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Abstract 

Following a request from the European Commission, the European Food Safety Authority (EFSA) 

assessed the scientific publication by Bøhn et al. (2016), including its relevance for the environmental 
risk assessment of Bt-maize events MON810 and Bt11 for cultivation. In their publication, Bøhn et al. 

(2016) reported that the purified Cry1Ab protein is toxic to the non-target aquatic crustacean 
Daphnia magna (Cladocera: Daphniidae) at concentrations exceeding expected environmental 

concentrations under field conditions, and thus suggesting cross-order activity of the Cry1Ab protein 
against D. magna. EFSA acknowledges that the study reported in the publication by Bøhn et al. (2016) 

addresses an objective relevant for the environmental risk assessment of Bt-plants expressing the 

Cry1Ab protein for cultivation, as the data can inform environmental risk assessments by determining 
the activity spectrum of the Cry1Ab protein, and corroborating or rejecting the risk hypothesis of no 

harm to D. magna. However, owing to limitations associated with the design and reporting of the study, 
EFSA considers that several uncertainties remain, which do not allow a proper interpretation of the 

effects observed by Bøhn et al. (2016). In addition, EFSA notes that the observed differences were seen 

at Cry1Ab protein concentrations above expected environmental concentrations under field conditions, 
and that the authors did not bring their study results in the context of expected exposure levels in the 

field. As the evidence reported in Bøhn et al. (2016) is insufficient to indicate the necessity to revise the 
environmental risk assessment conclusions for maize MON810 and Bt11, EFSA considers that the risk 

assessment conclusions on maize MON810 and Bt11 for cultivation made by the Panel on Genetically 
Modified Organisms remain valid and applicable. 
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Summary 

Following a request of the European Commission, the European Food Safety Authority (EFSA) 
assessed the scientific publication by Bøhn et al. (2016), including its relevance for the environmental 

risk assessment (ERA) of Bt-maize events MON810 and Bt11 for cultivation. EFSA assessed whether 
the publication contains new information that would change or invalidate its previous ERA conclusions 

on non-target (NT) aquatic organisms.  

In their publication, Bøhn et al. (2016) reported that: (1) the purified Cry1Ab and Cry2Aa proteins are 

toxic to the NT aquatic crustacean Daphnia magna (Cladocera: Daphniidae) at high concentrations; 

(2) Cry proteins act in combination, suggesting that ‘stacked events’ may have stronger effects on 
non-target organisms (NTOs); and (3) further research is needed to assess potential combinatorial 

effects of multiple Cry proteins and herbicidal active substances. 

The findings reported by Bøhn et al. (2016) are relevant for the ERA of Bt-plants expressing the 

Cry1Ab and/or Cry2Aa protein(s) for cultivation. The GMO Panel issued Scientific Opinions on the 

cultivation of various Bt-plants, of which only Bt-maize MON810 and Bt11 express the Cry1Ab protein. 
Because none of the GM plant applications for market authorisation currently under regulatory review 

by EFSA or for which the GMO Panel issued a Scientific Opinion cover the cultivation of Bt-plants 
expressing the Cry2Aa protein or both the Cry1Ab and Cry2Aa proteins, EFSA restricted the 

consideration of the findings reported by Bøhn et al. (2016) to the Cry1Ab protein which is expressed 
in the single Bt-maize events MON810 and Bt11. 

EFSA acknowledges that D. magna represents a member of a taxonomic group not typically tested for 

terrestrial NTOs, and that early-tier tests with daphnids can inform ERAs by determining the activity 
spectrum of the Cry1Ab protein, and by corroborating or rejecting the risk hypothesis of no harm to 

D. magna. EFSA is therefore of the opinion that the study reported in the publication by Bøhn et al. 
(2016) addresses an objective relevant to the NT risk assessment of aquatic organisms in the frame of 

maize MON810 and Bt11 for cultivation. 

Owing to limitations associated with the design and reporting of the study by Bøhn et al. (2016), EFSA 
considers that several uncertainties remain pertaining to the level of biological activity of the Cry1Ab 

protein, the suitability of the negative control, and the level of intake of the Cry1Ab protein by 
D. magna. Hence, the study provides insufficient information to allow a proper interpretation of the 

effects observed. 

In addition, EFSA notes that the observed differences were seen at Cry1Ab protein concentrations 
above expected environmental concentrations under field conditions, and that the authors did not 

bring their study results in the context of expected exposure levels in the field. 

In conclusion, the evidence reported in Bøhn et al. (2016) is insufficient to indicate the necessity to 

revise the environmental risk assessment conclusions for maize MON810 and Bt11. Therefore, EFSA 
considers that the GMO Panel risk assessment conclusions on maize MON810 and Bt11 for cultivation 

remain valid and applicable. 
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1. Introduction 

Following a request of the European Commission, the European Food Safety Authority (EFSA) 
assessed the scientific publication by Bøhn et al. (2016), including its relevance for the environmental 

risk assessment (ERA) of Bt-maize events MON810 and Bt11 for cultivation. EFSA assessed whether 
the publication contains new information that would change or invalidate its previous ERA conclusions 

on non-target (NT) aquatic organisms.  

 Background and Terms of Reference as provided by the requestor 1.1.

EFSA is requested to analyse the publication by Bøhn et al. (2016) and provide the European 

Commission with a response indicating whether “the new scientific information contains elements that 
could lead the GMO Panel to reconsider the outcome of its previous opinions on GM Bt crops”. 

2. Data and Methodologies  

 Data 2.1.

In delivering this technical report, EFSA took into account data and findings reported in the publication 

by Bøhn et al. (2016). 

 Methodologies 2.2.

EFSA took into account the appropriate principles described in the guidelines of the EFSA Panel of 

Genetically Modified Organisms (referred to hereafter as GMO Panel) for the ERA of GM plants (EFSA, 
2010), and relevant scientific publications. 

3. Assessment 

The EFSA assessment described below is structured into two parts. In the first part of the assessment, 
the findings reported by Bøhn et al. (2016) are summarised. In the second part, the relevance of the 

publication for ERA of maize MON810 and Bt11, and its reliability are considered. 

 Summary of Bøhn et al. (2016) 3.1.

