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Summary

The environmental risk assessment of the insectags genetically modified maize MON 89034
(Reference EFSA/GMO/BE/2011/90) has been perforimgdhe Panel on Genetically Modified
Organisms (GMO) of the Norwegian Scientific Comeettfor Food Safety (VKM). VKM has been
requested by the Norwegian Directorate for Naturendement and the Norwegian Food Safety
Authority to issue a preliminary scientific opiniam the safety of the genetically modified maize
MON 89034 (Unique identifier MON-89@34-3) for cwitition, and submit relevant scientific
comments or questions to EFSA on the applicatio8 &Z6MOBE/2011/90. The current submission
is intended to complement application EFSA-GMO-NIG2-37, which was approved by
Commission Decision 2009/813/EC of 30 October 2G08horising the placing on the market of
products containing, consisting of, or producedrfrgenetically modified maize MON 89034 (scope
import, processing, food and feed). Maize MON890G34 previously been assessed by the VKM
GMO Panel in connection with EFSA’s public hearofgthe application EFSA/GMO/NL/2007/37
(VKM 2008a). Preliminary health- and environmentak assessments of several stacked events, with
MON 89034 as one of the parental lines, have atsm lperformed by the VKM GMO Panel (VKM
2009a, b, c; VKM 2010a,b).

The environmental risk assessment of the maize N8G0D84 is based on information provided by the
applicant in the application EFSA/GMO/BE/2011/96¢d acientific comments from EFSA and other
member states made available on the EFSA websiteD GMtranet. The risk assessment also
considered peer-reviewed scientific literatureedsvant.

The VKM GMO Panel has evaluated MON 89034 with meffiee to its intended uses in the European
Economic Area (EEA), and according to the prinaptiescribed in the Norwegian Food Act, the
Norwegian Gene Technology Act and regulations irggato impact assessment pursuant to the Gene
Technology Act, Directive 2001/18/EC on the deldierrelease into the environment of genetically
modified organisms, and Regulation (EC) No 1829866 genetically modified food and feed. The
Norwegian Scientific Committee for Food Safety h# decided to take account of the appropriate
principles described in the EFSA guidelines forrisk assessment of GM plants and derived food and
feed (EFSA 2006, 2011a), the environmental risksswent of GM plants (EFSA 2010), the selection
of comparators for the risk assessment of GM pldESSA 2011b), and for the post-market
environmental monitoring of GM plants (EFSA 200612c).

The scientific risk assessment of maize MON 89@@4ide molecular characterisation of the inserted
DNA and expression of target proteins, compara@gsessment of agronomic and phenotypic
characteristics, unintended effects on plant fanestential for gene transfer, interactions betwibe

GM plant and target and non-target organisms, &ffec biogeochemical processes and evaluations of
the post-market environmental plan.

In line with its mandate, VKM emphasised that assesits of sustainable development, societal
utility and ethical considerations, according te tiorwegian Gene Technology Act and Regulations
relating to impact assessment pursuant to the Genknology Actshall not be carried out by the
Panel on Genetically Modified Organisms.

The genetically modified maize MON 89034 was depetb to provide protection against certain
lepidopteran target pest, including European camebO©strinia nubilali and Mediterranean corn
borer Sesamia nonagrioidgs Protection is achieved through expression in phent of two
insecticidal Cry proteins, Cry1A.105 and Cry2Ab2rided fromBacillus thuringiensisa common
soil bacterium. CrylA.105, encoded by tnglA.105gene, is a chimeric protein made up of different
functional domains derived from three wild-type Qpyoteins fromB. thuringiensissubspecies
kurstaki and aizawai The Cry2Ab2 protein is encoded by the/2Ab2 gene derived fronB.
thuringiensissubspeciekurstaki
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Molecular characterisation

Appropriate analysis of the integration site, imthg flanking sequence and bioinformatics analysis,
has been performed to characterise the transfamatvent MON 89034. The results of the
segregation analysis are consistent with a siriggeo$ insertion for therylA.105andcry2Ab2gene
expression cassettes and confirm the results ofntilecular characterisation. Molecular analysis of
both self-pollinated and cross-fertilised linespresenting a total of seven different generations,
indicates that the inserted DNA is stably transtednand inherited from one generation to the next.
No genes that encode resistance to antibioticprasent in the genome of MON 89034 maize. The
molecular characterisation confirmed the absendmtif theaad andnptll genes, which were used in
the cloning and transformation process.

Event MON 89034 and the physical, chemical and tianal characteristics of the proteins have
previously been evaluated by The VKM Panel on Geaky Modified Organisms, and considered
satisfactory (VKM 2008a).

Comparative assessment

The field trials for comparative assessment of agnac and phenotypic characteristics of maize
MON 89034 in the USA (2004-2005) and Europe (2083@ye been performed in accordance with the
EFSAs guidelines for risk assessment of geneticatidified plants and derived food and feed (EFSA
2010, 2011a). Based on results from the comparatiadyses, it is concluded that maize MON 89034
is agronomically and phenotypically equivalent tee tconventional counterpart and commercial
available reference varieties, with the exceptidntiee lepidopteran-protection trait. The field
evaluations support a conclusion of no phenotypianges indicative of increased plant weed/pest
potential of MON 89034 compared to conventional zeaiEvaluations of ecological interactions
between maize MON 89034 and the biotic and aberiironment indicate no unintended effects of
the introduced trait on agronomic and phenotyparabteristics.

Environmental risk

There are no reports of the target Lepidopteranispattaining pest status on maize in Norway. &inc
there are no Bt-based insecticides approved foirudiorway, and lepidopteran pests have not been
registered in maize, issues related to resistancleit®on in target pests are not relevant at pregen
Norwegian agriculture.

Published scientific studies show no or negligeniwerse effects of Cry1A.105 and Cry2Ab2 proteins
on non-target arthropods that live on or in thaniig of maize plants. Cultivation of maize MON
89034 is not considered to represent a threaketprbvalence of red-listed species in Norway.

Few studies have been published examining poteetiatts of CrylA.105 and Cry2Ab toxin on
ecosystems in soil, mineralization, nutrient tumoand soil communities. Some field studies have
indicated that root exudates and decaying planémnahtcontaining Cry proteins may affect population
size and activity of rhizosphere organisms (satq@roa and microorganisms). However, data are only
available from short term experiments and predastiof potential long term effects are difficult to
deduce. Most studies conclude that effects onma@toorganisms and microbial communities are
transient and minor compared to effects causedylmynamic and environmental factors.

Few studies have assessed the impact of Cry psobgimon-target aquatic arthropods and the fate of
these proteins in senescent and decaying maizkuddtr aguatic environments. Further studies with
better experimental design are needed for the stsees of the potential effects of Bt crops on aiguat
organisms. However, exposure of non-target organtenCry proteins in aquatic ecosystems is likely
to be very low, and potential exposure of Bt toxiosion-target organisms in stream ecosystems in
Norway is considered to be negligible.
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Maize is the only representative of the geAaain Europe, and there are no cross-compatible ovild
weedy relatives outside cultivation with which nwizan hybridise and form backcross progeny.
Vertical gene transfer in maize therefore depentdsmss-pollination with other conventional or
organic maize varieties. In addition, unintendechixtlire of genetically modified material in seeds
represents a possible way for gene flow betwederdifit crop cultivations. The risk of pollen flow
from maize volunteers is negligible under Norwegiaowing conditions.

In addition to the data presented by the applidhiet VKM GMO Panel is not aware of any scientific
report of increased establishment and spread otemBiON 89034 and any change in survival
(including over-wintering), persistence and invasigss capacity. Because the general characteristics
of maize MON 89034 are unchanged, insect resistare@ot likely to provide a selective advantage
outside cultivation in Norway.

Since MON 89034 has no altered agronomic and plpiwotharacteristics, except for the specific
target pest resistance, the VKM GMO Panel is of d¢ipmion that the likelihood of unintended
environmental effects due to the establishmentsamdval of maize MON 89034 will be no different
to that of conventional maize varieties in Norway

The environmental risk assessment will be complatetifinalized by the VKM Panel on Genetically
Modified Organisms when requested additional infation from the applicant is available.

Keywords
Maize, Zea maysL., genetically modified maize MON 89034, EFSA/GNBB/2011/90, insect

resistance, Cry proteins, Cry1A.105, Cry2Ab2, ealiion, environmental risk assessment, Regulation
(EC) No. 1829/2003, Directive 2001/18/EC
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Norsk sammendrag

Miljgrisikovurderingen av den genmodifiserte, insekistente maislinjen MON 89034 (sgknad
EFSA/GMO/BE/2011/90) fra Monsanto Company er utfaxt Faggruppen for genmodifiserte
organismer i Vitenskapskomiteen for mattrygghet K VKM er bedt av Direktoratet for

naturforvalting og Mattilsynet om & vurdere milgikio og landbruksrelatert miljarisiko ved en
eventuell godkjenning av maislinjen MON 89034 tjirking, samt gi kommenterer og innspill til
EFSA pa sgknaden.

MON 89034 ble godkjent til import, prosesseringtib@ruk som mat og for i EU/E@S-omradet i 2009
(sgknad EFSA/GMO/NL/2007/37; Kommisjonsbeslutnir@@813/EC). | forbindelse med EFSAs
offentlige hgring av sgknaden i 2007, ble maishnpurdert av Faggruppe for genmodifiserte
organismer (VKM 2008a). MON 89034 er ogsa tidligevardert av VKMs faggruppe for
genmodifiserte organismer i forbindelse med risikoleringer av hybrider der MON 89034 inngar
som en av foreldrelinjene (VKM 2009a,b,c; VKM 201if)a

Den forelgpige risikovurderingen av den genmodifessemaislinjen er basert p& uavhengige
vitenskapelige publikasjoner og dokumentasjon songjert tilgjengelig pa EFSAs nettside EFSA
GMO Extranet. Vurderingen er gjort i henhold tilltethkt bruk i EU/E@S-omradet, og i
overensstemmelse med miljgkravene i genteknologiiianed forskrifter, farst og fremst forskrift om
konsekvensutredning etter genteknologiloven. Viderekravene i EU-forordning 1829/2003/EF,
utsettingsdirektiv 2001/18/EF (vedlegg 2,3 og 3B)weiledende notat til Annex Il (2002/623/EF),
samt prinsippene i EFSAs retningslinjer for risibodering av genmodifiserte planter og aviledete
naeringsmidler (EFSA 2006, 2010, 2011a,b,c) lagjrtihn for vurderingen.

Den vitenskapelige vurderingen omfatter transfojoreprosess, vektorkonstruksjon, samt
karakterisering, uttrykk og nedarving av genkonstjonen. Videre er agronomiske og fenotypiske
egenskaper, potensialet for ikke tilsiktede effekygd fitness, genoverfgring, effekter pa
malorganismer og ikke-malorganismer, biogeokjemigkesesser, samt sgkers overvakingsplan
vurdert.

Det presiseres at VKMs mandat ikke omfatter vurdger av etikk, baerekraft og samfunnsnytte, i
henhold til kravene i den norske genteknologilowendens konsekvensutredningsforskrift. Disse
aspektene blir derfor ikke vurdert av VKMs faggragdpr genmodifiserte organismer.

Den genmodifiserte maislinjen MON 89034 er fremkaghmved Agrobacteriummediert
transformasjon av umodne maisceller fra en av Mutasainnaviede maislinjer. MON 89034-plantene
har fatt satt inn et rekombinant DNA-fragment medyeénekspresjonskassetter, inneholdende genene
crylA.1050g cry2Ab2 CrylA.105er et syntetisk gen, som er sammensatt av sekvém@sgenene
crylAg crylAb og crylF fra Bacillus thuringiensissubsp.aizawai. Cry2Abgenetstammer fraB.
thuringiensis subsp. kurstaki. Cry1A.105 og cry2Ab2genene koder for -endotoksiner, som gir
plantene resistens mot enkelte arter i ordenendoppera, eksempelvis europeisk maispyralide
(Ostrinia nubilalig og Sesamia nonagrioides.

Molekyleer karakterisering

Faggruppen vurderer karakteriseringen av det rekwanke innskuddet i maislinjen MON 89034, og
de fysiske, kjemiske og funksjonelle karakterisgeime av proteinene til & veere tilfredsstillende.
Faggruppen har ikke identifisert noen risiko kniyttél det som framkommer av den
molekyleerbiologiske karakteriseringen av de rekerabie innskuddene i maislinjen.

Komparative analyser

Feltforsgkene som ligger til grunn for sgkers korapiee analyser er i trad med EFSAs retningslinjer
for risikovurdering av genmodifiserte planter odgealete mat- og férvarer (EFSA 2010, 2011a).
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Feltforsgk i USA (2004-2005) og Europa (2007) irdéde agronomisk og fenotypisk ekvivalens
mellom den transgene maislinjen MON 89034 og unieetif, naer-isogen kontroll og konvensjonelle
referansesorter. Det konkluderes med at de inngattene i MON 89034 ikke har medfart endringer i
egenskaper knyttet til vekst og utvikling hos médspene.

Miljgrisiko

| Norge er det kun registrert enkeltftunn av maloiganen Ostrinia nubilialis men arten er ikke
rapportert som skadegjarer. Det er ikke gjort olmsioner av andre malorganismer av Lepidoptera i
Norge. Siden det ikke er godkjente-f@odukter til bruk i mais i Norge, og det ikke eyrstrert
Lepidopteraarter som skadegjgrere i mais, er problematikkertténtil resistens i malorganismene
ikke relevant i norsk sammenheng.

Publiserte vitenskapelig studier viser ingen efleglisjerbare effekter av Cry1A.105- og Cry2Ab2-
proteinene pa ikke-malartropoder som lever pa elleerheten av maisplanter. Det vurderes ikke a
veere risiko for rgdlistede arter i Norge.

Det er publisert fa studier som har undersgkt &ffelav CrylA.105- og Cry2Ab-toksin pa

gkosystemer i jord, mineralisering og neeringstoffetning eller effekter pa jordsamfunn som bidrar
til dette. Det finnes enkeltstudier som viser sm&n signifikante effekter av andre Bt-toksiner pa
jordlevende organismer og mikrobiell samfunnsstrukt jord. De fleste studiene konkluderer
imidlertid med at disse effektene er sma og forbigee sammenlignet med effekter av
dyrkingsmessige og miljgmessige forhold.

Det er kunnskapsmangler med hensyn pa effekter atokBiner pa vannlevende organismer.

Konsentrasjonene av Bt-endotoksiner er imidlertist & vaere sveert lave i akvatiske systemer og
eventuell eksponering av toksinene pa disse orgemis vil vaere marginal i Norge.

Det vurderes ikke & veere gkt risiko knyttet til espring, etablering og invasjon av maislinjen i

naturlige habitater, eller utvikling av ugraspogjdser av mais i dyrkingsmiljg sammenlignet med
konvensjonelle sorter.

Det er ingen stedegne eller introduserte viltvokieemrter i den europeiske flora som mais kan
hybridisere med, og vertikal genoverfgring vil vaengttet til krysspollinering med konvensjonelle og

eventuelle gkologiske sorter. | tillegg vil utilsék innblanding av genmodifisert materiale i savare
representere en mulig spredningsvei for transgemdiom ulike dyrkingssystemer. En slik spredning

vurderes som ubetydelig.

Miljgrisikovurderingen av den genmodifiserte maigin MON 89034 vil ferdigstilles og sluttfares av
VKMs faggruppe for genmodifiserte organismer néedig dokumentasjon fra sgker foreligger.
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Abbreviations and explanations

ALS
AMPA

ARMG
BC

BLAST

bp

CEW
Codex

Cry

CrylA.105

Cry2Ab2
CTP
DAP

DN

DNA
DT50
DT90
dw

dwt

EC
ECB
EFSA
ELISA
EPSPS
ERA
E-score
EU

fa

FAO
FIFRA

Acetolactate synthase, an enzyme that catalymefirst step in the synthesis
of the branched-chain amino acids, valine, leucmng, isoleucine
Aminomethylphosphonic acid, one of the primadggradation products of
glyphosate

Antibiotic resistance marker gene

Backcross. Backcross breeding in maize is ektelysused to move a single
trait of interest (e.g. disease resistance gerah fa donor line into the
genome of a preferred or “elite” line without logiany part of the preferred
lines existing genome. The plant with the genentdrest is the donor parent,
while the elite line is the recurrent parent. BBC, etc. designates the
backcross generation number.

Basic Local Alignment Search Tool. Softwareatt is used to compare
nucleotide (BLASTnN) or protein (BLASTp) sequencessequence databases
and calculate the statistical significance of maschor to find potential
translations of an unknown nucleotide sequence @D4. BLAST can be
used to understand functional and evolutionary tiglahips between
sequences and help identify members of gene familie

Basepair

Bacillus thuringiensis

Corn earworntlelicoverpa zea

Set by The Codex Alimentarius Commission (GA&h intergovernmental
body to implement the Joint FAO/WHO Food StandaRisgramme. Its
principle objective is to protect the health of somers and to facilitate the
trade of food by setting international standards fonds (i.e. Codex
Standards)
Any of several proteins that comprise the alyfbund in spores dBacillus
thuringiensis Activated by enzymes in the insects midgut, thpssateins
attack the cells lining the gut, and subsequerillyhe insect

Chimeric protein comprised of domaingrirthe naturally occurring Cry1Ab,
CrylF, and CrylAc proteins &acillus thuringiensis

A Cry2 class crystal protein frdBacillus thuringiensisubspkurstaki
Chloroplast transit peptide

Days after planting
Norwegian Directorate for Nature Management ¢Rioratet for
naturforvalting)
Deoxyribonucleic acid

Time to 50% dissipation of a protein inl soi

Time to 90% dissipation of a protein inl soi

Dry weight

Dry weight tissue

European Commission/Community

European corn boréstrinia nubilalis

European Food Safety Authority

Enzyme-linked immunosorbent assay
5-enolpyruvylshikimate-3-phosphate synthase

Environmental risk assessment

Expectation score

European Union

Fatty acid

Food and Agriculture Organisation

US EPA Federal Insecticide, Fungicide amd&hticide Act
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Fitness

fw

fwit

GAT

GLP
Glyphosate
GM

GMO

GMP

H

ha

ILSI

IPM

IRM

Locus
LOD

LOQ
MALDITOF

MCB
MON 89034

MRNA
MT
NDF

Northern blot

NTO
Nicosulfuron
Near-isogenic lines

OECD
ORF

OSL
OSR
OSWP
PCR

PV-ZMIR245
RO
Rimsulfuron
RNA

RP
SDS-PAGE

SAS
SD

Describes an individual's ability to reproel successfully relative to that of
other members of its population

Fresh weight

Fresh weight tissue

Glyphosate N-acetyltransferase

Good Laboratory Practices

Broad-spectrum systemic herbicide

Genetically modified

Genetically modified organism

Genetically modified plant

hybrid

Hectare

International Life Sciences Institute

Integrated Pest Management

Insect resistance management

The position that a given gene occupiea onromosome

Limit of detection

Limit of quantitation
Matrix-Assisted Laser Desorption/lonizatidime Of Flight. A mass
spectrometry method used for detection and charsat®n of biomolecules,
such as proteins, peptides, oligosaccharides aimgbnoicleotides, with
molecular masses between 400 and 350,000 Da

Mediterranean corn bor€@esamia nonagrioides

A Monsanto maize event which produce8tiproteinsCry1A.105 and
Cry2Ab2

Messenger RNA
Norwegian Food Safety Authority (Mattilsynet)

Neutral detergent fibre, measure of fibre ukedanimal feed analysis. NDF
measures most of the structural components in ptafis (i.e. lignin,
hemicellulose and cellulose), but not pectin

Northern blot is a technique usedhislecular biology research to study gene
expression by detection of RNA or isolated mRNAisample

Non-target organism

Herbicide for maize that inhibitethactivity of acetolactate synthase

Term used in genetics, defiaedines of genetic codes that are identical
except for differences at a few specific locationgenetic loci

Organisation for Economic Co-operation amdd&opment

Open Reading Frame, in molecular genetics e@fas the part of a reading
frame that contains no stop codons

Overseason leaf

Overseason root

Overseason whole plant

Polymerase chain reaction, a biochemical tdoggdn molecular biology to
amplify a single or a few copies of a piece of DNA

Plasmid vector used to develop MON 390

Transformed parent

Herbicide, inhibits acetolactate $yse

Ribonucleic acid

Recurrent parent

Sodium dodecyl sulphate polyacrylamide ejettrophoresis. Technique to
separate proteins according to their approximae si

Statistical Analysis System

Standard deviation
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Southern blot

T-DNA

TI
U.S. EPA

Maize growth stages:

Western blot

WHO
M
ZM-HRA

Method used for detection of DNA sames in DNA samples. Combines
transfer of electrophoresis-separated DNA fragmtntsfilter membrane and
subsequent fragment detection by probe hybridisatio
Transfer DNA, the transferred DNA of the tuamranducing (Ti) plasmid of
some species of bacteria such Agrobacterium tumefacienand A.
rhizogenes The bacterium transfers this DNA fragment inte tiost plant's
nuclear genome. The T-DNA is bordered by 25-baserppeats on each end.
Transfer is initiated at the left border and teraéd at the right border and
requires thevir genes of the Ti plasmid.

Trait integration
United States Environmental Protectigercy.

Vegetative

VE: emergence from soil surface

V1: collar of the first leaf is visible

V2: collar of the second leaf is visible

Vn: collar of the leaf number 'n' is visible

VT: last branch of the tassel is completely visible

Reproductive

RO: Anthesis or male flowering. Pollen shed begins

R1: Silks are visible

R2: Blister stage, Kernels are filled with cleanid and the embryo can be
seen

R3: Milk stage. Kernels are filled with a white, lkyi fluid.

R4: Dough stage. Kernels are filled with a whitstpa

R5: Dent stage. If the genotype is a dent typegthas are dented

R6: Physiological maturity

Seedling growth (stages VE and V1); Vegetative d@hoystages V2, V3...
Vn); Flowering and fertilization (stages VT, RO,daR1); Grain filling and
maturity (stages R2 to R6)

Analytical technique used to detgecsic proteins in the given sample of
tissue homogenate or extract. It uses gel electreysis to separate native
proteins by 3-D structure or denatured proteins thg length of the
polypeptide. The proteins are then transferred toeanbrane where they are
stained with antibodies specific to the target g@rot
World Health Organisation.

Zea maize
A modified version of the native acetolagaynthase protein from maize.
Confers tolerance to the ALS-inhibiting class ofliieides

10
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Background

On 21 December 2010, the European Food Safety Atth&FSA) received from the Competent
Authority of Belgium an application (Reference EF&MO-BE-2011-90) for authorisation of the

insect resistant genetically modified (GM) maize NI@9034 (Unique Identifier MON-89@34-3),

submitted by Monsanto Company under Regulation (E€)1829/2003. The scope of the application
is for cultivation in the European Union. The cutresubmission is intended to complement
application EFSA-GMO-NL-2007-37, which was approwgdCommission Decision 2009/813/EC of
30 October 2009, authorising the placing on theketaof products containing, consisting of, or
produced from genetically modified maize MON 89@8dope import, processing, food and feed).

After receiving the application EFSA-GMO-BE-2011-80d in accordance with Articles 5(2)(b) and
17(2)b of Regulation (EC) No 1829/2003, EFSA infeththe EU- and EFTA Member States (MS)
and the European Commission and made the summahge afossier publicly available on the EFSA
website. EFSA initiated a formal review of the apgtion to check compliance with the requirements
laid down in Articles 5(3) and 17(3) of regulatiggC) No 1829/2003. On May 12 2012, EFSA
declared the application as valid in accordancé witticles 6(1) and 18(1) of Regulation (EC) No
1829/2003.

