
above ground tissue (0.113 ng/mg and 39 ng/mg, 
respectively; Table 2). The refined EEC was calcu
lated using the highest mean concentration of the 
IPD072Aa protein (0.0646 ng/mg and 16 ng/mg, 
respectively; Table 2). No adverse effects on survi
val, weight, behavior, or signs of toxicity were 
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observed in Colinus virginianus fed diet containing 
105 mg DvSSJ1 dsRNA/kg body weight (Table 4; 
Supplemental Table 1) or a diet containing 2000 mg 
IPD072Aa protein/kg body weight (Table 5; 
Supplemental Table 2). The MOEs for 
C. virginianus are 929X and 51X the worst-case 
EECs for the DvSSJ1 dsRNA and the IPD072Aa 
protein, respectively (Table 4 and Table 5), and 
the MOEs are much higher if the refined EECs are 
considered (Table 4 and Table 5). The same miti
gating factors previously discussed for insect pre
dators also would apply to the exposure assessment 
for insectivorous birds (food and prey choice, prey 
consumption of DP23211 maize, etc.); therefore, 
there are unlikely to be biologically relevant adverse 
effects on populations of insectivorous birds due to 
cultivation of DP23211 maize.

Granivorous Mammals: Using assumptions 
about the amount of maize grain in diet, and 
calculating the dietary daily dose for wild mam
mals, the worst-case EECs for the DvSSJ1 
dsRNA and the IPD072Aa protein are 
0.0026 mg/kg body weight and 1.156 mg/kg 
body weight, respectively (Table 2). A Tier 
I hazard study on a surrogate wild mammal 
species was not conducted based on negligible 
potential for exposure to the DvSSJ1 dsRNA. 
As summarized in more detailed reviews, 
nucleic acids are present in human and animal 
food and feed, their consumption has not been 
associated with adverse health effects,37,49,50 and 
endogenous RNAi is known to occur in plants 
and animals, including those used as food and 
feed [Ambros.51–57,63] The physical, chemical, 
enzymatic, and molecular barriers to exposure 
and activity of dietary dsRNAs ingested by 
humans and other mammals have been well 
described in the context of agricultural biotech
nology and the safety assessment of crops con
taining RNAi technology.49,58–60,61,62 These 
barriers to exposure and activity of ingested 
dsRNAs are anticipated to prevent or signifi
cantly reduce human and animal exposure to 
DvSSJ1 dsRNA from consumption of foods or 
feed containing DP23211 maize. Therefore, 
based on the lack of exposure, there are unli
kely to be adverse effects on populations of 
wild mammals due to cultivation of DP23211 
maize.

For the IPD072Aa protein, a study using the 
limit dose of 2000 mg IPD072Aa protein/kg body 
weight, and no mortality or evidence of acute oral 
toxicity (based on evaluation of body weight, clin
ical signs, and gross pathology) was observed in 
Mus musculus [Table 5; Supplemental Table 2;.61] 
The MOE for M. musculus is 1730X the worst-case 
EEC (Table 5), and refined EECs were not calcu
lated due to high MOEs using worst-case assump
tions. There are several factors that would reduce 
exposure to granivorous mammals under more 
realistic environmental conditions, and there are 
therefore unlikely to be adverse effects on popula
tions of non-target mammals due to cultivation of 
DP23211 maize.

Conclusions

In conclusion, no adverse effects on NTO popula
tions are expected as a result of cultivation of 
DP23211 maize based on the levels of exposure to 
DvSSJ1 dsRNA and the IPD072Aa protein and the 
results of Tier I laboratory toxicity studies. The 
approach used to assess environmental risk fol
lowed the EPAs risk assessment framework,10 