Bøhn et al. (2016) assessed the effect of the purified Cry1Ab and Cry2Aa proteins and Roundup® 

(glyphosate as active herbicidal substance) on the NT aquatic crustacean Daphnia magna (Cladocera: 
Daphniidae). Daphnia magna was cultured in medium, and fed algae added to the culture medium. 

Test substances were dissolved in buffer solutions and added to the culture medium, and lethal and 
sub-lethal endpoints were measured during the full life-span of the animals (up to 78 days). Test 

organisms in untreated culture medium served as a control. 

No negative effects on mortality, body size, maturation and fecundity were observed when test 
organisms were exposed to 0.75 mg/L (ppm) of either the Cry1Ab or Cry2Aa protein. A combination of 

both Cry proteins at 0.75 mg/L plus buffer solutions added to the culture medium resulted in higher 
mortality. Test organisms exposed to 4.5 mg/L of the Cry1Ab or Cry2Aa proteins, or a combination of 

both (i.e., 4.5 mg/L of each of the two proteins) added to the culture medium showed significantly 

higher mortality, lower probability of maturation and lower fecundity (juvenile production), compared 
to the control.  

Exposure to combinations of the Cry proteins (Cry1Ab and Cry2Aa) and Roundup® buffer solution 
resulted in the stimulation of fecundity in early life-stages compared to the control, but reduced 

reproductive output at later stages.  

Based on the observations made, the authors concluded that: (1) the Cry1Ab and Cry2Aa proteins are 
toxic to D. magna at high concentrations; (2) Cry proteins act in combination, suggesting that ‘stacked 

events’ may have stronger effects on non-target organisms (NTOs); and (3) further research is 
needed to assess potential combinatorial effects of multiple Cry proteins and herbicidal active 

substances. 



Relevance of a new scientific publication for former EFSA GMO Panel scientific outputs on Bt-maize 
 

 

 
www.efsa.europa.eu/publications 6 EFSA Supporting publication 2016:EN-1073 
 

 Quality appraisal of Bøhn et al. (2016) 3.2.

In line with EFSA (2015), the appraisal of study quality, outlined below, comprises an evaluation of 
both its relevance (appropriateness/usefulness) and reliability (accuracy). Relevance considers the 

extent to which data and/or tests are appropriate for a particular hazard identification or risk 
characterisation (EFSA, 2010), whereas reliability refers to the inherent quality and validity of the 

results. 

3.2.1. Relevance for ERA of Bt-plants 

Not all information on GM plants available in the scientific literature is equally relevant to ERA, i.e., 

provides information on risks to environmental entities of concern (Sanvido et al., 2012; Garcia-Alonso 
and Raybould, 2014; Devos et al., 2015; EFSA, 2016) and determinants of exposure that place these 

entities at risk (Raybould, 2006, 2007, 2010; Gray, 2012; Wolt et al., 2012; Layton et al., 2015; Devos 
et al., 2016). It is therefore important to assess the relevance of a study in contributing to the 

knowledge that informs the ERA, and thus the risk hypotheses addressed, taking account of both 

hazard and exposure. 

A typical risk hypothesis addressed during the ERA of GM plants for cultivation is that the novel traits 

intentionally introduced into the GM plant do not adversely affect NTOs, including those occurring in 
aquatic environments, at field concentrations. Potential harmful effects on NTOs are evaluated within 

different tiers that progress from laboratory studies representing highly controlled, worst-case 

exposure conditions (Tier 1) to bioassays with more realistic exposure to the insecticidal protein 
(Tier 2) and (semi-)field studies carried out under less controlled conditions (Garcia-Alonso et al., 

2006; Romeis et al., 2008; EFSA, 2010). 

The relevance of the pathway to harm, indicating how the deployment of GM plants would lead to 

harm, considered by Bøhn et al. (2016), and the representativeness of D. magna as test organism are 
considered below.  

Pathway to harm 

By-products from GM plants (e.g., pollen, detritus) can be transported in water courses to 
downstream water bodies where NT aquatic arthropods can be exposed to transgene product(s) 

through consumption (Axelsson et al., 2010, 2011; Rosi-Marshall et al., 2007; Chambers et al., 2010; 
Tank et al., 2010; Dijkhuis et al., 2015). 

The likelihood of environmental harm to be realised from GM plants expressing the Cry1Ab and/or 

Cry2Aa protein(s) depends, among others, on the level of exposure to the GM plant. Exposure and 
potential impact are expected to be the highest under cultivation conditions, but substantially less 

under import/processing conditions (EFSA, 2010; Devos et al., 2012; Roberts et al., 2013). 

Bt-plants for cultivation 

The findings reported by Bøhn et al. (2016) are relevant for Bt-plants expressing the Cry1Ab and/or 

Cry2Aa protein(s) for cultivation. The GMO Panel issued Scientific Opinions on the cultivation of 
various Bt-plants (Bt11, 1507, MON810, MON88017 and 59122), of which only Bt-maize MON810 and 

Bt11 express the Cry1Ab protein. At present, none of the GM plant applications for market 
authorisation currently under regulatory review by EFSA or for which the GMO Panel issued a Scientific 

Opinion cover the cultivation of Bt-plants expressing the Cry2Aa protein or both the Cry1Ab and 
Cry2Aa proteins. EFSA therefore restricts the consideration of the findings reported by Bøhn et al. 

(2016) to the cultivation of the single Bt-maize events MON810 and Bt11. 

The potential for combinatorial effects between the Cry1Ab and Cry2Aa proteins is not considered 
further here. 

Bt-plants for import/processing 

The GMO Panel does not consider interactions of Bt-maize plants with NTOs a relevant issue under 

import/processing conditions, as it is unlikely that environmental harm will be realised under these 

conditions. Due to the extremely low levels of exposure of NTOs to plant material from occasional 
feral Bt-maize plants arising from seed import spills, no plausible pathway to harm for NT aquatic 
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organisms could be identified in the context of GM maize applications for import/processing. 
Therefore, the findings reported by Bøhn et al. (2016) are not considered relevant for Bt-maize for 

import/processing. 

