ANNEX 1

INFORMATION ON THE SAFETY ASSESSMENT OF 
ANIMAL FEED PRODUCTS FROM 1507 MAIZE 

Content








        
Page
1.  Type of feed products(s)








1.1. Describe feed products(s) as derived from 1507 maize




1.2. Describe the way of processing of 1507 maize or parts of 1507 



maize into feed product, when applicable

1.3. Provide a description of the use of the feed products, as indicated under


point 1.1., in animal feed

2.  Animals










2.1. Give a brief description of the animal species to be fed with the feed 

products

2.2. Description of the exposure of the animals to the feed products


3.  Safety assessment









3.1. Have the feed products been evaluated for safety to animals in other 


countries?

3.2. Have the feed products been evaluated for safety to human health in 


other countries?

4.  Composition of the feed products







4.1. Description of the composition of feed products




4.2. Concentration of the products related of the inserted sequences in 


feed (if applicable)

4.3. Effects of the processing on inserted sequences and their related 


products (if applicable)

5. Equivalence feed products








5.1. Evaluate to what extent the feed products are comparable with feed

products derived from non-genetically modified organisms

5.2. Summarise the results of the evaluation (of 5.1.) per feed product 


(or per group of feed products)

6. Safety of feed products for animals and human health




6.1. Evaluation of the implications of the use of the feed products, as


indicated under point 1.1 for the safety of animals and humans

References











INFORMATION ON THE SAFETY ASSESSMENT OF ANIMAL FEED PRODUCTS FROM 1507 MAIZE
1.  Type of feed products(s)

1.1.  Describe feed products(s) as derived from 1507 maize:

The product described in this notification is B.t. Cry1F maize line 1507, referred to as 1507 maize.  It consists of maize products consisting of or derived from seed of 1507 maize genetically modified to express CRY1F protein, conferring resistance to certain lepidopteran insect pests, and PAT protein, conferring tolerance to glufosinate-ammonium herbicide.  The maize product also consists of progeny derived from conventional breeding between 1507 maize with any traditionally bred maize.  Commercial names will be assigned to 1507 maize seed at the time of market introduction.  
In the EU, the majority of maize products, either from imports or cultivation, are fed to livestock (EUROSTAT New Cronos, 2000).  The feed products derived from 1507 maize are expected to replace a portion of maize products in existing animal feeds with total consumption remaining unchanged.  The feed products derived from 1507 maize are similar to those of any other commercial maize variety and include maize grain, protein-rich fractions (gluten meal), gluten feed and forage (silage). 

This safety evaluation concerns all possible animal feed applications of the 1507 maize and feed products derived from 1507 maize (processed and non-processed).

1.2.  Describe the way of processing of 1507 maize or parts of 1507 maize into feed product, when applicable:

Maize grain can be directly fed to livestock.  However, it is normally processed by four main industries, which have been listed below together with their most common products:

	Processing industries
	Products

	Wet milling
	Maize starch and derivatives,

maize syrups, dextrose,

maize oil, mixed feeds

	Fermentation and distillation
	Pure alcohols, whiskey, mixed feeds



	Dry milling
	Grits, meal, flour, animal feeds



	Mixed feed manufacturers
	Mixed feeds




The wet milling industry produces mainly maize starch and oil.  One of the co-products of this processing is gluten which is used as a high-protein, energy feed ingredient for livestock.  Mixed feeds result from a combination of the water-soluble compounds, germs, hulls and gluten obtained from the process.

Mixed feeds are also prepared from residues richer in proteins and vitamins than the original grain obtained from the fermentation and distillation industry.

In addition, by-products from the dry milling of maize grain include the separated germs and hulls which can be combined into animal feeds.  Also, shelled grain or by-products from other industries are used by the mixed feed manufacturers to formulate animal feeds.

Forage can also be fed directly to livestock, although it is usually processed into silage.  The combined application of milling and heat treatments used for processing of grain, and the anaerobic ensiling process on forage results in commonly used feed products.

1.3.  Provide a description of the use of the feed products, as indicated under point 1.1., in animal feed:

Maize products are readily consumed by livestock because of their high starch-low fibre content.  Gluten is used as a source of protein for animal feed while germs are high in fats, and hulls are high in non-starchy carbohydrates (cellulose and hemicellulose).  Usually, the feed products derived from maize are concentrated sources of energy containing more digestible nutrients than other feed products.  Also, maize is popular as animal feed because it does not contain significant levels of anti-nutritional compounds or endogenous toxins (Canadian Food Inspection Agency, 1994; White and Pollak, 1995). 

