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Abstract

Following a request from the European Commission, the European Food Safety Authority (EFSA)
assessed the findings reported by Trtikova et al. (2015). The relevance of these findings for the risk
assessment of maize MON 810 and other CrylAb-expressing Btmaize events for which the EFSA GMO
Panel has already issued a scientific opinion was also assessed. The publication by Trtikova et al.
(2015) does not reveal any new information that would invalidate the previous conclusions and risk
management recommendations made on maize MON 810 or any other CrylAb-expressing Bt-maize
events previously assessed by the EFSA GMO Panel. Therefore, EFSA considers that the previous GMO
Panel risk assessment conclusions and risk management recommendations on all CrylAb-expressing
Bt-maize events so far, including the only cultivated crop in the European Union, maize MON 810,
remain valid and applicable.
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Summary

Following a request by the European Commission, the European Food Safety Authority (EFSA)
assessed the scientific information in the publication by Trtikova et al. (2015), as well as the relevance
of their findings for the risk assessment of maize MON 810 and other CrylAb-expressing Bt~maize
events for which the EFSA GMO Panel has issued a scientific opinion.

Trtikova et al. (2015) studied cry1Ab transgene expression and levels of the newly expressed
Bt CrylAb protein in the leaves of two maize MON 810 varieties grown under optimal and stressful
(cold/wet and hot/dry) environmental conditions. Based on their experiments with plants grown in
controlled environments (climate chambers, greenhouse), the authors claimed that genetic
background and environmental conditions, especially abiotic environments, could affect cryi4b
transgene expression and Bt CrylAb protein levels in maize MON 810. Regarding Bt CrylAb protein
levels in particular, Trtikova et al. (2015) concluded that these factors could alter the expression
variability of this protein. The authors extrapolated their findings to field-grown maize MON 810 and
postulated that the Bt Cry1Ab protein concentration in relevant plant tissues of maize MON 810 might
not always be sufficiently high to kill a high proportion of heterozygous resistant genotypes to
maintain any resistance allele in the target insect pest population functionally recessive. The authors
considered that this may have implications on insect resistance management (IRM) measures, which
aim at delaying insect resistance evolution to Bt proteins in the target insect pest populations such as
the European corn borer and Mediterranean corn borer.

The EFSA GMO Panel has already considered that there can be variability in Bt protein levels of
genetically modified (GM) plants. This aspect is already well known and extensively reported in the
peer-reviewed literature. Moreover, Bt CrylAb protein content variability in maize MON 810 and other
CrylAb-expressing maize Bt-events is clearly indicated by the data in GM plant market registration
applications. Reported Bt CrylAb protein levels in these applications are derived from plants grown in
field trials carried out in different seasons and across several locations, thereby accounting for diverse
environmental conditions.

Regarding possible implications on IRM measures due to insufficient levels of BtCrylAb protein in
relevant tissues of maize MON 810 as hypothesised by Trtikova et al. (2015), EFSA considers that this
aspect would be relevant only for GM plant market registration applications for cultivation. However,
the Bt CrylAb protein levels reported in Trtikova et al. (2015) for the two maize MON 810 varieties
grown under optimal or stressful conditions are well within the range of values determined for maize
MON 810 and Bt11 in the GM plant market registration applications for cultivation for which the EFSA
GMO Panel has issued a scientific opinion. Moreover, at present, EFSA is not aware of early warning
signs indicating increases in tolerance to CrylAb-expressing Bt maize in field populations of the
European corn borer and Mediterranean corn borer.

Taken together, the findings reported by Trtikova et al. (2015) present no new scientific information
that would invalidate the EFSA GMO Panel’s previous risk assessment conclusions and
recommendations on risk management of maize MON 810 or any other CrylAb-expressing Bt-maize
events for which it has issued a scientific opinion. Therefore, EFSA is of the opinion that the previous
risk assessment conclusions and risk management recommendations on all CrylAb-expressing Bt
maize events so far, including maize MON 810, remain valid and applicable.
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1. Introduction

Following a request by the European Commission, the European Food Safety Authority (EFSA)
assessed the scientific information reported by Trtikova et al. (2015), as well as the relevance of these
findings for the risk assessment of maize MON 810 and all other CrylAb-expressing Btmaize events
for which the EFSA GMO Panel has issued a scientific opinion.

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

EFSA is requested to evaluate the scientific paper published by Trtikova et al. (2015) 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 for GM
maize MON 810 and possibly other Bt crops”.