EFSA made the valid application available to MenfB&tes (MS) and the European Commission and
consulted nominated risk assessment bodies of Beiitluding the Competent Authorities within
the meaning of Directive 2001/18/EC (EC 2001), dwling the requirements of Articles 6(4) and
18(4) of Regulation (EC) No 1929/2003, to requésdirt scientific opinion. Within three months
following the date of validity, all MS could submiia the EFSA GMO Extranet to EFSA comments
or questions on the valid application under assessmAll MS comments submitted during the
consultation period will be considered by three kimgy groups of the EFSA GMO Panel and
responses to each individual comment will be predid

The Norwegian Scientific Committee for Food SaféfikKM) has been requested by the Norwegian
Directorate for Nature Management and the Norwedimod Safety Authority to carry out a

preliminary environmental risk assessment of ma#@N 89034 for cultivation, and to submit

relevant scientific comments or questions to EF8Ahe application EFSA-GMO-BE-2011-90.

The environmental risk assessment will be complatedifinalized by the VKM Panel on Genetically
Modified Organisms when requested additional/finedrmation from the applicant is available.

EFSA/GMO/BE/2011/90 — Genetically modified insectasistant maize MON 89034
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Terms of reference

The Norwegian Scientific Committee for Food Sai@fi{M) carries out independent risk assessments
for the Norwegian Food Safety Authority (Mattilsypacross the Authority’s field of responsibilitg a
well as environmental risk assessments of genbticabdified organisms for the Directorate for
Nature Management (Direktoratet for naturforvalt{N)).

The Norwegian Food Safety Authority

By way of letter from the Norwegian Food Safety Warity dated October 15 2010 (ref.
2010/195445) the Norwegian Scientific Committee Farod Safety (VKM), has been assigned to
evaluate submissions sent to the European Commissider the Regulation (EC) 1829/2003. The
Regulation concerns commercial approval of genlgticaodified organisms and their derivatives
including processed non-germinating products, uéenfor use as or in food or feed. VKM is to
evaluate any potential health risks of such pralulet addition, VKM is requested to evaluate the
potential risks of genetically modified plants (G8)Pto the Norwegian agriculture and/or
environment, and whether they are relevant forivatibn in Norway. Depending on the intended use
of the GMP(s), defined by the applicant, the envinental risk assessment will be related to import,
transport, refinement, processing and cultivatibihe submission seeks to approve the GMP(s) for
cultivation, VKM is requested to evaluate the pttnenvironmental risks of implementing the
plant(s) in Norwegian agriculture compared to éxgstvarieties (e.g. consequences of new genetic
traits, altered use of pesticides and tillage). asgignment covers both direct and secondary sfégct
altered cultivating practices.

In the case of submissions regarding cultivatiokMWis further requested to assess risks concerning
coexistence of cultivars. The assessment shouldrcihe potential spread of plant materials from
GMP-crops to areas of non-GMP crops as well as palpulations of endogenous plants of the same
or similar species outside the cultivated areasaddition to development and progression of weed
populations. Evaluation of suggested measures fir@anmental monitoring provided by the
applicants, in general or specific, are not covdrngdhe assignment from the Norwegian Food Safety
Authority.

The Norwegian Directorate for Nature Management

By way of letter from the Directorate for Nature hMeaement (DN) dated June 15 2011 (ref.
2008/4367 ART-BI-BRH) the Norwegian Scientific Corittee for Food Safety has been assigned to
evaluate the potential environmental risks relatesubmissions of approval for the release of GMOs,
l.e. cropping, sent to the EU Commission under Dinective (EC) 2001/18 and Regulation (EC)
1829/2003, and that are relevant to the NorwegianeGlechnology act. The task of VKM includes
establishing scientific enquiries and comments el &g initial environmental risk assessments eelat
to the submissions. VKM is also requested to deliuealised reports on environmental risks in
conjunction with national completion of the subross.

The basis for evaluating the applicants environalenmgk assessments is embodied in the act relating
to the production and use of genetically modifiedjamisms (Norwegian gene technology act),
regulation on the assessment of potential impaseéda@n the Norwegian gene technology act, the
Directive 2001/18/EC on the deliberate release ehegjcally modified organisms into the
environment, Guidance note in Annex Il of the Dinex 2001/18 (2002/623/EC) and the Regulation
1829/2003/EC. In addition, the EFSA guidance doaimen risk assessment of genetically modified
plants and food and feed from the GM plants (EF8862 2010, 2011a), and OECD guidelines will
be useful tools in the preparation of the Norwegigk assessments.
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According to the assignment from the Directorate Kature Management, VKM is to focus on
environmental risk within the EEA and specific gk Norway in particular.

Risk assessments provided by VKM on all submissamrecerning approval of cultivation within the
EEA are requested to include the potential enviremtal risks of the product related to any changes i
agricultural practices. The assignment covers apsm® of direct environmental impact of the
intended use of pesticides with the GMO under Ngrame conditions, as well as changes to agronomy
and possible long-term variations in the use ofipess.

The preliminary reports on environmental risks jpded by VKM should also consider the applicants
recommended general and/or specific measures fonitonmg. When recommended specific
measures for monitoring are provided by the appticaVKM must determine if these
recommendations are sufficient to disclose potkdtract short term effects, as well as delayed and
indirect long term effects. If no specific measuaes suggested in the application, VKM must also
evaluate whether or not specific measures are nejui

In accordance with the assignments given by thewlgian Food Safety Authority, and the
Directorate for nature management, VKM will proviggut on said submissions without specific
requirements, to the EFSA GMO EXTRAnet (initial inty with copies sent to both the Norwegian
Food Safety Authority and the Directorate for natmranagement. Likewise, if no input or comments
are made or submitted to EFSA on certain submissi®KM will inform of this as well. The
Norwegian Food Safety Authority also requests tihdas made evident in the risk assessments
provided by VKM whether or not the applicant hasnoditted to the EFSA guidelines on risk
evaluation of GMOs and their derived products twd and feed (EFSA 2006, 2010, 2011a).

VKM is further requested to follow up on EFSAs respe and to consider whether the inputs by
VKM to the EFSA GMO EXTRAnNet are appropriately praged in EFSAs own assessments.

The submission EFSA/GMO/BE/2011/101, geneticallydified maize event MON 89034, was
posted on the EFSA GMO Extranet May 12 2012. Th&MBMO Panel will in compliance with the
letters of engagement prepare an environmental assdessment with regards to cultivation of the
maize event MON 89034. The evaluation will be imnpésted in light of the intended use and in
accordance with the principles denoted in the EFfS#delines on risk assessment of genetically
modified plants and derived products for food agetf (EFSA 2006, 2010, 2011a).

EFSA/GMO/BE/2011/90 — Genetically modified insectasistant maize MON 89034
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Assessment

1 Introduction

The genetically modified maize MON 89034 was depetbto provide protection against certain
lepidopteran insect larvae, including European darer Ostrinia nubilali9 and Mediterranean corn
borer Gesamia nonagrioidgsNone of these insects are present in the Noameggriculture. Insect
protection is achieved through expression in tlamtpdf two insecticidal Cry proteins, Cry1A.105 and
Cry2Ab2, derived fronBacillus thuringiensisa common soil bacterium. Cry1A.105, encodedhay t
crylA.105gene, is a chimeric protein made up of differamictional domains derived from three
wild-type Cry proteins fronB. thuringiensissubspeciekurstakiandaizawai The Cry2Ab2 protein is
encoded by thery2Ab2 gene derived fronB. thuringiensissubspeciekurstaki The Cry proteins
exert their effect on the host insect by causimgishof midgut epithelial cells, which leads to gut
paralysis, cessation of feeding and eventual defatie insect. The lysis of the midgut epithetialls

is mediated by the binding of the activated Crytgiroto specialised receptors on these cells.

MON 89034 has been evaluated with reference tmiénded uses in the European Economic Area
(EEA), and according to the principles describedhi@ Norwegian Food Act, the Norwegian Gene
Technology Act and regulations relating to impagtesssment pursuant to the Gene Technology Act,
Directive 2001/18/EC on the deliberate release itite environment of genetically modified
organisms, and Regulation (EC) No 1829/2003 ontigaiy modified food and feed.

The Norwegian Scientific Committee for Food Saféigs also decided to take account of the
appropriate principles described in the EFSA gimgal for the risk assessment of GM plants and
derived food and feed (EFSA 2006, 2011a), the enuiiental risk assessment of GM plants (EFSA
2010), the selection of comparators for the riskeasment of GM plants (EFSA 2011b), and for the
post-market environmental monitoring of GM plarEs§A 2006, 2011c).

The environmental risk assessment of the GM mai@iNN89034 is based on information provided by
the applicant in the application EFSA/GMO/BE/2010/@nd scientific comments from EFSA and

other member states made available on the EFSAitedBMO Extranet. The risk assessment is also
based on a review and assessment of relevant @demed scientific literature.

In line with its mandate, VKM emphasised that asgesits of sustainable development, societal
utility and ethical considerations, according te tliorwegian Gene Technology Act and Regulations
relating to impact assessment pursuant to the Genknology Actshall not be carried out by the
Panel on Genetically Modified Organisms.

EFSA/GMO/BE/2011/90 — Genetically modified insectasistant maize MON 89034
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2 Molecular characterisation

2.1 Information related to the genetic modificatio

Maize event MON 89034 was developed througgirobacteriummediated transformation of the
proprietary inbred maize line LH172 (Eggerling 1994ing the transformation vector PV-ZMIR245.
MON 89034 expresses the CrylA.105 and Cry2Ab2 tigdal proteins that confer tolerance to
certain lepidopteran insect pests.

2.1.1 Description of the methods used for the gairemodification

MON 89034 was developed througlgrobacteriummediated transformation of maize to produce the
Bt insecticidal proteins CrylA.105 and Cry2Ab2 usime thinary plasmid vector, PV-ZMIR245
(Figure 2, Appendix 1). PV-ZMIR245 contains two aegie transfer DNAs (T-DNAs). The first T-
DNA, designated as T-DNA 1, contains tleylA.105and thecry2Ab2 expression cassettes. The
second T-DNA, designated as T-DNA I, contains tipll expression cassette that encodes the
neomycin phosphotransferase enzyme that confezmtate to certain antibiotics such as neomycin,
kanamycin and paromomycin. The use of two sepdid®&As enables the generation of marker free
plants by allowing insertion of the T-DNA with thiits of interest (T-DNA 1) and the T-DNA with
the selectable marker (T-DNA 1I) into two indepentddoci within the maize genome. Following
selection of the transformants, the inserted T-Déhsoding the selectable marker can be segregated
from progeny through subsequent breeding and gersslection, while the inserted T-DNA
containing the traits of interest is maintained.

Freshly isolated immature maize embryos were usettié transformation and production of MON
89034. Agrobacterium tumefacienstrain ABI, containing plasmid PVZMIR245 was inddc® be
virulent by the use of acetosyringone. Strain ABbacontains a helper plasmid that does not contain
any T-DNA but allows for the transfer of T-DNA | &T-DNA 1l to the plant cells. Each T-DNA was
integrated into the plant genome at separate Faliowing an incubation period on a co-culture
medium, the immature embryos were transferred selaction medium containing carbenicillin to
eliminateAgrobacterium and paromomycin to eliminate cells that weretremisformed, so that only
cells containing T-DNA Il and/or T-DNA | + TDNA Isurvived. The resulting transformed cells were
then subcultured several times on a selection medind regenerated into the RO plants. During
subsequent breeding at the F1 generation, the kedlimnsertions T-DNA | and T-DNA 1l were
segregated. The plants that had only the insetlagong thecrylA.105andcry2Ab2gene cassettes
(T-DNA ) were selected using molecular analysigjlevthe plants containing theptll cassette (T-
DNA 1) were eliminated from subsequent breedinheTabsence of theptll gene and the NPTII
protein was further confirmed by both Southern blad ELISA analyses.

2.1.2 Nature and source of vector used

Plasmid vector PV-ZMIR245 is a binarigrobacterium tumefaciensansformation vector that
contains sequences that are necessary for trasfsieDNA into the plant cell. These sequences are
contained in the Right and Left Border regions whiank both T-DNA | and T-DNA Il allowing an
independent integration of each T-DNA into the plgenome during transformation. The T-DNA |
region containing therylA.105andcry2Ab2gene expression cassettes is the portion of plaBiviid
ZMIR245 maintained in MON 89034.
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2.1.3 Source of donor DNA, size and intended funcin of each constituent fragment of
the region intended for insertion

T-DNA |

The crylA.105 gene and Cryl1A.105 protein

The crylA.105 coding sequence encodes the 133 kiphACLO5 insecticidal protein that provides
protection against feeding damage by lepidopterseat pests. The CrylA.105 is a modified Bt
CrylA protein with amino acid sequence identityCxy1Ab, CrylAc and CrylF proteins of 90.0%,
93.6% and 76.7%, respectively. The CrylA.105 protainsists primarily of domains | and Il from
CrylAb or CrylAc (these proteins share 100% amicid sequence identity in domains | and ),
domain Il from CrylF, and substantially the entt¢erminal domain of CrylAc. Figure 1 provides a
schematic representation of CrylA. 105.

Tosm
[ Domsxin I Desnaim I Domain 1T I C-tarmsinal domsxin
T s o
I R omm

| I BN | cor

\

Cryl AciCry] Ah CrylF CrylAc

CrylA 105

Figure 1. Schematic representation of the Cry1A.10protein domain similarity to Cry1Ac,
CrylAb and CrylF

The cry1A.105 regulatory sequences

The expression cassette for the coding sequentte @ry1A.105 protein consists of the promoter (P-
e35S) and leader for the cauliflower mosaic vil@aNIV) 35S RNA containing a duplicated enhancer
region. It contains the 5' untranslated leadehefwheat chlorophyll a/b/ binding protein @ab), the
intron from the rice actin gend-Ract]), the crylA.105coding sequence that was optimised for
expression in monocots, and the 3’ nontranslatgibmeof the coding sequence for wheat heat shock
protein 17.3 (THspl?®, which terminates transcription and provides thignal for mRNA
polyadenylation (Table 1).

The cry2Ab2 gene and Cry2Ab2 protein

The Cry2Ab2 protein present in MON 89034 is a menmdieghe Cry2Ab class of proteins that share
more than 95% amino acid sequence homology. It var&ant of the wild-type Cry2Ab2 protein
isolated fromBacillus thuringiensisubspkurstaki

The cry2Ab2 regulatory sequences

Thecry2Ab2gene expression cassette that produces the Cry@@ib@n consists of the 35S promoter
from figwort mosaic virus (FRMV) and the first intron from the maize heat shoaktgin 70 gene (I-
Hsp70). It also contains ery2Ab2coding sequence with a modified codon usage ¢y2Ab2 fused

to a chloroplast transit peptide region of maidmilése 1,5-biphosphate carboxylase small subunit
including the first intron (TSSSUCTR. The 3’ nontranslated region of the nopaline synthasad3-
coding region from Agrobacterium tumefaciend-DNA terminates transcription and directs
polyadenylation (Table 1).
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Table 1. Description of the gene inserts in MON &84

crylA.105expression cassette

P-e35S promoter and 9 bp leader for the cauliflowesaic virus (CaMV) 35S RNA

L-Cab 5' untranslated leader of the wheat chlor@tily/ binding protein. Not
expressed in the plant

ractl intron intron from the rice actin gene

CS-cry1A.105 modified Bt Cry1A protein with amino acid sequergentity to CrylAb, CrylAc
and Cryl1F proteins

T-Hspl7 3’ nontranslated region of the coding sequencevftgat heat shock protein 17.3.
Terminates transcription and provides the signahfBNA polyadenylation. Not
expressed in the plant.

cry2Ab2expression cassette

P-FMV promoter from figwort mosaic virus

I-Hsp 70 first intron from the maize heat shocktpio 70 gene

TS-SSU-CTP chloroplast transit peptide region of maize ribaldssbiphosphate
carboxylase small subunit including the first imtro

cry2Ab2 coding sequence with a modified codon usage (C3Atr®) fromBacillus
thuringiensis subsp. kurstaki

T-nos 3'nontranslated region of the nopaline synthased3) coding region from

Agrobacterium tumefacien$erminates transcription and directs
polyadenylation. Not expressed in the plant.

T-DNAII

nptll gene and NPTII protein
The nptll gene encodes the neomycin phosphotransferase iimen@NPTII) that inactivates certain
aminoglycoside antibiotics such as kanamycin, nadmgnd paromomycin.

nptll regulatory sequences

The nptll gene cassette that produces the NPTII protein sisnef the promoter (B8 from the
cauliflower mosaic virus (CaMV) 35S RNA. The seqeeroding for the NPTII protein is followed
by the 3’ nontranslated region of the nopaline lsgaé (Tiog coding region fromAgrobacterium
tumefacieng-DNA that ends transcription and directs polyadatign.

T-DNA borders

The Right and Left Border regions each contain mdrosequence that is a 24-26 bp sequence that
defines the extent of the DNA that should be tramefd into the plant genome. They flank both
TDNA | and T-DNA I, allowing for independent trafies and integration of each T-DNA into the
plant genome during transformation. The Right Bmdwesent in PV-ZMIR245 are made of a 24 bp
nucleotide sequence originally derived from plasmiidT37 isolated fromA. tumefaciensThe Left
Borders present are made of a 25 bp nucleotideesegurom theé. tumefacienplasmid pTi5955, a
derivative of plasmid pTiA6.

Genetic elements outside the T-DNA borders

The backbone region outside of the inserted DNAtaios two origins of replication necessary for
replication and maintenance of the plasmid in biéctén addition, it contains a bacterial seleatabl
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marker geneaad, which encodes an aminoglycoside-modifying enzyina¢ confers resistance to the
action of the antibiotics spectinomycin and straptoin.

2.2. Information relating to the GM plant

2.2.1 Description of the trait(s) and characterists which have been introduced or
modified

MON 89034 produces the Cry1A.105 and Cry2Ab2 inseftl proteins that protects the plant from
feeding damage caused by certain lepidopteran tirsests, e.g. the European corn borer (ECB,
Ostrinia nubilali§ and the Mediterranean Corn borer (MG®&samia nonagrioidgsAccording to the
applicant the Cry1A.105 protein provides increaaetility against fall armyworm (FAWSpodoptera
sp.) and black cutworm (BCWAgrotis ipsilor) compared to CrylAb. In addition it is also statleat
the Cry2Ab2 protein provides improved control o@ry1Ab products from damage caused by corn
earworm, that the introduction of MON 89034 wilbpide superior maize hybrids with higher yields,
better quality grain, reduced potential for thealepment of insect resistanceBbproteins, as well as
enhanced breeding efficiencies.

2.2.2 Information on the sequences actually inserdeor deleted

Molecular analyses have been performed by the apglito characterise the DNA inserted in MON
89034. Genomic DNA was digested using restrictiozyenes and subjected to Southern blot analyses
to determine: the insert number (number of insestiof the integrated DNA within the maize
genome), the copy number (the number of copieshefimtegrated DNA within one locus), the
intactness of T-DNA I, the presence or absencé®itements of T-DNA I, the presence or absence
of nptll coding sequence and the presence or absence aofiglasickbone sequences. Schematic
representation of the linear DNA derived from T-DNAf vector PV-ZMIR245 inserted in MON
89034, including restriction enzyme sites and etquecestriction fragments, is shown in Figure 2. A
description of the genetic elements inserted, thaly the approximate size and function is provigted
Table 2.

2.2.2.1 The size and copy number of all detectahleserts, both complete and partial

Insert and copy number analysis

Southern blot analyses were performed to assesd sites and copy number of the DNA inserted in
MON 89034. The insert site was evaluated by diggsthe test and control DNA witNde |, a
restriction enzyme that does not cleave within TADINThis enzyme generates a restriction fragment
containing T-DNA | and adjacent plant genomic DNFae number of restriction fragments detected
indicates the number of insert sites present in M&J934. The number of copies of the T-DNA
present in MON 89034 was determined by digestisgdad control genomic DNA samples wikp

I, which cleaves once within the insert. If MON 840contains one copy of the insert, probing with
overlapping T-DNA | should result in two bands, leaepresenting a portion of the insert along with
adjacent, plant genomic DNA.

According to documentation from the applicant theults confirm that MON 89034 contains one
insert located on ~13 kblde | restriction fragment. The MON 89034 DNA digesteith Sspl
produced two bands in addition to the endogenoakdgraund hybridisation observed in conventional
maize control DNA. The ~8.2 kb band is the expediizd for the border fragment containing the 5'
end of the inserted DNA (corresponding to T-DNAalpng with the adjacent genomic DNA flanking
the 5' end of the insert (Figure 2). The ~7.4 kbdhavhich was expected to be >4.3 kb, represents th
3' border fragment containing the 3' end of thelitexl DNA along with the adjacent genomic DNA
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flanking the 3' end of the insert. According to ttecumentation provided MON 89034 contains only
one copy of T-DNA | that resides at a single loofi;tegration on ~13 kbldel restriction fragment
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Figure 2. Schematic representation of the inseand genomic flanking sequences in MON 89034.

The linear DNA derived from T-DNA | of vector PV-ZM IR245 which was incorporated into MON 89034
is shown. Arrows in black indicate the end of therisert and the beginning of maize genomic flanking
sequence. Identified on the map are genetic elementvithin the insert, as well as restriction sites ith
positions relative to the size of the linear map foenzymes used in the Southern blot analyses. Shown
the lower portion of the map are the estimated lod#ons of the T-DNA probes and the expected sizes thfe
DNA fragments after digestion with the respective estriction enzymes. A portion of Left Border sequece
and ae353$° promoter sequence is present at the 5' insert-toghk junction in MON 89034
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Table 2. Summary of genetic elements inserted in M® 89034

B - border region, P — promoter, L — leader, | +dnt CS - coding sequence,T - transcript terminat@gquence
TS - targeting sequence

According to documentation provided by the applicéme molecular characterisation of MON 89034
by Southern blot analyses show that the DNA isriegeinto the maize genome at a single locus and
that the insert contains single functional copiéshe crylA.105and cry2Ab2expression cassettes.
The data further demonstrates that no additiorathehts were detected other than those present in T-
DNA L.

2.2.2.2 The organisation of the inserted genetimaterial at the insertion site and
methods used for characterisation

PCR and sequence analysis were performed on genbhif extracted from MON 89034 and
conventional control to confirm the integrity oketinserted DNA in MON 89034, the organisation of
the elements within the MON 89034 DNA insert; tondastrate that the DNA sequences flanking the
5" and 3’ ends of the insert in MON 89034 are matiy the maize genome; and to characterise the
insertion site in conventional maize. The DNA setileg analyses complement the Southern blot
analyses. A bioinformatics evaluation was alsoqrenéd to determine if any endogenous genes were
disrupted by the insertion of tltoey1A.105and cry2Ab2expression cassettes present in MON 89034
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or whether genes from the maize genome are prastr flanking genomic DNA and adjacent to the
T-DNA after transformation.

Analysis of the insert structure by PCR

The organisation of the elements within the ingeMON 89034 was established using PCR analysis
by amplifying seven overlapping regions of DNA thgian the entire length of the insert. The

generation of the predicted size PCR products ®@N 89034 show that the arrangement or linkage
of elements in the insert are the same as thopagmid PV-ZMIR245 and that the elements within

each gene cassette are arranged as depictedsahtmatic of the insert in Figure 2.

Sequence analysis of the insert

According to the applicant, MON 89034 insert segqeenanalyses confirm that both tbiy1A.105
andcry2Ab2coding sequences are identical to those of thegsponding genes in PV-ZMIR245. 1t is
also shown that the e35S promoter that regulatesession of the cry1lA.105 gene has been modified
into a shorter promoter version, e35@liffering from e35S in that it does not contaire Wuplicated
enhancer element) and that the Right Border regiesent in PV-ZMIR245 was replaced by a Left
Border region. This molecular rearrangement is &rpld by a recombination event having taken
place either before or during the process of T-Did#nsfer to the plant cell genome (Figure 3).
According to the applicant this modification didtradfect any of the coding regions of the inser an
enabled sufficient expression of the Cry1A.105 grot

Figure 3. Description of the recombination procesthat explains the modified 5’end of the insert

A) lllustration of the T-DNA 1l of plasmid PV-ZMIR245

B) lllustration of the T-DNA | of plasmid PV-ZMIR245

C) lllustration of the modified T-DNA in MON 89034
Abbreviations and symbols: DER = duplicated enhanceregion; L = leader sequence; | = intron sequence; B
promoter; T = termination sequence

Molecular structure at the insertion site

PCR analysis was performed on genomic DNA extraftted MON 89034 and conventional maize to
demonstrate that the DNA sequences flanking th@®'3' ends of the insert in MON 89034 are native
to the maize genome. A sequence comparison bettheeproduct generated in conventional maize
and the 5' and 3' flanking sequence generated quglyi from MON 89034 indicated that a 57 bp
deletion occurred in MON 89034 upon insertion & BNA. Additionally, MON 89034 was shown to
contain a 10 bp sequence that is not present isdheentional maize genome at the insertion site of
MON 89034, immediately adjacent to the 5' insespfEnt junction. From this analysis, it was
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concluded that the DNA sequences flanking the &'Zirends of the insert in MON 89034 are native
to the maize genome.