Plant protection products 

Within the EU, the approval of plant protection products (PPPs) is regulated by the Regulation (EC) No 

1107/2009 (repealing Directive 91/414/EEC) and the Regulations (EU) No 283/2013 and 284/2013, 
which establish the data requirements. The use of PPPs, including their environmental impact once on 

the market, is regulated by the Sustainable Use Directive 2009/128/EC. The ERA includes the 

investigation of the fate and behaviour of the pesticide active substance in the environmental 
compartment soil, water body, groundwater, air, and the evaluation of the effects and of the risk to 

NTOs (i.e. birds and other terrestrial vertebrates; aquatic organisms; bees and non-target arthropods; 
earthworms, other soil macro-organisms and micro-organisms; other non-target organisms (flora and 

fauna) and organisms involved in biological methods for sewage treatment). The risk assessment of 
herbicidal active substances is therefore not in the remit of the GMO legislation.  

Representativeness of D. magna as test species 

Because not all NTOs potentially at risk can be tested from a practical viewpoint in ERAs, a 
representative subset of species is typically selected for testing. These species are usually selected 

based on their ecological relevance, their likely exposure to Cry proteins under field conditions, their 
expected susceptibility to Cry proteins, and their testability (Todd et al., 2008; EFSA, 2010; Devos et 

al., 2012; Meissle et al., 2012; Barratt et al., 2013; Romeis et al., 2013a, 2014; Carstens et al., 2014; 

Riedel et al., 2016; van Capelle et al., 2016; Wach et al., 2016). 

Testing focuses on species that play a role in ecosystem services (e.g., natural enemies for pest 

regulation, honeybees for pollination, springtails and earthworms for soil-related processes), or are of 
conservation concern (e.g., rare and protected species, or species of aesthetic or cultural value). The 

representativeness of D. magna as test species is considered against the aforementioned selection 
criteria, below. 

Ecological relevance 

Daphnia magna is considered an important species in aquatic environments. It is a lake dweller 
occupying lentic habitats (i.e., lakes, shallow ponds rich in organic matter sediment). It has a central 

position in aquatic food webs as filter feeder of small, suspended particles such as unicellular algae, 
bacteria and detritus (herbivore involved in the removal of algae and potentially pathogenic microbes), 

and serves as prey for planktivorous fish and other organisms. Daphnids are also indicators of water 

quality. Since D. magna is a water column species, it is not necessarily representative of benthic or 
epibenthic communities (Carstens et al., 2012). 

Exposure 

There are two routes through which NT aquatic organisms may be exposed to Cry proteins from Bt-
plants: (1) exposure to free protein (e.g., proteins that leach out of maize plant tissues and are 

deposited into an adjacent water body); and (2) exposure to proteins via direct feeding on deposited 
plant material (e.g., aerially deposited pollen, crop dust, or intact plant material) (Rosi-Marshall et al., 

2007; Tank et al., 2010; Carstens et al., 2012). 

Exposure of NTOs to the Cry1Ab protein in aquatic ecosystems is likely to be very low due to its rapid 

degradation (Douville et al., 2005, 2007; Wolt and Peterson, 2010; Carstens et al., 2012; Strain and 
Lydy, 2015). Cry1Ab protein concentrations in water bodies are small compared with the amount 

known to cause adverse effects on sensitive target organisms (Jensen et al., 2010). D. magna is 

therefore unlikely to be exposed to significant levels of the Cry1Ab protein derived from maize 
MON810 and Bt11 in the water column.  

Exposure of D. magna to the Cry1Ab protein via intact plant material (i.e., pollen) is also expected to 
be low, as it is not clear whether daphnids are able to digest maize pollen grains following ingestion. 

Moreover, the Cry1Ab protein content in maize MON810 and Bt11 pollen is low (Nguyen and Jehle, 

2007; EFSA, 2009a,b). Degradation rates of the Cry1Ab protein from decaying plant material in 
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aquatic environments are comparable to those of non-Bt-maize (Griffiths et al., 2009; Swan et al., 
2009). In their early-tier study with the European corn borer, Jensen et al. (2010) detected no 

bioactivity of the Cry1Ab protein in senesced maize tissue exposed to aquatic environments for two 

weeks, confirming the rapid degradation of the protein. 

Susceptibility 

In feeding studies with D. magna fed maize MON810 plant material, either ground kernels (Bøhn et 
al., 2008; 2010) or leaves (Holderbaum et al., 2015), negative effects have been observed, suggesting 

toxic effects of the Cry1Ab protein on daphnids. However, uncertainty remains on whether these 

effects have been caused by the Cry1Ab protein, nutritional deficiencies related to the maize-based 
diet, the genetic/varietal background of the conventional counterpart used as comparator, or other 

unintended effects (EFSA, 2009a, 2012; Ricroch et al., 2010; Bøhn et al., 2012; Romeis et al., 2013b). 

Based on the known spectrum of activity of the Cry1Ab protein and its selectivity to lepidopteran 

species (Romeis et al., 2013b; van Frankenhuyzen, 2013; De Schrijver et al., 2014), and the 
phylogenetic distance between D. magna and target species (pests of the family Lepidoptera), 

susceptibility of daphnids to the Cry1Ab protein is not expected at field concentrations. However, EFSA 

acknowledges that early-tier tests with daphnids contribute to determining the activity spectrum of the 
Cry1Ab protein, and corroborating or rejecting the risk hypothesis of no harm to D. magna. 

Testability 

Daphnia magna has a long history of use for chemical toxicity testing on NT aquatic organisms where 

it serves as a surrogate species, and has been used previously for early-tier testing for GM plants to 

determine the activity spectrum of Cry proteins (Carstens et al., 2012; Romeis et al., 2013a). 
Standardised guidelines exist for chemical toxicity testing and rearing (US EPA 2000; OECD 2004, 

2012; ASTM 2010), allowing consistent detection of adverse effects on ecologically relevant 
parameters. 

Suitable life-stages of the test species are commercially available and can be obtained in sufficient 
quantity and quality (Carstens et al., 2012; Romeis et al., 2013a). 