2.  Animals

2.1.  Give a brief description of the animal species to be fed with the feed products:

Majority of the feed products is fed to cattle, with some being fed to swine and poultry throughout the different production stages.

The feed products obtained from 1507 maize are not intended for animals other than those for which similar traditional feed products are used (i.e., derived from non-GM maize).

2.2.  Description of the exposure of the animals to the feed products:

Exposure of the animals to the feed products derived from 1507 maize will be the same as exposure to feed products derived from any other commercial maize.

3.  Safety assessment

3.1. Have the feed products been evaluated for safety to animals in other countries?

Safety of 1507 maize to animals is also under evaluation in the USA, Canada, Korea, Switzerland and Japan.  Approval in the USA has been obtained from the Environmental Protection Agency and the Food and Drugs Administration, and the safety assessment by the US Department of Agriculture is near completion.  A notification to import 1507 maize was submitted to The Netherlands on 23 November 2000 in accordance with Directive 90/220/EEC (Notification No.: C/NL/00/10) and the Dutch Competent Authority is also evaluating the safety of 1507 maize to animals.

3.2.  Have the feed products been evaluated for safety to human health in other countries?

Safety of 1507 maize to human health is also under evaluation in the USA, Canada, Korea, Switzerland and Japan.  Approval in the USA has been obtained from the Environmental Protection Agency and the Food and Drugs Administration, and the safety assessment by the US Department of Agriculture is near completion.  A notification to import 1507 maize was submitted to The Netherlands on 23 November 2000 in accordance with Directive 90/220/EEC (Notification No.: C/NL/00/10) and an application for food use of 1507 maize was also submitted to The Netherlands on 15 February 2001 in accordance with Regulation (EC) No. 258/97.  The Dutch Competent Authority of The Netherlands is also evaluating the safety of 1507 maize to human health.

4.  Composition of the feed products

4.1.  Description of the composition of feed products:

Specific studies on the compositional analyses of grain from hybrids of 1507 and the traditionally-bred non-GM maize have been carried out.  Composition data was obtained from trials carried out in Chile in 1998-1999 (4 locations) and in France and Italy (6 locations) in 1999.  The methods used and the results from these analyses are presented below.
Composition data from 1998-1999 (Chile)

The final report at Annex 3 contains details of the compositional analyses carried out on grain from 1507 maize and from a non-GM control with comparable genetics (Study No: 98-09-RA-NGLP-012).

The field trials were conducted at four locations in the major maize growing regions of Chile.  The locations were near the towns of Buin, Viluco, Graneros and Nancagua.  These locations are comparable to regions of North America and Europe where the maize varieties would be suitable as commercial products.  Therefore the nutritional composition of grain and whole plant tissue (forage) should be comparable to composition of grain from similar locations in North America and Europe.

At each location, there were six replicates of 1507 maize and control maize.  The analyses of forage from each replicate consisted of protein, acid detergent fiber (ADF), neutral detergent fiber (NDF), carbohydrate, fat, and ash.  The analyses of grain from each replicate consisted of protein, fiber, carbohydrates, fat, ash, minerals, fatty acids, amino acids, vitamins, secondary metabolites and anti-nutrients .  These analyses were conducted at Woodson-Tenent Laboratories according to the AOAC Methods (1990).

i) Proximate analyses of maize forage

Analyses to determine the level of the protein, acid detergent fiber (ADF), neutral detergent fiber (NDF), carbohydrate, fat, and ash levels of forage from 1507 maize and control maize were carried out and the results are shown in Table 1.  Forage samples were dried to between 3-7 % moisture before processing.  The levels of protein, carbohydrates, fat, and ash in 1507 maize forage were all within the reported literature ranges for maize forage.  The average values for forage ADF and NDF are 30 % and 51 %, respectively in published literature; however, no range of values is available.  The ADF and NDF levels in 1507 maize are similar to the average values reported in the literature. In summary, the analysis of proximate composition of forage from 1507 maize showed that it is comparable to forage from control maize.
ii) Proximate analyses of maize grain

