ANNEX 7.CA-C/ES/01/01

Competent Authority of Italy

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 Italy.

1. Molecular characterization of Bt 1507 maize

1.1 Unintended fragments in the 5’ and 3’ side of inserted sequences

The presence of unintended non-functional fragments in both the 5’ and 3’ side of the 1507 maize insert is not unusual and can be expected when the particle bombardment method is used for the transformation of a blunt end linear DNA fragment, as in the case of 1507 maize transformation.  However, there is no evidence for the presence of any other unintended fragments scattered throughout the 1507 maize genome.  On the contrary, there is an important body of evidence to confirm the absence of any unintended fragments.  This evidence has been described in detail throughout this notification and it consists of detailed molecular characterization of 1507 maize including a very detailed analysis of the sequence of the 1507 maize insert and flanking regions; Southern; Northern; PCR; RT-PCR; Western and segregation analyses; observation of the phenotypic and agronomic characteristics of 1507 maize plants; compositional analyses of forage and grain from 1507 maize; and, nutritional equivalence and animal feeding studies with 1507 maize forage and grain.  The results obtained from this wide range of studies have confirmed the genetic stability of 1507 maize and the absence of any unintended effects on the 1507 maize genome.  

For further clarification and as described in detail in Point D.2.a. of Section 2 of this notification and Figure 1.IT below, the originally transformed maize plant undergoes a process of consecutive backcrossing with a selected inbred line in order to breed the 1507 maize insert into the selected inbred line.  In this process, the plants that do not carry the insert are not selected and are discarded.  This process of backcrossing ensures that the only part of the genome that is retained from the original transformed plant is the one containing the intended genetic modification together with its 5’ and 3’ flanking regions.  In conclusion, on the basis of the detailed characterisation of 1507 maize insert and as a result of the process of consecutive backcrossing with a selected inbred line, we can confirm that 1507 maize does not contain any unintended fragments inserted throughout the maize genome.
1.2 Genetic stability of the DNA insert

The detailed molecular characterization of 1507 maize discussed throughout the notification has confirmed the genetic stability of 1507 maize.  In particular, Southern, Western and segregation analyses, together with phenotypic and agronomic characteristics of 1507 maize plants provided evidence to confirm the genetic stability of 1507 maize.  In addition, the 1507 maize insert is genetically stable after at least six generations of successive rounds of backcrossing and selfing. The results also confirm that cry1F and pat genes are inherited as Mendelian dominant genes with no evidence for any significant segregation distortion in early (BC2F1) or late (F1 from BC3F2 crossed with non-GM maize) generations.  In addition, Southern analysis has confirmed that the results of a range of restriction digests were similar for the early (T1S1) and late (BC4F1) generations, which provides further confirmation that the inserted DNA has been stably inherited in 1507 maize for at least six generations.

Furthermore, transposable elements are much less frequent or active in inbred lines (Cormack et al., 1988).  This may reflect the intense selection for stable phenotypes that is applied during development of commercial breeding lines.  Therefore, presence of a fragment with homology to maize HUCK1 retrotransposon 5’ and 3’ LTR does not necessarily imply genetic instability of the 1507 maize insert.  On the contrary and as mentioned above, the inserted DNA has been stably inherited in 1507 maize.  Also, the phenotypic and agronomic characteristics of 1507 maize have been confirmed in multiple field trials across the world.  Furthermore, Western blot and ELISA analyses have confirmed that expression of CRY1F and PAT proteins in 1507 maize is stable as expected.

1.3 Southern blot results

1.3.1 Presence of specific bands in non-GM control

The non-GM maize used as control in the Southern blots was included with the objective of being able to distinguish the endogenous UbiZM1 gene from the ubiZM(1)2 promoter introduced in 1507 maize.  As expected, two types of bands are observed with very strong intensity in the HindIII restriction of the Southern blot probed with ubi (see Figure 2.IT, below): 

i) a band of approx. 6.5 kb which is observed for both non-GM control and 1507 maize, but not present in plasmid PHP8999.  This band corresponds to the endogenous UbiZM1 gene.
ii) a band of approx. 4.0 kb which is observed for 1507 maize and plasmid PHP8999, and which is not detected in non-GM control maize. This band corresponds to the expected 3890 bp HindIII fragment containing the ubiZM(1)2 promoter and cry1F gene inserted in 1507 maize.

These results confirm the presence of the endogenous UbiZM1 gene in both non-GM control maize and in 1507 maize.  In addition, they confirm insertion of the ubiZM(1)2 promoter in 1507 maize.  However, there is no evidence for any potential maize genome rearrangement at the locus of the endogenous UbiZM1 gene in 1507 maize. 

