ANNEX 2.CA-C/ES/01/01

Competent Authority of Belgium

Ref: Objection(s) to the placing on the market of 1507 maize under Part C of Directive 2001/18/EC (Notification No C/ES/01/01)

Please find enclosed a detailed response containing additional information concerning Notification C/ES/01/01 for placing on the market of 1507 maize under Directive 2001/18/EC.  

We hope that this additional information together with the recent publication of the regulation on genetically modified food and feed, as well as regulation on traceability and labelling (Regulations (EC) No 1829/2003 and 1830/2003, respectively) will enable a positive resolution of the objections presented by the Competent Authority of Belgium.

1. Molecular characterization

1.1. Sequence of the entire insert

As requested, the sequence of the entire 1507 maize insert has been attached as Annex 1.BE.

1.2. Equivalence between CRY1F protein expressed in 1360 and 1507 maize

Transformation of 1360 maize and 1507 maize was carried out with the same linear DNA fragment, known as PHI8999A insert, containing the cry1F and pat genes together with the necessary genetic elements to regulate their expression in maize.  Expression of CRY1F protein in 1360 and 1507 maize was comparable and there was no evidence to indicate any difference between the two proteins.  The detailed characterization by Evans (1998; Annex 25 of this notification C/ES/01/01) confirmed the equivalence between CRY1F protein expressed in 1360 maize and microbially-derived CRY1F protein.  In addition, CRY1F protein expressed in 1507 maize has also been used in equivalence studies (see below) which have further confirmed the equivalence between CRY1F protein expressed in 1507 maize and microbially-derived CRY1F protein.  Based on these studies, we conclude that CRY1F protein expressed in 1360 maize and CRY1F protein expressed in 1507 maize is equivalent to microbially-derived CRY1F protein, and therefore, they are also equivalent to each other.

In particular, the results obtained from matrix assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) analysis confirm the equivalence between microbially-derived and CRY1F protein expressed in 1507 maize (Annex 17 of this notification C/ES/01/01).  The molecular weight analysis by MALDI-TOF MS of the peptides obtained following denaturation and trypsinolysis of microbially-derived and maize expressed CRY1F proteins shows comparable peptide mass fingerprints, which strongly substantiates the equivalence between microbially-derived CRY1F protein and CRY1F protein expressed in 1507 maize.  The results obtained clearly show that practically identical peptides have been obtained following denaturation and trypsinolysis of microbially-derived CRY1F protein and CRY1F protein expressed in 1507 maize (Table 1.BE).

In addition, the results obtained from Western blot analysis, SDS-PAGE gel analysis and analysis of post-translational glycosylation of microbially-derived CRY1F protein and CRY1F protein expressed in 1507 maize further substantiate the equivalence of microbially-derived CRY1F protein and CRY1F protein expressed in 1507 maize with regard to immunological characteristics, molecular weight and lack of post-translational glycosylation.  For ease of reference, the results obtained have been reproduced below (Figure 1.BE, Panel A to C).  

1.3. Expression of PAT protein

The pat gene inserted in 1507 maize is regulated by a constitutive promoter (35S promoter from cauliflower mosaic virus), which means that a certain level of expression of the PAT protein might be expected throughout the 1507 maize plant.  However, constitutive promoters do not necessarily result in high levels of expression of the associated gene throughout the plant.  

The expression levels of PAT protein in 1507 maize tissues was measured using an Enzyme Linked Immunosorbent Assay (ELISA) specifically developed for the PAT protein.  The limit of detection was 20 pg of PAT protein per μg of total extractable protein.  Expression of the PAT protein was found at measurable levels in the whole plant and/or leaf tissue (V9 stage) of 1507 maize in samples taken from field trials of 1507 maize carried out in Chile in 1998/99 and in France and Italy in 1999.  In addition, spraying with glufosinate-ammonium herbicide of 1507 maize plants grown in the field trial carried out in France and Italy in 1999 did not give rise to any signs of phytotoxicity and had no significant effect on the composition of the 1507 maize forage and grain.  It is also important to note that the results obtained from Western blot analysis of 1507 maize tissues are consistent with the levels of PAT protein detected by ELISA analysis and with the estimated detection limit of the Western blot analysis.  

Based on these studies, we consider that constitutive expression of very small amount of PAT protein is sufficient to confer tolerance to glufosinate-ammonium herbicide.  It is also likely that PAT protein degrades rapidly to below the limit of detection during processing of the samples and extraction of the protein fraction.  This is consistent with the fact that the PAT protein degrades to non-detectable levels within 5 seconds after introduction to simulated gastric fluid containing pepsin.

1.4. Northern blot analysis

The results obtained from Northern blot analysis of developing kernels of 1507 maize can be expected to be directly applicable to mature kernels.  In fact, transcription of mRNA takes place mainly during the initial stages of development of the maize kernels. 