The grain was harvested at between 11-13 % moisture.  Analysis to determine the level of protein, acid detergent fiber (ADF), neutral detergent fiber (NDF), carbohydrate, fat, and ash levels of grain from 1507 and the control maize were carried out.  Levels of these components in 1507 maize grain and control maize were comparable and they were also within the literature range for maize grain (Table 2).  No statistically significant differences were observed between the means for 1507 maize and control maize, with the exception of total fat content: the difference in fat content was very small and unlikely to be of any nutritional significance.  In summary, the analyses of proximate composition of grain from 1507 maize showed that it is comparable to grain from control maize.
iii) Mineral analyses of maize grain

Levels of five minerals (calcium, magnesium, phosphorous, potassium and sodium) were analyzed in 1507 maize and control maize (Table 3).  The levels of all these minerals were within the expected range for maize grain.   In the case of calcium, comparisons to data obtained from analyses of 22 commercial Pioneer( Brand Hybrids were included in addition to the ranges in the literature.  The modifications made by Woodson-Tenent to the method to determine calcium levels typically results in lower amounts of calcium than those reported in the literature.  Therefore, the comparison to the Pioneer hybrids, analyzed by the same method, is more appropriate.  

iv) Fatty acid analyses of maize grain

Five major fatty acids in grain from 1507 maize and the control maize were analyzed: palmitic (C16:0), stearic (C18:0), oleic (C18:1), linoleic (C18:2), and linolenic (C18:3) (Table 4).  The levels of all five fatty acids in 1507 and control maize were comparable and within the literature range for maize grain. 

v) Amino acid analyses of maize grain

Eighteen amino acids were analyzed in grain from 1507 maize and the control hybrid (Table 5).  The levels of all the amino acids in 1507 maize and control maize were comparable and, with the exception of threonine and glutamic acid, within the range of values in the literature or as determined by the analysis of Pioneerhybrids.  There was no statistically significant difference in threonine or glutamic acid levels between 1507 maize and control, indicating that the different levels of threonine and glutamic acid in 1507 maize and control maize compared to the literature range was not due to the genetic modification.  

vi) Vitamin analyses of maize grain

Grain from 1507 maize and the control maize was analysed for vitamin content (Table 6).  Vitamin B1, vitamin B2, total tocopherols and folic acid levels were determined for comparison to the available range of values for maize in the literature.  Levels of vitamins B1, B2 and tocopherols in 1507 were found to be within the available range of literature values.  There is no typical range available for folic acid in maize grain, although an average value of 0.3 ppm is reported (Watson, 1987).  Levels of folic acid in 1507 maize and the control maize were not significantly different.  

vii) Secondary metabolites and anti-nutrient analyses of maize grain
A series of secondary metabolites were analyzed in grain from 1507 maize and the control maize (Table 7).  The values obtained for inositol, raffinose, p-coumaric acid and ferulic acid for the 1507 maize and control maize were comparable.  For raffinose the values for 1507 maize and control maize were also within the available range of values in the literature.  The furfural concentration could not be determined as it was below the limit of quantitation (0.500 mg/100 g) of the assay.

Two potential anti-nutrients in maize, phytic acid and trypsin inhibitor, were also analyzed in grain from 1507 maize and control maize (Table 7).  Phytic acid levels in 1507 maize were found to be within the literature range for maize grain.  Maize contains only low levels of the anti-nutrient trypsin inhibitor (Watson, 1987; Del Valle, 1983).  The trypsin inhibitor levels in both 1507 maize and control maize were below the limit of quantitation (2000 TIU/g) of the enzyme assay that was used in these analyses.  This confirms that no unusually high levels of trypsin inhibitor are present in 1507 maize.

viii) Conclusion

The results from the compositional analyses from the field trials in Chile during 1998-1999 clearly demonstrate that 1507 maize is comparable to the non-GM control hybrid in protein, fiber, carbohydrates, fat, ash, minerals, fatty acids, amino acids, vitamins, secondary metabolites and anti-nutrient compounds.

Composition data from 1999 (France and Italy)

The field trials were carried out at three locations in France and three locations in Italy, all within the major maize growing regions in these countries.  At each location in France, the trials involved six replicates of 1507 maize unsprayed with glufosinate-ammonium, and a non-GM control maize with comparable genetics.  At each location in Italy, the trials involved three replicates of 1507 maize sprayed with glufosinate-ammonium, 1507 maize unsprayed with glufosinate-ammonium, and of a non-GM control maize with comparable genetics.  The final report at Annex 4 contains full details of this study including the statistical analyses for the composition data (Study No: PHI99-005).  