2. Data and Methodologies

2.1. Data

In delivering this technical report, EFSA considered the data and conclusions reported in the scientific
publication by Trtikova et al. (2015) along with data in all CrylAb-expressing Btmaize events for
which the EFSA GMO panel has already issued a scientific opinion.

2.2. Methodologies

EFSA took into account the appropriate principles described in its guidelines for the food and feed
(EFSA, 2006, 2011a) and environmental risk assessment (EFSA, 2010a) of GM plants.

3. Assessment

The EFSA assessment described in this section is composed of two parts. In the first part, the data
and conclusions on maize MON 810 as reported by Trtikova et al. (2015) are presented. In the second
part, the relevance of the results and discussion of this publication for the risk assessment of maize
MON 810 and all other CrylAb-expressing Bt-maize events for which the EFSA GMO Panel has already
delivered a scientific opinion is considered.

Maize MON 810 contains the cryZAb gene (derived from Bacillus thuringiensis (Bt)) and produces the
Bt Cry1Ab protein conferring resistance to specific lepidopteran pests such as the European corn borer
(ECB), Ostrinia nubilalis, and the Mediterranean corn borer (MCB), Sesamia nonagrioides (EFSA,
2009a). Maize MON 810 is the only GM crop that is currently cultivated in the European Union.

3.1. Summary of the scientific publication

In their publication, Trtikova et al. (2015) reported on the cry1Ab transgene expression and protein
content of the newly expressed BtCrylAb protein in the leaves of two maize MON 810 varieties.
These aspects were further analysed in the context of environmentally stressful conditions where the
two maize MON 810 varieties were exposed to cold/wet and hot/dry conditions under controlled
environments (climate chamber, greenhouse).

Seeds of the two maize MON 810 varieties (white B&PAN 6Q-321B and yellow B&PAN 6Q-308B,
hereafter referred to as ‘white maize MON 810’ and ‘yellow maize MON 810, respectively) were first
grown under ‘optimal conditions” for six weeks. Following this period, they were either kept further
under optimal conditions or exposed to hot/dry? or cold/wet® stressful conditions. Leaves from the
same plants were sampled before stressful conditions were applied and after one week in the hot/dry
and cold/wet environments. RNA and proteins were extracted from these samples and analysed to
determine cry1Ab transgene expression and Bt CrylAb protein levels respectively.

! Optimal conditions: 16/8 h light/dark (L/D), 25/20 °C, relative humidity (RH) 50/65 %.
2 Hot/dry conditions: 16/8 h L/D, 21-45 °C, RH 39-67 %, watered sparsely.
3 Cold/wet conditions: 16/8 h L/D, 16/13 °C, 65/80 % RH, watered heavily for 24 h; afterwards soil kept saturated with water.
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The results and analyses on cry1Ab transgene and Bt CrylAb protein levels as reported by Trtikova et
al. (2015) for the white and yellow maize MON 810 varieties are summarised below:

e White maize MON 810: The data derived from the white maize MON 810 variety indicated that
there was no significant difference in cry1Ab transgene expression levels between optimal and
cold/wet conditions. In contrast, a significant reduction was observed for plants grown in a
hot/dry environment. Regarding BtCrylAb protein levels, the data indicated that, under
optimal conditions, white maize MON 810 contained on average, ~40 % less protein than the
yellow maize MON 810 variety. Overall Bt CrylAb protein levels remained stable for plants
grown under hot/dry conditions compared with optimal conditions but increased by ~4 fold
when plants were grown in a cold/wet environment.

e Yellow maize MON 810: The data obtained for the yellow maize MON 810 variety indicated
that both cry1Ab transgene expression and overall BtCrylAb protein levels were similar in
plants grown in optimal conditions and those grown in hot/dry or cold/wet environmentally
stressful conditions.

The authors concluded from their studies that, in controlled environments (climate chambers,
greenhouse), crylAb transgene expression and Bt CrylAb protein levels might be influenced by
factors such as genetic background and environmental conditions. Trtikova et al. (2015) extrapolated
their findings to maize MON 810 grown in the field, by postulating that “field-grown Bt maize plants
might therefore not always produce high enough dose of Bt protein to kill the intermediate
(heterozygous) resistant insect pests”. Based on this consideration, they hypothesised that there could
be possible implications for IRM measures established in Bt crop cultivation areas to delay the
evolution of insect resistance to Bt proteins (Bates et al., 2005).