The absence of any maize genome rearrangement at the locus of the endogenous UbiZM1 gene in 1507 maize has been further confirmed by the observation of a band of approx. 2.0 kb after digestion with PstI in both non-GM and 1507 maize.  Restriction with PstI can not discriminate between the promoter of the endogenous UbiZM1 gene and the ubiZM(1)2 promoter introduced in 1507 maize (Christensen et al., 1992).  Furthermore, the presence of a band of approx. 1.7 kb following digestion with EcoRI and BamHI/EcoRI in both non-GM and 1507 maize provides additional evidence to confirm the presence and integrity of the endogenous UbiZM1 gene in 1507 maize.

In addition, the presence of bands of higher than expected molecular weight, such as the approx. 20 kb HindIII band and the 6.5 kb EcoRI band, in non-GM control maize could be due to incomplete digestion of the DNA by these restriction enzymes.  
1.3.2 Size of PstI bands

The fact that bands run faster (or slower) than the corresponding molecular weight markers is not unusual in Southern blot analysis.  The sizes of the PstI bands observed in the Southern blot analysis with the cry1F probe appear to be lower than expected.  However, such PstI bands show molecular weights that are comparable to those of the PstI bands observed for the plasmid PHP8999 positive control.  This is a strong indication that the two PstI bands correspond to restriction fragments of the expected molecular weights.  Furthermore, detailed sequencing of the 1507 maize insert has confirmed the presence of the three PstI restriction sites (C’TGCA/G) at the expected positions 4906; 5850; and, 6764 of the 1507 maize insert sequence, respectively (see Annex 1.IT).  For ease of reference, Table 1.IT shows a summary of the complete sequence of the 1507 maize insert.

2. Safety of feed products for animals and human health

2.1 Digestibility of CRY1F protein in simulated intestinal fluid

In vitro digestibility studies have been carried out in simulated intestinal fluid (SIF) with microbially-derived CRY1F protein and with known allergen and non-allergen proteins (Korjagin and Ernest, 2000; see Annex 2.IT 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 the SIF digestibility studies 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.  

Therefore, based on the above and additional 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.
2.2 Risk assessment, effects on ruminants and broiler chickens
A ruminant dairy study has been carried out for market acceptance purposes (Faust et al., 2002; Annex 9.D of Notification C/NL/00/10).  Cows were fed a complete ration containing 1507 maize silage and grain.  The results obtained confirmed that no differences were observed in animal DM intake, digestibility and rate of passage, feed efficiency, performance and health of the cows.  

In addition, the results obtained from the poultry feeding study carried out with broiler chickens over a period of 42 days with grain from 1507 maize and non-GM control maize with comparable genetics are relevant to establish the nutritional value of 1507 maize grain and can be extrapolated to other animal species.  The broiler chickens have a high rate of growth, increasing in weight from 40g to over 1700g during the 42-day study, while consuming maize grain in high concentrations in the diet (54-57%).  Because of their rapid weight gain, broiler chickens are particularly sensitive to differences in the nutrient supply or the presence of toxic elements in feed and they are the livestock animal of choice for confirming nutritional equivalence and the safety of GM maize (OECD, 2003; Annex 3.IT).

The results obtained from these studies provide additional evidence to confirm the conclusions of the thorough safety evaluation carried out in the notification, that is 1507 maize is as safe and nutritious as commercially available non-GM maize.  It is also necessary to take into account all the significant body of evidence presented in the notification and additional information provided in support of the notification confirming the safety of 1507 maize.  In particular, the specificity of the biological activity of CRY1F and PAT proteins has been thoroughly assessed and confirmed by the absence of toxicity to multiple non-target and beneficial organisms.  In addition, the biochemical characteristics of the CRY1F and PAT proteins, such as readily digestibility in simulated gastric fluid, heat lability and relatively low level of expression in grain from 1507 maize ensures the safety of CRY1F and PAT proteins expressed in 1507 maize to livestock animals.  Also, safety of 1507 maize grain has been confirmed in a 90-day feeding study with rats, and the results from extensive compositional analysis have further confirmed nutritional equivalence between 1507 maize grain and non-GM maize with comparable genetic background.  Finally, thorough and extensive analysis of phenotypic and agronomic characteristics of 1507 maize plants in multiple field trials around the world have provided additional evidence for the absence of any unintended adverse effects in 1507 maize.  

3. Environmental risk assessment

Hazard characterization

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).  In addition, field studies performed under European representative conditions where maize is commercially grown, showed no adverse effects of 1507 maize in the population of non-target arthropods (Higgins, 1999; Vernier et al., 2001a, Lefko, 2002; Annexes 30, 36 and 33, respectively).
The geographic distribution, habitat preferences and host plants for species of concern such as endangered butterfly species are not predominantly associated with agricultural environments such as those used for maize cultivation.  The habitat preferences for these species include marshy, arid, semiarid or alpine (> 1000 m elevation) environments.  Such habitat preferences and distribution confirms that any such species of concern 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, a recent publication by Hellmich et al. (2001) has 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 target lepidopteran pests of CRY1F protein expressed in 1507 maize.