which is robust and suitable for assessing risk of 
non-Bt proteins11 and dsRNA.5,12 The spectrum of 
activity of DvSSJ1 dsRNA (Boeckman et al., in 
preparation) and the IPD072Aa protein,6 as well 
as information about the mode of action7,8 were 
considered as part of problem formulation. 
Ingestion of DvSSJ1 dsRNA and the IPD072Aa 
protein by the target pest, WCR, primarily causes 
insect mortality. Therefore, mortality was used as 
the primary endpoint from Tier 1 studies for calcu
lating MOEs. Sub-lethal endpoints were also 
assessed for several of the non-target organisms as 
part of the characterization of the product. For 
DvSSJ1 dsRNA, no adverse effects on NTO sub
lethal endpoints were observed, and DvSSJ1 dsRNA 
in DP23211 maize is unlikely to be harmful at 
environmentally realistic concentrations. For the 
IPD072Aa protein, a statistically significant differ
ence was observed for springtail reproduction; 
however, this was unlikely to be biologically rele
vant. With the exception of two Coccinellids, 
C. maculata and H. convergens, no other statisti
cally significant differences in survival or sublethal 
endpoints assessed for other NTOs were observed 
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and the MOEs were >10X. For C. maculata and 
H. convergens, further refinement of the exposure 
assessment was triggered, based on MOEs <10X the 
worst-case EECs. The magnitude of the observed 
differences in the highest treatment tested (1000 ng 
IPD072Aa/mg treatment, which represents 25X the 
worst-case EEC and 62.5X the refined-EEC) was 
compared to 50% effect threshold, to assess poten
tial for population level risk. After considering all of 
the mitigating factors that would reduce the actual 
exposure of non-target Coccinellids to the 
IPD072Aa protein in DP23211 maize (including 
prey choice, proportion of the population potential 
consuming DP23211 maize, protein stability in 
prey, etc.), risk to non-target Coccinellid popula
tions is expected to be negligible.

Acknowledgments

The authors wish to acknowledge Ian Lamb, Nick Storer, Rod 
Herman, Kelly Allbee, Nancy Wilmeth, and many others for 
their editorial contributions and constructive feedback.

Disclosure statement

The authors are employees of Corteva Agriscience™.

Funding

The author(s) reported that there is no funding associated 
with the work featured in this article.

ORCID

Carl Walker http://orcid.org/0000-0002-8667-2101

References

1. Gassmann AJ, Shrestha RB, Kropf AL, St Clair CR, 
Brenizer BD. Field-evolved resistance by western corn 
rootworm to Cry34/35Ab1 and other Bacillus thurin
giensis traits in transgenic maize. Pest Management 
Science. 2020;76(1):268–76. doi:10.1002/ps.5510.

2. Jakka SRK, Shrestha RB, Gassmann AJ. Broad-spectrum 
resistance to Bacillus thuringiensis toxins by western 
corn rootworm (Diabrotica virgifera virgifera). 
Scientific Reports. 2016;6(1):27860. doi:10.1038/ 
srep27860.

3. Tabashnik BE, Brévault T, Carrière Y. Insect resistance to 
Bt crops: lessons from the first billion acres. Nature 
Biotechnology. 2013;31(6):510–21. doi:10.1038/nbt.2597.

4. Anderson JA, Mickelson J, Challender M, Moellring E, 
Sult T, TeRonde S, Walker C, Wang Y, Maxwell CA. 
Agronomic and compositional assessment of genetically 
modified DP23211 maize for corn rootworm control. 
GM Crops & Food. 2020;11:206–14.

5. Bachman PM, Huizinga KM, Jensen PD, Mueller G, 
Tan J, Uffman JP, Levine SL. Ecological risk assessment 
for DvSnf7 RNA: a plant-incorporated protectant with 
targeted activity against western corn rootworm. 
Regulatory Toxicology and Pharmacology. 
2016;81:77–88. doi:10.1016/j.yrtph.2016.08.001.

6. Boeckman CJ, Huang E, Sturtz K, Walker C, Woods R, 
Zhang J. Characterization of the spectrum of insectici
dal activity for IPD072Aa: a protein derived from 
Pseudomonas chlororaphis with activity against diabro
tica virgifera virgifera (Coleoptera: Chrysomelidae). 
Journal of Economic Entomology. 2019;112 
(3):1190–96. doi:10.1093/jee/toz029.

7. Hu X, Richtman NM, Zhao J-Z, Duncan KE, Niu X, 
Procyk LA, Oneal MA, Kernodle BM, Steimel JP, 
Crane VC, et al. Discovery of midgut genes for the 
RNA interference control of corn rootworm. Scientific 
Reports. 2016;6(1):30542. doi:10.1038/srep30542.