The applicant concludes that only the two proteldg;1A.105 and Cry2Ab2, are encoded by the
DNA insert present in MON 89034, that no endogergerses were found in the analysed sequences
that flank the MON 89034 T-DNA insertion site, atiht it is unlikely that any endogenous genes
were disrupted at the insertion site.

2.2.2.3 In the case of deletion(s), size and furanti of the deleted region(s)

The analysis of the molecular structure at thertimesite identified a 57 bp deletion in MON 89034
upon insertion of the DNA. Additionally, MON 8903vks shown to contain a 10 bp sequence that is
not present in the conventional maize genome angegtion site of MON 89034, immediately
adjacent to the 5' insert-to-plant junction.

2.2.3 Information on the expression of the insertedequences

Information on the protein expression of MON 89084ds previously described in application for
authorisation of maize MON 89034 for import, prageg, and food and feed use in the EU, according
to Regulation (EC) No 1829/2003 (EFSA-GMO-NL-2007):-3The data of the current application is
intended to complement the data presented in ajgic EFSA-GMO-NL-2007-37, and the same
information that was provided within the context this application, is presented in the current
application (2005 US field season and 2004 Argentileld season). Data from these protein
expression studies have previously been assesstt bh)KM GMO Panel (VKM 2008). | addition,
protein expression analyses performed on tissugleanof MON 89034 collected from seven field
trials conducted in Germany and Spain in 2007 ackosed with the current application EFSA-GMO-
BE-2011-90 (Niemeyer & Silvanovich 2008).

2.2.3.1. Methods used and reference to raw data 6fy1A.105 and Cry2Ab2 protein analysis

CrylA.105 and Cry2Ab2 protein expression levels evdetermined by a validated enzyme-linked
immunosorbent assay (ELISA) in tissues collectednfMON 89034. The ELISA method used was
optimised to minimise method bias. Protein extréicis the test substance were analysed by ELISA
with the appropriate protein standard and inteesasgegative and positive controls (Hartmann et al.
2006a; Niemeyer & Silvanovich 2008a).

Field sites were selected that represent the nmagize growing region of the U.S., Argentina and

Europe, and which provide a range of environmeataiditions that would be encountered during

commercial production. At each site, three repidgtlots of MON 89034 maize (the [LH172 BGOF

x LH198]Fy and LH172 BCOF X Fuigenerations, see Figure 2) were grown along with a
conventional hybrid maize variety with a similangéic background to the test plants. In the Eurppea

field trials, two different germplasms were incldde the study, adaptet to northern (Germany) and
southern (Spain) European growing regions, respagti

Over season leaf (OSL 1-4), over season root (OSR dbver season whole plant (OSWP 1-4),
forage, stover forage-root, senescent root, pollen, silk andngweere collected from each replicated
plot at all field sites. The over season leaf eble plant samples were collected four times at fo
different growth stages: (1) V2 — V4 stage (2-4 kage); (2) V6 — V8 stage (6léaf); (3) V10 — V12
(10-12 leaf) stage; and (4) pre-VT stage (pre-tagpe The over season root samples were collected
at: (1) V2 — V4 stage; (2) V6 — V8 stage; (3) V1V E2 stage; (4) pre-VT stage; (5) early dent stage;
and (6) after harvest. Pollen and silks were ctiig at approximately 100-120 days after plantimg) a

! stalk and leaf material remaining after harvest
24

EFSA/GMO/BE/2011/90 — Genetically modified insectasistant maize MON 89034



Norwegian Scientific Committee for Food Safety (VKN) 12/309 -final

grain was harvested at maturity. Stover was c@tefollowing harvest at approximately 130 — 160
days after planting.

2.2.3.2. The range and mean values for the levels@ry1A.105 and Cry2Ab2 protein

Tissue samples for analysis were collected from Af§entinean and European field trials conducted
in 2005, 2004 and 2007, respectively. Data fromdifferent studies are presented in table 7 anlé tab
4 & 6 in Appendix 1). Limits of detection and quifintition are presented in Table 4 for all studies.

USA 2005

Tissue samples for analysis were collected frone fikeld trials conducted in the USA in 2005
(Hartmannet al, 2006a). Field sites were selected to represamjrgphical regions where maize is
grown for commercial purposes. A randomised complBdck design with three replicated plots of
MON 89034, as well as the conventional control, wiasted at each test site. The following tissues
were collected and analysed: over season leaf (08),.-over season root (OSR-1-4), over season
whole plant (OSWP-1-4), forage, stover (leaves statks of maize), forage root, senescent root, silk
pollen, and grain. The over season samples (leaf, and whole plant) were collected four times at
different growth stages: (1) V2 — V4, (2) V6 — \(8) V10 — V12, and (4) pre-VT. All protein levels
for all tissue types were calculated on a microgtag per gram (g) fresh weight (fw) basis. Moisture
content was then measured for all tissue typesafinmotein levels were converted and reported on a
dry weight (dw) basis. Results are presented ineThpAppendix 1.

Cry1A.105 protein levels

In tissues harvested throughout the growing sedsoiiA.105 levels across all sites ranged from 27
to 850 g/g dwt in leaf, 20 to 570g/g dwt in whole plant and 6.2 to 11@/g dwt in root. In forage,
pollen and grain, Cry1A.105 levels ranged from@66, 8.5 to 16 and 4.7 to 7.0, respectively.

Cry2Ab2 protein levels

In tissues harvested throughout the growing seaSoy2Ab2 levels across all sites ranged from 48-
270 g/g dwt in leaf, 5-230 g/g dwt in whole plant, and 13-10@/g dwt in root. In forage, pollen
and grain, Cry2Ab2 levels ranged from 15 to 5590¢10.79 and 0.77 to 2.1, respectively. In general
levels of the Cry1A.105 and Cry2Ab2 proteins desiover the growing season

Argentina 2004
Data was collected from studies performed at freédfsites in Argentina during the 2004 season
(Hartmann et al. 2006c¢). The CrylA.105 and Cry2Ai@tein levels obtained from these sites are
presented in Table 2, appendix 1. The means folAMOS protein levels across all sites were 2.6
g/g dwt in grain, 30 g/g dwt in forage, 7.7g/g dwt in pollen, 260 g/g dwt in OSL-1, 200 g/g dwt
in OSL-4, 28 g/g dwt in forage root, and 19/g dwt in stover. In tissues harvested througlhbet
growing season, mean CrylA.105 protein levels acadissites ranged from 160 — 26@/g dwt in
leaf, 22 — 71 g/g dwt in root, and 48 — 170y/g dwt in whole plant. The means for Cry2Ab2 pirote
levels across all sites were 0.9%/g dwt in grain, 45 g/g dwt in forage, 0.56g/g dwt in pollen, 120
g/g dwt in OSL-1, 270 g/g dwt in OSL-4, 31 g/g dwt in forage root, and 44y/g dwt in stover. In
tissues harvested throughout the growing seasoan i@ey2Ab2 protein levels across all sites ranged
from 120 — 270 g/g dwt in leaf, 23 — 48g/g dwt in root, and 61 — 98)/g dwt in whole plant.

Europe 2007

Tissue samples for analysis were collected fronemsdield trials conducted in Europe in 2007 (three
in Germany and four in Spain) (Niemeyer and Silwacio 2008a). Field sites were selected to
represent geographical regions where maize is geawmmercially. There were two germplasms for
this study, the first was adapted to northern Eeampgrowing regions (Germany), and the second was
adapted to the southern European growing regiopairis At each site, MON 89034 as well as the
conventional control, were planted using a randethisomplete block field design, with three
replications. Over season leaf (OSL 1-4), over@eagot (OSR 1-4), over season whole plant (OSWP
1-4), forage, stover, forage root, senescent mmen, silk, and grain tissues were collected fieaoh
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replicated plot at all field sites. The over seasamples (leaf, root, and whole plant) were cadiéct
four times at different growth stages: (1) V2 — \(3) V6 — V8, (3) V10 — V12, and (4) pre-VT.
ELISA methods were developed and validated for gaockein. Protein levels for all ten tissue types
were calculated on a microgranygj per gram (g) fresh weight (fwt) basis. Moistamtent was then
measured for all tissue types and all protein wadre converted and reported on a dry weight (dwt)
basis. Levels of Cry1lA.105 and Cry2Ab2 proteinssaanmmarised in Table 3.

Cry1A.105 protein levels

The mean concentration of CrylA.105 in MON 89034izemavas highest in tissue samples from
whole plant early in the growth season (V2-V4 st@#® g/g dwt), with the mean level in pollen and
grain being 24 g/g dwt and 3.4 g/g dwt (Table 2). The mean Cry1A.105 protein Isvatross all
sites were 130g/g dwt in OSL-1, 44 g/g dwt in OSR-1, 7.4g/g dwt in forage-root, 60g/g dwt in
OSWP-3, 31 g/g dwt in forage, 24g/g dwt in pollen, and 3.4g/g dwt in grain.

Cry2Ab2 protein levels

The mean Cry2Ab2 protein levels in MON 89034 acrakdield sites were 250g/g dwt in leaf
samples from growth stages V6-V8, 7g/g dwt in forage root, 40g/g dwt in forage, 24g/g dwt in
pollen and 1.8 g/g dwt in grain (Table 2). In tissues harvestedulghout the growing season, mean
Cry2Ab2 protein levels at all sites ranged fromZBED- g/g dwt in leaf, 23-33 g/g dwt in root and
48-150 g/g dwt in whole plant. Data on over season pro&els is not presented in this report but
in general shows that the levels of both protedided over the growing season.

According to the applicant the overall range of tieserved protein levels for CrylA.105 and
Cry2Ab2 were all spanning the range of the relatiwatrol in the USA, Argentinean and European
field trials.

2.2.3.3 Part of the plant where the insert is expssed

Cry1lA.105 and Cry2Ab2 proteins were found to beregped in leaf, root, pollen, silk, forage, forage
root, grain, stover and senescent root at appiteptimes of plant development. Grain and forage are
the most relevant tissues for the food and feedtgafssessment of MON 89034, while leaf, root,
pollen, silk and stover are relevant tissues imgeof environmental risk assessment

2.2.3.4 Expression of potential fusion proteins

Bioinformatic analyses of open reading frames fowittlin the DNA spanning the &nd 3 junctions
between the MON 89034 inserted DNA and the maiz®gec DNA were performed. The purpose of
the assessment was to evaluate the potential f@&l mpen reading frames (ORFs) that may produce
proteins with similarity to known allergens anditex DNA sequences spanning the 5’ and 3’ inserted
DNA-maize genomic DNA junctions in MON 89034 werartslated from stop codon to stop codon in
all six reading frames. The putative flank polypegs encoded by the &nd 3 junctions of the MON
89034 insertion site were subjected to similarggrshes using:

1) FASTA and eight amino acid sliding window seaafhthe 2011 allergen, gliadin and glutenin
sequence database (AD_2011)

2) FASTA search of the 2011 protein database (PBT1R

3) FASTA search of the 2011 toxin database (TOX12@hat was selected using a keyword search
and filtered to remove likely non-toxin proteins.

According to the applicant, the FASTA and eight monacid sliding window search analyses showed
that no biologically relevant sequence similaritiesre observed between allergens, toxins or other
biologically active proteins and the 10 putativeugnces translated from junctions which were used
in the queries against the respective databasethefmore that the results of the studies inditadae

if any of the hypothetical fusion proteins wereb® expressed in MON 89034, none would share
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significant similarity or identity to known allergs, toxins, or other biologically active proteitat
could affect human or animal health.

Table 3. Cry1A.105 and Cry2Ab2 protein levels imaize tissues collected from MON 89034 produced in
the European field trials collected in 2007 (Germay and Spain)

Tissue Growth Cry1A.105(ugl/g dwt)? Cry2Ab2 (ugl/g dwt)
type' stages
Mean (SD) Mean (SD)
Range Range
Leaf OSL-1 V2-V4 130(50) 180 (57)
85-240 110-280
OSL-2 V6-V8 190 (44) 250 (100)
130-280 110-400
OSL-3 V10-V12 59 (8.4) 91 (25)
45-73 42-130
OSL-4 Pre-VvT 120 (30) 71 (21)
55-150 35-110
Root OSR-1 V2-V4 44 (12) 31 (9.6)
27-66 19-58
OSR-2 V6-V8 36 (11) 33 (15)
16-56 4.4-65
OSR-3 V10-V12 22 (3.9) 28 (11)
15-32 16-55
OSR-4 Pre-VT 25 (3.8) 23 (5.7)
17-32 16-35
Forage root Early dent 7.4 (1.9) 30 (9.0)
5.0-12 17-48
Senescent root After harvest 20 (9.7) 39 (12)
5.8-32 18-62
Whole OSWP-1  V2-V4 240 (54) 110 (23)
plant 160-320 77-150
OSWP-2  V6-V8 95 (37) 150 (89)
45-160 29-270
OSWP-3  V10-V12 60 (17) 74 (18)
34-85 37-120
OSWP-4  Pre-VT 31 (9.0) 48 (15)
17-55 31-90
Forage Early dent 40 (6.3) 49 (15)
31-53 25-89
Stover Harvest 29 (12) 44 (13)
12-52 25-72
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Silk Pollination 13 (5.4) 31 (13)
4.9-22

Pollen Pollination 24 (4.5) 0.59 (0.32)
15-30 0.21-1.5

Grain Physiological 3.4 (1.2) 1.8 (0.70)

maturity 1.7-5.9 0.58-3.0
Table 4. ELISA limits of detectiort and quantitation? for Cry1A.105 and Cry2Ab2 proteins — US, Argentinaand
European Field trials conducted in 2@) 2004 and 2007, respectively
Tissue Type

1 The limit of detection (LOD) was calculated as th mean value plus three SD using the data generatadgth conventional sample
extracts for each tissue type. The LOD value in “ngnl” was converted to “ g/g fwt” using the respective dilution factor and issue-

to-buffer ratio.

2 The limit of quantitation (LOQ) was calculated based on the lowest standard concentration. The “ng/fhvalue was converted to
“ g/g fwt” using the respective dilution factor and tssue-to-buffer ratio.
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Figure 4. Breeding history of maize MON 89034
The LH172 BCOE x F,; generation was used for all the molecular analy§gemnerations in bold were
used for molecular stability analyses.
Key: Ry = primary transformant; F(#) = filial generatioh;= self-pollination; BC(#) = backcross
generation; RP = recurrent parent; H = hybrid; Ttait integration.
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2.3.4 Genetic stability of the insert and phenotyji stability of the GM plant

A number of analyses were done to demonstratet#idlis/ of the genetic changes MON 89034.
Segregation analysis over multiple generations deae to determine the heritability and stability of
the new trait (therylA.105andcry2Ab2genes, and Cry1A.105 and Cry2Ab2 proteins). Sonthkot
analysis over multiple generations was done toroéte the stability of the inserted DNA

2.3.4.1 Genetic stability of the insert in MON 8934

Genetic stability of the inserted DNA was investéghby Southern blot analyses of genomic DNA
isolated from multiple generations of MON 89034 rea{see Figure 4; the generations used are in
bold). For these analyses, DNA samples were didestith Sspl which cleaves once within the
inserted DNA and in both the 5" and 3’ genomic Kiaug regions. This produces two DNA fragments
of ~8.2 and >4.3 kb. The stability of the inser@NA was confirmed using overlapping T-DNA |
probes spanning the entire inserted DNA sequeGanomic DNA isolated from maize with the same
genetic background as MON 89034 was used as aivegantrol, and was also spiked with DNA
from PV-ZMIR245 to serve as a positive hybridisatantrol.

The results showed that the single copy of T-DNA IMON 89034 was stable in all selected
generations. In addition, none of the generatieatetl contained any T-DNA Il elements or backbone
sequences from PV-ZMIR245

2.4.2 Phenotypic stability of the insect-resistandgait in MON 89034

Significance of the segregation pattern was asddssa Chi-square test of inheritance data over fou
generations of MON 89034 maize to determine thaaimslity and stability of the new traits (Table. 5)
The confirmation of the presence of the gene aalilgy of the trait was based on: (i) ELISA to
detect the Cry2Ab2 and CrylA.105 proteins; (i) &€heck immunoassays to detect Cry2Ab2
protein (Cry2A QuickStix Lateral Flow test strifgnvirologix Inc., Portland, MN) and PCR assay to
detect the presence of theylA.105andcry2Ab2genes. The Chi-square test is based on testing the
observed segregation ratio of the Cry proteinsh® ratio that is expected according to Mendelian
principles as shown in Table 6.

Table 5. Expected segregation ratios for MON 89@3maize generations
Generation® | Expected | Comment
ratio®
LH172BCOR n.a Screened for copy number and absenogtbif (segregation data not shown
LH172BCOR, 31 Positive:negative (product of self-pollinajon
LH172BCOR 1:0 Positive:negative (homozygous plant selection)
LH172BCOR, 1:0 Positive:negative (homozygous plant selection)

LH172BC1R® 1:1 Positive:negative (product of backcrossing)

LH172BC1R’ 31 Positive:negative (product of self-pollinajon

LH172BC1R’ 31 Positive:negative (product of self-pollinatjon

3See breeding tree in Figure %h,a. = not applicable.

°To confirm segregation, LH172BCOF1 plants were bazksed to the recurrent parent (LH172) to prodbisegeneration (not shown in the
breeding tree, Figure 2).

“To confirm segregation, the LH172BC1F1 plants vesiépollinated to produce two different plant ptaions of this generation (not
shown in the breeding tree, Figure 2).
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The results of the Chi-square feate summarised in Table 6. All Chi-square valingicate no
significant differences between observed and erpegenetic ratios across all tested generations of
MON 89034 maize. These results are consistent thiéhmolecular characterisation data indicating a
single site of insertion for thaylA.105andcry2Ab2gene expression cassettes.

Table 6. Segregation analyses of maize MON 89034.
Generation No. of Observed | Expected | Observed | Expected Chi- Probability
Plants positives positives | negatives | negatives | square

LH172BCOR, 11 7 8.25 4 2.75 0.2727 >0.05
LH172BCOR; 24 24 24 0 0 Fixed + n.a
LH172BCOR, 30 30 30 0 0 Fixed + n.a
LH172BC1R 28 13 14 15 14 0.0357 >0.05
LH172BC1F, 24 20 18 4 6 0.5 >0.05
LH172BC1F 24 17 18 7 6 0.0556 >0.05

2.5 Assessment based on available data

Appropriate analysis of the integration site, imthg flanking sequence and bioinformatics analysis,
has been performed to characterise the transfamativent MON 89034. The results of the
segregation analysis are consistent with a siriggeo$ insertion for therylA.105andcry2Ab2gene
expression cassettes and confirm the results ofntilecular characterisation. Molecular analysis of
both self-pollinated and cross-fertilised linespresenting a total of seven different generations,
indicates that the inserted DNA is stably transtednand inherited from one generation to the next.
No genes that encode resistance to antibioticpr@sent in the genome of MON 89034 maize. The
molecular characterisation confirmed the absendmtif theaad andnptll genes, which were used in
the cloning and transformation process.

Event MON 89034 and the physical, chemical and tianal characteristics of the proteins have
previously been evaluated by The VKM Panel on Gealy Modified Organisms, and considered
satisfactory (VKM 2008a).

2Computed as’= [( o-e -0.5f/e] where o = observed frequency of the genotypeerpected frequency
of the genotype, and 0.5 = Yates correction fafioanalysis with one degree of freedom (Little &1$11978).
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3 Maize crop production in Norway

There is no official agricultural statistics of ttegal crop area of maize in Norway. Most of thazea

in Norway is grown for feed, where the whole plantharvested for silage before grain ripening.
Information from various seed companies indicateppuing areas of forage maize of about 2000-
2800 decares the latest five years period. Thegjisvalent to less than 0.1% of the areas withatere
crops (Netland et al. 2012). In the period 2005Qahe area of sweet corn for human consumption
varied between 286 and 1183 decares (StatisticaydyoR011). According to Debio, the Norwegian
control body for organic crop production, there acecropland under organic management certified
for maize production in Norwaywfvw.debio.nd. So far, no maize areas are in the process of
conversion to organic farming.

The maize crop production is mainly located ingbatheastern Norway, with the largest areas located
in the counties of @stfold and Vestfold. Therelmoasome cultivation of fodder maize in Agder and
Rogaland.

There is a growing interest in commercial cultigatof forage maize in Norway (Netland et al. 2012).
Silage of maize is especially suitable for catdad yields of 800-1000 kg dry matter per decare
provide a profitable production and an energy-actl palatable feed supplement which can replace
traditional forage and concentrates for livestddkize is not labor intensive production, and whea t
growth season is long enough, maize provides astiije and nutritious feed that can increase the
forage intake. However, if the growing season  $bort, and the maize cobs do not get time to
evolve, the feed unit concentration becomes vesy(lb75 FEm/kg TS; http://www.grovférnett.no).

Results from Norwegian field trials demonstratgyéadifferences with respect to yields and qualities
of forage maize, both between experimental year$ fegld sites. In a field study from Nord-
Trgndelag, Nesheim (2008) reported high dry mattelds of forage maize when growing maize
under a plastic film cover (1100 kg t.s. per decabgher studies have, however, denoted maize crop
production in Trgndelag and Rogaland with the currarieties as risky, also if intensive farming
methods as establishing maize under plastic cover aglopted (Bakken et al. 2005). In this
experiment, Bakken et al. tested a selection dfyeaaturing varietiesat different locations in the
South and Middle- Norway. The authors concluded theen in the best agricultural areas in the
Oslofjord region, maize production will imply rigk crop failure and yields of varying quality. Tlees
results are consistent with recent, unpublishediesu(T. Lunnan pers. com)

It is not expected a strong increase in the maidtevation in Norway without a further improvement
of adapted cultivars and technology that enableégeaowing and/or that a larger proportion of the
cattle production occurs in the southeastern Nor{Bakken et al. 2005; T. Lunnan pers. com). In the
traditional livestock districts the growing seasemoo short that forage maize can be a real altem

to other forage productions (Netland et al. 20)mate change, which entails a longer growing
season and higher average temperatures, howevein the long term expand the maize cultivation
area in Norway.
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4 Comparative assessment

Agronomic and phenotypic characteristics of MON 39@as previously described in application for
authorisation of maize MON 89034 for import, prairg, and food and feed use in the EU
(Application EFSA-GMO-NL-2007-37), and have prewsbubeen assessed by the VKM GMO Panel
(VKM 2008a). Since the data of the current appiaais intended to complement the data presented
in application EFSA-GMO-NL-2007-37, the same infatran that was provided within the context of
this application (2004-2005 US field trials) is geated in the current application. In addition, a
summary of the results from field trials conductedsermany and Spain in 2007 is also included in
this application (CBI Technical Dossier: De Bill@10).

4.1 Choice of comparator and production of materiafor the compositional assessment

4.1.1 Experimental design

Comparative assessments of phenotypic, agronordieemiogical characteristics of MON 89034 and
conventional maize have been conducted in 2004-200&ne field locations within major US maize
producing geographies, and in 2007 at eight figdations within two major European maize
producing regions (Tech. Doss: De Billot 2010).

Field trials US (2004-2005)

Phenotypic and agronomic data were collected fr@fidld locations over two consecutive years:
nine locations in 2004 and nine locations in the32@rowth season. According to the applicant, these
locations provided a range of environmental andmrgmic conditions representative of major US
maize-growing regions where commercial productibM@®N 89034 would be expected.