3.2. Relevance of the scientific publication for the risk assessment of
maize MON 810 and other CrylAb-expressing Bf-maize events

During its evaluation of the data and findings in the Trtikova et al. (2015) publication, EFSA noted that
the main issues relevant for the risk assessment of GM plants concern (1) variability in Bt CrylAb
protein levels in maize MON 810 and (2) the possible implications of this variability on IRM
programmes for CrylAb-expressing Bt-maize plants. EFSA therefore considers that the findings in this
publication are mostly relevant for the environmental risk assessment (ERA) of CrylAb-expressing Bt
maize events. EFSA’s assessment below therefore focuses on the relevance for the ERA of maize
MON 810 and all other CrylAb-expressing Btmaize events for which the EFSA GMO Panel has
delivered a scientific opinion (see Table 1).

1) Regarding variability in the BtCrylAb protein levels of GM maize events producing this
protein, EFSA acknowledges that several factors could affect Bt protein levels, including
genetic background, environmental conditions and agricultural practices. Variability in Bt
CrylAb protein levels is indicated by the data in GM plant market registration applications
containing maize events that produce this protein, including maize MON 810, and has been
considered by the EFSA GMO Panel during its assessment (Table 1). Reported BtCrylAb
protein levels in these GM maize events are derived from plants grown in field trials carried
out in different seasons and across several locations, thereby accounting for diverse
environmental conditions. Moreover, variability in Bt protein levels in maize, including Cry1Ab
protein in maize MON 810, has been extensively documented in the peer-reviewed literature
(Nguyen and Jehle, 2007, 2009; Adamczyk et al., 2009; Székacs et al., 2010).
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Table 1:

assessed by the EFSA GMO Panel

efsam

Overview of GM maize applications producing the Bt Cry1Ab protein transgene previously

GM Plant Application Event Scope Reference Range of
Cry1Ab protein
levels in leaves
(ng/g dw)@®

EFSA-GMO-RX- MON 810 Import/Processing/  EFSA (2009a) 25.3-34.5®

MON 810 (8.1-ab and Cultivation

20-1ab)

EFSA-GMO-UK-2004-01 NK603 x MON 810 Import/Processing EFSA (2005a) =)

EFSA-GMO-DE-2004-03  MONB863 x MON 810 Import/Processing  EFSA (2005b) 32.7-51.3®

EFSA-GMO-BE-2004-07 MONS863 x MON 810 x  Import/Processing  EFSA (2005¢) 65.0-110.0

NK603
EFSA-GMO-CZ-2006-33 MON88017 x Import/Processing EFSA (2009b) 89.0-130.0
MON 810

Notification Bt11 Cultivation EFSA (2005d) 12.0-154.0®

C/F/96/05.10

EFSA-GMO-RX-Bt11 (8- Bt11 Import/Processing  EFSA (2009¢) 12.0-154.0®

1ab and 20-1ab)

EFSA-GMO-UK-2007-49 Bt11 x GA21 Import/Processing  EFSA (2009d) 9.1-49.1

EFSA-GMO-UK-2007-50 Bt11 x MIR604 Import/Processing  EFSA (2010b) 12.2-29.0

EFSA-GMO-UK-2008-56 Bt1l x MIR604 x GA21  Import/Processing  EFSA (2010c) 26.1-40.6

(a):
(b):

2)

www.efsa.europa.eu/publications 7

no information available.

In the case of values reported as ug/g fresh weight (fw), a suggested value of 70 % relative water content was used
to convert to ng/g dry weight (dw) (as estimated in Gui-Rui et al., 2000).

Data in these GM applications are from the same study.

Possible implications for insect resistance evolution due to insufficient levels of Bt CrylAb
protein expressed in relevant tissues of maize MON 810, as hypothesised by Trtikova et al.
(2015), would be relevant only in the context of GM plant market registration applications for
cultivation. Thus, EFSA focuses its assessment of the Trtikova et al. (2015) publication on GM
applications whose scope includes cultivation in the European Union and that contain Cry1Ab-
expressing maize Bt-events, namely MON 810 and Btll (see Table 1). As Trtikova et al.
(2015) do not present Bt CrylAb levels in @ numerical form, they were estimated by EFSA
from the graphical representation of the analysed protein samples. The lowest reported levels
were 20-30 ug/g dw and were similar for both maize MON 810 varieties grown under optimal
or stressful conditions. These values are well within the range of those reported for maize
MON 810 and Btl1 events by applicants in the frame of their GM plant market registration
applications for cultivation for which the EFSA GMO Panel has issued a scientific opinion
(Table 1).