As requested, a detailed description of the probes used in the Northern blot analysis has been included in Figure 2.BE and Table 2.BE below.

1.5. Southern blot analysis 

The three non-functional fragments of the pat gene present in regions 7a, 7b and 13 (see Table 3.BE below for ease of reference) correspond to the 5’ end of the pat gene while the pat probe used in the Southern analysis corresponds to the 3’ end of the pat gene. 

2. Detection/identification protocol

A quantitative PCR detection method has been developed and is being submitted to the EC JRC for appropriate validation.  The quantitative PCR detection method includes a PCR analysis on the gene for the High Mobility Group Protein A, an endogenous maize gene (Accession number: AJ131373).  

The region of the 1507 maize insert amplified by the qualitative PCR detection method specific for 1507 maize corresponds to the junction between regions 9 and 10 as shown in Table 3.BE below.  The exact location of the amplified PCR fragment in the 1507 maize insert sequence is bases 8908-9101, both inclusive.  The exact position of the PCR primers corresponds to bases 8908-8926 for the forward primer (Cry1F-f); and, to bases 9078–9101 for the reverse primer (Cry1F-r).

3. Environmental risk assessment

We are pleased to note that the Competent Authority of Belgium agrees with the fact that the environmental risk assessment (ERA) for the placing on the market of 1507 maize (Section 3 of Notification C/ES/01/01) follows the principles for the environmental risk assessment in Annex II of Directive 2001/18/EC. 

Regarding the potential impact on non-target organisms, we would like to highlight that Bt maize has been commercially cultivated in Spain since 1998 without any significant adverse effects on non-target organisms, as confirmed by the Spanish national experts.  

The lepidopteran species present in cultivated maize fields are widely distributed across various habitats and they are not endangered.  However, the geographic distribution, habitat preferences and host plants for endangered lepidopteran species are not predominantly associated with agricultural environments such as those used for maize cultivation.  In fact, habitat preferences for the endangered butterfly species include marshy, arid, semiarid or alpine (> 1000 m elevation) environments.  Such habitat preferences and distribution confirms that any such endangered butterfly species will not be affected from any significant exposure to pollen from 1507 maize.  The detailed  non-target exposure and risk assessment for the placing on the market of 1507 maize elaborated by Wolt and Conlan (2001) (Annex 35 to this notification) concluded that there is no significant risk for any adverse effects on endangered butterfly species, arising from exposure to 1507 maize.  
Furthermore, Hellmich et al. (2001) have confirmed that CRY1F protein from 1507 maize is relatively non-toxic to Monarch larvae compared to other CRY proteins and that pollen from 1507 maize will have no acute effects on Monarch butterfly larvae in field settings.  These results further confirm the high degree of specificity of the biological activity against larvae of target lepidopteran pests of CRY1F protein expressed in 1507 maize.
4. Monitoring and General Surveillance plan

4.1. General surveillance plan

The monitoring plan for the placing on the market of 1507 maize has been updated in order to consider both placing on the market of 1507 maize as imports and as cultivation (Annex 2.BE below, which replaces Section 5 of this Notification C/ES/01/01).  To summarize, in the case of 1507 maize imports, the conclusions of the environmental risk assessment (Section 4 of this Notification C/ES/01/01) have confirmed that there is no anticipated adverse effect (immediate, delayed, direct, or indirect) on human health, animal health or the environment.  Therefore, case-specific monitoring is not applicable in case of 1507 maize imports.  However and in order to safeguard against any unanticipated adverse effects, the notifiers will put in place a general surveillance plan for users of 1507 maize imports, such as animal feed manufacturers, throughout the period of validity of the consent  (Appendix I to Annex 2.BE below).

In the case of cultivation of 1507 maize seed products, the environmental risk assessment has concluded that there is a limited potential for development of resistance to CRY1F protein as expressed in 1507 maize within the target pest population.  Therefore, the notifiers will implement a case-specific monitoring plan consisting of the Insect Resistance Management (IRM) proposal described in Annex 37 to this Notification C/ES/01/01.  In addition, the notifiers will address any adverse effect on human health and the environment that was not anticipated in the e.r.a. in accordance with the general surveillance plan for cultivation of 1507 maize (Appendix II to Annex 2.BE below).  
The focus of this general surveillance plan is on agricultural users of 1507 maize such as growers of 1507 maize seed products.  In addition, following the approval for marketing of 1507 maize and in the framework of general surveillance the notifiers together with relevant experts will develop appropriate protocols for a monitoring study on unanticipated potential effects of 1507 maize on non-target organisms.  The proposed study will take into consideration the latest scientific findings and will likely focus on a series of representative model organisms chosen on the basis of their abundance and biological significance in the agricultural environment.
4.2. Insect resistance development

Refuge

Refuge maize can be located near, adjacent to or within 1507 maize fields and it can be planted as a block, perimeter border or strips within 750 meters of the 1507 maize field(s).  When the refuge is located adjacent or within 1507 maize fields, the maize product obtained from such fields will be labelled as GM maize in accordance with threshold for adventitious presence and labelling provisions.