8. Hu X, Steimel JP, Kapka-Kitzman DM, Davis- 
Vogel C, Richtman NM, Mathis JP, Nelson ME, 
Lu AL, Wu G, Gao Y. Molecular characterization 
of the insecticidal activity of double-stranded RNA 
targeting the smooth septate junction of western 
corn rootworm (Diabrotica virgifera virgifera). 
PLoS ONE. 2019;14(1):e0210491. doi:10.1371/jour
nal.pone.0210491.

9. Christensen HM, Cong B, Crane V, Hu X, Lu AL, 
Mabry T, Rinehart Krebs K. Denise, Sandahl GA, 
inventors. 31 October 2019 Maize event DP-023211- 
2 and methods for detection thereof. World 
Intellectual Property Organization, Patent No. WO 
2019/209700 A1

10. US-EPA. Guideline for Ecological Risk Assessment. 
EPA/630/R-95/002F United States Environmental 
Protection Agency. Federal Register. 1998;63 
(93):26846-26924

11. Anderson JA, Staley J, Challender M, Heuton J. Safety of 
Pseudomonas chlororaphis as a gene source for geneti
cally modified crops. Transgenic Research. 2018;27 
(1):103–13. doi:10.1007/s11248-018-0061-6.

12. CERA. 2011. Problem formulation for the environmen
tal risk assessment of RNAi plants. June 1-3, 2011 
Washington, DC, Center for Environmental Risk 
Assessment, ILSI Research Foundation.

13. Carstens KL, Hayter K, Layton RJ. A perspective on 
problem formulation and exposure assessment of trans
genic crops. GMOs in Integrated Plant Production, 
IOBC/wprs Bulletin. 2010;52:23–30.

14. Raybould A. Problem formulation and hypothesis test
ing for environmental risk assessments of genetically 
modified crops. Environmental Biosafety Research. 
2006;5(3):119–25. doi:10.1051/ebr:2007004.

GM CROPS & FOOD 475

https://doi.org/10.1002/ps.5510
https://doi.org/10.1038/srep27860
https://doi.org/10.1038/srep27860
https://doi.org/10.1038/nbt.2597
https://doi.org/10.1016/j.yrtph.2016.08.001
https://doi.org/10.1093/jee/toz029
https://doi.org/10.1038/srep30542
https://doi.org/10.1371/journal.pone.0210491
https://doi.org/10.1371/journal.pone.0210491
https://doi.org/10.1007/s11248-018-0061-6
https://doi.org/10.1051/ebr:2007004


15. Romeis J, Raybould A, Bigler F, Candolfi MP, 
Hellmich RL, Huesing JE, Shelton AM. Deriving cri
teria to select arthropod species for laboratory tests to 
assess the ecological risks from cultivating 
arthropod-resistant genetically engineered crops. 
Chemosphere. 2013;90(3):901–09. doi:10.1016/j. 
chemosphere.2012.09.035.

16. Wolt JD, Peterson RKD. Prospective formulation of 
environmental risk assessments: probabilistic screening 
for Cry1A(b) maize risk to aquatic insects. 
Ecotoxicology and Environmental Safety. 2010;73 
(6):1182–88. doi:10.1016/j.ecoenv.2010.06.001.

17. Boeckman CJ, Layton R. Use of species sensitivity dis
tributions to characterize hazard for insecticidal traits. 
Journal of Invertebrate Pathology. 2017;142:68–70. 
doi:10.1016/j.jip.2016.08.006.

18. Tabashnik BE. Tips for battling billion-dollar beetles. 
Science. 2016;354(6312):552–53. doi:10.1126/science. 
aag101.

19. Schellenberger U, Oral J, Rosen BA, Wei J-Z, Zhu G, 
Xie W, McDonald MJ, Cerf DC, Diehn SH, Crane VC, 
et al. A selective insecticidal protein from Pseudomonas 
for controlling corn rootworms. Science. 2016;354 
(6312):634–37. doi:10.1126/science.aaf6056.

20. Carstens K, Cayabyab B, De Schrijver A, Gadaleta PG, 
Hellmich RL, Romeis J, Storer N, Valicente FH, Wach M. 
Surrogate species selection for assessing potential adverse 
environmental impacts of genetically engineered 
insect-resistant plants on non-target organisms. GM 
Crops and Food: Biotechnology in Agriculture and the 
Food Chain. 2014;5(1):1–5. doi:10.4161/gmcr.26560.