The MON 89034 maize lines used for this study wstarids between thegland F generations and a
conventional inbred maize line, LH198 (see Figuje Ms a consequence, the line used as the
comparator for this study is a conventional LH19BHL72 hybrid, which has a genetic background
representative of the MON 89034 hybrid lines, bitheut the transferred genes. (EFSA Regulation
(EC) No 1829/2003 defines a conventional countégfa similar food or feed produced without the
help of genetic modification and for which theraigvell-established “history of safe use” (Art. 2.1

In line with this legal requirement the EFSA GMOnBRaprovides details on the criteria for the
selection of appropriate comparators, under differecenarios, in the EFSA Guidance for the
Selection of comparators for the risk assessme@i\biplants (EFSA 2011b)).

Commercially available maize hybrids were alsouded in the study as reference lines to provide
data for the development of a 99 % tolerance ialir each component analysed. The commercial
hybrids used were all conventional lifes the 2004 field trials 23 reference varietiesrevincluded

in the study, while 12 and 14 commercially maizérigs were included in the 2005 field trials (Study
-1 & -2).

Plots were established at each of the field sitea randomised complete block design with three
replications. Each plot consisted of two to six sogf maize spaced approximately 75 cm apart and
approximately 5-3-6.1 m in lengthAll the maize lines at each of the field sites wgrewn under
normal agronomic field conditions for their respeetgyeographic regions.

® H8751 and H9231 (Golden Harvest); N60-N2 (Northikiipg); 590 (Burrus), 2784, 2E685, 2P682 and 2A79Yddben);
DKC62-15, DKC61-42 and DKC60-15 (Dekalb); 2730 (Rfist SC1124A (Seed Consultants); 4908 (Crow’s); RX708
(Asgrow).
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Field trials Europe (2007)

Phenotypic and agronomic data were collected fright dield locations in Europe, five in Spain and

three in Germany over one growing season. Accortinthe applicant, these locations provided a
range of environmental and agronomic conditionsraggntative of the northern and southern
European maize growing regions where commerciallymstion of MON 89034 is expected. In these
field trials genetically modified maize MON 89034asvcompared with a conventional counterpart
having a comparable genetic background. Event MON38 was introgressed into two different

genetic backgrounds; DKC3945 adapted to northeerrf@ny) and DKC5143 adapted to southern
(Spain) European growing regions. The control srsts included in the field trials were

conventional maize DKC3945 (Germany) and DKC514Ba(s). DKC3945 and DKC5143 have

genetic backgrounds similar to the test plants grawGermany and Spain, respectively, except for
the insect-protection trait.

15 conventional, commercial available maize hybuid$ similar relative maturities as the test and
control substances were included in the comparatssessments to verify whether any differences
observed between the GMO and its comparator faliwithe range of natural variation. Six locally
adapted hybrids were used in Germany and ninereliffelocally adapted hybrids were grown in
Spain.

Plots were established at each site in a randonsis@glete block design with three replications.lEac
plot consisted of six rows spaced approximatelyci#Dapart and approximately 6-10 m in length.
Rows 4 and 5 were designated for phenotypic antbgical interaction data, while row 3 and 6 were
used as buffer rows. Agronomic practices used épane and maintain each study were characteristic
of the respective region. Maintenance pesticidexvapplied as needed at the field sites. Pesticides
containingBt were not applied to the study area at any site.

Statistical analysis

Analysis of variance for each site was conductembmiing to a randomised complete block design
with three replications (mixed model analysis). $ASersion 9.2) was used to compare the test
substance MON 89034 to its conventional counterpatitin each site (by-site analysis). In the
European study, separate combined site analyses coeiducted for Germany and Spain. For each
site and substance, various plant phenotypic ctersiics (Table 5) and stressor damage types €Tabl
6) were measured.

Difference and equivalence tests were conductedgustatistical models consistent with EFSA
guidelines (EFSA 2010, 2011b). Difference testiragwwerformed at the 10% level of significance (
= 0.10), and equivalence testing performed at the 16Bvel ( = 0.05).The level of statistical
significance was predetermined to be 5 %0(05). No statistical comparisons were made betwleen
test and reference substances. For the phenotgfac tthe reference range (minimum and maximum
mean values) was determined from the referencetiesiacross the sites, for each country. Due to
lack of variability in the responses in the Eurapstudy, phenotypic data from five parameters @& th
German trial and two of the parameters in Spainewetcluded from the combined site analysis.
Further, only five of the variables from the stuafyenvironmental interactions were included for a
statistical combined site analysis.
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Table 7. Phenotypic and agronomic characteristicsfansect resistant maize MON 89034 evaluated
during the 2007 European field trials

Characteristics Evaluation Evaluation Description
Stagé

Seedling vigour V2-V4 Rated on a 0-9 scale, whem@e@d and 9=above average vigor

Early stand count V2-V4 Number of emerged plants

(#/plot)

Days to 50 % pollen Pollen shed Number of days after planting when 5®%e plants in a plot have begun

shed to shed pollen

Days to 50 % silking  Silking Number of days aftéarding when 50% of the plants have multiple silks
exposed

Stay green Maturity Rated on a 0-9 scale, wherefreeplant is dried and 9=entire plant is
green

Ear height (cm) Maturity Distance from the soilfage at the base of the plant to the ear attachment
node

Ear/kernel root Harvest Rated on a 0-9 scale, wben® symptoms and 9= severe symptoms

Plant height (cm) Maturity Distance from the saitface at the base of the plant to the flag led&co

Dropped ears Pre-harvest Number of mature ears dropped frontplan

(#/plot)

Stalk logded plants  Pre-harvest Number of plants broken below the ear

(#/plot)

Rot logded plants Pre-harvest Number of plants leaning at the sofbse greater than 30° from vertical

(#/plot)

Final stand count Pre-harvest Number of plants

(#/plot)

Stalk rot Harvest Rated on a 0-9 scale, where Gyngptoms and 9= severe symptoms

Yield (t/ha) Harvest Harvested shelled grain, aigigo relevant moisture

4.2 Agronomic traits and GM phenotype

During field trials conducted over two seasons différent locations, phenotypic and agronomic data
related to dormancy and germination, emergence vagetative growth, reproductive growth and
yield characteristics were collected. A descriptiof evaluated phenotypic and agronomic
characteristics and the designated developmemtgéstwhen evaluations occurred are listed in Table
7. In addition, the applicant has presented obsienal data from studies of plant environmental
interactions several times during the growing seas®he purpose of these evaluations was to assess
whether plant response to abiotic and biotic strsssvere altered compared to control maize. The
evaluations of ecological interactions include plegsponse to abiotic stressors (e.g. droughtt,fros
wind, flood damage, nutrient deficiency, etc), dse damage and arthropod damage (Table 9).
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4.2.1 Agronomic and phenotypic results

Field trials USA (2004-2005)

VKM (2008a):

«l henhold til sgkers dokumentasjon er det foretaistreringer av karakterer knyttet til reprodoks
spredning, vegetativ vekst, sjukdoms- og inseldtess, samt toleranse mot ulike abiotiske
stressfaktorer (tarke, vind, naeringsmangel eteesuRatene viser signifikante forskjeller (p0,05)

mellom MON 89034 og umodifisert kontroll for karakéne plantehgyde og lengde i 2004-forsgkene.

Gjennomsnittsverdiene for disse karakterene liggeidlertid innenfor variasjonsomradene for
referansesortene som er presentert i sgknaden.d&owvrige agronomiske og morfologiske
egenskapene ble det ikke funnet signifikante fettdj. Med bakgrunn i manglende registreringer
over flere vekstsesonger er alle statistiske apalfiggetatt innen ar. Det er derfor ikke mulig adere
effekt av ar eller stabilitet over ar for de ferigke egenskapene.

| tillegg til feltforsgkene er det er foretatt sgtiester i vekstkamre under ulike temperaturregiiet.

ble ikke funnet signifikante forskjeller mellom démnsgene linjen og kontrollsorter med hensyn pa
de undersgkte parameterne knyttet til frakvile pigrsg. Undersgkelser av pollendiameter og -vigalit
viste at uttrykk av CrylA.105- og Cry2Ab2- proteairikke har effekt pa morfologi og vitalitet av
pollen fra MON 89034.»

Field trials Europe (2007)

Results from the combined-site phenotypic compadsaf MON 89034 to the control for the field
trials in Europe in 2007 are presented in TablBimum and maximum mean values (reference
range) observed among 15 commercially availabkereece maize hybrids provide benchmark values
common to maize for each characteristics. In thehipned-site analysis for the German trial, no
statistical differences were detected between M@R38 and its conventional counterpart for the
entire parameters measured (Table 8). In the cadbsite analysis for Spain, significant differences
were detected between MON 89034 and the contrahiparameter “stalk logded plants” (p05).
There were fewer stalk logded plants in MON 8908gtspthan in the control plots (0.0 vs. 0.5,
respectively). However, mean values for MON 89084 dtalk lodging fall within the range of the
reference varieties included in the study, and eéhédferences are unlikely to have biological
significance in terms of increased pest potenkatthermore, less stalk lodging does not repreaent
change in the plant that would confer an increasgdediness potential. It is likely that the chaige
stalk lodging is a direct agronomic consequenci@fpresence of the lepidopteran protection trait i
MON 89034. For the other parameters evaluatediatisiical differences were detected between the
test line and the conventional counterpart in Spain
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Table 8.

conducted in 2007 (Germany and Spain)

Phenotypic
Characteristics

(units)

Seedling vigour

Early stand count (#/plot)
Days to 50% pollen shed
Days to 50 % silking
Stay green

Ear height (cm)

Plant height (cm)
Dropped ears (#/plot)

Stalk logded plants (#/plot)

Root logded plants (#/plc
Final stand count (#/plot)
Ear/Kernel rc

Stalk ro

Yield (tha)

Indicates a significant difference between thésabstances (MON 89034) and the control(p5).

MON89034

Mean

5.7

91.4

72.1

71.1

5.6

81.2

189.5

0.0

0.0

0.C

76.3

0.C

0.C

6.1

! Data not analysed due to lack of variation

Northern EU field trials

Control
Mean
5.8
934
71.4
70.3
5.3
84.7
203.6
0.0

0.0

0.C
76.4

0.C

0.C

6.4

References Range

Min.

4.7

75.7

66.0

65.0

2.8

63.1

177.9

0.0

0.0

0.C

69.2

0.C

0.C

5.1

Max.

7.3

100.0

73.3

73.3

6.3

118.3

233.7

0.0

0.0

0.C

76.4

0.C

0.C

9.3

MON89034
Mean
21
476.
81.6
77.0
9.0
93.7
195.2
1.9

0.0

0.1
75.5

0.C
0.C

10.3

Southern EU field trials

Control

Mean

2.1

79.1

.8 81

77.0

9.0

97.6

2496

1.9

0.0

0.1
75.5
0.C
0.C

10.3

Combined field trials analysis: phenotypiccharacteristics of insect resistant maize MON 89@3compared to the control — European field trials

References Range

Min.

1.0

43.2

75.0

69.0

8.7

83.0

165.0

0.0

0.0

0.C
41.7
0.C
0.C

5.7

Max.

3.0

79.7

91.0

88.0

9.0

126.2

226.2

3.31

0.3

80.3

0.C

0.C

11.7



4.2.2 Ecological interactions

Plots were rated for specific biotic (i.e. insectdadisease) and abiotic (drought, wind nutrient
deficiency etc.) stressors commonly occurring @hesite (Table 9). According to the applicant, no
artificial infestation or inference was used. There, the same stressors were not necessarily
observed at each field site. Ecological interactiarere assessed qualitatively by visual scoringlésc
0-9). Stressor variables which included sufficiestiability were subjected to statistical analysis.

Results from evaluations of ecological stressomnadge in the European field trials indicate no
qualitative differences between MON 89034 and theventional counterpart with respect to biotic
and abiotic stressors (Appendix 1, Table 3). Naaleifferences were observed across sites between
MON 89034 and the control in their susceptibilitalerance to the ecological stressors assessed.

Based on 253 comparative observations recordedtaeyears in the USA, no consistent differences
were observed across sites between MON 89034 ancbittitrol in their susceptibility or tolerance to
the ecological stressors assessed during the 20042@05 field trials. These results support the
conclusion that compared to the conventional mdiee gcological interactions between MON 89034
and insects, diseases and abiotic stressors werelteced except for the introduced lepidopteran-
protection trait.
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Table 9.

Stressor
(type)

Abiotic

Disease

Insect

Stressors damage types evaluated at eathdy site (European field trials 2007)

Type

Animal damage
Drought stress
Flood damage
Frost damage
Hail damage

Heat damage

Nutrient deficiency

Wind damage

Ear rot

Leaf blight

Pythium

Rust

Smut (head+ear)

Aphissp. (Aphids)

Cutworm
Oscinella frit

Ostrinia nubalis

Thrip

Agriotessp.

Evaluation stage

V2-V4, V10-15

V10-15

Evaluation Description

Rated on a 8eale where O=damage and 9= severe damage

Rated on a 0-9 scale whene 8tress and 9=severe stress

V10-15, VT-R3, R6 Rated on a 0-9 sshkye O=damage and 9= severe damage

R6
V10-15

V2-V4, V10-15,
VT-R3

V2-V4, V10-15,
VT-R3, R6

V2-V4, V10-15,
VT-R3, R6

R6

V2-V4, V10-15,
VT-R3, R6

V2-V4, V10-15,
VT-R3, R6

V2-V4, V10-15,
VT-R3, R6

V2-V4, V10-15,
VT-R3, R6

V2-V4, V10-15,
VT-R3, R6

V2-V4
V2-V4

V2-V4, V10-15,
VT-R3, R6

V2-V4, V10-15,
VT-R3, R6

V2-V4, V10-15,
VT-R3, R6

Rated on a 0-9 scale where O=daanalg@= severe damage

Rated on a 0-9 scale where Oadarand 9= severe damage
Rated on a 0-9 scale where 0O=damage and 9= seaarage
Rated on a 0-9 scale where 0=symptoms and 9= severe
symptoms

Rated on a 0-9 scale where 0O=damage

Rated on a 0-9 scale where Oagiaand 9= severe damage

Rated on a 0-9 scale where 0=no symptoms and Sreseve
symptoms

Rated on a 0-9 scale where 0=no symptoms and Sreseve
symptoms

Rated on a 0-9 scale where 0=no symptoms and 9reseve
symptoms

Rated on a 0-9 scale where 0=no symptoms and 9reseve
symptoms

Rated on a 0-9 scale where 0=no symptoms and 9reseve
symptoms

Rated on a 0-9 scale where O=damagdeda severe damage
Rated on a 0-9 scale where O=damage and \@reselamage

Rated on a 0-9 scale where 0O=damage and 9= seaarage

Rated on a 0-9 scale where 0O=damage and 9= seaerage

Rated on a 0-9 scale where 0O=damage and 9= seaerage

39

EFSA/GMO/BE/2011/90 — Genetically modified insectasistant maize MON 89034



Norwegian Scientific Committee for Food Safety (VKN) 12/309 -final

4.3 Assessment based on available data

Based on results from comparative analyses offdata field trials located at representative sited a

environments in the USA (2004-500) and Europe (20i04s concluded that maize MON 89034 is
agronomically and phenotypically equivalent to tbenventional counterpart and commercially
available reference varieties, with the exceptibthe lepidopteran-protection trait, conferred bg t

expression of the Cry1A.105 and Cry2Ab2 proteirtse Tield evaluations support a conclusion of no
phenotypic changes indicative of increased planédimest potential of MON 89034 compared to
conventional maize. Evaluations of ecological iat¢ions between maize MON 89034 and the biotic

and abiotic environment indicate no unintended ot$feof the introduced trait on agronomic and
phenotypic characteristics.
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5 Environmental risk assessment

5.1 Unintended effects on plant fithess due to ttgenetic modification

Maize is a highly domesticated annual plant andegdly unable to survive in the environment
without management intervention (Eastham & Swedd2P0 Maize propagates entirely by seed
produced predominantly by cross-pollination (OEQI3). In contrast to weedy plants, maize has a
pistillate inflorescence (ear) with a cob enclosaith husks. Due to the structure of the cob, thexise
remain on the cob after ripening and natural digsation of the kernels rarely occurs. In Norway,
practically all maize is grown for feed, where thhole plant is harvested for silage before grain
ripening. There is only a very limited productiohseveet corn for human consumption (see section
3.0).

During harvest and post-harvest activities, somescaob fragments and/or isolated kernels may
remain in the field or accidentally be spilled adésagricultural areas. Survival of maize in Eurcpe
however, limited by a combination of absence obaréhncy phase, high temperature requirements for
germination, low frost tolerance, low competitiveg@nd susceptibility to plant pathogens, herbsore
and climatic conditions (van de Wiel et al. 201pize cannot survive temperatures below 0°C for
more than 6 to 8 hours after the growing pointigve ground (5 to 7 leaf stage) (OECD 2003), and in
Norway and most of Europe, maize kernels and seggitio not survive the winter cold (Gruber et al.
2008). In regions with mild winters, however, maiagdunteers frequently occur (BEETLE Report
2009). Crop management and climatic conditionsnduthe post-harvest and sowing periods are the
main factors that determine the presence of voauatdf the following autumn is wet, the kerneldl wi
germinate and plantlets will die without flowering. dry conditions, the kernels remain in the field
until the next sowing season, when they will geat#nand reach the flowering stage (Devos et al.
2009). In Spain, volunteer densities from residwdlap to 7000-8000 plants/ha have been reported,
which corresponds to approximately 10 % of the maanting densities (Melé et al. 2007;
Palaudelmés et al. 2009). Field observations pagdron maize volunteers after cultivation of GM
maize in Spain revealed that maize volunteers badvigour, tended to flower asynchronously with
the cultivated maize crops in which they occur earély had cobs (Palaudelmas et al. 2009). Cross-
pollination values recorded were extremely varigbt®ng volunteers, most probably due to the loss
of hybrid vigour and uniformity. Overall cross-gaktion to adjacent plants was estimated as being
low.

During the long process of domestication maizelbsisthe ability to survive outside cultivation. In
spite of extensive cultivation in many countries fienturies, seed-mediated establishment and
survival of maize outside cultivation or on distedbland in Europe is rare (BEETLE Report 2009).
Maize plants occasionally grow in uncultivated dieland by roadsides. However the species is
incapable of sustained reproduction outside adticail areas in Europe and is non-invasive of natura
habitats (ref. Eastham & Sweet 2002; Devos et@9®2 There are no native or introduced sexually
cross-compatible species in the European flora witich maize can hybridise and form backcross
progeny (Eastham & Sweet 2002; OECD 2003). The cadypient plants that can be cross-fertilised
by maize are other cultivated maize cultivars yme$ (e.g. Sanvido et al. 2008). The BEETLE report
(2009) assessed the likelihood for increased fifi@sBt maize in Europe to be negligible.

It is considered very unlikely that the establishingpread and survival of maize MON 89034 would
be increased due to the insect resistance traitifidect protection against Lepidoptera is notnash

as providing a significant selective advantage &zmplants in Europe, except under high infestatio
conditions in cultivated fields. In Norway, therave been only a few reports of the target pests
(section 5.3), and this trait cannot be regardeal @stential selective advantage to maize MON 89034
Moreover, it is considered very unlikely that maM©N 89034 plants and their progeny will differ
from conventional maize varieties in their abilioysurvive as volunteers until subsequent seasons,
to establish feral populations under European enuiental conditions.
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A series of field trials with maize MON 89034 haween conducted by the applicant at nine replicated
field locations within major maize-growing areastloé USA over two years (9 locations in 2004 and
9 locations in 2005), and across eight represest&l) maize growing locations in 2007 (5 locations
in Spain and 3 locations in Germany). Information ghenotypic and agronomic characteristics of
maize MON 89034 and its comparators was generatetbmpare their growth habit, vegetative
vigour and reproductive characters. Several endpaielated to growth habit, vegetative growth,
reproduction, yield and grain characteristics wasasured (section 4.2).

The European agronomic and phenotypic field tridld not show major changes in plant

characteristics that indicate altered fitness,ipensce and invasiveness of maize MON 89034 plants.

No visually observable response to naturally ogegrinsects, diseases and/or abiotic stressors
recorded during the growing season provided anigatidn of altered stress responses of maize MON
89034 as compared with its conventional counterpastboratory experiments, analysing seed

dormancy and pollen morphology and viability, rdedano relevant differences in seed germination,
pollen morphology or pollen viability charactercsti between MON 89034 and its conventional

counterpart.

The VKM GMO Panel is not aware of any scientifipogs indicative of increased establishment or
spread of maize MON 89034, or changes to its sabiiity (including over-wintering), persistence or
invasive capacity. Because the general charadtsrief maize MON 89034 are unchanged, insect
resistance is not likely to provide a selective aadage outside of cultivation in Europe. The VKM
GMO Panel is of the opinion that the likelihood whintended environmental effects based on
establishment and survival of maize MON 89034 witt differ from that of conventional maize
varieties.

5.2 Potential for gene transfer

A prerequisite for any gene transfer is the avditgtof pathways for the transfer of genetic maéer
either through horizontal gene transfer of DNA,vertical gene flow via pollen or seed dispersal.
Exposure of microorganisms to transgenic DNA ocadusing decomposition of plant material
remaining in the field after harvest or comes frpollen deposited on cultivated areas or the field
margins. Transgenic DNA is also a component of rietyaof food and feed products derived from
maize MON 89034. This means that micro-organismthé digestive tract in humans and animals
(both domesticated animals and other animals fgedinfresh or decaying plant material from the
transgenic maize line) may be exposed to transdeNi&.

Maize is the only representative of the geAaain Europe, and there are no cross-compatible avild
weedy relatives outside cultivation with which neaizan hybridise and form backcross progeny
(Eastham & Sweet 2002; OECD 2003). Vertical genedfer in maize therefore depends on cross-
pollination with other conventional or organic nm&ixarieties. All maize varieties which are
cultivated in Europe can interbreed. In additionjntended admixture/adventitious presences of
genetically modified material/transgenes in seegfgasent a possible way for gene flow between
different cultivation/production systems. The rigkpollen flow from maize volunteers is negligible
under Norwegian growing conditions.

5.2.1 Plant to micro-organisms gene transfer

Experimental studies have shown that gene trarfigier transgenic plants to bacteria rarely occurs
under natural conditions and that such transfeeddp on the presence of DNA sequence similarity
between the DNA of the transgenic plant and the ONighe bacterial recipient (Nielsen et al. 2000;
De Vries & Wackernagel 2002, reviewed in EFSA 20@D09b; Bensasson et al. 2004; VKM 2005).
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Based on established scientific knowledge of theidra for gene transfer between unrelated species
and the experimental research on horizontal trangfe genetic material from plants to
microorganisms, there is today little evidence pomto a likelihood of random transfer of the
transgenes present in in MON 89034 to unrelatedispsuch as bacteria.

It is however pointed out that there are limitatidn the methodology used in these experimental
studies (Nielsen & Townsend 2004). Experimentadiistsi of limited scale should be interpreted with
caution given the scale differences between whatbeaexperimental investigation and commercial
plant cultivation.

Experiments have been performed to study the &tabitd uptake of DNA from the intestinal tract in
mice after M13 DNA was administered orally. The Divvoduced was detected in stool samples up
to seven hours after feeding. Small amounts (<0dda)d be traced in the blood vessels for a period
of maximum 24 hours, and M13 DNA was found in tiverl and spleen for up to 24 hours (Schubbert
et al. 1994). By oral intake of genetically modifisoybean it has been shown that DNA is more stable
in the intestine of persons with colostomy compaced control group (Netherwood et 2D04). No

GM DNA was detected in the feces from the controug. Rizzi et al. (2012) provides an extensive
review of the fate of feed-derived DNA in the gasitestinal system of mammals.

The origin and properties of the inserted genes ao¢ suggest a novel directional positive selectio
of the plant transgenes in MON 89034 in bactegaipients.

In conclusion, the VKM GMO Panel consider it isilgaly that genes from MON 89034 will transfer
and established in the genome of microorganismthénenvironment or in the intestinal tract of
humans or animals

5.2.2 Plant to plant gene flow

Reproduction biology

Cultivated maize4ea may4..) is a member of the grass famMpaceae Maize is presumed to have
derived from teosinteZ, mexicana)a plant native to Central America, and was intredlimnto
Europe in the sixteenth century. Maize is a talbnoecious, annual grass with separate male and
female flowers on the same plant. The functionaingtate flowers are borne in male tassels located
terminally on the stems, and the female cobs aneehio the axils of the middle leaves.