Conclusion 

The study reported by Bøhn et al. (2016) addresses an objective relevant for the ERA of Bt-plants 
expressing the Cry1Ab and/or Cry2Aa protein(s) for cultivation. The GMO Panel issued Scientific 

Opinions on the cultivation of various Bt-plants (Bt11, 1507, MON810, MON88017 and 59122), of 
which only Bt-maize MON810 and Bt11 express the Cry1Ab protein. Because none of the GM plant 

applications for market authorisation currently under regulatory review by EFSA or for which the GMO 

Panel issued a Scientific Opinion cover the cultivation of Bt-plants expressing the Cry2Aa protein or 
both the Cry1Ab and Cry2Aa proteins, EFSA restricted the consideration of the findings reported by 

Bøhn et al. (2016) to the Cry1Ab protein which is expressed in the single Bt-maize events MON810 
and Bt11.  

Based on the limited exposure to significant levels of the Cry1Ab protein via intact plant material and 

particulate organic matter in the water column, the known spectrum of activity of the Cry1Ab protein 
and its selectivity to lepidopteran species, and the phylogenetic distance between D. magna and 

target species, EFSA does not consider D. magna the most representative NT aquatic organism for 
testing. However, EFSA acknowledges that D. magna represents a member of a taxonomic group not 

typically tested for terrestrial NTOs, and that early-tier tests with daphnids can inform ERAs by 
determining the activity spectrum of the Cry1Ab protein, and by corroborating or rejecting the risk 

hypothesis of no harm to D. magna. 

Overall, EFSA is of the opinion that the study reported in the publication by Bøhn et al. (2016) 
addresses an objective relevant to the NT risk assessment of aquatic organisms in the frame of maize 

MON810 and Bt11 for cultivation.  
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3.2.2. Reliability 

Any study designed to test relevant risk hypotheses should be carried out in such a way that it 
minimises the probability of erroneous (i.e., false negatives and false positives), or inconclusive 

results. Adhering to quality standards increases confidence in the results and adds certainty to the 

conclusions. In the frame of the assessment of potential adverse effects of GM plants on NTOs, the 
reliability of test systems is optimised if the following conditions are met: (1) the purity of the test 

substance is well characterised and described; (2) the test substance is biochemically and functionally 
equivalent to the novel proteins produced in the GM plant; (3) the bioactivity of the test substance, as 

provided to the test organisms, is established; (4) test organisms are exposed to high concentrations 
of the test substance relative to predicted exposures in the field; (5) ingestion of the test substance 

by the test organisms is confirmed; (6) endpoints are measured that are likely to indicate the 

possibility of adverse effects on the abundance of NTOs or other assessment endpoints; (7) the 
number of replicates in the study is such that defined effect sizes can be detected with sufficient 

statistical power; (8) negative control treatments are included to assess the suitability of the test 
system; and (9) positive control treatments are included, where feasible, to demonstrate that the test 

system is able to detect treatment effects (as reviewed by EFSA, 2010, 2011; Romeis et al., 2011, 

2013b; Raybould et al., 2013; Booij and Qiu, 2015; De Schrijver et al., 2016). 

The reliability of the laboratory bioassays conducted by Bøhn et al. (2016) with the Cry1Ab protein is 

considered against the aforementioned study design criteria, below. 

Purity, equivalence and biological activity of the test substance 

The purified Cry1Ab protein used in the bioassay with D. magna was produced in the bacterium 
Escherichia coli. The authors did not state the purity of the protein, and whether this was considered 

for the calculations of the final concentration in the stock solution. The nominal concentrations of test 

materials were not analytically confirmed in any of the treatments. Since the protein batches were 
purchased from a well-established source (Dr Marianne Carey, Department of Biochemistry, Case 

Western Reserve University, Cleveland, US), high purity of the Cry1Ab protein is likely. However, 
uncertainty remains on protein purity and the true amount of test substance delivered to the test 

organisms.  

Since the protein batches were purchased from a well-established source (see above), the biochemical 
equivalence of the purified Cry1Ab protein produced in E. coli to that expressed in maize MON810 and 

Bt11 is likely. However, Bøhn et al. (2016) provides no information on this matter in their publication. 

The biological activity of the Cry1Ab protein once dissolved in the buffer solution and in the culture 

medium was not confirmed by, e.g., using a sensitive insect bioassay. Likewise, the authors did not 

provide any information regarding the storage conditions of the stock solution after its preparation, 
which can affect the biological activity of Cry proteins (Nguyen and Jehle, 2009). Therefore, 

uncertainty remains on the level of insecticidal activity of the test substance during the study period. 

There is also no information provided by the authors on what Cry1Ab protein variant (full-length, 

‘protoxin’ form or a protease-treated ‘activated’ variant) was actually used in the bioassays, which can 
influence the biological activity of the protein (Saeglitz et al., 2006). A trypsin-treated Cry1Ab protein 

variant would need to be carefully purified so that any residual protease activity and other impurities 

caused by the protease treatment do not significantly influence the stability and/or integrity of the 
tested protein (Nguyen and Jehle, 2009). Therefore, additional uncertainty remains on the nature of 

the test substance and its possible consequences on the effects observed in the reported study.  

Exposure of the test organisms to the test substance relative to predicted exposures in the field 

In early-tier bioassays, test organisms are typically exposed to the test substance at the margin 

hazard dose (MHD) level ( 10 the expected environmental concentration (EEC) using protein 

expression data gathered in field trials performed in representative receiving environments where the 
GM plant is grown) (EFSA, 2010; Romeis et al., 2011). In the bioassays performed by Bøhn et al. 

(2016), D. magna was exposed to 0.75 and 4.5 mg/L of the Cry1Ab protein. Considering the 
expression levels of the Cry1Ab protein in maize MON810 and Bt11 (Nguyen and Jehle, 2007; EFSA, 

2009a,b), and EECs under field conditions (see Carstens et al., 2012 and Raybould et al., 2014 for 

calculations using the US Environmental Protection Agency’s standard pond and generic estimated 
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environmental concentration models and the EU ditch model), EFSA notes that Bøhn et al. (2016) 
exposed D. magna to Cry1Ab protein concentrations above conservative EECs for free Cry1Ab protein 

and maize MON810/Bt11 pollen and plant debris in the water column. 

Confirmation of exposure of the test organisms to the test substance 

Ingestion of the test compounds by D. magna in the treated groups was neither confirmed, nor 

quantified (e.g., by enzyme-linked immunosorbent assay (ELISA) test).  