Responsibilities

The responsibilities of the notifiers, growers and other users are described in detail in Point 1.6. of the Monitoring plan for 1507 maize (Section 5 of this notification C/ES/01/01).  In particular, the notifiers will be responsible for the resistance monitoring described in the IRM plan and will work together with national experts in all aspects involved as part of the IRM plan.  In addition, following the approval for marketing of 1507 maize and in the framework of general surveillance, the notifiers together with relevant experts will develop appropriate protocols for a monitoring study on unanticipated potential effects of 1507 maize on non-target organisms.  The proposed study will take into consideration the latest scientific findings and will likely focus on a series of representative model organisms chosen on the basis of their abundance and biological significance in the agricultural environment.  The notifiers will also encourage growers to report any observed adverse effects on non-target arthropod populations.

The notifiers will educate growers on the requirement to cultivate adequate refuge areas.  In addition, the notifiers will work closely with the rapporteur Competent Authority in order to apply any necessary measures to ensure appropriate implementation of the refuge strategy by the growers.  
4.3. Herbicide use

Please note that selective use of glufosinate-ammonium herbicide on tolerant GM maize is being considered under Directive 91/414/EEC by the agrochemical registrant (Bayer CropScience).  Appropriate conditions and/or recommendations on Good Agricultural Practices for the use of the herbicide on herbicide tolerant maize are therefore considered under Directive 91/414/EEC.
In addition and as discussed in detail in Point 1.3. above, spraying with glufosinate-ammonium herbicide of 1507 maize plants grown in field trials did not give rise to any signs of phytotoxicity and had no significant effect on the composition of the 1507 maize forage and grain.  In summary, expression of very small amounts of PAT protein in 1507 maize is sufficient to confer tolerance to glufosinate-ammonium herbicide.  
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Figure 1.BE: SDS-PAGE and Western blot analysis of microbially-derived CRY1F protein and CRY1F protein expressed in 1507 maize 
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Panel A: Western Blot detected with rabbit anti-Cry1F polyclonal antibody.

Panel B: SDS-PAGE, 4-20% gradient gel, Coomassie brilliant blue stained.

Panel C: SDS-PAGE, 4-20% gradient gel, GelCode glycoprotein stained

Lane 1: Pre-stained molecular weight markers (Pierce Chemical, BlueRanger)

Lane 2: Soybean Trypsin Inhibitor (MW: 20.1 kDa), 1.25 g/lane

Lane 3: Horseradish Peroxidase (MW: 44 kDa), 1.25 g/lane

Lane 4: P. fluorescens MR872 derived Cry1F, 0.14 g/lane

Lane 5: Maize derived, IAC purified Cry1F (Fraction 10)

Lane 6: Maize derived, IAC purified Cry1F (Fraction 11)

*Arrow Denotes Cry1F protein 

Figure 2.BE:   (Please see last page of this electronic document)

Table 1.BE:  Tryptic peptide mass data (m/z [M+H]+) of microbially-derived CRY1F protein and CRY1F protein expressed in 1507 maize obtained by MALDI-TOF MS 

	Full Length Cry1Fsynpro residue #
	Theoretical mass (m/z)
	P. fluorescens trypsinized Cry1F

[M+H]
	1507 Maize Cry1F 

[M+H]

	32-42
	1227.72
	1227.70
	1227.68

	100-113
	1612.81
	1612.81
	1612.79

	114-125
	1441.67
	1441.66
	1441.65

	172-193
	2434.15
	2434.21
	2434.16

	194-200
	878.55
	878.51
	878.50

	204-217
	1675.79
	1675.75
	1675.75

	252-263
	1394.72
	1394.69
	1394.68

	264-286
	2509.21
	2509.24
	2509.19

	312-324
	1413.71
	1413.70
	1413.68

	358-366
	1033.56
	1033.52
	1033.52

	367-379
	1386.71
	1386.70
	1386.69

	380-392
	1416.68
	1416.67
	1416.67

	431-442
	1376.62
	1376.62
	1376.59

	452-463
	1301.63
	1301.60
	1301.58

	464-471
	911.58
	911.53
	911.52

	472-483
	1269.68
	1269.66
	1269.65

	484-494
	1089.56
	1089.53
	1089.52

	522-529
	925.46
	NDb
	925.43

	530-538
	1007.54
	1007.51
	1007.50

	539-546
	924.48
	924.44
	924.43


Note: 

a
Two digit decimals were used for mass data in this table although raw data obtained from the MALDI-TOF-MS spectrometer were shown in 4 digit decimals.  A peptide was considered a match if its m/z is within m/z 0.1 error range of its theoretical m/z.  