21. Anderson JA, Mickelson J, Challender M, Moellring E, 
Sult T, TeRonde S, Walker C, Wang Y, Maxwell CA. 
Agronomic and compositional assessment of genetically 
modified DP23211 maize for corn rootworm control. 
GM Crops & Food. 2020;11(4):206–14. doi:10.1080/ 
21645698.2020.1770556.

22. Babendreier D, Kalberer N, Romeis J, Fluri P, Bigler F. 
Pollen consumption in honey bee larvae: a step forward 
in the risk assessment of transgenic plants. Apidologie. 
2004;35(3):293–300. doi:10.1051/apido:2004016.

23. Crailsheim K, Schneider LHW, Hrassnigg N, 
Bühlmann G, Brosch U, Gmeinbauer R, 
Schöffmann B. Pollen consumption and utilization in 
worker honeybees (Apis mellifera carnica): dependence 
on individual age and function. Journal of Insect 
Physiology. 1992;38(6):409–19. doi:10.1016/0022- 
1910(92)90117-V.

24. Carstens K, Anderson J, Bachman P, De Schrijver A, 
Dively G, Federici B, Hamer M, Gielkens M, Jensen P, 
Lamp W, et al. Genetically modified crops and aquatic 
ecosystems: considerations for environmental risk assess
ment and non-target organism testing. Transgenic 
Research. 2012;21(4):813–42. doi:10.1007/s11248-011- 
9569-8.

25. Moser SE, Harwood JD, Obrycki JJ. Larval feeding on Bt 
Hybrid and Non-Bt corn seedlings by Harmonia axyr
idis (Coleoptera: Coccinellidae) and Coleomegilla macu
lata (Coleoptera: Coccinellidae). Environmental 
Entomology. 2008;37:525–33.

26. Raybould A, Stacey D, Vlachos D, Graser G, Li X, 
Joseph R. Non-target organism risk assessment of 
MIR604 maize expressing mCry3A for control of corn 
rootworm. Journal of Applied Entomology. 2007;131 
(6):391–99. doi:10.1111/j.1439-0418.2007.01200.x.

27. Crocker D, Hart A, Gurney J, McCoy C (2002) Project 
PN0908: methods for estimating daily food intake of 
wild birds and mammals. Final Report. Department for 
Environment, Food and Rural Affairs

28. US-EPA (2011) 40 CFR part 160: federal insecticide, 
fungicide and rodenticide Act (FIFRA); good laboratory 
practice standards United States Environmental 
Protection Agency, https://www.govinfo.gov/content/ 
pkg/CFR-2011-title40-vol24/xml/CFR-2011-title40- 
vol24-part160.xml#seqnum160.1 

29. Bliss CI. The toxicity of poisons applied jointly. Annals 
of Applied Biology. 1939;26(3):585–615. doi:10.1111/ 
j.1744-7348.1939.tb06990.x.

30. Borgert CJ, Quill TF, McCarty LS, Mason AM. Can 
mode of action predict mixture toxicity for risk 
assessment? Toxicology and Applied Pharmacology. 
2004;201(2):85–96. doi:10.1016/j.taap.2004.05.005.

31. US-EPA (2009) 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. United States Environmental Protection 
Agency, http://www.epa.gov/scipoly/sap/meetings/ 
2009/february/022526finalreport.pdf 

32. Belden JB, Brain RA. Incorporating the joint toxicity of 
co-applied pesticides into the ecological risk assessment 
process. Integrated Environmental Assessment and 
Management. 2018;14(1):79–91. doi:10.1002/ieam.1957.

33. Gibbons JD, Chakraborti S. The general two-sample 
problem. In J. D. Gibbons and S. Chakraborti (eds.). 
Nonparametric Statistical Inference, Ed 3rd. Marcel 
Dekker, Inc; 1992. p. 184–225.

34. Ives M. CETIS, comprehensive environmental toxicity 
information systemtm, user’s guide. McKinleyville (CA): 
Tidepool Scientific Software; 2013.

35. Mann HB, Whitney DR. On a test of whether one of two 
random variables is stochastically larger than the other. 
The Annals of Mathematical Statistics. 1947;18 
(1):50–60. doi:10.1214/aoms/1177730491.

