ANNEX 10.CA-C/ES/01/01

Competent Authority of the United Kingdom

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 the United Kingdom.

2.2.1. Event specific detection protocol for event 1507

We apologize for the confusion caused by using different terminology to refer to the same region of the 1507 maize insert.  Please note that in Page 4 of 4 of the attachment included in Annex 15 of Notification C/ES/01/01 where it reads “inverted repeat region of the cry1F gene” it should read “inverted repeat region of the ORF25PolyA terminator”.  

For further clarification, we would like to confirm that the region of the 1507 maize insert detected and amplified by the PCR detection method specific for 1507 maize corresponds to the junction between regions 9 and 10 as shown in Table 1.GB below and that the 194 bp amplified fragment consists of the sequence found between bp 8908 and 9101, both inclusive, of the 1507 maize insert sequence.  

Please note that a quantitative PCR detection method specific to 1507 maize has been developed and is being submitted to the EC JRC for appropriate validation.

2.2.2. Environmental risk assessment of maize containing event 1507

The specific biological activity of CRY1F and PAT proteins expressed in 1507 maize, together with the absence of toxicity of CRY1F protein against a wide range of representative non-target and beneficial arthropods, provides strong evidence for the absence of any significant toxicity to non-target organisms which may arise from exposure to 1507 maize, Point D.10 of Section 2 of this notification.

Impact of altered weed management

The scope of this notification C/ES/01/01 does not include approval for the application of the glufosinate-ammonium herbicide on 1507 maize.  We understand that approval for application of the glufosinate-ammonium herbicide on tolerant GM maize is considered separately as required under Directive 91/414/EEC by the agrochemical registrant (Bayer CropScience).  Data regarding the evaluation and efficacy of the herbicide is therefore considered under Directive 91/414/EEC.

In any case, the results of the Farm Scale Evaluations of herbicide tolerant crops in the UK confirm that any potential impact on organisms dependent on weeds for food, and thus, any potential effect on higher trophic levels, is directly correlated to the efficacy of the herbicide applied, within common agricultural management practices, to control weeds in cultivated areas.  

In fact, 1507 maize is tolerant to the herbicide glufosinate-ammonium, in the same way as the genetically modified T25 maize used in the Farm Scale Evaluations in the UK.  The conclusions obtained from the Farm Scale Evaluations have confirmed that for glufosinate-ammonium tolerant T25 maize a significant two-fold increase would be expected in weed biomass and a significant two-fold greater weed seed return resulting in more nectar resources for pollinators and more weed seed resources for granivorous birds (ACRE, 2004; Annex 1.UK).  In conclusion, weed management of cultivated 1507 maize as in the Farm Scale Evaluation through the application of glufosinate-ammonium herbicide would not result on adverse effects on biodiversity compared with conventionally managed maize.

The conclusions from the Farm Scale Evaluations have also confirmed that the effects observed arise from the crop management regimes (i.e. the application of glufosinate-ammonium herbicide in the case of T25 maize) associated with the GM crop and are not a direct consequence of the genetic modification in such crop.

Impact of insect resistance trait on target insects and other Lepidoptera
As described in the environmental risk assessment (Section 4 of this Notification C/ES/01/01), cultivation of 1507 maize provides growers with a highly effective and environmentally beneficial tool to control certain lepidopteran insect pests (target organisms), such as the European corn borer (Ostrinia nubilalis) and Sesamia spp.  This specific effect on certain target organisms is intended by the genetic modification in 1507 maize and therefore is not considered as an adverse effect on populations of target organisms.  Also and as described in detail in Points D.4. and  D.9. of Section 2 of this notification and in Points C.1.c. and C.1.2.1.c. of the environmental risk assessment, the high specificity of the biological activity of CRY1F protein against certain lepidopteran pests and the high substrate specificity of PAT protein for L-PPT provides strong support for the absence of any significant adverse effects on the dynamics of populations in the receiving environment and the genetic diversity of each of these populations.