The spread of the GMO in the environment

Maize has no sexually compatible wild or weedy relatives in the EU.  Therefore, the potential transfer of the inserted genetic material would be restricted to other maize grown in culture.  As discussed throughout the notification, the genetic modification in 1507 maize does not introduce any selective advantages to maize plants outside the heavily managed agricultural environments and the genetic modification in 1507 maize does not alter the agronomic characteristics of the plant.  In particular, the capacity of 1507 maize to spread into the environment is equivalent to that of commercialized non-GM maize hybrids.

The likelihood of transfer of the inserted genetic material depends not only on its dispersal capacity, but also on its ability to remain viable over the time taken to disperse and on the likelihood of being in contact with receptive stigmas before locally produced pollen from non-GM plants fertilizes these plants.  As maize pollen is relatively heavy, the potential transfer of pollen decreases very rapidly with the distance from 1507 maize and its dispersal capacity is limited.  

In any case and assuming that a finite transfer of genetic material from 1507 maize to other cultivated maize would occur, we can confirm that such genetic transfer will not cause any harm to the receiving environment.  This conclusion is based on the thorough environmental risk assessment for the placing on the market of 1507 maize carried out in Section 4 of this notification and which has not identified any potential risks to the environment or to human and animal health arising from the genetic modification introduced in 1507 maize.

Interaction between 1507 maize and target organisms

We have conducted numerous field trials over several years to evaluate the performance of 1507 maize against various insect pests.  In particular, the results described in Table 5 of Section 2 and Table 19 of Annex 1 of this notification compared the efficacy of 1507 maize and non-GM control maize with comparable genetic backgrounds against certain maize pests (target organisms).  The results were obtained from field trials carried out at different locations in the USA (Iowa, Delaware, and/or Puerto Rico) in 1999 and 2000.  Please note that any differences in the numerical values given in both tables are due to the use of different units of measurement to report the length of tunneling caused by the insect pest, i.e. cm versus inches. We apologize for this confusion.
Effects on biogeochemistry

As described in Section 2 of this notification, laboratory experiments with  terrestrial organisms such as earthworms (Eisenia foetida) and the soil dwelling invertebrate collembola (Folsomia candida) have been carried out in order to confirm the absence of any significant toxicity of CRY1F protein.  Taking into account that the concentration of CRY1F protein in senescent 1507 maize plants is very low, purified microbially-derived CRY1F protein was added in relatively very high amounts to the soil and diet samples used in these studies.  As result, a concentration of CRY1F protein in soil equivalent to about 100 times the incorporation of senescent 1507 maize plants into the top 15 cm of soil (at a rate of 62000 plants per hectare), was used in the tests with earthworms.  The results confirmed that there are no toxic effects on the earthworm at such relatively very high soil concentration of CRY1F protein.  In fact, the LC50 could not be established other than estimated to be higher than 1.7 mg of CRY1F protein per kg dry soil (Hoxter et al., 1999d; Annex 29 of this notification).

In addition, the diet used in the laboratory study to determine the chronic effects of CRY1F protein on survival and reproduction of the soil dwelling invertebrate collembola was prepared with final concentrations of microbially-derived CRY1F protein that represent estimated exposure rates that were 1560-, 388- and 79-fold higher than those that would be found in the field.  The results indicated that after feeding on these diets for 28 days, there was no mortality and no reduction in the number of progeny as compared to the controls (Halliday, 1998a).  

In any case, the cry1F and pat genes are naturally ubiquitous in the soil environment and expression of CRY1F and PAT proteins in 1507 maize will not alter the natural interactions of maize plants with the abiotic environment as confirmed by the very limited persistence of the microbially-derived CRY1F protein in the soil environment (DT50 = 3.13 days; Halliday, 1998b; Annex 32 of this notification) and as further confirmed by the absence of any significant adverse effects on soil organisms such as earthworms and collembola.  

In conclusion, cultivation of 1507 maize will not give rise to any significant adverse effects on the abiotic environment and it will not cause any significant adverse effects on the biogeochemical cycles.
Effects of changes in 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 potential environmental impact 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 4.IT).  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.

4. – 5. Monitoring and 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 5.IT 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 5.IT 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 5.IT 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.
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Figure 1.IT:  Backcrossing to integrate desired genes from a “donor” plant (GM) into germplasm of an elite line (non-GM elite inbred). The insert and the two genomes are represented by different colours: i) The red colour indicates the inserted genes; ii) the blue colour represents the percentage of genetic material from the donor; and, iii) the yellow colour corresponds to the percentage of genetic material that is identical to the elite inbred also known as recurrent parent (RP). The plants that do not carry the inserted genes are not selected. The resulting hybrid is then selected and selfed to obtain the elite inbred homozygous for the desired genes




Figure 2.IT:

(Please click on the link: Figure 2 IT.doc)
Table 1.IT:  Summary of the complete sequence of the 1507 maize insert

	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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