36. Wilcoxon F. Individual comparisons by ranking 
methods. Biometrics Bulletin. 1945;1(6):80–83. 
doi:10.2307/3001968.

37. US-EPA. Environmental protection agency, 40 CFR part 
174, exemption from the requirement of a tolerance 
under the federal food, drug and cosmetic Act for residues 

476 C. J. BOECKMAN ET AL.

https://doi.org/10.1016/j.chemosphere.2012.09.035
https://doi.org/10.1016/j.chemosphere.2012.09.035
https://doi.org/10.1016/j.ecoenv.2010.06.001
https://doi.org/10.1016/j.jip.2016.08.006
https://doi.org/10.1126/science.aag101
https://doi.org/10.1126/science.aag101
https://doi.org/10.1126/science.aaf6056
https://doi.org/10.4161/gmcr.26560
https://doi.org/10.1080/21645698.2020.1770556
https://doi.org/10.1080/21645698.2020.1770556
https://doi.org/10.1051/apido:2004016
https://doi.org/10.1016/0022-1910(92)90117-V
https://doi.org/10.1016/0022-1910(92)90117-V
https://doi.org/10.1007/s11248-011-9569-8
https://doi.org/10.1007/s11248-011-9569-8
https://doi.org/10.1111/j.1439-0418.2007.01200.x
https://www.govinfo.gov/content/pkg/CFR-2011-title40-vol24/xml/CFR-2011-title40-vol24-part160.xml#seqnum160.1
https://www.govinfo.gov/content/pkg/CFR-2011-title40-vol24/xml/CFR-2011-title40-vol24-part160.xml#seqnum160.1
https://www.govinfo.gov/content/pkg/CFR-2011-title40-vol24/xml/CFR-2011-title40-vol24-part160.xml#seqnum160.1
https://doi.org/10.1111/j.1744-7348.1939.tb06990.x
https://doi.org/10.1111/j.1744-7348.1939.tb06990.x
https://doi.org/10.1016/j.taap.2004.05.005
http://www.epa.gov/scipoly/sap/meetings/2009/february/022526finalreport.pdf
http://www.epa.gov/scipoly/sap/meetings/2009/february/022526finalreport.pdf
https://doi.org/10.1002/ieam.1957
https://doi.org/10.1214/aoms/1177730491
https://doi.org/10.2307/3001968


of nucleic acids that are part of plant-incorporated pro
tectants (formerly plant-pesticides). Federal Register 
2001;66:37817–30.

38. Morse GD. How about Examining Some Details of Bee 
Behavior? Gleanings in Bee Culture. 1972;100:52–55.

39. Rose R, Dively G, Pettis P. J (2007) Effects of Bt corn pollen 
on honey bees: emphasis on protocol development. 
Apidologie. 2007;38(4):368–77. doi:10.1051/apido:2007022.

40. Brødsgaard HF, Brødsgaard CJ, Hansen H, Lövei GL. 
Environmental risk assessment of transgene products 
using honey bee (Apis mellifera) larvae. Apidologie. 
2003;34(2):139–45. doi:10.1051/apido:2003003.

41. Malone LA, M-H P-D. Effects of transgene products on 
honey bees (Apis mellifera) and bumblebees (Bombus 
sp). Apidologie. 2001;32(4):287–304. doi:10.1051/ 
apido:2001130.

42. Sears MK, Hellmich RL, Stanley-Horn DE, Oberhauser KS, 
Pleasants JM, Mattila HR, Siegfried BD, Dively GP (2001) 
Impact of Bt corn pollen on monarch butterfly popula
tions: a risk assessment. Proceedings of the National 
Academy of Sciences 98: 11937–42. https://doi.org/10. 
1073/pnas.211329998 .

43. Gathmann A, Wirooks L, Eckert J, Schuphan I. Spatial 
distribution of Aglais urticae (L.) and its host plant 
Urtica dioica (L.) in an agricultural landscape: implica
tions for Bt maize risk assessment and post-market 
monitoring. Environmental Biosafety Research. 2006;5 
(1):27–36. doi:10.1051/ebr:2006014.