Maize is predominantly a protandrous and out-crmgspecies, where the male inflorescence (tassel)
appears around two to four days before silk emegésleper & Poehlman 2006). There is however
usually some overlap of pollen shedding and silkegance on the same plant that can account for up
to 5 % self-pollination (Eastham & Sweet 2002). kéais predominantly wind-pollinated, although
there is evidence to suggest that honey bees dra otsects collect pollen from maize (Treu &
Emberlin 2000). However, the female flowers of mreaproduce no nectars and pollinating insects
usually do not contribute to fertilisation and agmllination of maize plants (Eastham & Sweet 2002
Malone & Burgess 2009; OGTR 2008; Tolstrup et 803).

Pollen is released from the tassels in large quesitilt has been estimated that for each ovule
developing into a kernel an individual plant detivérom 9000 to 50000 pollen grains. Assuming an
average ear of maize grows approximately 500 kerreelplant will yield between 4.5-25 million
pollen grains (ref. Eastman & Sweet 2002). Compdcegollen of other wind-pollinated species,
pollen grains of maize are relatively large (dia@ne€Q0-125 m) and heavy (0.25g) (Aylor et al.
2003; Di-Giovanni et al. 1995; Raynor et al. 1972).

The longevity of maize pollen viability stronglyffirs according to air temperature and humidityd an
published data on the length of time that maizéepalemains viable under natural conditions varies
from about 24 hours to several days (Eastman & 52@@2). Dehydration is the main factor in maize
pollen mortality and water loss in pollen graingidg dispersal reduces their ability to germinate o
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the stigma (Aylor 2004). In exceptionally hot, dmeather the viability could be reduced to a few
hours, and extended up to nine days in cooler, thwwonditions (Emberlin et al. 1999; Luna et al.
2001). It can therefore be expected that maizeepotin average has a longer viability under
Norwegian growing conditions compared to most o# tudies that have been published on
outcrossing in maize (VKM 2005). The water contalsto affects the physical shape of the pollen
grain and its flight dynamics (Aylor 2002; Aylor &t 2003).

Pollen-mediated gene flow

Numerous studies have been conducted on polleerdispand outcrossing in maize (for a review, see
BEETLE report 2009; Brookes & Barfoot 2004; Devasak 2005; Eastham & Sweet 2002; Feil &
Schmid 2002; Sanvido et al. 2008). However, a gdriaterpretation of the results is often difficult
because of significant methodological differenced axperimental conditions between studies and
various environmental factors which are known tiluence cross-fertilizations rates (Ingram 2000;
Devos et al. 2005). In addition to direct measuras®f pollen concentration at different distances
from the pollen source, various qualitative andrisaive methods have been used to estimate the
actual outcrossing in maize (phenotypic markerstgim analysis, molecular markers, quantitative
DNA analysis) (Devos et al. 2005). More recent stsichre based on different mathematical models
for simulation of the potential for outcrossing endifferent growing conditions.

A number of abiotic and biotic parameters are kneevimfluence outcrossing rates in maize (Husken
et al. 2007; Sanvido et al. 2008; Palaudelmas .eR@09). These factors include size, shape and
orientation of both pollen source and recipientdfi@s well as distance, topography and vegetation
between pollen source and recipient field. The siz¢he experimental donor and receptor fields
determines the amount of competing pollen (Ingr&@02 Devos et al. 2005). E.g. a high donor to
receptor ratio (large donor field, small receptetd) leads to a higher amount of pollen from the
donor field resulting in high cross-fertilisatioates in the receptor field due to low competitiathw
incoming pollen. The shape of the fields is anofiaetor that may influence cross-pollination. The
amount of cross-fertilisation is clearly higherdlongated recipient fields than in rectangular avfes
the same surface area when the long side of thiffiees the source (Messeguer et al. 2006). Using
SSR analysis to identify the origin of pollen shovtkat while changes in the size of the donor field
clearly influences the percentage of GMO detedfed,effect is moderate (Palaudelmas et al. 2012).
This study demonstrated that doubling the dondd fieze resulted in an approximate increase of GM
content in the receptor field by 7 %. This indicatieat variations in the size of the donor fieldda
smaller influence on GM content than variationgha size of the receptor field. Similarly, a buffer
zone with the same competitive agricultural crofi wioduce pollen, as well as being a physical
obstacle to wind-dispersed pollen between fieldd, r@duce the outcrossing effectively.

The rate of cross-fertilisation between fields atkpends on pollen viability and longevity, male
fertility and/or sterility, synchrony in flowerinigetween anthesis of the pollen donor and silkinthef
recipient field, wind direction and velocity and atleer conditions. However, distance between the
fields, flowering coincidence and orientation t@miling horizontal wind speed have been identified
within the EU-project SIGMEA as the major factoffeating cross pollination in maize (Husken et al.
2007; SIGMEA 2009).

When assessing the frequencies of outcrossing, also important to take the intended use of the
maize plant into consideration (Tolstrup et al. 200n forage maize, harvested as whole plants for
ensilage or direct feed, the vegetative tissue ithaot affected by cross-pollination will constéua
major part of the yield/final product (dependingauitivar and maturity level).

The basic pattern of outcrossing in maize is dbedriby the leptokurtic pollen dispersal curve. The
highest pollen concentrations and most of the argsand fertilisation occur close to the pollenrssu
with a strong exponential decrease near the soliete followed by a very slow decline with
increasing distance (e.g. Eastham & Sweet 20023.tDuts pollen characteristics, maize pollen has a
high settling speed and usually has a short fiighge, and pollen concentrations decline rapidijy wi
the distance from the source (Jarosz et al. 200&)st of the pollen falls within 5 m of the fields’
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edge and approximately 95-99 % of the release@pddl deposited within about 30 m from the pollen
source (Devos et al. 2005). At distances furthantB0-50 m, the levels of pollen dispersion are ver
low but there is no clear cut-off distance beyordcl these levels reach zero.

Under suitable meteorological conditions maize goltan be lifted high up in the atmosphere and
distributed over significant distances up to kildene (Jarosz et al. 2005; Hofmann et al. 2010).
However, vertical wind movements or gusts durinemoshedding only lead to very low levels of
cross-fertilisation over longer distances (Palaudal et al. 2012). Most cross-pollination eventsiocc
within 40 m of the pollen source (reviewed by Easth% Sweet 2002; Brookes at al. 2004; Devos et
al. 2005; Husken et al. 2007; Sanvido et al. 2608sgo et al. 2010; Palaudelmas et al. 2012).

Sanvido et al.(2008) have reviewed existing cross-fertilisatidndges in maize and established
relevant criteria for the evaluation of these stedand applied criteria to define science-based
isolation distances. The results of their analgbiswed that an isolation distance of 20 m for silag
maize, and 50 m for grain maize, respectivelyuffigent to keep GM-inputs from cross-fertilisatio
below the arbitrary level of 0.5 % at the bordeaafonventional/non-GM maize field. The proposed
isolation distances represent a rather conservappeoach leaving an additional safety margin up to
the current legal threshold of 0.9 % in the finadguct.

Occasionally, however, and particularly in the casesmall fields less than 0.5 ha and/or of long,
narrow fields that are located downwind from a éarM maize field, the isolation distance may

need to be extended to 50 m or more (Devos et0@b;2Hiusken et al. 2007). Based on a statistical
analysis of different datasets on cross-fertilmatrates, Riesigo et al. (2010) concluded that a
separation distance of 40 m is sufficient to redadmixture in maize cultivation to below the legal

threshold of 0.9 % in the EU.

Cross-pollination in maize has been examined iatgdetail in several European countries in the EU
Program ‘Sustainable Introduction of GM Crops iioropean Agriculture’ (SIGMEA 2007, 2009).
These studies indicate that a separation distahc0-®0 m is enough to maintain the labelling
threshold below 0.9 %. In certain cases, whereethee particular spatial conditions and agricultura
practices (e.g. small scale production systemgagesfield size smaller than one hectare and/ay lon
and narrow fields), the separation distances mag tmbe extended.

Like separation distances, pollen barriers of mailents effectively reduce out-crossing between
neighbouring maize fields. Barrier plants locatdgheent to the recipient field act on the one hasd

a pollen trap and on the other as an additionatcgoaf pollen that dilutes the transgenic airborne
pollen. Studies in Germany and Switzerland confdrie high interception of pollen by the first few
maize rows when open ground or low growing inteingrcrops separate maize fields. The removal of
the first 10-20 m of a non-transgenic field faciagsM crop might therefore be more efficient for
reducing the total level of cross-fertilisationdnrecipient population than to recommend separation
distances (Husken et al. 2007).

Seed mediated gene flow

In spite of extensive cultivation in many countriaed accidental seed spillage, seed mediated
establishment of maize and its survival outsidg@peal area in Europe is rare (see section 5.1).eMaiz
is incapable of sustained reproduction outsidevatlon and is non-invasive of natural habitats.(re
Eastham & Sweet 2002), but maize plants occasiogatiw in uncultivated fields and by roadsides.
The probability of a volunteer maize crop appeaimmgubsequent (maize) crops and then contributing
to gene flow via cross pollination from the volugtéo a maize crop in Europe is very low due to the
inability of the maize plant to shed seed naturallliimited dormancy period, low competitivenessg, t
susceptibility to plant pathogens and herbivores, tommon use of mechanical pre-planting soil
preparation practices and the inability of maizedse survive low winter temperatures (Husken et al
2007). In addition, maize is mainly harvested asl&lplants for silage. Since these characteristies
not altered in maize MON 89034, it is consideredyvanlikely that the transgenic maize line or its
progeny will differ from conventional maize variggiin their ability to establish feral populatians
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Europe. Although seeds from the previous crop gaaroverwinter and germinate the following year,
the plant cannot persist as a weed. Based on thenatiions in central Europe (Gruber et al. 2008),
volunteers may only occur after a warm winter periMonitoring of maize volunteers after maize
cultivation in Spain has shown that the vigour feé t/olunteer plants is low; they are much shorter
than normal plants and rarely have cobs (if producermally without grains). Tassels were
frequently produced, but cross-pollination wasmated to be low, most probably due to loss of
hybrid vigour and uniformity in plant size, asynohous flowering with the cultivated maize crops in
which they occur, and amount of fertile pollen €fealaudelmas et al. 2009). The contribution of
pollen flow from occasional feral maize plants grieultural fields with conventional maize varietie
is therefore considered to be insignificant.

Field trials in Europe and the USA do not indicaltered agronomic or phenotypic characteristics of
maize MON 89034, except for the specific targett pesistance. Pollen production and pollen
viability is not expected to be affected by the ggenmodification, and it is therefore not likelyat
out-crossing frequencies to other maize fields halldifferent from conventional varieties. The VKM
GMO Panel is of the opinion that the likelihoodupfintended environmental effects as a consequence
of gene flow from maize MON 89034 is negligible.

National proposals for maize co-existence

An overview of mandatory separation distances abply EU member states shows a considerable
range of variation (25-600 m), with respect to sappan distances between GM and non-GM maize
fields (EC 2009). The Norwegian Scientific Commétteor Food Safety concluded that separation
distances of 200 m most likely will ensure an udpeit of 1 % of adventitious presence as a restilt
introgression via pollination in maize (VKM 2008)hese recommendations are based on the maize
used being heterozygote for the inserted genelatdtie maize grains constitute a maximum 50 % of
the silagelyield.

5.3 Interactions between the GM plant and target agganisms

MON 89034 is a second generation genetically medifnsect resistant maize, and was developed to
provide protection against a variety of target pedtthe order Lepidoptera. Protection is achieved
through expression in the plant of two insectici@ay proteins, CrylA.105 and Cry2Ab2, derived
from Bacillus thuringiensisa common soil bacterium. Cry1A.105, encodedhgectylA.105gene, is

a chimeric protein made up of different functiodamains derived from three wild-type Cry proteins
from B. thuringiensissubspeciekurstaki and aizawai The Cry2Ab2 protein is encoded by the
cry2Ab2gene derived frorB. thuringiensisubspeciekurstaki.

Two Lepidoptera pests are primarily targeted by M@3034; Ostrinia nubilalis (European corn
borer, ECB) and&esamia nonagrioidgdlediterranean corn borer, MCB). According to #pplicant,
the Cryl1A.105 protein also provides increased dgtagainst fall armywormS$podopteraspp.) and
black cutworm Agrotis ipsilor) compared to CrylAb. Further, the Cry2Ab2 toxioydes improved
control over CrylAb products from damage causeddmg earwormifdelicoverpa zep

The European corn borer is widely distributed inrdpe covering the Iberian Peninsula, Czech
Republic and Slovakia, southwest of France, nontlitedy and the southern regions of Germany and
Poland. The Mediterranean corn borer is presetitaérMediterranean region (Andreadis 2011). There
are ten reports dD. nubilalisin Norway, restricted to the counties of VestfdléJemark, Aust-Agder
and Vest AgderSesamiaspp.,Spodopterdrugiperdaor H. zeahave not been reported in Norway.
There are no reports oD. nubilalis attaining pest status in Norway, and the Plant i€lin
(Planteklinikken) at Bioforsk has never receivenhgkes of this pest or plant material damaged by thi
pest (K. Drstad pers. com.). Consequently, thexaarnnsecticides authorised or previous applioatio
for registrations of insecticides against this herie in Norway.

Aphids are the only pests reported on maize in MgrwStudies have shown that aphids are not
affected by the CrylAb protein (Bourguet et al. 20@nder the development of Bt maize expressing
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CrylAb, the noctuidA. ipsilonwas tested as a target, but there was little oeffext (Pilcher et al.
1997). This species is occasionally a pest in coops in Norway and it is conceivable that it could
become a pest of maize

Adverse effects due to resistance evolution

Development of resistance to Cry proteins followaxgposure to Bt plants is an important aspect, with
both agronomic and environmental implications (BEETLE Report 2009; Tabashnik et al. 2009).
Resistance evolution to the Cry1A.105 and Cry2Alftgins is not considered a direct environmental
harm, but the consequences of the establishmeasistant Lepidoptera pests populations may lead to
the use of other pest control tools with greatefirenmental harm. The first documented case oflfiel
resistance to Bt as a sprayed insecticide was wid$ein Hawaii, where populations of the
diamondback mothRlutella xylostelld showed a reduced susceptibility to Bt-sprays &Bahik et al.
1990). The main target for MON8ID. nubilalishas also developed resistance to Dipel® insecticide
containing B. thuringiensissubsp.kurstaki (Li et al. 2005). When larvae from Dipel®-residtan
populations were fed diet containing Cry1Ab, thegravalso resistant to the diet (Li et al. 2005)tHWVi
Bt maize, the herbivores ingest the toxin whenetmy feed on the plant. This has obvious
implications for the development of resistancenmtbxin.

When Bt is used as a sprayed insecticide, it iv@cin the plant for a relatively short time (dagsp
coverage is never so complete that all of the targethe treated field will be affected. Develope

of resistance is expected to go faster in insesistant crops, where the Cry proteins are expressed
constitutively throughout the growing season. Idiaidn to resistance development in the target, pest
polyphagous herbivores feeding Bhimaize can develop resistance to the Cry protdihs in turn

will render Bt sprays useless in controlling thbeebivores in other crops.

According to the applicant, maize MON 89034 prosiden effective approach for insect resistance
management by producing two structurally very défe insecticidal proteins. The CrylA.105 and
Cry2Ab2 proteins expressed in MON 89034 are diffeia their mode of action, particularly in the
way in which they bind to the lepidopteran midgdihe probability of cross-resistance between the
CrylA.105 and the Cry2Ab2 proteins is thereforeeztpd to be very low (ref. Monsanto reports
MacRae et al. 2005, 2006). According to the apptidhis strategy should delay the evolution of
resistance if the target insects are not able ¥eldp a single mechanism of resistance that oveesom
both proteins simultaneously. The interaction stwdg carried out with target organisn@ gubilalis
andHelicoverpa zep and showed that it is plausible that the comthieffect of the CrylA.105 and
Cry2Ab2 proteins consist of dose-additive actidtythese target organisms.

Since there are no Bt insecticides approved forin$éorway, and lepidopteran pests have not been
registered in maize, issues related to resistanoiition in target pests are not relevant at prefan
Norwegian agriculture.

Internationally, much attention has been given toaptively avoiding and delaying the potential

development of resistance in Bt crops. Resistanemagement strategies, relying on a “high

dose/refuge strategy” have been endorsed in ses@uatries (Andow 2008). Current practice is to set
off a refuge of non-Bt maize adjacent to the Btzwairop. This is to provide a habitat where the
herbivores are not exposed to the Bt toxin and @ewvelop populations that do not inherit the

resistance genes. The strategies recommended thex ® have 5% of the crop as non-Bt and
unsprayed and adjacent to the Bt crop, or to irmate (embedded) the 5% that are non-Bt into the
area with theBt-plants, or else to have 80% of the crop as Bttpland 20% adjacent non-Bt plants

that are sprayed with a non-Bt insecticide (Shekoral. 2002). The methods using conventional
cultivars in adjacent refuges are considered tanbee effective than the embedded non-Bt plant
method.

Monitoring data from five continents reported in 4ludies that evaluate responses of field
populations of 11 Lepidopteran pests to four Biriexproduced by Bt maize and cotton, have been
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analysed (Tabasnik et al. 2008, 2009). After mbesnta decade since initial commercialisation of Bt
crops, most target pest populations remain suddeptivhereas field-evolved resistance has been
documented in some populations of three noctuictiepeSpodopterafrugiperdato CrylF in Bt
maize, H. zeato CrylAc and Cry2Ab2 in Bt cotton ar8lusseola fuscao CrylAn in Bt maize.
However, analyses of the monitoring data indichi&t tneither in the EU, nor in the USA, have
populations of resistarD. nubilalis or Sesamia nonagrioideseen found. Recent studies indicate
increased frequency of field-evolved resistanc€ngl Ac inH. armigerain China (Zhang et al. 2011,
Wan et al. 2012). The field outcomes documentet mibnitoring data are consistent with the theory
underlying the refuge strategy, suggesting thatges will not prevent the development of resistance
but have helped to delay resistance (Tabasnik. &088, 2009; Wan et al. 2012). In addition, other
factors like recessive inheritance of resistanae taro-toxin Bt crops deployed separately from one-
toxin Bt crops will potentially delay resistancevd®pment.

A strain of O. nubilalis obtained from field collections throughout thentital USA Corn Belt was
selected in the laboratory for resistance to Crggfexposure to the toxin incorporated into artiici
diet (Pereira et al. 2008). The selected straireld@ed more than 3000-fold resistance to CrylF afte
35 generations of selection and readily consumegdlfErexpressing maize tissue; yet, it was as
susceptible to CrylAb and Cry9C as the unseleaett@ strain. Only a low level of cross-resistance
(seven-fold) to CrylAc was observed. This lack obss-resistance between CrylF and CrylAb
suggests that maize hybrids expressing these twinst@re likely to be compatible for resistance
management dD. nubilalis

According to Monsanto’s insect resistance manageértiBM) plan for cultivation of maize MON
89034 in the EU, a conservative 5 % refuge for E@B MCB-protected maize will be implemented
for planting areas larger than 5 hectares. Thdicgmp claims that a 5 % refuge is adequately
protective for the level of control provided by MO8B034 for ECB and MCB, and refers to
experiments in the EU with the implementation oéfge size of 20% associated with the cultivation
of maize MON810.

5.4 Interactions between the GM plant and non-targeorganisms (NTOSs)

The potential of maize MON 89034 to have direcindlirect adverse effects on non-target organisms
and ecological functions they provide in agro-estesms was previously evaluated by the VKM
GMO Panel in connection with EFSA official heariobapplication EFSA/GMO/BE/2009/72 (MON
89034 x MON 88017) and EFSA/GMO/NL/2009/72 (MON 880x NK603) in 2010 (VKM
2010a,b). The outcome of these evaluations has bpdated in light of new relevant scientific
literature.

In agro-ecosystems, NTOs provide key ecologicattions (including ecosystem services), such as
plant pollination, biological control and decomgimsi, and form important components of farming
systems (Arpaia 2010). Considering that every gsecannot be tested, it is important that the main
functional groups mediating the ecological funcsioms well as their response to GM plants are
considered in the ERA of GM plants (EFSA 2010). §hoxicity of Cry proteins is generally tested
on a representative subset of NTO species (“fauaties”) using a tier approach. Lower-tier studies
represent a first step to reach reliable risk a&ssest conclusions, as they give indications of iptess
hazards associated with the cultivation of GM daint case a hazard has been identified in loveer-ti
studies, a detailed exposure characterisationgigined to fully characterise the possible risk (BFS
2010).
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5.4.1 Effects on pollinating insects

Honeybees and other pollinators can be exposeayayanetically modified products expressed in
pollen or nectar. Adult bees consume pollen duttagr first week after emergence and thus might be
exposed to Bt proteins. Bee larvae also ingesepdilt in lesser amounts (e.g. BEETLE report 2009).

Because of their ecological and economic importatiee Western honey bee&pis meliferal.) are
often used as test-species in pre-market risk sismed studies to assess direct toxicity on noretarg
organisms, and are probably the most studied mgetarthropod with respect to potential effects of
conventional pesticides. While numerous studiegtmen conducted on Cryl Bt toxins, hardly any
studies are published on potential risks of Cry2d&ins on pollinating insects (Malone & Burgess
2009; Hendriksma et al. 2012). In addition, reklyy few large scale field studies have been
conducted to assess the possible ecological imgdacansgenic crops on honey bee colonies under
realistic agricultural conditions (Rose et al. 2007

The applicant assessed possible adverse effecttheofCrylA.105 and Cry2Ab2 proteins on
pollinators. In lower-tier dietary bioassays, hortese larvae and adults were exposed to purified
Cry1lA.105 and Cry2Ab2 protein, respectively (Tedahdossier: Richards 2006a, b; Maggi 2000a,b).
No adverse effects were observed for survival ahdtamergence of honey bee larvae exposed to
Cry1A.105 (1200 pg protein/ml) and Cry2Ab2 (1 afd Jug/ml of diet), or on survival or behavior of
adult honey bees exposed to Cry1A.105 (550 pg/d)Gm2Ab2 (1.7 and 170 pg/ml of diet).

A peer-reviewed paper assessing the impact of Qvg2@rotein, Hedriksma et al. (2012) came to
similar conclusions as those reported by the applicin this study Hendriksma analysed combined
effects of the three Bt proteins CrylA.105, Cry2Adnad Cry3Bbl, simultaneously expressed in a
transgenic maize hybrid variety (MON 89034 x MOND&8). Under a worst-case exposure scenario,
using controlledn vitro larvae rearing, neither single Bt proteins noroankination of the proteins
showed adverse effects on developing honey beaddtarval survival and prepupal weight).

According to the BEETLE Report (2009), no adverffecés of Bt crops on honeybees have been
reported so far, and no reports are available degguharmful effects on other non-target organisms
involved in pollination.

Malone & Burgess (2009) have reviewed availablergdic data on potential adverse effects on
honeybees of Cry proteins or Cry-containing maiakep gathered either under lower- or higher-tier
studies. The authors concluded that none of then&te events commercially available have
significant impacts on the health of honeybees. &aanalysis of 25 studies that assessed potential
effects of Bt proteins on honeybee survival hasnbgéblished by Duan et al. (2008). No adverse
effects on honeybee larvae or adults, in laborasmtyings, were reported when looking at studies
performed with lepidopteran and coleopteran sped#i proteins. However, Duan et al. (2008)
considered that in field settings, honeybees migb¢ additional stresses, which theoretically could
affect their susceptibility to Cry proteins and geate indirect effects.

Feeding studies performed under controlled conutwith honeybees being fed either with Bt pollen
or mixtures of honey and sugar syrup containingfigdr CrylAb protein have indicated no direct
adverse effects on foraging activity, learning parfance or survival of honeybees (Ramriez-Romero
et al 2005, 2008). Further studies with bees fed purit¢gbroteins, pollen from Bt crops, or bees
allowed to forage on Bt crops in the field havefaomed the lack of effects on the mortality of hgne
bees (Malone & Pham-Delegue 2001; Babendreier 208b; Bailey et al. 2005).