b
ND: not detected.
Table 2.BE:  Description of the probes used in Northern blot analysis of 1507 maize kernels

	Genetic Element
	Probe  location

in PHI8999A

(bp to bp)
	Probe  location in 1507 maize insert

(bp to bp)
	RNA or DNA Probe
	Probe Size1
(bp)

	cry1F
	2528 – 3507
	5347 – 6326
	DNA
	980

	pat
	5516 – 5825
	8335 – 8644
	RNA
	310

	ORF3
	N/A
	2023 – 2318
	RNA
	296

	ORF4
	4569 – 5071
	7388 – 7890
	RNA
	503

	dapA
	N/A
	N/A
	RNA
	575


1. The actual RNA probe sizes are larger than the sizes indicated in the table.  Sizes in the table represent the region homologous to the targeted genetic element; however, in producing RNA probes 100 to 130 additional bases are added onto the probe from the in vitro transcription vector

N/A; not applicable

Table 3.BE:  Summary of the complete sequence of the 1507 maize insert. The region of the 1507 maize insert amplified by the PCR detection method specific for 1507 maize corresponds to the junction between regions 9 and 10 highlighted below.
	Region
	Location in 1507 insert 
	Size (bp)
	% Identity
	Homologue
	Location in homologous sequence
	Description

	1
	1-669
	669
	N/A1
	N/A
	N/A
	No known homology 

	2
	670-869
	200
	90.5
	AF123535
	52432-52632 (complement)
	Undescribed maize genomic sequence

	3
	870-1681
	812
	89.4
	AF050439
	1-801
	Fragment of maize Huck-1 retrotransposon  5’ LTR2

	
	
	
	86.6
	AF050438
	1-797
	Fragment of maize Huck-1 retrotransposon 3’ LTR

	4
	1682-2016
	335
	100.0
	PHI8999A
	3149-3483
	Fragment of cry1F gene 

	5
	2017-2337
	321
	100.0
	X86563
	29429-29749
	Fragment of maize chloroplast rpoC2 gene (RNA polymerase beta-2 subunit)

	6
	2338-2354
	17
	100.0
	X86563
	97643-97659
	Fragment of maize chloroplast trnI gene (tRNA-Ile)

	
	
	
	82.4
	PHI8999A
	182-197
	Fragment of maize ubiZM1(2) promoter

	7a
	2358-2558
	201
	100.0
	PHI8999A
	5320-5475
	Fragment of pat gene

	7b
	2559-2696
	138
	99
	PHI8999A
	5336-5518

(complement)
	Fragment of pat gene 

	7c
	2697-2711
	15
	100.0
	PHI8999A
	2544-2558

(complement)
	Fragment of cry1F gene 

	8
	2712-2829
	118
	100.0
	PHI8999A
	36-153
	Fragment of polylinker region (bases 36-80) and ubiZM1(2) promoter (bases 81-153)

	9
	2830-9015
	6186
	100.0
	PHI8999A
	11 – 6196
	Full-length insert  of PHI8999A 

	10
	9016-9565
	550
	100.0
	PHI8999A
	3906-4456

(complement)
	Inverted ORF25PolyA terminator and upstream polylinker sequence

	11
	9566-9693
	128
	100.0
	NC_001666
	121851-121978 (complement)

&

100759-100886
	Fragment of maize chloroplast rps12 rRNA (23S ribosomal RNA)

	12
	9696-10087
	392
	99
	NC_001666
	17091-17483

(complement)
	Fragment of maize chloroplast genome

	13
	10088-10275
	188
	99
	PHI8999A
	5333-5520

(complement)
	Fragment of pat gene

	14
	10278-10358
	81
	100
	NC_001666
	137122-137202

(complement)
	Fragment of maize chloroplast “ORF241” – hypothetical protein gene 

	15
	10359-11361
	1003
	N/A1
	N/A
	N/A
	No known homology 


 1_ N/A; not applicable

 2_ LTR; long terminal repeat
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Figure 2.BE:  Diagram of the 1507 maize insert indicating location of probes used for Northern blot analysis

Arrows beneath the diagram of the insert indicate the two novel open reading frames, ORF3 and ORF4.  Probes used for Northern blot analysis are indicated as rectangular boxes beneath the diagram.  The ORF3, ORF4, and pat probes used were RNA probes complementary to their respective transcripts or potential transcripts and the cry1F probe was a double stranded DNA probe.