44. Pleasants JM, Hellmich RL, Dively GP, Sears MK, Stanley- 
Horn DE, Mattila HR, Foster JE, Clark P, Jones GD (2001) 
Corn pollen deposition on milkweeds in and near 
cornfields. Proceedings of the National Academy of 
Sciences 98: 11919–24. https://doi.org/10.1073/pnas. 
211287498 .

45. Bannert M (2006) Simulation of transgenic pollen dis
persal by use of different grain colour maize. PhD 
Thesis. Swiss Federal Institute of Technology, Zurich, 
Switzerland

46. US-EPA (2010) Biopesticides registration action docu
ment: bacillus thuringiensis Cry3Bb1 Protein and the 
genetic material necessary for its production (Vector 
PV-ZMIR13L) in MON 863 Corn (OECD Unique 
Identifier: MON-ØØ863-5) and Bacillus thuringiensis 
Cry3Bb1 protein and the genetic material necessary 
for its production (Vector PV-ZMIR39) in MON 
88017 Corn (OECD Unique Identifier: MON-88Ø17- 
3). United States Environmental Protection Agency, 
http://www.epa.gov/oppbppd1/biopesticides/pips/ 
cry3bb1-brad.pdf 

47. Jones R, Leahy J, Mahoney M, Murray L, 
Odenkirchen E, Petrie R, Stangel C, Sunzenauer I, 
Vaituzis Z, Williams AJ (2004) Overview of the 
ecological risk assessment process in the office of 
pesticide programs, U.S. environmental protection 
agency: endangered and threatened species effects 
determination. United States Environmental 
Protection Agency

48. Raybould A, Vlachos D. Non-target organism effects 
tests on Vip3A and their application to the ecological 
risk assessment for cultivation of MIR162 maize. 
Transgenic Research. 2011;20(3):599–611. doi:10.1007/ 
s11248-010-9442-1.

49. FSANZ (2013) Response to Heinemann et al on the reg
ulation of GM crops and foods developed using gene 
silencing. Food Standards Australia New Zealand, http:// 
www.foodstandards.gov.au/consumer/gmfood/ 
Documents/Heinemann%20Response%20210513.pdf 

50. US-FDA. Statement of policy: foods derived from new 
plant varieties. Federal Register 1992;57:22984–3005.

51. Della Vedova CB, Lorbiecke R, Kirsch H, Schulte MB, 
Scheets K, Borchert LM, Scheffler BE, Wienand U, 
Cone KC, Birchler JA. The dominant inhibitory chal
cone synthase allele C2-Idf (Inhibitor diffuse) From Zea 
mays (L.) acts via an endogenous RNA silencing 
mechanism. Genetics. 2005;170:1989–2002. 
doi:10.1534/genetics.105.043406.

52. Frizzi A, Huang S. Tapping RNA silencing pathways for 
plant biotechnology. Plant Biotechnology Journal. 2010;8 
(6):655–77. doi:10.1111/j.1467-7652.2010.00505.x.

53. Hou Y-H, Jeyaraj A, Zhang X, Wei C-L. Absolute 
quantification of microRNAs in green tea (Camellia 
sinensis) by stem-loop quantitative real-time PCR. 
Journal of the Science of Food and Agriculture. 
2017;97(9):2975–81. doi:10.1002/jsfa.8137.

54. Kusaba M. RNA interference in crop plants. Current 
Opinion in Biotechnology. 2004;15(2):139–43. 
doi:10.1016/j.copbio.2004.02.004.

55. Senda M, Kurauchi T, Kasai A, Ohnishi S. Suppressive 
mechanism of seed coat pigmentation in yellow 
soybean. Breeding Science. 2012;61(5):523–30. 
doi:10.1270/jsbbs.61.523.

56. Tuteja JH, Clough SJ, Chan W-C, Vodkin LO. Tissue- 
specific gene silencing mediated by a naturally occur
ring chalcone synthase gene cluster inglycine max. The 
Plant Cell. 2004;16(4):819–35. doi:10.1105/tpc.021352.

57. Wagner AE, Piegholdt S, Ferraro M, Pallauf K, 
Rimbach G. Food derived microRNAs. Food & 
Function. 2015;6(3):714–18. doi:10.1039/C4FO01119H.