Measurement endpoints and test duration 

Bøhn et al. (2016) measured both lethal (i.e., mortality) and sub-lethal endpoints. The latter included 

body size of adults and juveniles (as a measure of growth), maturation (as a measure of 
development), and cumulative and daily fecundity. The endpoints measured are in accordance with 

international standards (OECD, 2012), and therefore considered appropriate.  

The test duration was in tune with the measured endpoints, as the test organisms were exposed 

during their full life cycle. EFSA notes that the authors extended the test duration recommended by 
OECD (2012) from 21 days to 78 days. Moreover, the bioassay was terminated upon the death of the 

last individual in the control group (day 78), instead of when control mortality rose above a predefined 

threshold (Rose, 2007; Romeis et al., 2011). 

Number of replicates 

Bøhn et al. (2016) used 10 replicates for the treatment groups, and 20 replicates for the control 
group. One replicate consisted of a single D. magna contained in one glass. The number of replicates 

used in the bioassay is consistent with the sample size recommended in the OECD guidelines (OECD, 

2004, 2012) for D. magna testing. 

Inclusion of appropriate negative control treatment(s) 

The Cry1Ab protein used in the study was “carefully weighed and dissolved in a small amount of 
buffer at pH 10.5”, and then added to the 50 ml of culture “M7” or “water” medium containing a 

single Daphnia. The authors did not specify in which buffer the Cry proteins were dissolved and which 
volume of buffer solution was added to the culture medium since the Cry1Ab protein concentration in 

the stock solution was not provided. Furthermore, no information was provided on how the Cry1Ab 

protein was quantified. The type of method(s) used to determine protein concentration can be critical 
when interpreting results of insect bioassays (Crespo et al., 2008). Therefore, uncertainty remains on 

the buffer composition and amounts used. 

EFSA considers that insufficient information is reported in Bøhn et al. (2016) to judge the suitability of 
the negative control. For example, the negative control should have contained the same volume of 

buffer that was added to the Cry1Ab protein treatments (Romeis et al., 2011; Booij and Qiu, 2015), 

and ideally, the heat-deactivated Cry protein at the same concentration, as this is useful to distinguish 
direct toxic effects from non-specific effects of proteins on the nutritional status of D. magna (Romeis 

et al., 2011; Raybould et al., 2014). Although the buffer volumes and its toxic potency are expected to 
be low, it cannot be ruled out that the reported negative effects were caused by the addition of the 

buffer instead of the test substance. This issue might be particularly relevant for the highest Cry 

protein concentration tested, because depending on how the purified protein was prepared, this 
treatment could have received six times more buffer than the lower concentration. Therefore, 

uncertainty remains on the interpretation of the effects observed. 

Inclusion of positive control treatments  

A positive control (toxic/reference) substance is typically used in bioassays assessing NT effects to 
(indirectly) demonstrate that the test system was able to detect treatment effects, and confirm 

exposure to Cry proteins, as these have no contact toxicity and must be ingested by a susceptible 

organism to be effective. Direct dietary intake is thus required to evaluate the toxicity of Cry proteins. 
The study by Bøhn et al. (2016) did not include a positive control treatment to confirm the intake of 

the test substance by the test organisms. 
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Conclusion 

Owing to limitations associated with the design and reporting of the study by Bøhn et al. (2016), EFSA 

considers that several uncertainties remain pertaining to the level of biological activity of the Cry1Ab 

protein, the suitability of the negative control, and the level of intake of the Cry1Ab protein by 
D. magna. Hence, the study provides insufficient information to allow a proper interpretation of the 

effects observed. 

In addition, EFSA notes that the observed differences were seen at Cry1Ab protein concentrations 

above EECs under field conditions, and that the authors did not bring their study results in the context 

of expected exposure levels in the field. 

4. Conclusions 

Owing to limitations associated with the design and reporting of the study, EFSA considers that 
several uncertainties remain, which do not allow a proper interpretation of the effects observed by 

Bøhn et al. (2016). As the evidence reported in Bøhn et al. (2016) is insufficient to indicate the 

necessity to revise the environmental risk assessment conclusions for maize MON810 and Bt11, EFSA 
considers that the GMO Panel risk assessment conclusions on maize MON810 and Bt11 for cultivation 

remain valid and applicable. 
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Documentation provided to EFSA 

1. Letter from the European Commission, dated 1 June 2016, to the EFSA Executive Director 
requesting scientific assistance on new scientific information (Bøhn et al., 2016) in relation to their 

risk assessment of genetically modified Bt-crops. 

2. Acknowledgement letter, dated 1 July 2016, from the EFSA Executive Director to the European 

Commission. 

References 

ASTM, 2010. Standard test methods for measuring the toxicity of sediment-associated contaminants 
with freshwater invertebrates. E1706-05. In: ASTM annual book of standards, vol 11.06. American 

Society for Testing and Materials, Philadelphia, PA, 

http://www.ecy.wa.gov/programs/tcp/SciencePanel2009/mtgInfo/mtg_100825/ASTM%20Bioassay
%20Protocols%20E1706.pdf. 

Axelsson EP, Hjältén J, LeRoy CJ, Julkunen-Tiitto R, Wennström A and Pilate G, 2010. Can leaf litter 
from genetically modified trees affect aquatic ecosystems? Ecosystems, 13, 1049–1059. 

Axelsson EP, Hjältén J, LeRoy CJ, Whitham TG, Julkunen-Tiitto R and Wennström A, 2011. Leaf litter 

from insect-resistant transgenic trees causes changes in aquatic insect community composition. 
Journal of Applied Ecology, 48, 1472–1479. 

Barratt, BIP, Todd JH, Ferguson CM, Crook K, Burgess EPJ, Barraclough EI and Malone LA, 2013. 
Biosafety testing of genetically modified ryegrass (Lolium perenne L.) plants using a model for the 

optimum selection of test invertebrates. Environmental Entomology, 42, 820–830. 

Bøhn T, Primicerio R, Hessen DO and Traavik T, 2008. Reduced fitness of Daphnia magna fed a Bt-

transgenic maize variety. Archives of Environmental Contamination and Toxicology, 55, 584–592. 