In addition, to ensure effective long-term ECB/MCB pest management and the sustainable use
of Bt maize, the EFSA GMO Panel advocated an integrated pest management approach in
which Bt maize is only one of many management options. Moreover, resistance monitoring to
detect early warning signs indicating resistance evolution in the field, compliance monitoring
to assess farmers’ compliance with IRM requirements and education (training) programmes
aiding farmers to understand the importance of adhering to IRM requirements are essential to
the success of the high-dose refuge (HDR) strategy and should therefore continue to form an
integral part of IRM plans for Btmaize.

At present, EFSA is not aware of early warning signs indicating increases in tolerance to
CrylAb-expressing Bt maize in field populations of the ECB/MCB. Annual assessments of
ECB/MCB susceptibility to BtCrylAb protein in the USA and EU have not revealed any
significant change in susceptibility or identified populations that survive on CrylAb-expressing
Bft-maize plants (after more than 10 years’ exposure to the Bt CrylAb protein in the USA)
(Farinos et al., 2004, 2011; Stodola et al., 2006; Andreadis et al., 2007; Siegfried et al., 2007;
Crespo et al., 2009, 2010; EFSA, 2011b, 2012, 2013, 2014, 2015; Siegfried and Hellmich,
2012).

EFSA Supporting publication 2015:EN-878
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Based on the available information, EFSA considers that there is no scientific evidence
indicating that the maize MON 810 and Bt11 events fail to meet the high-dose condition of the
HDR strategy and would therefore diminish the efficacy of the HDR strategy to delay
resistance evolution; the BtCrylAb protein concentration is sufficiently high to kill a high
proportion of heterozygous resistant genotypes, resulting from the mating between individuals
emerging from the refuge and from the Bt maize field, to maintain any resistance allele in
ECB/MCB populations functionally recessive.

4. Conclusions

The findings and discussion of Trtikova et al. (2015) relevant for the risk assessment of GM plants
concern variability in Bt CrylAb protein levels in maize MON 810 and the possible implications of this
variability on IRM measures for CrylAb-expressing Bf-maize plants.

Concerning Bt Cry1Ab protein expression levels, EFSA acknowledges that there can be variability in Bt
protein levels of GM maize plants producing this protein, including maize MON 810, arising from
several factors including genetic background, environmental conditions or agricultural practices. This
aspect is already extensively documented in the peer-reviewed literature. It is also indicated by the
data in GM plant market registration applications for CrylAb-expressing Bt-maize events derived from
plants grown in field trials in a range of environmental conditions and agricultural practices and has
been considered by the EFSA GMO Panel during its assessment (see Table 1 for an overview).

Regarding possible implications on IRM measures due to insufficient Bt CrylAb protein levels in Bt
maize plants, EFSA notes that the lowest Bt CrylAb protein levels reported by Trtikova et al. (2015)
for maize MON 810 are well within the range of the levels reported for maize MON 810 and Bt11
events in the GM plant market registration applications for cultivation for which the EFSA GMO Panel
has issued a scientific opinion (Table 1). Moreover, after more than 10 years’ exposure to the
Bt CrylAb protein in the USA and EU, no early warning signs indicating increases in tolerance to
CrylAb-expressing Bt-maize in field populations of the ECB/MCB have been identified.

Taken together, the findings reported by Trtikova et al. (2015) present no new scientific information
that would invalidate the EFSA GMO Panel’s previous risk assessment conclusions and
recommendations on risk management of maize MON 810 or any other CrylAb-expressing Bt maize
events for which it has issued a scientific opinion (see Table 1 for an overview). Therefore, EFSA is of
the opinion that the previous risk assessment conclusions and risk management recommendations on
maize MON 810 and all other CrylAb-expressing Bt-maize events remain valid and applicable.

www.efsa.europa.eu/publications 8 EFSA Supporting publication 2015:EN-878



efsam

Relevance of a new scientific publication on previous RA conclusions on CrylAb-expressing maize

Documentation provided to/by EFSA

1. Letter from the European Commission to the EFSA Executive Director dated 21 May 2015,
requesting scientific assistance from EFSA on new scientific information in relation to the risk
assessment of GM maize MON 810 and possibly other Bt crops.

2. Letter from the EFSA Executive Director to the European Commission dated 16 June 2015,
acknowledging the reception of the mandate and proposing a deadline for publication of the
output.

3. Letter from the European Commission to the EFSA Executive Director dated 6 July 2015
agreeing with EFSA’s publication deadline proposal.
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