At each location, whole plant and grain samples were taken from sprayed and unsprayed plots according to the treatments and number of replicates.  The analyses of forage from each replicate consisted of protein, acid detergent fiber (ADF), neutral detergent fiber (NDF), carbohydrate, fat, and ash.  The analyses of grain from each replicate consisted of protein, fiber, carbohydrates, fat, ash, minerals, fatty acids, amino acids, vitamins, secondary metabolites and anti-nutrients.  These analyses were conducted at Woodson-Tenent Laboratories according to the AOAC Methods (1990).

i) Proximate analyses of maize forage

Analyses to determine the level of protein, acid detergent fiber (ADF), neutral detergent fiber (NDF), carbohydrate, fat, and ash levels of forage from 1507 maize and control maize were carried out and the results are shown in Table 8.  Forage samples were dried to between 7-14 % moisture before processing.  The levels of protein, carbohydrates, fat, and ash in forage from 1507 maize and control maize were all within the literature ranges for maize forage.  The average values for forage ADF and NDF are 30 % and 51 %, respectively in published literature; however, no range of values is available. The ADF and NDF levels in 1507 maize and non-GM control maize were similar to the means reported in the literature.  In summary, the analyses of proximate composition of forage from 1507 maize (unsprayed or sprayed with glufosinate-ammonium herbicide) showed that it is comparable to forage from control maize.
ii) Proximate analyses of maize grain

The grain was harvested at between 9-12 % moisture.  Analyses to determine the level of protein, acid detergent fiber (ADF), neutral detergent fiber (NDF), carbohydrate, fat, and ash levels of grain from 1507 and the control maize were carried out.  Levels of these components in 1507 maize grain and the control maize were comparable and no statistically significant differences were observed between 1507 maize and control maize (Table 9).  With the exception of ADF, the levels of protein, NDF, carbohydrates, fat and ash were all within the literature range for maize grain of 1507 maize and control maize.  Levels of ADF in 1507 maize and control maize were all slightly lower than the literature range.  However, there was no statistically significant difference in ADF levels between 1507 maize and  control maize, indicating that the slightly lower levels in 1507 maize was not due to the genetic modification or spraying with glufosinate-ammonium.

iii) Mineral analyses of maize grain

Levels of five minerals (calcium, magnesium, phosphorous, potassium and sodium) were analyzed in 1507 maize and the control  maize (Table 10).  The levels of all these minerals were within the literature range, confirming that 1507 maize grain (unsprayed or sprayed with glufosinate-ammonium herbicide) was comparable to control maize in mineral composition.  In the case of calcium, comparisons to data obtained from analyses of Pioneerhybrids were included in addition to the ranges in the literature.  The modifications made by Woodson-Tenent to the method to determine calcium levels typically results in lower amounts of calcium than those reported in the literature.  Therefore, the comparison to the Pioneer hybrids, analyzed by the same method, is more appropriate.  

iv) Fatty acid analyses of maize grain

Five major fatty acids in grain from 1507 maize and control maize were analyzed: palmitic (C16:0), stearic (C18:0), oleic (C18:1), linoleic (C18:2), and linolenic (C18:3) (Table 11).  The levels of all five fatty acids in 1507 maize (unsprayed or sprayed with glufosinate-ammonium herbicide) and control maize were comparable and within the literature range for maize grain.

v) Amino acid analyses of maize grain

Eighteen amino acids were analyzed in grain from 1507 maize and the control maize (Table 12).  The levels of all the amino acids in 1507 maize and control maize were comparable and, with the exception of threonine and glutamic acid, within the range of values in the literature or as determined by the analyses of Pioneer hybrids.  Levels for threonine and glutamic acid in 1507 unsprayed and sprayed maize were slightly above the range of values in the literature, but this is typical of the genetic background of this maize and is not considered of any nutritional significance.  In general, the amino acid levels for unsprayed and sprayed 1507 maize were greater than those of the control maize, however this was not a trend observed for all nutrient composition traits.  Additionally, the amino acid levels for control maize were lower than in the previous study carried out in Chile with the same hybrid, but the levels in 1507 maize were comparable.   These small changes in levels of amino acids should not have a detrimental impact on the nutritional quality of maize. 

vi) Vitamin analyses of maize grain

Grain from 1507 maize and the control maize were analyzed for vitamin content (Table 13).  Vitamin B1 and vitamin B2 levels were found to be within the available range of literature values for maize grain.  There is no typical range available for folic acid in maize grain, although an average value of 0.3 ppm is reported (Watson, 1987).  Levels of folic acid in 1507 maize and control maize were not significantly different.  There was no statistically significant difference in total tocopherols between 1507 maize and control maize, but they were all lower than the literature ranges.  Tocopherols are rapidly degraded and the storage times and conditions of these samples may have resulted in an overall loss of tocopherol.