Bøhn T, Primicerio R and Traavik T, 2012. The German ban on GM maize MON810: scientifically 
justified or unjustified? Environmental Sciences Europe, 24, 1–7. 

Bøhn T, Traavik T and Primicerio R, 2010. Demographic responses of Daphnia magna fed transgenic 
Bt-maize. Ecotoxicology, 19, 419–430. 

Bøhn T, Rover CM and Semenchuk PR, 2016. Daphnia magna negatively affected by chronic exposure 

to purified Cry-toxins. Food and Chemical Toxicology, 91, 130–140. 

Booij K and Qiu YT, 2015. Testing impacts of toxic compounds from transgenic crops on non-target 

arthropods in tier-1 studies: exposure and response. Plant Research International and Wageningen 
UR Greenhouse Horticulture. COGEM report 2015-08. 

Carstens K, Anderson J, Bachman B, De Schrijver A, Dively G, Federici B, Hamer M, Gielkins M, Jensen 
P, Lamp W, Rauschen S, Ridley G, Romeis J and Waggoner A, 2012. Genetically modified crops 

and aquatic ecosystems: considerations for environmental risk assessment and non-target 

organism testing. Transgenic Research, 21, 813–842. 

Carstens K, Cayabyab B, De Schrijver A, Gadaleta PG, Hellmich RL, Romeis J, Storer N, Valicente FH 

and Wach M, 2014. 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, 5, 11–15. 

Chambers CP, Whiles MR, Rosi-Marshall EJ, Tank JL, Royer TV, Griffiths NA, Evans-White MA and 
Stojak AR, 2010. Responses of stream macroinvertebrates to Bt maize leaf detritus. Ecological 

Applications, 20, 1949–1960. 

Crespo ALB, Spencer TA, Nekl E, Pusztai-Carey M, Moar WJ and Siegfried BD, 2008. Comparison and 

validation of methods to quantify Cry1Ab toxin from Bacillus thuringiensis for standardization of 

insect bioassays. Applied and Environmental Microbiology, 74, 130–135. 

Dijkhuis JE, Wagelmans M, de Graaff M and Loermans J, 2015. Inventariserend onderzoek naar de 

potentiële blootstelling van aquatische organismen aan plantenmateriaal van Bt-mais. Stichting 
RAVON, Nijmegen. COGEM Rapport 2013-022. 

http://www.ecy.wa.gov/programs/tcp/SciencePanel2009/mtgInfo/mtg_100825/ASTM%20Bioassay%20Protocols%20E1706.pdf
http://www.ecy.wa.gov/programs/tcp/SciencePanel2009/mtgInfo/mtg_100825/ASTM%20Bioassay%20Protocols%20E1706.pdf


Relevance of a new scientific publication for former EFSA GMO Panel scientific outputs on Bt-maize 
 

 

 
www.efsa.europa.eu/publications 13 EFSA Supporting publication 2016:EN-1073 
 

De Schrijver A, De Clercq P, Booij K, de Maagd RA and van Frankenhuyzen K, 2014. Can interactions 
between Bt proteins be predicted and how should effects on non-target organisms of GM crops 

with multiple Bt proteins be assessed? Scientific Institute of Public Health. COGEM report 2014-05. 

De Schrijver A, Devos Y, De Clercq P, Gathmann A and Romeis J, 2016. Quality of laboratory studies 
assessing effects of Bt-proteins on non-target organisms: minimal criteria for acceptability. 

Transgenic Research, 25, 395–411. 

Devos Y, Hails RS, Messéan A, Perry JN and Squire GR, 2012. Feral genetically modified herbicide 

tolerant oilseed rape from seed import spills: are concerns scientifically justified? Transgenic 

Research, 21, 1–21. 

Devos Y, De Schrijver A, De Clercq P, Kiss J and Romeis J, 2012. Bt-maize event MON 88017 

expressing Cry3Bb1 does not cause harm to non-target organisms. Transgenic Research, 21, 
1191–1214. 

Devos Y, Romeis J, Luttik R, Maggiore A, Perry JN, Schoonjans R, Streissl F, Tarazona JV and Brock 
TCM, 2015. Optimising environmental risk assessments – Accounting for biodiversity and 

ecosystem services helps to translate broad policy protection goals into specific operational ones 

for environmental risk assessments. EMBO reports, 16, 1060–1063. 

Devos Y, Gaugitsch H, Gray AJ, Maltby L, Martin J, Pettis JS, Romeis J, Rortais A, Schoonjans R, Smith 

J, Streissl F and Suter GW II, 2016. Special issue: Advancing environmental risk assessment of 
regulated stressors under EFSA’s remit. EFSA Journal, 14(S1), s0508, 14 pp., 

doi:10.2903/j.efsa.2016.s0508. 

Douville M, Gagné F, Masson L, McKay J and Blaise C, 2005. Tracking the source of Bacillus 
thuringiensis Cry1Ab endotoxin in the environment. Biochemical Systematics and Ecology, 33, 219–

232. 

Douville M, Gagné F, Blaise C and André C, 2007. Occurrence and persistence of Bacillus thuringiensis 
(Bt) and transgenic Bt corn cry1Ab gene from an aquatic environment. Ecotoxicology and 
Environmental Safety, 66, 195–203. 

EFSA (European Food Safety Authority), 2009a. Scientific Opinion of the Panel on Genetically Modified 

Organisms on applications (EFSA GMO-RX-MON810) for the renewal of authorisation for the 
continued marketing of (1) existing food and food ingredients produced from genetically modified 

insect resistant maize MON810; (2) feed consisting of and/or containing maize MON810, including 
the use of seed for cultivation; and of (3) food and feed additives, and feed materials produced 

from maize MON 810, all under Regulation (EC) No 1829/2003 from Monsanto. EFSA Journal, 7(6), 

1149, 85 pp., doi:10.2903/j.efsa.2009.1149. 

EFSA (European Food Safety Authority), 2009b. Opinion on application reference EFSA-GMO-RX-Bt11 

for renewal of the authorisation of existing products produced from insect-resistant genetically 
modified maize Bt11, under Regulation (EC) No 1829/2003 from Syngenta. EFSA Journal, 7(2), 

977, 13 pp., doi:10.2903/j.efsa.2009.977. 