In particular, the specificity of the biological activity of CRY1F protein has been thoroughly assessed and confirmed by the absence of toxicity of CRY1F protein to multiple non-target and beneficial organisms.  In addition, Hellmich et al. (2001) have confirmed that CRY1F protein is relatively non-toxic to larvae of the non-target lepidopteran Monarch butterfly compared to other CRY proteins.  These results provide further evidence for the very high degree of specificity of the biological activity against target lepidopteran pests of CRY1F protein expressed in 1507 maize.  Furthermore for CRY proteins in general and CRY1 proteins in particular, the mechanism and mode of action are very well characterized and the high degree of specificity of their biological activity is well documented.  The absence of specific proteinaceous receptors from the gut of non-target organisms ensures that consumption of CRY1F protein will not result in any significant adverse effects.  In addition, the biochemical characteristics of the CRY1F protein, such as rapid digestibility in simulated gastric fluid, heat lability together with the relatively low level of expression in grain from 1507 maize ensures the safety of CRY1F protein expressed in 1507 maize to livestock animals, including fish and marine crustaceans.

Similarly, the safety of PAT protein has already been determined in detail during the assessment of glufosinate-ammonium tolerant maize.  The pat gene was originally obtained from Streptomyces viridochromogenes strain Tü494 which has no known toxic or pathogenic potential.  The PAT protein is not toxic and it has high substrate specificity for the active ingredient of glufosinate-ammonium (L-PPT), and such a substrate does not occur within the maize plant.

The results of the highly conservative exposure modelling and risk assessment developed by Wolt and Conlan (2001) (submitted as Annex 1 to Section 4 of this Notification C/ES/01/01) have confirmed that any potential risk to a hypothetically extremely sensitive lepidopteran would be restricted to within 1 m of the field edge.  This represents only 1% of larvae occurring within the immediate 60-m radius of maize fields when uniform distribution is assumed.  The common and unprotected lepidopteran species are however widely distributed across various habitats and they will not be significantly affected from this limited exposure to pollen from 1507 maize.   
In addition, we have consulted the information available on non-target species of Lepidoptera of interest to the UK such as Priority Species and Species of Conservation Concern which is publicly available from ‘The Millennium Atlas of Butterflies in Britain and Ireland’ by Asher et al. (2001) (available on-line at http://www.butterfly-conservation.org/index.html?/bnm/atlas/index.html).  The data confirms that the geographic distribution, habitat preferences and host plants for these protected species are not predominantly associated with agricultural environments such as those used for maize cultivation.  In fact, the habitat preferences for the non-target priority species and species of conservation concern include heathland, open grassland, recently cleared woodland and open fen vegetation.  In conclusion, habitat preferences and distribution of confirms that these species of interest will not be affected from exposure to pollen from 1507 maize.

Cumulative effect of changing management practices

As discussed in detail above, the geographic distribution, habitat preferences and host plants for protected non-target Lepidoptera are not predominantly associated with agricultural environments such as those used for maize cultivation.  In addition, the common and unprotected lepidopteran species are widely distributed across various habitats and are not restricted to cultivated maize fields.  

Furthermore and as mentioned above, the results obtained from the Farm Scale Evaluation confirm that weed management of cultivated 1507 maize through the application of glufosinate-ammonium herbicide would not result on adverse effects on biodiversity compared with conventionally managed maize.  In conclusion, non-target Lepidoptera, whether protected or common, will not be significantly affected by any potential cumulative effect arising from changing management practices.  

2.2.3. Potential allergenicity of the CRY1F protein

Relevance of the simulated intestinal fluid (SIF) tests

In vitro digestibility studies in a simulated intestinal fluid (SIF) model of microbially-derived CRY1F protein, including known allergen and non-allergen proteins, have been carried out (Korjagin and Ernest, 2000; see Annex 1.UK below).  Digestibility in SIF of CRY1F protein, of the non-allergenic protein acid phosphatase and of the allergenic proteins ovalbumin and β-lactoglobulin were compared.  The results show that CRY1F protein, the non-allergenic protein acid phosphatase and the allergenic protein ovalbumin remained undigested for the duration of the test (120 minutes), while the allergenic protein β-lactoglobulin was digested after 1 minute in SIF.  

The conclusions drawn from these results are: 

i) the in vitro digestibility studies in a SIF model are apparently unable to discriminate between known non-allergen and allergen proteins using stability to proteolysis in SIF as an experimental endpoint; 

ii) the CRY1F protein remained undigested in the alkaline pH of the SIF model.  This was expected, based on the characteristics and function of CRY1F protein which is processed to a protease-resistant active core by the alkaline pH and enzymatic conditions of the insect mid-gut; and, 

iii) the CRY1F protein shares comparable proteolytic characteristics in a SIF model with the non-allergenic protein acid phosphatase used as control and with other non-allergen CRY proteins such as CRY1A(b) and CRY3A.