In order to assess the risk that insecticidal gang plants may pose for bumblebees, Babendreier e
al. (2008) tested whethé@8ombus terrestrigL.) workers are able to detect insecticidal prste
dissolved in sucrose solution and whether consumptif these proteins will affect survival and
offspring production. Feeders containing either I&y, soybean trypsin inhibitor (SBTI) or
Galanthus nivalisagglutinin (GNA) were offered to bumblebee colena different concentrations.
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No difference was found in the number of visits tbe duration of visits among the different
concentrations for each of the insecticidal prateindicating that bumblebees do not discriminate
among the compounds. According to Babendreier.e€Cgl1Ab protein did not affect microcolony
performance, while the consumption of SBTI and esply GNA affected survival oB. terrestris
workers and drones and caused a significant remuigtithe number of offspring.

In a field study functional colonies of honeybeesravexposed to Bt maize pollen (foraging in sweet
maize plots, supplied with pollen cakes from Bt zeapollen) expressing CrylAb toxin for 28 days
(Rose et al. 2007). No significant adverse effectsforaging behavior, bee body weight or colony
performance were detected. Offspring developmerg mat affected by exposure to Bt pollen, but
significantly reduced by the positive insecticidmtol.

5.4.2 Effects on natural enemies (predators and pasitoids)

The exposure of natural enemies (predators andgif@ids) to Cry proteins expressed in Bt-plants can
occur in different ways: natural enemies can beosgg to Cry proteins by feeding on plant material
(including pollen) or honeydew excreted from sapkéng species, and indirectly through feeding on
prey/host organisms which have previously beenifigesh Bt plants (ref. EFSA 2009b).

Potential effects of the Bt maize MON 89034 x MOBO&7 on ground beetles and spiders were
investigated in field and laboratory experiment&iermany in 2008-2011 (Priesnitz et al. 2011). The
study compared the GM variety with its isogenicgpdérand two conventional maize varieties. More
than 70 000 predatory arthropods were counted ihtezmps and assessed over the three year
investigation period. The density of ground beetled spiders did not differ significantly betwebe t

Bt maize plots and the conventional maize plotsc8ytrast, on a few sampling dates there were clear
differences between the maize MON 89034 x MON 88aad the plots with the isogenic variety
treated with insecticides. The composition of theugd beetle community varied over the course of
the three years, but no differences were found &etwthe different plots. Preliminary results from
feeding trials, 600 beetle larvRdecilus cupreyswere tested and fed on CryBb1 protein and a prote
mix containing Cry1A.105, Cry2Ab2 and Cry3Bb1, resfively. No negative impacts were found on
the pupation rate, hatching rate, development, lteigemergence or fertility of the beetles.

Bourguet et al. (2002) studied the effect of Bt zrabn the field abundance of nontarget insects. In
their experiments with MON810 they looked at thieef on aphids and their predators/parasitoids.
There were no significant differences in the abuedaof aphids or predators/parasitoids. The
predators found werérius insidiosus, Syrphus corollae, Coccinella semtunctata, Chrysoperla
carneaand thrips. The parasitoids were hymenopterans.

In a laboratory study, no effect was found of polfeom Bt maize expressing the CrylAb protein on
O. insidiosus, C. carnear Coleomegilla maculatéPilcher et al. 1997). This study was followed&by

2 year field study where predators@f nubilaliswere monitored before pollen shed, at pollen shed
and after pollen shed. The authors concluded thahd@ze pollen did not effect movement of these
predators (Pilcher et al. 1997).

A different Orius speciesO. majusculuswas investigated for non-target effects of Bt zmain a
laboratory study (Zwahlen et al. 2000). The predaias fed thripsAnaphothrips obscuryighat were
either reared on Bt maize or non-Bt maize. Althotlgdn thrips is not sensitive to the Bt toxin, itsva
assumed that the toxin would be in the thrips’ badhen it was consumed by the predator. The study
revealed that there were no differences in moytalitdevelopmental time for the predator.

Torres & Ruberson (2008) studied the effect of @uyltoxin on four species of predatory bugs;
Podisus maculiventris, Geocoris punctipes, Nabiseijgennisand O.insidiosus The bugs were fed
with prey from Bt cotton. The authors concluded tiwe predatory bugs were not adversely affected
by eating CrylAc-contaminated prey.
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The effects of Cry toxins (CrylAc, CrylAb and Cnf®Aon the anthocori®. albidipenniswere
studied under laboratory conditions (Gonzalez-Zamer al. 2007). Tritrophic experiments were
performed, in which the nymphs were fiddlicoverpa armigerdarvae reared on a diet with Cry1Ac,
CrylAb, or Cry2Ab toxins at different concentratso(0, 1, and 10 microg/ml), when supplemented
with Ephestia kuehniell&ggs. In complementary experiments, the Bt Cryfiokin was directly fed

to Orius nymphs at a very high concentration (1 milg/ No effects on prey consumption,
developmental time, nymph survival, fecundity, agt) hatching o©. albidipenniswere found in
either experiment. It can be concluded that theéntxested do not seem to pose a risk for the
anthocoridO. albidipennisespecially when it is exposed through the prey.

Alvarez-Alfageme et al. (2008) investigated preydimted effects of two maize varieties expressing a
truncated CrylAb toxin (Event Bt176, MON810) on tiielogy of the ladybirdstethorus punctillum
Although immuno-assays demonstrated the presen€¥ydfAb in both prey and predator collected
from commercial maize-growing fields, neither trgesic variety had any negative effects on survival
of the predator, nor on the developmental time ughoto adulthood. Furthermore, no subsequent
effects on ladybird fecundity were observed. Cqroasling results were shown by Alvarez-Alfageme
et al. (2009). There were no significant effectaymrtality, development time or growth of larvaelan
pupae of the ground-dwelling predaRweciluscupreusL. fed withSpodoptera littoralidarvae reared

on Bt176 maize leaves. To elucidate potential oenital effects due to a reduction in the quality of
the prey, the authors assessed the digestive priatesctivities ofP. cupreusadults from a laboratory
culture and insects collected in commercial Bt and-Bt maize fields. Field-collectdd. cupreus
adults had higher proteolytic activities than thasared in the laboratory, whereas no significant
differences were found betweéh cupreusadults reared on Bt and non-Bt maize fdittoralis or
betweerP. cupreusadults collected in commercial Bt and non-Bt mdiekls.

A comprehensive study using a tritrophic bioassag wonducted to evaluate the potential impact of
Cry2Ab- and CrylAc-expressing cotton on fitnessapaeters of the lady beetl€oleomegilla
maculata,a common and abundant predator found in many cngpgystems worldwide (Li et al.
2011). Both larvae and adults @&. maculata are predaceous, feeding on aphids, thrips and
lepidopteran eggs and young larvae. In additiopr&y, C. maculataalso feeds on plant tissues, such
as pollen. Therefore the species can be directlyiradirectly exposed to Cry proteins in several svay
when feeding Bt crops. Li et al. (2011) udgtdsusceptible and —resistant larvaeTathoplusia nias
prey. C. maculatasurvival, development time, adult weight and fedtynd/ere not different when
they were fed with resistarit. ni larvae reared on either Bir control cotton. To ensure that
maculatawere not sensitive to the tested Cry toxins inddpanfrom the plant background and to add
certainty to the hazard assessment,maculatalarvae were fed artificial diet incorporated with
Cry2Ab, CrylAc or both at >10 times higher concattns than in cotton tissue. No differences were
detected in any life-table parameters between @oyejm-containing diet treatments and the control
diet.

Conflicting results regarding potential adverseset§ of the CrylAb toxin to larvae of the ladybird
Adalia bipunctatahave been reported in the literature (Romeis eR@l2). Hilbeck et al. (2012)
reported lethal effects of the toxin on larvae Aof bipunctatawhen fed directly to the predator.
Corresponding results were found in an earlierifegedtudy, whereA. bipunctatasuffered increased
mortality during the first larval stage when ingegtthe CrylAb protein (Schmidt et al. 2009). Such
toxic effects were not observed in direct feedingabsays conducted by Porcar et al. (2010) and
Alvarez-Alfageme et al. (2011). In the higher tierstrophic study using Bt maize-fed spider misess
prey did not revealed any adverse effects on lethdlsublethal parameters of the predator (Alvarez-
Alfageme et al. 2011). This was despite the faeit tfhe larvae had ingested high amounts of
biologically-active CrylAb protein. Many ladybirgbexcies, includingA. bipunctatamainly feed on
aphis that are known to contain, at best trace atsaf Cry protein when feeding on Bt maize, and
Romeis et al. (2012) concluded that Bt maize exgimgsCrylAb poses a negligible risk to the
predator under realistic worst case exposure dongit
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Adults of common green lacewinglirysoperla carnepare prevalent pollen-consumers in maize
fields. They are therefore exposed to insecticjtateins expressed in the pollen of insect-resistan
maize varieties expressing Cry proteins. Li et(2008) conducted two laboratory experiments to
evaluate the impact of CrylAb and Cry3Bb1l-exprassiansgenic maize pollen (Event Bt176, MON
88017) on fitness parameters of adbltcarnea.Adults were fed pollen from Biaize varieties or
their corresponding near isolines together withr@se solution for 28 days. Survival, pre-ovipositio
period, fecundity, fertility and dry weight were tndifferent between Bbr non-Bt maize pollen
treatments. In order to ensure that adult€ ofarneaare not sensitive to the tested toxins independent
from the plant background and to add certaintyh hazard assessment, adLitcarneawere fed
with artificial diet containing purified CrylAb o€ry3Bbl at an approximately 10 times higher
concentration than in maize pollen. No differenagse found in any life-table parameters between
Cry protein-containing diet treatments and condiet.

A preference study was conducted in Switzerlanagusill three larval stages of the lacewi@g
carnea and two prey species, the aphirhopalosiphum padand the lepidopteraispodoptera
littoralis. The Bt maize used expressed CrylAb. It was rnbalgo either of the prey species. In
choice tests involving only one prey species, thedator showed a preference for telittoralis
larvae feeding on non-Bt maize, but no preferemmreaphids based on food plant type (Meier &
Hillbeck 2001). When given a choice $f littoralisor R. padi,the lacewing preferred the aphids. The
authors speculate that the aphids did not conkeartdxin, as it is not present in the plant phlaam
which they feed. If this is the case, then Bt maizeuld not pose a problem fGr carnea Laboratory
studies that showed that the aphids do not takbeBt toxin from the phloem were done by Dutton
et al. (2002). These studies also showed that Whararneaare fedS. littoralis from Bt maize, they
have an increase in mortality and a delay in dgpraknt. However, this may be of little importance if
the non-preference th@t carneashowed foiS. littoralisin the lab also holds true for the field.

Similar studies were conducted to examine the eféec the Ichneumonid parasitoldampoletis
sonorensisvhen its hosO. nubilaliswas fed on Bt maize or non-Bt maize (Sanders.&0f7). This
study found that when the parasitoid developedstdhfeeding on Bt maize, the emerging adults were
significantly smaller. The size of the adults wagdtly related to the size of the host at ovigositoy

the parasitoid, and the host’s subsequent growth Yahen the new generation of adult parasitoids
were analyzed, no CrylAb was found. This indicdted the smaller size was entirely host-mediated
and not a direct effect of the toxin on the pacdit This study included a choice test where the
parasitoid could choose hosts from Bt maize or Bbmaize. No obvious preference were observed.

In a Chinese studifelicoverpa armigeravas fed with a diet containing CrylAc-toxin (Dimg al.
2009). The effect on the Braconid parasitolMieroplitis mediatorwas a result of the host's growth
rate and size. No adverse effects of the Bt tageif were found.

Romeis et al. (2004) fed CrylAb toxin directly @ carnealarvae at concentrations that were

approximately 10,000 times greater than the comagan in lepidopteran prey fed on Bt maize. This

resulted in no direct toxic effect of the toxin ¢ime lacewing. The authors concluded that the
previously reported negative effects of Bt maizaldde attributed to prey-mediated effects and not
the Bt toxin. In a subsequent study of Lawo & R@{@008) no adverse effects were observed of
CrylAc and CrylAb on larvae @. carnea.

A field study was conducted comparing maize MONB8%pressing CrylAb with near isogenic maize
(Daly & Buntin 2005). They found a reduction in sagetles Carpophiliusspp.) and an otitid fly
(Euxesta stigmat)swhich they attributed to less ear damage froentéinget species, the corn earworm
(H. zeg, as the damaged ear is what attracts these sngettie maize. They also found a reduction in
predatory damsel bugblébisspp.). They comment that the numbers of damsed buoth Bt maize
and non-Bt maize were so low that no conclusionddcbe drawn. There are 8 reported species of
damsel bugs in Norway (Coulianos & Ossiannilssorg).9
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In Spain, where Bt maize has been grown since 1898tudy was conducted to compare the
abundance of predatory arthropods in Bt maize amdBt maize (de la Poza et al. 2005). The Bt
maize contained the CrylAb gene. The predators wengitored visually on the plants or in pitfall
traps. This study found no differences in the alamed ofAnthocoridae, Coccinellidae, Aranea
Carabidaein the Bt maize compared to the non-Bt maize.oAlhese taxa are common in Norwegian
maize fields.

Ludy and Lang (2006) also investigated spiderdheirt3-year study in Germany of the effect of Bt
maize expressing CrylAb. MON810. They found noifiggnt differences in the numbers of spiders
in Bt maize fields or their margins compared to-48imaize fields.

Perhaps the most thorough and detailed investigatio the impact of Bt maize on non-target
arthropods to date is that of Dively (2005). Thald study was over a 3 year period in Maryland,
USA. Over 500,000 arthropods were counted, fronorb®rs, with 112 families and 203 taxonomic
groups. The maize lines had both the VIP3A andCGhglAb genes. The effects of Bt maize were
compared to non-Bt maize with and without insedécireatment. Arthropods were registered by
visual inspection, sticky traps, pitfall traps agmdergence traps. Registration was also carrietheut
following growing seasons to document carry-ovéeas. All of the arthropod families that are likel

to occur in Norwegian maize fields are represeimdtie list of herbivores, saprovores, predatois an
parasitoids recorded in the isogenic non-Bt maimtd$ in this study. There were significant
differences between the insecticide-treated maizkthe other treatments (Bt and non-Bt maize).The
author concludes that there were no significanfedihices in biodiversity and community-level
responses caused by the Bt maize. The differemcedundance of certain species between the Bt
maize and non-Bt maize that were recorded are deddvy the author to be the result of factors such
as lack of prey or lack of plant injury. This igndliar to the conclusion of several other studies
mentioned above.

Mann et al. (2010) studied relative abundance af-taoget insects on Bollgard cotton cultivars
expressing CrylAc and Cry2A2 toxins over two craogpiseasons. Densities of sucking insects
(Amrasca biguttula biguttula, Bemisia tabaci, Aplgessopy, Trips tabaki the foliage feeder
Myllocerus undecimpustulatand of the predatorShrysoperlaspp,Brumusspp, VespasppLycosa
spp. andAranewsspp. were similar on the transgenic and conventicuitivars.

5.4.3 Effects on non-target Lepidoptera

Maize plants are not an important resource of fleodndigenous Lepidoptera with the exception of a
few pest species. Therefore, the main potentiéll tdsnon-target Lepidoptera is expected to be the
exposure to potentially harmful amounts of poll@pakited on host-plants in or near maize MON
89034 fields.

A field study in Germany evaluated the impact of NB10 on nontarget lepidopteran larvae
(Gathmann et al. 2006). Weed belts were establishetbts containing MON810 and non-Bt maize
both with and without insecticide treatment. Théurally occurring lepidopteran larvae on the weeds
were recorded. The only species that were numegnasgh to compare statistically were specialist
species on Brassicacedutella xylostellaand Pieris rapae both of which were found o8inapis
alba. There were no differences detected between th&l810 plots and the untreated non-Bt maize
plots.

The above-mentioned study in Germany was likeltiatgd in the wake of the controversy over the
effect of pollen from Bt maize on larvae of the raorh butterfly Danaus plexippusin a laboratory
experiment reported in Nature (Losey et al. 199%)is was followed by a paper that considered
ecological factors in the field and their influerare the monarch’s exposure to natural quantitieBtof
maize pollen (Jesse and Obrycki 2000), where iteeasluded that when the monarch fed on its host
plant milkweed Asclepias syriacawith natural dusting of Bt maize pollen it suffdrhigher mortality
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than on plants with non-Bt maize pollen. In a lggaper, the same authors conclude that MON810 Bt
maize pollen and anthers had no measurable effiettteooviposition or survival of the monarch (Jesse
and Obrycki 2003).

The studies on the monarch butterfly were perforinethe USA. Similar studies were later done in
European laboratories using the common swallowtaitterfly (Papilio machaoh and its host
Pastinaca sativaWhen exposed to different densities of pollenmfrGrylAb maize, the larvae had
lower weights, longer development time and lowevisal, and smaller wing size as adults (Lang and
Vojtech 2006). This result was more pronounced Wigher pollen densities. This study used the Bt
Maize Bt176. The paper mentions that MON810 exm®ssuch lower levels of toxin in the pollen.

Schuppener et al. (2012) have assessed the rigkl pgsevent MON89034 x MON88017 to the small
tortoiseshellAglais urticag a butterfly species common in central Europe. @bthors assessed the
toxicity of Bt maize pollen on butterfly larvae, amired pollen deposition on leaves of the hostt plan
Urtica dioica and mapped the occurrence and distribution of ptastts and larvae in two arable
landscapes in Germany during maize anthesis. Huttseshowed that larvae-fed 200 Bt-maize pollen
grains/cm had a reduced feeding activity. Significant difieces in developmental time were also
detected at pollen densities of 300 Bt-maize pojeins/cr and in survival at 400 grains/énThe
highest pollen amount recorded was 212 grains/aithe field margin, and the mean
densities were much lower. Schuppener et al. cdeduhat the amount of pollen from maize
MONB89034 x MON88017 found on host plants is unlked adversely affect a significant
proportion of larvae ofA. urticae and that the risk of event MON89034 x MON88017 to
populations of this species is negligible.

5.4.4 Effects on non-target soil arthropods

Springtails (Collembola) and mites (Acari) are keglicator organisms of soil fertility and healtls, a
they are important in the breakdown and recyclihgrop residues, and abundant populations of these
microarthropods are generally in well-managed afdtical soils. Springtails and mites can be
exposed to Cry proteins in crop residues, root ateg] live roots and associated fungi in the
rhizosphere.

In general, no negative effects of the CrylAb, @wyland Cry2A toxins on springtails have been
observed (reviewed by Icoz & Stotzky 2008). Micwadlyi produced purified Bt insecticidal proteins
(Cry1Ab, CrylAc, Cry2A and Cry3A) were added at cemntrations of 200 pgfgesh weight to the
diet of the specieBolsomia candidandXenylla grisedor 21 days (Sims & Martin 1997, ref. Icoz &
Stotzky 2008). In soils in the field, concentragoof Cry proteins in plant material exposed to soil
organisms are usually lower and are estimated tedsethan 30ug/g. The results showed no effects on
adult survival or reproduction compared with themended diet, and are consistent with the findings
of Yu et al. (1997).

In a laboratory toxicity study of the subacute efffeof maize expressing CrylAb on springtails, Klar
& Coats (2006) fedr. candidawith ground up meal of leaves of Bt maize and esponding non-Bt
isolines. No deleterious effects on survival angreduction ofF. candidawere observed. However,
springtails receiving isoline material had sigrafitly more offspring compared with those in the
corresponding Bt line, but no other pairs wereeddht. Time to reproduction & candidawas only
affected by the reference control treatment. Thi#nae concluded that differences in growth of
springtails were due to nutritional differencedhe two varietal lines of maize, and not due toBhe
toxin.

Bakonyi et al. (2006) showed that Bt maize was asferred as food b¥. candidathan near-
isogenic maize. However, this was not the caseotber species of Collembola, i.Eeteromurus
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nitidus and Sinella coecaln a laboratory experiment, Heckmann et al. (20@pprted differences in
springtail performance when they were reared onebaleast versus maize, but no significant
differences between Bt maize (CrylAb) and non-BtizemaNo significant differences in the
population density of springtails were found inlsaultivated with Bt and non-Bt maize and between
the application of an insecticide and no insectididang et al. 2006).

Griffiths and his partners in the EU-project ECOGHiNestigated the effects of different soils
collected from field sites in Denmark and Francevimich MON810 maize and non-Bt maize were
grown. These studies, carried out in a glasshondeded an insecticide treatment, the pyrethroid
deltamethrin, which increased the concentratiotneBt toxin in MONB810 (Griffiths et al. 2006). The
reasons for this are unclear. The experiments atedueffects on the two microarthropod groups
collembola and mites by soil extraction at différptant growth stages. To investigate the effect on
macroarthropods, swede8réssica napus were grown in the soils from the maize and were
inoculated with eggs of the cabbage root Belja radicun). Neither the micro- nor macroarthropods
were affected by the soil from MON810. Correspagdiesults on soil microarthropods have been
published by Cortet et al. (2007). This study wasied out at four European locations (2 in France
and 2 in Denmark). The Danish sites are compadinatically to regions in Norway where maize is
grown. Cortet et al. reported some significant tiggaeffects of Bt maize on microarthropods in soil
with a high clay content. The authors concluded dnaw, that the slight differences in abundance of
some soil microarthropods were most likely due toz@ variety and not the Bt toxin, and within the
normal variation expected in conventional agriaatisystems.

Potential effects of Bt maize expressing CrylAbsoil microarthropods (Collembola, Actinedida,

Arcaridida, Gamasida and Oribatida) were assess@d4-month microcosm study in the ECOGEN
project (de Vaufleury et al. 2007). Total soil nmarthropod abundance and diversity were similar
between the conventional control and the Bt maiz@anosms.

Bakonyi et al. (2011) conducted a multiple generatiaboratory study to investigate the potential
effects of long-term feeding of the springt&l candidaon Bt maize MON810 (0,6, 16 and 22
months). Significant differences were found in famhsumption, egg production and food preference
between the populations in some cases, but no résmoense effect was observed. The authors
concluded that long-term feeding on maize contagirdnylAb seems not to have adverse effects on
this species.

In a laboratory study of Bt rice expressing Crylgyotein, growth, development, reproduction, and
superoxide dismutase activity (indicator of envir@amtal stress) df. candidawere investigated (Bai

et al. 2011). The springtail populations were edaon leaf tissue or leaf-soil mixtures of two @iyl

rice lines and a non-Bt rice isoline in two indegent tests. No significant differences between the
populations reared on Bt and non-Bt rice leaf #isswere detected in all measured parameters,
suggesting no significant effects of the CrylAbtpin in Bt rice orF. candida

No negative effects of Cry proteins on mites hagerbobserved (Icoz & Stotzky 2008). Yu et al.
(2007) fed the soil miteQppia nitensfresh and old Bt cotton and Bt potato leaves eximgsthe
CrylAb/Ac and Cry3A protein, respectively, as wadlleaves of isogenic controls. After 7 weeks, no
significant effects on oviposition, the number gfye produced per female or final body length were
observed.

The woodlousdPorcellio scaberis considered a model decomposer organism and hasabseinject

of a few studies on the effects of Cry proteinsispods (Sims 1997; Escher et al. 2000; Pont &
Nentwig 2005). Sims (1997) observed no effect afffga Cry2A protein on mortality and growth of
P. scaber.In a laboratory feeding experiment with. scaber,no adverse effects of Bt maize
expressing CrylAb were found (Escher et al. 20B0kcaberdid not differ between Bt and the non-
transgenic control in its food preference, andrthmber of offspring did not differ between the two
maize varieties. In the study of Pont & Nentwig@3pP. scabemvas fed for 15 days on two different
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transgenic maize varieties expressing CrylAb. Thep@otein was detected in the body and faeces of
P. scabershowing that the woodlouse ingested and excretedtbtein. No adverse effects of the
protein on survival and growth & scabemere detected.