58. Petrick JS, Brower-Toland B, Jackson AL, Kier LD. Safety 
assessment of food and feed from biotechnology-derived 
crops employing RNA-mediated gene regulation to 
achieve desired traits: a scientific review. Regulatory 
Toxicology and Pharmacology. 2013;66(2):167–76. 
doi:10.1016/j.yrtph.2013.03.008.

59. Sherman JH, Munyikwa T, Chan SY, Petrick JS, 
Witwer KW, Choudhuri S. RNAi technologies in agri
cultural biotechnology: the toxicology forum 40th 
annual summer meeting. Regulatory Toxicology and 
Pharmacology. 2015;73(2):671–80. doi:10.1016/j. 
yrtph.2015.09.001.

60. US-EPA. 2016. A set of scientific issues being consid
ered by the environmental protection agency regard
ing: rNAi technology: human health and ecological 
risk assessments for smartstax PRO. FIRFRA 

GM CROPS & FOOD 477

https://doi.org/10.1051/apido:2007022
https://doi.org/10.1051/apido:2003003
https://doi.org/10.1051/apido:2001130
https://doi.org/10.1051/apido:2001130
https://doi.org/10.1073/pnas.211329998
https://doi.org/10.1073/pnas.211329998
https://doi.org/10.1051/ebr:2006014
https://doi.org/10.1073/pnas.211287498
https://doi.org/10.1073/pnas.211287498
http://www.epa.gov/oppbppd1/biopesticides/pips/cry3bb1-brad.pdf
http://www.epa.gov/oppbppd1/biopesticides/pips/cry3bb1-brad.pdf
https://doi.org/10.1007/s11248-010-9442-1
https://doi.org/10.1007/s11248-010-9442-1
http://www.foodstandards.gov.au/consumer/gmfood/Documents/Heinemann%20Response%20210513.pdf
http://www.foodstandards.gov.au/consumer/gmfood/Documents/Heinemann%20Response%20210513.pdf
http://www.foodstandards.gov.au/consumer/gmfood/Documents/Heinemann%20Response%20210513.pdf
https://doi.org/10.1534/genetics.105.043406
https://doi.org/10.1111/j.1467-7652.2010.00505.x
https://doi.org/10.1002/jsfa.8137
https://doi.org/10.1016/j.copbio.2004.02.004
https://doi.org/10.1270/jsbbs.61.523
https://doi.org/10.1105/tpc.021352
https://doi.org/10.1039/C4FO01119H
https://doi.org/10.1016/j.yrtph.2013.03.008
https://doi.org/10.1016/j.yrtph.2015.09.001
https://doi.org/10.1016/j.yrtph.2015.09.001


Scientific Advisory Panel Meeting, Arlington, VA, 
United States Environmental Protection Agency. 
Available at: available from: https://www.epa.gov/ 
sites/default/files/2016-12/documents/rnai_sap_ 
sept_2016_final_minutes.pdf .

61. Carlson AB, Mathesius CA, Ballou S, Boeckman CJ, 
Gunderson TA, Mirsky HP, Mukerji P, Roe JC, 
Schmidt JM, Zhang J, et al. Safety assessment of 

coleopteran active IPD072Aa protein from 
Pseudomonas chlororaphis. Food and Chemical 
Toxicology. 2019;129:376–81. doi:10.1016/j. 
fct.2019.04.055.

62. Ambros, V. The functions of animal microRNAs. Nature 
431, 350–355 (2015). https://doi.org/10.1038/nature02871 

63. Ambros, V. The functions of animal microRNAs. Nature 
431, 350–355 (2004). https://doi.org/10.1038/nature02871

478 C. J. BOECKMAN ET AL.

https://www.epa.gov/sites/default/files/2016-12/documents/rnai_sap_sept_2016_final_minutes.pdf
https://www.epa.gov/sites/default/files/2016-12/documents/rnai_sap_sept_2016_final_minutes.pdf
https://www.epa.gov/sites/default/files/2016-12/documents/rnai_sap_sept_2016_final_minutes.pdf
https://doi.org/10.1016/j.fct.2019.04.055
https://doi.org/10.1016/j.fct.2019.04.055
https://doi.org/10.1038/nature02871
https://doi.org/10.1038/nature02871

	Abstract
	Introduction
	Methods
	Exposure Assessment
	Hazard Assessment
	Statistical Analysis
	Results and Discussion
	Conclusions
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	References