In summary, the in vitro digestibility studies in a SIF model are unable to discriminate between known non-allergen and allergen proteins using stability to proteolysis in SIF as an experimental endpoint and we conclude that these studies are not relevant to unequivocally assess the potential allergenicity of a protein.  

Fragments of the CRY1F protein (approx. 10 kDa in size) that might have survived the simulated gastric fluid (SGF) tests

The approximately 20 kDa fragments of the CRY1F protein are digested very rapidly and they are not detectable at 15 seconds in SGF, as confirmed by the Western blot results (Figure 30 of Section 2 of this notification C/ES/01/01; reproduced below as Figure 1.GB for ease of reference).  However, the approximately 10 kDa peptides observed on the SDS-PAGE gel analysis of SGF samples (Panel B of Figure 1.GB) do not seem to correspond to fragments of CRY1F protein but correspond to proteinaceous contaminants instead.  In fact, the approximately 10 kDa peptides are not detected with polyclonal antibodies specific for CRY1F protein used in the Western blot analysis (Panel A of Figure 1.GB) and, the intensity of the bands corresponding to these peptides observed in the SDS-PAGE gel does not increase in parallel with CRY1F degradation (Panel B of Figure 1.GB).  On the contrary, the approximately 10 kDa peptides seem to follow a degradation curve in SGF that is independent and different from that followed by CRY1F protein (Panel B of Figure 1.GB).

Therefore, based on the above information and the evidence presented throughout the notification, we conclude that the cry1F gene introduced into 1507 maize does not encode for a known allergen and that the CRY1F protein expressed in 1507 maize does not share any immunologically significant amino acid sequences with known allergens.  This, together with the history of absence of allergenicity of Bacillus thuringiensis sbsp. aizawai; the rapid degradation of CRY1F protein in simulated gastric fluids; the relatively low level of expression of CRY1F protein in grain from 1507 maize; the lack of glycosylation of maize expressed CRY1F protein; and, the thermolability of the CRY1F protein, confirms that expression of CRY1F protein in 1507 maize does not constitute any significant allergenic hazard.
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Figure 1.GB: Western blot and SDS-PAGE analysis of microbially-derived CRY1F protein digestion in simulated gastric fluid

[image: image1.wmf]213

85

31.2

18

8.5

Cry1F

Cry1F

SGF

220

70

50

20

10

M

1

2

3

4

5

6

7

8

9

10

M

1

2

3

4

5

6

7

8

9

10

Cry1F degradation fragments

Cry1F degradation fragments


Table 1.GB:  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

ANNEXES:

Annex 1.UK:

Advice on the implications of the farm-scale evaluations of genetically modified herbicide-tolerant crops (ACRE, 2004)

Annex 2.UK:
In vitro simulated intestinal fluid digestibility model of microbially-derived CRY1F (Korjagin and Ernest, 2000)

ANNEX 1.UK

Advice on the implications of the farm-scale evaluations of genetically modified herbicide-tolerant crops 

(ACRE, 2004)

(Please click on the link: ACRE 2004.pdf)

ANNEX 2.UK

In vitro simulated intestinal fluid digestibility model of microbially-derived CRY1F 

(Korjagin and Ernest, 2000)

(Please click on the link: In vitro SIF digestibility.pdf)

Panel B: Cry1F SDS-PAGE Gel 


Lane Assignments


M - Benchmark Protein Ladder Molecular Weight Standards


1 - SGF Reagent Blank, 0 minute incubation


2 - SGF Reagent Blank, 15 minute incubation


3 - CRY1F (0.58 g), 0 minute digestion


4 - 15 second digestion


5 - 30 second digestion 


6 - 1 minute digestion 


7 - 2 minute digestion


8 - 5 minute digestion


9 - 10 minute digestion


10 - 15 minute digestion





Panel A: Cry1F Western Blot 


Lane Assignments 


M - Bio-Rad Prestained Molecular Weight Standards


1 - SGF Reagent Blank, 0 minute incubation


2 - SGF Reagent Blank, 15 minute incubation


3 - CRY1F (0.12 g), 0 minute digestion


4 - 15 second digestion


5 - 30 second digestion 


6 - 1 minute digestion 


7 - 2 minute digestion


8 - 5 minute digestion


9 - 10 minute digestion


10 - 15 minute digestion





* Note: MW markers are labeled in kDa.