5.4.5 Effects on non-target aquatic arthropods

Byproducts from genetically modified plants (e.gllen, detritus) can be transported in water caurse
to downstream water bodies where non-target aqagticopods can be exposed to transgene products
through consumption.

In the present application for cultivation of MON@4, the applicant has included a study on the
effects of MON 89034 pollen ddaphnia magnaa freshwater cladoceran (Palmer & Kreuger 2006).
Dapnia magnas the model system for ecotoxicological studiag, ib not routinely used in the risk
assessment of GM plants. Relevant aquatic testespesmpared to e.g. caddisflies?

In the current literature, the environmental rigisessment of aquatic environments concerning the
cultivation of GM crops is under discussion (BEETtdport 2009; Carstens et al. 2012). So far, few
studies have addressed the potential exposure wdtiagecosystems to GM plant material and
transgene products, and the potential impacts @ir&eins on aquatic organisms (e.g. Douville et al
2005, 2007; Rosi-Marshall et al. 2007; Griffithsabt2009; Jensen et al. 2010; Tank et al. 2010).

Exposure of non-target organisms to Cry proteiraguatic ecosystems in Canada has been studied by
Douville et al. (2005, 2007). In an initial studyoilville et al. (2005) aimed to quantify levels of
CrylAb endotoxin and locate its source in the emvinent. Agricultural soils and surface waters were
spiked with crystals (biopesticide-Dipel®) or wifiure Bt-maize endotoxin. Additionally, surface
water, soils and sediments were sampled in ansgreged withBt kurstakiand at a site where maize
expressing CrylAb protein was grown. The resulwsu that Bt-endotoxin was degraded more
rapidly in water than in soils (4 and 9 days, resipely), while crystals appeared to be more restli

as expected. The levels of CrylAb protein were gilyebelow the detection limit, although it was
detected at concentrations ranging from 0.1 to/fj mgsediment and surface water, respectively In
follow-up study the group spiked surface water aadiment of a surface water body with genomic
maize DNA containing therylAb gene (Douville et al. 2007). Samples from surfagder and
sediments were collected and testeddyrlAbresidues at different times during the growth eeas
The gene was detected 40 days after introductioriay and sand-rich sediment. Persistence of the
gene was significantly higher in the sediments timthe open water. Tank et al. (2010) reported
occurrence of maize detritus and detectable leg€l€rylAb protein (0.56 ng/mL) in the water
column located less than 500 m from maize fielddaupix months after harvest in water streams in
the Midwestern USA.

Direct input of pollen and other by products fromrBaize into headwater streams nearby to maize
fields cultivated with Bt maize in the Midwest ofSl4 was investigated by Rosie-Marshall et al
(2007). They found evidence for transport of Btteamng maize residues downstream in the water
bodies, but with respect to degradation rates ofdsttaining plant litter no differences were found
between Bt and non Bt-containing litter. On the ibasf experimental data under laboratory
conditions, Rosie-Marshall et al. claimed that thisuld reduce growth and increase mortality in
larvae of caddisflies (Trichopterans), species #natclosely related to Lepidoptera. Concentratains
CrylAb protein in leaves and pollen were not meeduso no dose-response relationship with the Bt-
protein can be estimated (EFSA 2009b). Measureroémgrowth rates of the caddisflies genera
HydropsychendCheumatopsychia three streams draining fields planted with Bizealid not show
effects of Bt pollen on growth or mortality (Pokekset al. 2007).

In a study of exposure and effects of Bt maize aur fnon-target aquatic arthropods, Jensen et al.
(2010) showed that input of maize detritus aftervést was extended over months in a stream
adjacent to maize fields in USA. The study documémto bioactivity of CrylAb protein in senesced
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maize tissue after 2 weeks of exposure to teredstr aquatic environments, indicating rapid
degradation of the protein. No toxic effects websarved on the larvae of caddisfliegpidostoma
ssp. andPycnopsyche scabripenhisvhen fed senesced leaf tissues of maize expesBiglAb.
However, Jensen et al. proved that near-isolinadifrad growth and survivorship of crane flyipula
abdominali§ and the isopo€aecidita communif the control groups. These effects were attebut
to tissue-mediated differences among the isogémecieatments.

Laboratory experiments performed by Bghn et al0&®010) revealed th&aphnia magnded a
suspension of 100 % maize MON810 flour had a highertality and reduced fitness as compared to
the control group. However, it is unclear whether telays in development of the water fleas were
caused by nutrient deficiencies related to theifgptegime or the presence of CrylAb protein (EFSA
2009b; Ricroch et al. 2010).

In a case study, Cartstens et al. (2012) identdiqubsure pathways and calculated early tier exposu
estimates for Bt maize in aquatic ecosystems. flisteed models and worst-case assumptions were
applied, and the resulting EECs for aquatic orgasisvere low. The shredders were identified as the
functional group most likely to be exposed to itisédal proteins). However, even using worst-case
assumptions, the exposure of shredders to Bt maae low. The research group concluded that
because the potential exposure of aquatic partedeers, predators and shredders to insecticidal
proteins in current Bt crops is very low, additibhazard testing would provide useful information f
the environmental risk assessments.

5.4.6 Effects on non-target organisms that are natrthropods

Maize MON 89034 may have potential direct or indiradverse effects on non-target organisms that
are not arthropods, as well as the ecological fanstthey provide. Potential adverse effects oh so
microorganisms are considered in section 5.6.2lewhis section focuses on earthworms, enchytraeid
worms, nematodes and molluscs.

Annelida (earthworms and enchytraeid worms)

Earthworms and enchytraeid worms play an importafeé in decomposing plant litter, and are

responsible for numerous physical changes thattaffee biological properties and processes in soil
(e.g. structure, quality, functionality) (EFSA 2@)1 These species are considered important
organisms in the regulation of nutrient cycling ggsses. As Cry toxins can enter the soil by root
exudates, plant material and by plant residuesz (&dStotzky 2008), earthworms and enchytraeid
worms can be exposed to Cry proteins.

The applicant has conducted two studies to evalteepotential effects of acute exposure of the
CrylA.105 and Cry2Ab2 protein administered to thetrevorm speciegisenia fetidaduring a 14-
day exposure period (178 mg CrylA.105 protein/kgdof soil, and 33.0 and 330 mg Cry2Ab2
protein/kg of dry soil) (Techical dossier: Sindermaet al. 2006a; Palmer & Kreuger 2006). These
studies gave no indications of adverse effecth®fQry proteins ok. fetidawhen mixed in artificial
soil substrate.

According to reviews of lcoz & Stotzky (2008) aretBEETLE Report (2009) studies to date have
found noffew significant effects of Bt maize on\gual, growth and reproduction on the earthworm
specied.. terrestris, E.fetidandA.caliginosa

Impacts of Bt maize expressing CrylAb on the eastinvspecied.. terrestrishave been studied in
the laboratory and under semi-field conditions .(&axena & Strotzky 2001b; Zwahlen et al. 2003b;
Lang et al, 2006; Zeilinger et al. (2010). Nong¢hsf studies showed consistent effectd oterrestris.

On the whole, laboratory experiments with adultreaorms feeding on either Bt- or non-Bt maize
litter showed no significant difference in weighiatige between the two treatments.
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In a study by Saxena & Stotzky (2001b), no sigafficdifferences in percent mortality or weight of
earthworms were detected after 40 days exposuredibexudates in soils planted with Bt maize
(Cryl1Ab). Corresponding results were found afterdéys in soil amended with residues from Bt
maize. It was nonetheless evident that Bt toxineevigken up as they were detectable in the casts as
well as the guts of earthworms. Within two to thdeg/s after placing earthworms in fresh soils, the
toxins, however, were cleared from the gut.

Zwahlen et al(2003b) showed that mortality and weight of adultl guvenile earthworms were not
significantly different when fed Bt or non-Bt mairesidues over 160 days, with the exception that
after 200 days, adults fed Bt maize residues hsigraficant reduction in weight (18 %) compared to
those fed non-Bt maize. Under semi-field conditjons significant differences in growth patterns
were observed in immature earthworms feeding oor Bion-Bt litter (Zwahlen et a2003b).

Lang (2006) found no significant differences in plgpion density or biomass dfumbricidae
earthworms in soils planted with Bt maize or nomitize and between soils with maize either treated
or not treated with insecticide. The field expenimevhich was conducted at five sites during four
growth seasons, showed that field site and samphags had greater effect on population density and
biomass of the earthworms than the presence opfigin.

Clark & Coats (2006) conducted laboratory toxiciiyidies to determine the sub-acute effects of
CrylAb in maize litter on non-target soil organisiN® significant differences in survival and growth
of compost worm Eisenia fetida were detected between transgenic and isogenicemaisidue
consumption. In a corresponding Danish study, éeabot exudates from Bt maize had no deleterious
effects on survival, growth, development or repaaun of the grey wornfporrectodea caliginosa
var.tuberculata probably the most abundant species in agriculaaiés in the temperate climate zone
(Vercesi et al. 2006). However, a slight, but statally significant negative effect of Bt maize
residues on cocoon hatchability was observed. Bieldies in Denmark and France on responses by
earthworms to reduced tillage in herbicide toleraraize and Bt maize cropping systems, did not
show significant effects of Bt maize expressing X2ty on biomass and abundance of different
earthworm populations (Krog et al. 2007a).

In a field study conducted in USA over four yeasilinger et al. (2010) did not observe significant
differences in numbers and biomass of juvenile addlt individuals of four earthworm species
(Aporrectodea caliginosa, A.trapezoides, A.tubextau(collectively theA. caliginosacomplex), and

L. terrestrig in the soil of Bt maize varieties expressing Gsgland Cry3Bb1l proteins and non-Bt
maize. However, Zeilinger et al. underline thatyoal small number of earthworm species that are
likely to be exposed in the field have been ingzdgd in this and previous studies. Considering the
difficulty in extrapolating effects and the low gjpes diversity of earthworm communities in maize
agroecosystems in temperate climates, these datatdoerit any general conclusion on the effects of
Bt maize on earthworms.

The fate of insecticidal CrylAb protein from cragsidues (leaves and roots) of the transgenic maize
variety MON 810 expressing CrylAb, was studied lmhr8der et al. (2008) in the presence and
absence of two earthworm speciés ferrestrisand Aporrectodea caliginogain soil microcosms
(artificial ecosystem). All earthworms survived the microcosms over a period of 5 weeks,
irrespective of whether they received transgeniaanm-transgenic plant material. Weight loss was
observed for both earthworm species, independenthef plant material. A strong decline of
immunoreactive CrylAb in plant residues of MON81@swobserved in all treatments, but in
microcosms with earthworms this decline was sigaifily higher with less than 10 % of the initial
CrylAb concentration remaining after 5 weeks. Nanimoreactive CrylAb protein was found in
earthworm tissues.

In a study of Shu et al. (201, fetidawere bred in substances with stover of Bt maizeesging

CrylAb protein (MONS810, Btl1l) and their correspamglinear-isogenic varieties. More than 90%

individuals ofE. fetidasurvived over a period of 30 d, irrespective of thiee they received Bt or non-
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Bt maize. ELISA results indicated immunoreactiveg/X&b in casts and guts of the earthworms from
Bt maize treatments. However, no significant deletes effects on survival rate or reproduction were
reported.

Honemann & Nentwig (2009) analysed survival andradpction of the enchytraeid worm
Enchytraeus albidysfed with diets containing Bt maize litter (CrylAGry3Bbl). For the CrylAb
treatment, survival was significantly higher than the treatment with the corresponding near-igolin
In contrast, reproduction was significantly lower the Cry1Ab compared to the isoline. According to
Honemann & Nentwig the transgenic variety expras€inglAb was less degradable compared to the
control, and suggested a variety effect on lifédmstraits ofE. albidus.Naturally enchytraeids do not
feed on a single food source, but take up all déie organic matter of adequate size in the ad.
therefore not expected that CrylAb-expressing maileendanger the survival or reproductiontaf
albidus, provided that organic matter of sufficient qualigy available in the soil (Honemann &
Nentwig 2009). For the Cry3Bb1 treatment, no effeas shown on survival or reproduction.

Nematodes

Nematodes are considered particularly good biocatdis for assessing soil quality, due to theiagre
diversity and participation in many functions affetient levels of food webs in soil and due to thei
presence in virtually all habitats with a high plapion density and a large number of species (ref.
EFSA 2011d).

Studies on the effects of Cry proteins on soil neaes have shown different results (reviewed by
Icoz & Stotzky 2008). Impacts of CrylAb toxins oammatodes were examined in four studies using
soil samples from fields planted with Bt maize arehr-isogen control (Saxena & Stotzky 2001b;
Manachini & Lozzia 2002; Griffiths et al. 2005; Hoet al. 2008). Results from the study of Saxena &
Stotzky (2001b) indicated that there were no sigaift differences in the number of nematodes
between rhizosphere soil of Bt and Bt maize growraiplant-growth room. In a field experiment
comparing Bt maize expressing the CrylAb proteithwiear-isogenic non-Bt maize, Manachini &
Lozzia (2002, ref. Icoz & Stotzky 2008) reportedowerall significant influence on communities and
biodiversity of nematodes. However, in one of tlghestudy regions, fungi feeding nematodes were
found to be more abundant in the field with tramsgenaize, while bacteria-feeding nematodes were
more abundant in the field cultivated with the isoig hybrid.

In field studies over two years conducted in theOEBEN project covering different soil types and
distinct climatic zones (three European sites), N@O| the near-isogenic non-Bt cultivar, a
conventional maize cultivar and plots of grass wevaluated (Griffiths et al. 2005). In all sites,
nematode numbers, as well as of protozoa, assdciitdy the transgenic variety were reduced.
Nematode community structure was different at esgiehand the Bt effect was not confined to specific
nematode taxa. It was concluded that the effeth®fBt maize was small and fall within the normal
variation expected in these agricultural systens.later studies, Griffiths et al. (2006, 2007 a,b)
concluded that effects on soil nematode abundayn€&yil Ab-expressing maize was not related to the
Bt trait, but more likely to the effects of agritudal practices, environmental stresses or diffegen
between localities and maize varieties.

In a study of maize MON 810, significant effectsravdound on reproduction and growth of
Caennorhabditis elegaris rhizosphere and bulk soil from fields with Baipe expressing CrylAb
compared with soils from fields with the near-isoigevariety (Hoss et al. 2008). According to the
authors, the observed effect of the soil samplethemematodes could not be explained by a direct
toxicity of the CrylAb, however, the toxicity oféhpure CrylAb protein to the reproduction and
growth of C. elegansvas concentration-dependent

Unpublished results from a German study on theceffef Bt maize MON 89034 x MON 88017
(Cryl1A.105, Cry2Ab2, Cry3Bbl) on nematodes showwt the incidence of nematodes fluctuated
slightly on all plots over the course of the stlip://www.gmo-safety.gu On most of the sampling
dates no significant differences between the ma@eeties were detected. A significant difference
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was found between the number of nematodes on tineaBte plots and on the conventional plots only
on the last sampling date. The composition of #matode communities in the field was assessed by
classifying the nematodes according to food tygan{s or bacteria) and according to reproductive
strategy. The authors reported a change in the asitqn of the different food types in all plots
during the growing season, with one exception,ethgere no significant differences between the
different maize varieties. In terms of reproductisgategy, with one exception, no significant
differences were observed between the differenetras.C. elegansexposed to aqueous Cry1A.105-
Cry2Ab2- and Cry3Bbl-containing solutions and inuiegplar (1:1) mixtures showed a dose-
dependent inhibitory effect for all three protesrsd protein mixtures on growth and reproduction.
Cry3Bb1 displayed the highest toxicity, followed Gyy1A.105 and Cry2Ab2.

Molluscs

Slugs can be abundant and play an important rothénfood web of maize ecosystems as prey of
spiders, carabids, birds and hedgehogs. In a studifects of Bt maize material (Cry1Ab) on theslif
cycle of the land snafCantareus aspersusnails exposed to Bt toxin in food and soil had@agh
coefficient 25 % lower than unexposed snails affeweeks of exposure (Kramarz et2009). After

the first period of reproduction (68 weeks) a digant difference remained for body mass between
the two groups. Differences in body mass were igoiificant at the end of exposure (88 weeks).

In a laboratory experiment with two transgenic reavarieties expressing CrylAb and Cry3Bbl, a
potential impact of Bt maize was examined for tlom-target slugArion vulgaris (Honemann &
Nentwig 2010) Lifespan after field collection, weight change andposition was examined for slugs
fed with Bt maize, conventional control or dandelidaraxacum offiscinale Test parameters were
neither significantly different between transgemied comparator nor among the maize varieties
overall over an exposure period of 16 weeks. Theselts are in compliance with previous studies on
effects of CrylAb and Cry3Bbl oA. lusitanicusand Deroceras reticulatunfZurbrigg & Nentwig
2009). Cry proteins were detected in the gut aretda, but no differences in biomass or leaf
consumption were observed between the treatedrainebted groups.

5.4.7 The Norwegian red list of threatened species

The 2010 Norwegian Red List for species (www.atisdanken.no) (Kalas et al. 2010) contains 462
Lepidoptera, an increase of 34 species from the [R&dpublished in 2006. 191 of these taxons are
categorised as critically endangered (CR) or engla@ay(EN), and thus have an extremely or very
high risk of extinction. Most of the species ard@ dested due to a narrow host range, limited
distribution range and a reduction in/disappearafcaccessible habitats for their host plants. Most
species on the Red List live in open habitats, Wiaie either becoming overgrown or being affected
by increasing use of monoculture.

Because the Cry-proteins expressed in maize MON8@08 toxic to a wide range of Lepidoptera, it

is likely that most of the endangered species wbeldffected when feeding on MON 89034 maize
plants. Among the red listed Lepidoptera categdriae endangered, only two species live on grasses
in the vicinity of agricultural area&uthrix potatoria(caterpillar) prefer habitats with open woodlands
and wetlands, where the larvae feed on varioussgpsecies and reeds. The species are threatened
because of severe fragmentation and decline irsaitde habitats. Threats @enonympha herfihe
Scarce Heath) are primarily related to changesaimihg methods and in land use practices. The
species is favoured by lightly managed hay meadand,are negatively affected by both agricultural
intensification and overgrowth (Endrestgl & Bengtt912). The Scarce Heath is listed on the Bern
Convention (“strictly protected fauna species-)isthid was also protected by law in Norway in 2001.

Cultivation of maize MON 89034 is not consideredrépresent a threat to the prevalence of these
endangered species.
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5.5 Impacts of the specific cultivation, managemérand harvesting techniques

Apart from changes in insecticide regimes, theeerar anticipated changes in cultivation practices,
management or harvesting techniques associatedheathultivation of maize MON 89038t crops,
such as maize 89034, may reduce the use of inslagtiand may cause changes in crop rotations in
response to reduced pest pressure (ref. EFSA 20Hbayever, this reduction in pesticide use and
narrow spectrum of activity of Cry proteins may yde an opportunity for secondary pests,
previously controlled by insecticides used agalkest target pests, to reach damaging levels (reghorte
for mirid bugs inBt-cotton in China — Lu et al 2010). Natural enemies failitog fully control
secondary pests, and reducing competition withetapgsts might also play a role in secondary pest
outbreaks (ref. EFSA 2011d). Incidence of secongests and the environmental consequences of
changes in management measures are highly depengiemt farming systems and regional
environmental factors.

The implementation of insect resistance managemseategies is desirable to delay or prevent the
potential evolution of insect resistance to CryX%land Cry2Ab2 in Lepidopteran target pest
populations.

5.6 Effects on biogeochemical processes
5.6.1 Fate of Bt-proteins in soll

Bt-toxin expressed in Bt crops can enter the sotkgywia root exudates released into the rhizosphere
throughout the growth of the plant, and via sensisglant material remaining in the field after hest/
and incorporated into the soil during tilling op@vas (Icoz & Stotzky 2008; BEETLE Report 2009).
Beside root exudates and plant residues, pollenagher source of Bt proteins entering soils (e.g.
Losey et al. 1999). Additionally, Bt proteins amuhd in the gastrointestinal tract of cows andrthei
feces, as well as in the feces of decomposers (cew & Stotzky 2008).

The stability, persistence and potential accumutatif the Bt proteins in soil are key factors for
determining exposure and potential effects onlsioila related to the soil function. Persistenc®&bf
toxins in soil is primarily dependent on the protguantity added and on the rate of inactivatioth an
degradation by biotic and abiotic factors (Sanwt@l. 2006; Helassa et al. 2010). Degradatiorsrate
of Bt toxins are known to be influenced by varyiggvironmental conditions (e.g. type of crop, soil
characteristics, microbial activity, temperaturkl) pprotein source, method used for quantificatbbn
the protein as well as the particular Cry protdimosen (Sanvido et al. 2006; Icoz & Stotzky 2008).
Cry proteins from e.@B. thuringiensisubspkurstakiare rapidly absorbed and bound to clay minerals
and humic substances which render the proteinstagsito biodegradation but with retention of
larvicidal activity. Binding of Cry proteins to datomponents indicates that there is a potential fo
long-term persistence and, thereby, prolonged expasf the microbial and invertebrate communities
in soils.

According to studies performed by the applicarg, @my1A.105 and Cry2Ab2 proteins were subjected
to rapid degradation in soil and were charactertsgd short half-life (CrylA.105 protein derived
from MON 89034 tissues: DT50: 7 days and a DT90: 90 days; Cry2Ab2 protein derived from
MON 89034: DT50: 6 days and a DT90: 14 days (Technical Dossier: Mueth et al. 2006) Th
applicant concludes that lack of persistence ofdghgroteins strongly supports minimal exposure of
CrylA.105 and Cry2Ab2 to non-target organisms imgdl in decomposition and on soil-dwelling
organisms in general. In a laboratory study, MOR3®&Bshoot and root tissues expressing Cry1A.105
and Cry2Ab2 proteins were shown not to pose amjifgignt hazard to microorganisms and microbial
mediated carbon and nitrogen mineralisation prasess soil (Technical Dossier: Huizinga et al.
2007)
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Persistence, degradation and accumulation of Bhgoix the soil has been assessed in a number of
laboratory and field studies. However, reviewstad scientific literature reveal various resultshwit
regards to the persistence of Cry proteins. (Thpnita of the studies have been conducted with Bt
maize expressing CrylAb). From studies dealing witential impacts of Bt maize on soil processes
and communities, some reveal a lower decomposiditsof residues of Bt crops compared to non-Bt
crops (e.g. Flores et al. 2005; Saxena & Stotzigla0Zwahlen et al. 2003a,b), while other labosator
and field studies show absence of negative effettBt toxins on decomposition processes and
microbial community structure (e.g. Hopkins & Gredgh 2003, 2005; Devare 2004, 2007; Zwahlen
et al. 2007; Hénemann et al. 2008; Zurbriigg e2@l0; Gruber et al. 2012).

The CrylAb protein released in root exudates anBize persisted in soil microcosms for at least 180
days and for at least three years from biomasstohd&lze (Saxena & Stotzky 2002; Stotzky 2002,
2004). Zwahlen et al. (2003a) has published theltsegrom two Swiss field studies where the

decomposition of the Cry1Ab toxin from leaf of Btfrtaize was recorded through autumn, winter and
spring for a period of 200 days. At the end of éxperimental period, 0.3% of the original proteins
were still present in the soil.

Flores et al. (2005) investigated the deompositibmarious species expressing Cry 1Ab toxin, and
discussed the results in relation to the lignintenhand potential environmental impacts. The astho
concluded that Bt maize had higher ligning contéman the conventional counterpart, and
decomposed less in soil compared to non-Bt maizeotlfer study with different maize lines
expressing CrylAb (MON 810, Bt11), showed no défexes in lignin content of 12 Bt maize hybrids
and isogenic non-Bt maize (Jung & Scheaffer 2004).