EFSA (European Food Safety Authority), 2010. Guidance on the environmental risk assessment of GM 
plants. EFSA Journal, 8(11), 1879, 111 pp., doi:10.2903/j.efsa.1879. 

EFSA (European Food Safety Authority), 2011. Scientific Opinion on guidance for risk assessment of 
food and feed from genetically modified plants. EFSA Journal, 9(5), 2150, 37 pp., 

doi:10.2903/j.efsa.2011.2150. 

EFSA (European Food Safety Authority), 2012. Scientific Opinion on a request from the European 

Commission related to the emergency measure notified by France on genetically modified maize 

MON810 according to Article 34 of Regulation (EC) No 1829/2003. EFSA Journal, 10(5), 2705, 
21 pp., doi:10.2903/j.efsa.2012.2705. 

EFSA (European Food Safety Authority), 2015. Scientific report on principles and process for dealing 
with data and evidence in scientific assessments. EFSA Journal, 13(5), 4121, 36 pp., 

doi:10.2903/j.efsa.2015.4121. 



Relevance of a new scientific publication for former EFSA GMO Panel scientific outputs on Bt-maize 
 

 

 
www.efsa.europa.eu/publications 14 EFSA Supporting publication 2016:EN-1073 
 

EFSA (European Food Safety Authority), 2016. Guidance to develop specific protection goals options 
for environmental risk assessment at EFSA, in relation to biodiversity and ecosystem services. EFSA 

Journal, 14(6), 4499, 50 pp., doi:10.2903/j.efsa.2016.4499. 

Garcia-Alonso M and Raybould A, 2014. Protection goals in environmental risk assessment: a practical 
approach. Transgenic Research, 23, 945–956. 

Garcia-Alonso M, Jacobs E, Raybould A, Nickson TE, Sowig P, Willekens H, Van der Kouwe P, Layton 
R, Amijee F, Fuentes AM and Tencalla F, 2006. A tiered system for assessing the risk of genetically 

modified plants to non-target organisms. Environmental Biosafety Research, 5, 57–65. 

Gray AJ, 2012. Problem formulation in environmental risk assessment for genetically modified crops: A 
practitioner’s approach. Collection of Biosafety Reviews, 6, 10–65. 

Griffiths NA, Tank JL, Royer TV, Rosi-Marshall EJ, Whiles MR, Chambers CP, Frauendorf TC and Evans-
White MA, 2009. Rapid decomposition of maize detritus in agricultural headwater streams. 

Ecological Applications, 19, 133–142. 

Holderbaum DF, Cuhra M, Wickson F, Inácio A, Orth AI, Nodari RO and Bøhn T, 2015. Chronic 

responses of Daphnia magna under dietary exposure to leaves of a transgenic (event MON810) Bt–

maize hybrid and its conventional near-isoline. Journal of Toxicology and Environmental Health, 
Part A, 78, 993–1007. 

Layton R, Smith J, Macdonals P, Letchumanan R, Keese P and Lema M, 2015. Building better 
environmental risk assessments. Frontiers in Bioengineering and Biotechnology, 3, 110. 

OECD (Organisation for Economic Co-operation and Development), 2004. Test No. 202: Daphnia sp. 

acute immobilisation test. OECD Guidelines for the Testing of Chemicals, Section 2, OECD 
Publishing, Paris. doi:http://dx.doi.org/10.1787/9789264069947-en. 

OECD (Organisation for Economic Co-operation and Development), 2012. Test No. 211: Daphnia 
magna reproduction test. OECD Guidelines for the Testing of Chemicals, Section 2, OECD 

Publishing, Paris. doi:http://dx.doi.org/10.1787/9789264070127-en.  

Meissle M, Álvarez-Alfageme F, Malone LA and Romeis J, 2012. Establishing a database of bio-

ecological information on non-target arthropod species to support the environmental risk 

assessment of genetically modified crops in the EU. Supporting Publications 2012, EN-334, 170 
pp., 

http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/334e.pdf. 

Nguyen HT and Jehle JA, 2007. Quantitative analysis of the seasonal and tissue-specific expression of 

Cry1Ab in transgenic maize MON 810. Journal of Plant Diseases and Protection, 114, 82–87. 

Nguyen HT and Jehle JA, 2009. Stability of Cry1Ab protein during long-term storage for 
standardization of insect bioassays. Environmental Biosafety Research, 8, 113–119. 

Raybould A, 2006. Problem formulation and hypothesis testing for environmental risk assessment of 
genetically modified crops. Environmental Biosafety Research, 5, 119–125. 

Raybould A, 2007. Ecological versus ecotoxicological methods for assessing the environmental risks of 

transgenic crops. Plant Science, 173, 589–602. 

Raybould A, 2010. Reducing uncertainty in regulatory decision-making for transgenic crops. More 

ecological research or clearer environmental risk assessment? GM Crops, 1, 1–7. 

Raybould A, Kilby P and Graser G, 2013. Characterising microbial protein test substances and 

establishing their equivalence with plant-produced proteins for use in risk assessments of 
transgenic crops. Transgenic Research, 22, 445–460. 

Raybould A, Burns A and Hamer M, 2014. High concentrations of protein test substances may have 

non-toxic effects on Daphnia magna: implications for regulatory study designs and ecological risk 
assessments for GM crops. GM Crops & Food: Biotechnology in Agriculture and the Food Chain, 5, 

296–301. 

Ricroch A, Bergé JB and Kuntz M, 2010. Is the German suspension of MON810 maize cultivation 

scientifically justified? Transgenic Research, 19, 1–12. 

http://dx.doi.org/10.1787/9789264069947-en
http://dx.doi.org/10.1787/9789264070127-en
http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/334e.pdf


Relevance of a new scientific publication for former EFSA GMO Panel scientific outputs on Bt-maize 
 

 

 
www.efsa.europa.eu/publications 15 EFSA Supporting publication 2016:EN-1073 
 

Riedel J, Romeis J and Meissle M, 2016. Update and expansion of the database of bio-ecological 
information on non-target arthropod species established to support the environmental risk 

assessment of genetically modified crops in the EU. EFSA supporting publication 2016, EN-956, 109 

pp., 
http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/956e.pdf. 