In the ECOGEN project, Cortet et al. (2006) inwgasted the effects of CrylAb protein on
decomposition of wheat straw in three climaticalifferent areas in Europe (Denmark, France). In the
field-incubation trial, the Bt-maize and convenahnnear-isogene lines were grown on 3 different
soils and according to common cultivation practicéesults after 4 months showed that
decomposition and mineralisation of organic mattere mainly driven by climatic parameters with
no adverse effect of Bt proteins on these processes

Devare (2004, 2007) reported no differences in Neardlising potential, nitrification rates and soil
respiration between fields planted with either Btnon-Bt maize. Corresponding results have been
reported by Hopkins & Gregorich (2003, 2005) and&man et al. (2005). These studies showed that
the Cryl1Ab protein do not persist in biologicalglevant concentrations in soil 3 months after hsirve
and they found no evidence of accumulation of thgl@&b protein in soil from fields planted for at
least 3 consecutive years with Bt maize, regardi#ssoil type, geographical region or climatic
conditions.

In a field experiment, Zurbrigg et §2010) studied decomposition of leaf residues frtbnee Bt
maize cultivars expressing CrylAb and Cry3Bb1l, egponding near-isolines and three conventional
hybrids using litterbags. The Cry protein concdidrs in maize leaf residues were measured from
harvest to the next growing season. The C:N ratid maize differed from their corresponding near-
isolines, but more pronounced differences in C:hbydignin, cellulose and hemicellulose content
were present among conventional cultivars. Congatyjehe decomposition dynamics of transgenic
hybrids were similar to the non-transgenic nealiies, but varied among conventional hybrids,
demonstrating that Bt maize hybrids lie within thariation found in conventional maize
agroecosystems. Expression levels and degradasiterps were different for CrylAb and Cry3Bb1,
but leaf residues and Bt protein concentrationsedsed rapidly in all Bt maize hybrids. Thus, non-
target soil organism were exposed to relatively Biprotein concentrations within a few months
after harvest, and Zurbriigg et al. concluded thextetis no indication of ecologically relevant, exbe
effects on the activity of the decomposer community

Helassa et al. (2010) investigated the adsorptropasties, the mobility of the adsorbed protein and
the decline of the CrylAa toxin as a function ohdi and microbial activity in contact with various
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soils and soil minerals. No mobility of adsorbegitovas observed at any pH and at different degrees
of surface saturation.

In a recently published study, Gruber et al. (20a2¢stigated the fate of Cry1lAb protein in soitlen
long-term Bt maize cultivation in an experimentiald trial performed over nine growing seasons on
four field sites in Germany. The results from tetsdy showed that on any of the four sites the
climatic and field conditions led to complete detaton of the Bt-maize plant material containing th
recombinant Cry1Ab protein by the following growgbason. No persisting immunoreactive CrylAb
protein was detected in any soil shortly beforerthgt seeding over the experimental period of three
years, which comprised the last third of nine yediBt-maize planting. No experimental evidence for
accumulation or persistence of CrylAb protein iifiedént soils under long-term Bt-maize cultivation
could be drawn from this field study.

5.6.2 Effects on soil microorganisms

Microorganisms are the dominant organisms botlerims of biomass and activity in the soil. The soil
microbiota is involved in a number of important geeses including decomposition of organic matter,
nutrient mineralisation, regulation of plant pateng, decomposition of agricultural chemicals amd th
improvement of soil structure (ref. Sanvido et26l06; BEETLE Report et al. 2009). Due to the close
interaction between crop cultivation and soil pss@s, soil organisms in the rhizosphere are liteely
be exposed to the Cry proteins released from raadates and decaying plant material.

There have been numerous studies, with differethoas (e.g. functional and structural composition
of soil microbial communities) and different cropa the effects of Bt plants on soil microbial
communities. Different effects, ranging from noeeffto significant small transient negative effauis
microbial communities/ soil protozoa and microorngars have been reported (reviews by Sanvido et
al. 2006; Icoz & Stotzky 2008; BEETLE Report 20@efani & Hamelin 2010). (Data are however
only available from short-term experiments and jmtémhs of potential long-term effects are diffitul

to make). Based on available literature, The BEERdport (2009) concluded that the likelihood of
adverse effects of Bt maize in EU is low. Howewsrgertainties remain regarding mycorrhizal fungi.

Root exudates of Bt maize (event Btl76) have beews to reduce presymbiotic hyphal growth of
the arbuscular mycorrhizal fung@®@omus mosseasompared with root exudates of another Bt maize
hybrid (event Bt11) and conventional control (Toret al. 2004). A higher level of CrylAb toxin was
measured in the event Bt176 (80.63 CrylAb/g pritiiat negatively affecte@. mosseaeompared

to Btll (<0.55 CrylAb/ g protein) and the authotatex that their findings could possibly be
explained by the expression levels of CrylA. Jdstaet al. (2005) have also reported consistent
differences in rhizosphere heterotropic bacterid @ycorrhizal colonisation (includinG. mossede
between Bt-maize expressing CrylAb (Bt176, Btlly ats conventional counterpart. In both
transformed lines the intraradical colonisationGf mosseaavas significantly lower (about 50%)
compared to wild type after 8 and 10 weeks of axtdon under controlled conditions. The percentage
of root length colonised by arbuscular mycorrhizedgi was significantly lower itMedigaco sativa
grown for four months in soil containing Btll rastd. The reasons for which Bt maize were less
susceptible to endomycorrhizal colonisation remaiknown (Stefani & Hamelin 2010).

By contrast, most studies, performed under laboyaiglasshouse or field conditions revealed only
some minor changes in soil microbial community e with Bt maize compared to non Bt maize
(e.g. Blackwood & Buyer 2004; Griffiths et al. 2Q08ulder et al. 2006) or generally show no adverse
effects of the Cry protein released by Bt maizeoiot exudates or from biomass incorporated intb soi
(e.g. Saxena & Stotzky 2001a; Hénemann et al. 2@0&;et al2008; Prischl et al. 2012).

Blackwood & Buyer (2004) has further investigatduk teffects of transgenic maize varieties
expressing CrylF and CrylAb protein on soil micablommunity structure in three soils with
different textures. The results of the growth chamdxperiment showed significant effects of Bt-toxi
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on microbial community structure in the loam sampl€he authors assumed that Bt maize caused
rapid growth in populations of special microorgamisdue to increased protein content, and that soil
types with a high content of clay increases retentif Cry-proteins.

Results from the ECOGEN project revealed that tmallseffects of Bt maize or a conventional
insecticide on protozoa and microorganisms werg peenounced than effects due to soil and plant
growth stage (Griffiths et al. 2006), and less thavariation seen between the eight maize cuftiva
(Griffiths et al. 2007b). No effects could be dttried to the Bt maize on mycorrhizal fungi in a
separate mesocosm experiment (de Vaufleury et(l7)2 These field experiments, point to the
conclusion that Bt maize (Cry1lAb) could have a sigant, but small and transient, negative effatt o
soil protozoa and microorganisms (Griffiths et 2005, 2007a), but no effects on organic matter
(wheat straw) decomposition (Cortet et al. 2006ECESEN developed a quantitative model to
summarise the effects of the different croppingieays on soil quality (Bohanec et al. 2007). The
authors concluded that Bt maize did not have deédete effects on the soil biota, and that factorchs

as plant growth stage, season, soil type, tillagep type or variety produced larger effects on soi
microbial community structures than the Bt maizeffiths et al. 2007b; Krog et al. 2007b).

Saxena & Stotzky (2001b) reported no significarffedences in numbers of bacteria, fungi and
protozoa between soils amended with biomass oh8tren-Bt maize or in rhizosphere soil of Bt and
non-Bt maize grown in a plant-growth room.

Prischl et al. (2012) compared the endophytic bedteommunities in plants of the transgenic Bt
maize lines MON 89034, MON 8801¢ry3BbJ) and the stacked event MON 88017 x MON 89034,
with those of the respective near-isogenic line #mee additional conventional maize lines. The
maize plants were grown in a containment systenwordifferent soils that were commonly used for
maize cultivation in Lower Austria. A 700 bacteriahdophytes were obtained and characterised
regarding their phylogenetic diversity and specplant growth promoting functions. Both the soil
environment and the plant cultivars had an effecttlee phylogenetic diversity of the endophytic
communities, but there were no specific effectghaf transgenic varieties. Diversity measures of
endophytic isolates were not different in Bt-versos Bt-maize varieties.

5.7 Assessment based on available data

There are no reports of the target Lepidopteranispattaining pest status on maize in Norway. &inc
there are no Bt-based insecticides approved foirudiorway, and lepidopteran pests have not been
registered in maize, issues related to resistancleit®on in target pests are not relevant at pregen
Norwegian agriculture.

Published scientific studies show no or negligeniwerse effects of Cry1A.105 and Cry2Ab2 proteins
on non-target arthropods that live on or in thaniig of maize plants. Cultivation of maize MON
89034 is not considered to represent a threaketprbvalence of red-listed species in Norway.

Few studies have been published examining poteetiatts of Cry1lA.105 and Cry2Ab toxin on
ecosystems in soil, mineralization, nutrient tumoand soil communities. Some field studies have
indicated that root exudates and decaying planénahtcontaining Cry proteins may affect population
size and activity of rhizosphere organisms (satq@roa and microorganisms). However, data are only
available from short term experiments and predistiof potential long term effects are difficult to
deduce. Most studies conclude that effects onm@toorganisms and microbial communities are
transient and minor compared to effects causedylmynamic and environmental factors.

Few studies have assessed the impact of Cry psovgimon-target aquatic arthropods and the fate of
these proteins in senescent and decaying maizkuddtr aguatic environments. Further studies with
better experimental design are needed for the steees of the potential effects of Bt crops on aiguat
organisms. However, exposure of non-target organtenCry proteins in aquatic ecosystems is likely
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to be very low, and potential exposure of Bt toxiosion-target organisms in stream ecosystems in
Norway is considered to be negligible.

Maize is the only representative of the geAaain Europe, and there are no cross-compatible ovild
weedy relatives outside cultivation with which nwizan hybridise and form backcross progeny.
Vertical gene transfer in maize therefore dependsmss-pollination with other conventional or
organic maize varieties. In addition, unintendechixtlire of genetically modified material in seeds
represents a possible way for gene flow betweeherdift crop cultivations. The risk of pollen flow
from maize volunteers is negligible under Norwegiaowing conditions.

In addition to the data presented by the applidhiet VKM GMO Panel is not aware of any scientific
report of increased establishment and spread otemBiON 89034 and any change in survival
(including over-wintering), persistence and invasigss capacity. Because the general characteristics
of maize MON 89034 are unchanged, insect resistare@ot likely to provide a selective advantage
outside cultivation in Norway.

Since MON 89034 has no altered agronomic and plpimotharacteristics, except for the specific
target pest resistance, the VKM GMO Panel is of d¢ipaion that the likelihood of unintended
environmental effects due to the establishmentsamdval of maize MON 89034 will be no different
to that of conventional maize varieties in Norway
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6 Post-Market Environmental Monitoring Plan

Directive 2001/18/EC introduces an obligation fpplicants to implement monitoring plans, in order
to trace and identify any direct or indirect, imrniatd, delayed or unanticipated effects on human
health or the environment of GMOs as or in prodwdter they have been placed on the market.
Monitoring plans should be designed according tmenVIl of the Directive. According to Annex
VII, the objectives of an environmental monitoripan are 1) to confirm that any assumption
regarding the occurrence and impact of potentialees® effects of the GMO or its use in the
environmental risk assessment (ERA) are corred,(anto identify the occurrence of adverse effects
of the GMO or its use on human health or the emirent which were not anticipated in the
environmental risk assessment.

Post-market environmental monitoring is composed cake-specific monitoring and general
surveillance (EFSA 2011c). Case-specific monitoiggot obligatory, but may be required to verify
assumptions and conclusions of the ERA, whereasrgkesurveillance is mandatory, in order to take
account for general or unspecific scientific ungety and any unanticipated adverse effects
associated with the release and management of @l&hl Due to different objectives between case-
specific monitoring and general surveillance, thederlying concepts differ. Case-specific
monitoring should enable the determination of whe#ind to what extent adverse effects anticipated
in the environmental risk assessment occur dufiegcommercial use of a GM plant, and thus to
relate observed changes to specific risks. ltiggi@red by scientific uncertainty that was ideatifin

the ERA.

The objective of general surveillance is to idgntihanticipated adverse effects of the GM plaritsor
use on human health and the environment that warpredicted or specifically identified during the
ERA. In contrast to case-specific monitoring, tlemeral status of the environment that is associated
with the use of the GM plant is monitored withoay greconceived hypothesis, in order to detect any
possible effects that were not anticipated in tRAFor that are long-term or cumulative.

6.1 Case-specific GM plant monitoring

When potential adverse effects or important gapscientific information or significant levels of
critical uncertainty linked to the GM plant and iteanagement have been identified in the
environmental risk assessment, then case-speaiinstaning should be carried out after placing oa th
market, in order to confirm assumptions made in ERA and to further inform the ERA (EFSA
2011c). Case-specific monitoring should be targedechssessment endpoints and environmental
protection goals identified in the ERA conclusios being at risk or where levels of critical
uncertainty were identified in relation to potehtigks associated with the GM plant. Monitoring of
potentially adverse cumulative long-term or largats effects and the resolution of areas of ctitica
uncertainty, identified in the ERA are importanjesttives of monitoring (EC 2002).

The scope of the application EFSA/GMO/BE/2011/9¢his authorisation of MON 89034 in the EU
under Regulation (EC) No. 1929/2003 for use asaihgr maize, including the cultivation of MON
89034 varieties. The environmental risk assessmeentlucted by the applicant, support a conclusion
that cultivation of MON 89034 in the EU, represeatligible risk to human and animal health and the
environment. Because no immediate adverse risktsffagre expected, the probability of long-term
adverse effects is also negligible. The applicasttherefore considered that there is no needaf®-c
specific monitoring. The VKM GMO Panel is of theimipn that case-specific monitoring is not
appropriate.

Specific strategies for risk management are howesauired with regard to the interactions between
the GM plant and target organisms. Insect resistananagement measures will be put in place in
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MON 89034 cultivation countries to proactively avoand in any case delay insect resistance
development.

6.2 General surveillance for unanticipated adverseffects

According to the principles and objectives outlined Annex VIl of Directive 2001/18/EC, the
objectives of general surveillance is to detect angnticipated adverse effects on protected and
valued entities of the environment, including biadsity and ecosystem services (EFSA 2011c).

The general surveillance proposed by the applisabased on four pillars: (1) the use of annuahfar
questionnaires to feed a general surveillance datggb(2) the review of scientific information
provided by existing observation networks; (3) itnplementation of company stewardship programs;
and (4) the follow-up of various information sowsaich as scientific publications, expert repaits e
to identify potential adverse effects associateth lie intended uses of maize MON 89034. The
applicant proposed to conduct general surveilldocenaize MON 89034 throughout the period of
validity of the authorisation.

The applicant will submit an annual monitoring repmovering results of the general surveillance in
accordance with the conditions of the authorisatibhe report will contain information of any
unanticipated adverse effects that have arisen @ualtivation and/or use of MON 89034. According
to the monitoring plan, the report will include @estific evaluation of the confirmed adverse effec
conclusion of the safety of MON 89034 and, as appate, measures that were taken to ensure the
safety of human and animal health or the envirorimen

Comments

The setting or population in which these effectghhioccur is either not, or hardly predictable. The
central tool for general surveillance in the cabeudtivation of MON 89034 is an annual farmers’
guestionnaire which is addressed to a subset i@ that cultivate maize MON 89034.

More detailed information about the management atadcollected and the statistical analyses
performed are however required, especially for ¢holstained from the questionnaires distributed to
farmers. In addition, it is not clear if the questaire compilation is mandatory or not, for exaen

it is foreseen in contract of sale between those pidt the GM plant on the market and the farmers
themselves.

General surveillance should be considered a pefitiche longer than 10 years (authorisation teimn) t
assess any adverse effects not foreseen by ERAagpiEant is also invited to take into account the
reporting format set out in Annex Il of DecisionG®0770/EC as technical guidance notes in order to
facilitate the implementation and explanation ohar VII to Directive 2001/18/EC.
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7 Data gaps

Knowledge of possible target and non-target spgmiesent in Norway, in environments
where GM maize could be grown.

Effects of Cry proteins on the population size antivity of rhizosphere organisms present in
Norwegian agricultural conditions.

Effects of Bt toxins on aquatic organisms in Norway
Further studies with better experimental designn@eded for the assessment of the potential

effects of Bt crops on aquatic organisms.
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8 Comments to the EFSA GMO Extranet - application
EFSA/GMO/BE/2011/90

No comments from the VKM GMO Panel in connectiothnEFSAs official hearing of application
EFSA/GMO/BE/2011/90.
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Preliminary assessment based on available data

Molecular characterisation

Appropriate analysis of the integration site, imthg flanking sequence and bioinformatics analysis,
has been performed to characterise the transfamatvent MON 89034. The results of the
segregation analysis are consistent with a siriggeo$ insertion for therylA.105andcry2Ab2gene
expression cassettes and confirm the results ofntilecular characterisation. Molecular analysis of
both self-pollinated and cross-fertilised linesprasenting a total of seven different generations,
indicates that the inserted DNA is stably transtednand inherited from one generation to the next.
No genes that encode resistance to antibioticpragent in the genome of MON 89034 maize. The
molecular characterisation confirmed the absendmtif theaad andnptll genes, which were used in
the cloning and transformation process.

Event MON 89034 and the physical, chemical and tianal characteristics of the proteins have
previously been evaluated by The VKM Panel on Geally Modified Organisms, and considered
satisfactory (VKM 2008a).

Comparative assessment

Based on results from comparative analyses of ftata field trials in the USA (2004-500) and
Europa (2007), it is concluded that maize MON 89133dgronomically and phenotypically equivalent
to the conventional counterpart and commerciallalvbs reference varieties, with the exception ef th
lepidopteran-protection trait. The field evaluasosupport a conclusion of no phenotypic changes
indicative of increased plant weed/pest potenttaM@®@N 89034 compared to conventional maize.
Evaluations of ecological interactions between maMON 89034 and the biotic and abiotic
environment indicate no unintended effects of thieoduced trait on agronomic and phenotypic
characteristics.

Environmental risk

There are no reports of the target Lepidopteranigpattaining pest status on maize in Norway.&inc
there are no Bt-based insecticides approved foirudiorway, and lepidopteran pests have not been
registered in maize, issues related to resistanoiition in target pests are not relevant at prefan
Norwegian agriculture.

Published scientific studies show no or negligédiwerse effects of Cry1A.105 and Cry2Ab2 proteins
on non-target arthropods that live on or in thanifg of maize plants. Cultivation of maize MON
89034 is not considered to represent a threaetpribvalence of red-listed species in Norway.

Few studies have been published examining poteetfatts of CrylA.105 and Cry2Ab toxin on
ecosystems in soil, mineralization, nutrient turmoand soil communities. Some field studies have
indicated that root exudates and decaying planemahicontaining Cry proteins may affect population
size and activity of rhizosphere organisms (sait@roa and microorganisms). However, data are only
available from short term experiments and predastiof potential long term effects are difficult to
deduce. Most studies conclude that effects onma@toorganisms and microbial communities are
transient and minor compared to effects causedylmynamic and environmental factors.

Few studies have assessed the impact of Cry psob@imon-target aquatic arthropods and the fate of
these proteins in senescent and decaying maizkuddtr aguatic environments. Further studies with
better experimental design are needed for the steees of the potential effects of Bt crops on aiguat
organisms. However, exposure of non-target orgamtenCry proteins in aquatic ecosystems is likely
to be very low, and potential exposure of Bt toxiosion-target organisms in stream ecosystems in
Norway is considered to be negligible.
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Maize is the only representative of the geAaain Europe, and there are no cross-compatible ovild
weedy relatives outside cultivation with which nwizan hybridise and form backcross progeny.
Vertical gene transfer in maize therefore depentdsmss-pollination with other conventional or
organic maize varieties. In addition, unintendechixture of genetically modified material in seeds
represents a possible way for gene flow betwederdifit crop cultivations. The risk of pollen flow
from maize volunteers is negligible under Norwegiaowing conditions.

In addition to the data presented by the applidhiet VKM GMO Panel is not aware of any scientific
report of increased establishment and spread otemBiON 89034 and any change in survival
(including over-wintering), persistence and invasigss capacity. Because the general characteristics
of maize MON 89034 are unchanged, insect resistare@ot likely to provide a selective advantage
outside cultivation in Norway.

Since MON 89034 has no altered agronomic and plpimotharacteristics, except for the specific
target pest resistance, the VKM GMO Panel is of d¢ipmion that the likelihood of unintended
environmental effects due to the establishmentsamdval of maize MON 89034 will be no different
to that of conventional maize varieties in Norway

The environmental risk assessment will be complatetifinalized by the VKM Panel on Genetically
Modified Organisms when requested additional infmtion from the applicant is available.
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Table 1. Summary of Cry1A.105 and Cry2Ab2 proteirlevels in tissues from MON 89034 maize. From
field trials in US in 2005

85 (21)
[56 — 130]
6.4 (1.5)
[3.8 — 8.8]
3.0 (0.57)
[2.0 — 3.8]
14 (3.6)
8.3 — 24]
2.2 (0.35)
[1.3-2.7]
5.1 (0.67)
[4.1-6.0]
17 (4.4)
[9.5 — 26]
2.2 (0.36)
[1.7 - 3.1]

520 (130)
[380 — 850]
12 (1.7)
[8.5 — 16]
26 (3.9)
[20 — 31]
42 (9.4)
[20 — 56]
12 (3.1)
[6.2 — 16]
5.9 (0.77)
[4.7 - 7.0]
50 (17)
[26 — 85]
11 (1.4)
[9.4 — 15]

29 (6.8)
[19 — 43]
0.34 (0.084)
[0.21 — 0.47]
8.2 (3.6)
[3.3 — 16]
12 (4.0)
[6.5 — 18]
4.1 (1.4)
[2.2 - 6.5]
1.1 (0.31)
[0.67 — 1.8]
22 (3.6)
[17 - 29]
5.3 (2.0)
[2.4-9.1]

180 (59)
[94 — 270]
0.64 (0.091)
[0.49 — 0.79]
71 (35)
[33 — 160]
38 (14)
[15 — 55]
21 (5.9)
[14 — 33]
1.3 (0.36)
[0.77 - 2.1]
62 (15)
[46 — 97]
26 (8.8)
[13 — 43]
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Table 2. CrylA.105 and Cry2Ab2 protein levels in mi&e tissues collected from MON 89034
produced in the 2004 Argentinean growing season

Tissue Type1

Over Season Leaf,
OSL-1

OSL-2

OSL-3

OSL-4

Over Season Root,
OSR-1

OSR-2

OSR-3

OSR-4

Forage Root

Senescent Root

Over Season Whole Pl
OSWP-1

OSWP-2
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OSWP-3

OSWP-4

Forage

Stover

Silk

Pollen

Grain 4

1 Tissues were collected at the following growtgsts (Ritchiest al, 1997):

OSL-1: V2 - V4; OSL-2: V6 — V8; OSL-3: V10w 2;

OSL-4: pre-VT, OSR-1: V2 - V4; OSR-2: V6 -V8

OSR-3: V10 - V12; OSR-4: pre-VT, Forage-razrly dent;
Senescent root: after harvest; OSWP-1: V2 — V4; OSWP-2: V6 — V8;
OSWP-3: V10 — V12; OSWP-4: pre-VT; Forage: ydeént;

Stover: after harvest; Silk: at pollination; aBr. at physiological maturity;

Pollen: at pollination;

2 The mean and standard deviation were calculateda sites (n=19, except OSWP-3, n=15; forage6nsilk, n=25 and
grain, n=18).

3 Minimum and maximum values were determined fehd#ssue type across sites.

4 Protein levels are expressed as microgragh ¢f protein per gram (g) of tissue on a freshghe(fwt) basis.

5 Protein levels are expressed g&j on a dry weight tissue (dwt) basis. The dryghieivalues were calculated by dividing
the fwt by the dry weight conversion factors obeairfirom moisture analysis data.

6 The mean and standard deviation were calculatexsa sites (n=19, except OSWP-3, n=15; forage6ngdllen n=29 and
grain n=18).
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Table 3. Ecological stressor data for MON 89034 agpared to its conventional counterpart and
commercial reference varieties. European field trigs conducted in Germany and Spain in 2007
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