Roberts A, Devos Y, Raybould A, Bigelow P and Gray A, 2014. Environmental risk assessment of GE 
plants under low-exposure conditions. Transgenic Research, 23, 971–983. 

Romeis J, Bartsch D, Bigler F, Candolfi MP, Gielkens M, Hartley SE, Hellmich RL, Huesing JE, Jepson 

PC, Layton R, Quemada H, Raybould A, Rose RI, Schiemann J, Sears MK, Shelton AM, Sweet J, 
Vaituzis Z and Wolt JD, 2008. Nontarget arthropod risk assessment of insect-resistant GM crops. 

Nature Biotechnology, 26, 203–208. 

Romeis J, Hellmich RL, Candolfi MP, Carstens K, De Schrijver A, Gatehouse AMR, Herman RA, Huesing 

JE, McLean MA, Raybould A, Shelton AM and Waggoner A, 2011. Recommendations for the design 
of laboratory studies on non-target arthropods for risk assessment of genetically engineered 

plants. Transgenic Research, 20, 1–22. 

Romeis J, Raybould A, Bigler F, Candolfi MP, Hellmich RL, Huesing JE and Shelton AM, 2013a. Deriving 
criteria to select arthropod species for laboratory tests to assess the ecological risks from 

cultivating arthropod-resistant genetically engineered crops. Chemosphere, 90, 901–909. 

Romeis J, McLean MA and Shelton AM, 2013b. When bad science makes good headlines: Bt maize and 

regulatory bans. Nature Biotechnology, 31, 386–387. 

Romeis J, Meissle M, Álvarez-Alfageme F, Bigler F, Bohan DA, Devos Y, Malone LA, Pons X and 
Rauschen S, 2014. Potential use of an arthropod database to support the non-target risk 

assessment and monitoring of transgenic plants. Transgenic Research, 23, 995–1013. 

Rose RI, 2007. White paper on tier-based testing for the effects of proteinaceous insecticidal plant-

incorporated protectants on non-target invertebrates for regulatory risk assessment. USDA-APHIS 
and US Environmental Protection Agency, Washington, DC. Available from 

https://www.epa.gov/sites/production/files/2015-09/documents/tier-based-testing.pdf. 

Rosi-Marshall EJ, Tank JL, Royer TV, Whiles MR, Evans-White M, Chambers C, Griffiths NA, Pokelsek J 
and Stephen ML, 2007. Toxins in transgenic crop by products may affect headwater stream 

ecosystems. Proceedings of the National Academy of Sciences of the United States of America, 
104, 16204–16208. 

Saeglitz C, Bartsch D, Eber S, Gathmann A, Priesnitz KU and Schuphan I, 2006. Monitoring the Cry1Ab 

susceptibility of European corn borer in Germany. Journal of Economic Entomology, 99, 1768–
1773. 

Sanvido O, Romeis J, Gathmann A, Gielkens M, Raybould A and Bigler F, 2012. Evaluating 
environmental risks of genetically modified crops – ecological harm criteria for regulatory decision-

making. Environmental Science & Policy, 15, 82–91. 

Strain KE and Lydy MJ, 2015. The fate and transport of the Cry1Ab protein in an agricultural field and 
laboratory aquatic microcosms. Chemosphere, 132, 94–100. 

Swan CM, Jensen PD, Dively GP and Lamp WO, 2009. Processing of transgenic crop residues in 
stream ecosystems. Journal of Applied Ecology, 46, 1304–1313. 

Todd JH, Ramankutty P, Barraclough EI and Malone LA, 2008. A screening method for prioritizing 
non-target invertebrates for improved biosafety testing of transgenic crops. Environmental 

Biosafety Research, 7, 35–56. 

Tank JL, Rosi-Marshall EJ, Royer TV, Whiles MR, Griffiths NA, Frauendorf TC and Treering DJ, 2010. 
Occurrence of maize detritus and a transgenic insecticidal protein (Cry1Ab) within the stream 

network of an agricultural landscape. Proceedings of the National Academy of Sciences of the 
United States of America, 107, 17645–17650. 

US EPA (US Environmental Protection Agency), 2000. Methods for measuring the toxicity and 

bioaccumulation of sediment-associated contaminants with freshwater invertebrates, 2nd edn. US 

http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/956e.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/tier-based-testing.pdf


Relevance of a new scientific publication for former EFSA GMO Panel scientific outputs on Bt-maize 
 

 

 
www.efsa.europa.eu/publications 16 EFSA Supporting publication 2016:EN-1073 
 

EPA/600/R-99/064, Duluth, MN, 
http://nepis.epa.gov/Exe/ZyPDF.cgi/30003SBA.PDF?Dockey=30003SBA.PDF. 

van Capelle C, Schrader S and Arpaia S, 2016. Selection of focal earthworm species as non-target soil 

organisms for environmental risk assessment of genetically modified plants. Science of the Total 
Environment, 548–549, 360–369. 

van Frankenhuyzen K, 2013. Cross-order and cross-phylum activity of Bacillus thuringiensis pesticidal 
proteins. Journal of Invertebrate Pathology, 114, 76–85. 

Wach M, Hellmich R, Layton R, Romeis J and Gadaleta P, 2016. Dynamic role and importance of 

surrogate species for assessing potential adverse environmental impacts of genetically engineered 
insect-resistant plants on non-target organisms. Transgenic Research, 25, 499–505. 

Wolt JD and Peterson RKD, 2010. Prospective formulation of environmental risk assessments: 
probabilistic screening for Cry1A(b) maize risk to aquatic insects. Ecotoxicological and 

Environmental Safety, 73, 1182–1188. 

Wolt JD, Keese P, Raybould A, Fitzpatrick JW, Burachik M, Gray A, Olin SS, Schiemann J, Sears M and 

Wu F, 2010. Problem formulation in the environmental risk assessment for genetically modified 

plants. Transgenic Research, 19, 425–436. 

http://nepis.epa.gov/Exe/ZyPDF.cgi/30003SBA.PDF?Dockey=30003SBA.PDF