vii) Secondary metabolites and anti-nutrient analyses of maize grain
Grain from 1507 maize and the control maize was analyzed for secondary metabolites and two potential anti-nutrients (Table 14).  There were no statistically significant differences between 1507 and control maize for the levels of inositol, p-coumaric acid and ferulic acid.  The furfural concentration could not be determined as it was below the limit of quantitation (0.500 mg/100 g) of the assay.  The levels of raffinose were within the ranges of values in the literature and there were no significant differences between 1507 maize and control maize.

Phytic acid levels in grain from both unsprayed and sprayed 1507 maize and the control maize were found to be within the literature range for maize grain.  Maize contains very low levels of the anti-nutrient trypsin inhibitor (Watson, 1987; Del Valle, 1983).  As expected, the trypsin inhibitor levels in both 1507 maize and control maize were below the limit of quantitation (2000 TIU/g) of the enzyme assay that was used in these analyses.  This confirms that no unusually high levels of trypsin inhibitor are present in 1507 maize.

viii) Conclusion
The results from the compositional analyses from the field trials in France and Italy during 1999 show that forage and grain from 1507 maize is comparable to forage and grain from commercial maize hybrids, and spraying with glufosinate-ammonium does not have an effect on the nutrient composition of maize forage or grain.

Overall, the analyses of nutrient composition of grain and forage (Chile, France and Italy) from 1507 maize grown at a range of locations over a period of two years show that forage and grain from 1507 maize  are comparable and substantially equivalent to forage and grain from existing commercial maize hybrids.  Furthermore, spraying with glufosinate-ammonium does not have an effect on the nutrient composition of maize forage or grain from 1507 maize.
Composition data from 2000 (France, Italy and Bulgaria)

In 2000, additional field trials were carried out within commercial maize growing regions of Europe at a total of six locations in France (3 locations), Italy (2 locations) and Bulgaria (1 location); Annex 19 contains the full report.  The trials were conducted to further demonstrate substantial equivalence of 1507 maize to non-GM maize with comparable genetic background and commercial maize.  Nutrient composition of 1507 maize treated and untreated with glufosinate-ammonium herbicide, was evaluated and compared with non-GM maize with comparable genetic background.  

At each location there were three replicates of 1507 maize sprayed with glufosinate ammonium, 1507 maize unsprayed and non-GM maize with comparable genetic background.  Forage and grain samples were collected according to replicates and treatments and analysed for nutrient composition.  The analyses included determination of protein, crude fiber, acid detergent fiber, neutral detergent fiber, carbohydrates, fat, ash, six fatty acids, nine minerals, eighteen amino acids, six vitamins (A, B1, B2, folic acid, E and total tocopherols), five secondary metabolites (inositol, raffinose, furfural, p-coumaric acid and ferulic acid), and, two antinutrients (phytic acid and trypsin inhibitor).  These analyses were conducted at Eurofins Scientific, Inc. laboratories, Memphis, TN, USA, according to the AOAC methods (1990).

Two separate statistical analyses were carried out on the composition data.  For the first analysis, the data from all three replicates and six locations were combined and analysed.  Least-square means and standard deviation were calculated for the data across all six locations and statistically significant differences were identified using a t-test at a 5% level of significance.  

For the second analysis, the results obtained were evaluated on a per location basis using data from the 3 replicates of each of the six separate locations.  The least-square means and standard deviation for each location and maize entry were calculated and statistically significant differences were identified using a t-test at a 5% level of significance.  

Statistically significant differences were occasionally observed for some of the nutrients.  However, the differences were small and within the range of values published in the literature.  Also, there were no differences that were consistently observed within the same treatment or between different locations.  These additional composition data from the 2000 growing season further demonstrates that 1507 maize is substantially equivalent to non-GM maize and commercial maize, thereby confirming previous evaluations for substantial equivalence of 1507 maize based on the composition data from the 1998-99 and 1999 growing seasons.
Table 1: Mean values of proximate composition of forage (Chile, 1998 – 1999)
	Response variablea
	1507
	Non-GM

control
	Published range

of valuesb

	Protein
	7.82
	7.81
	3.5 – 15.9

	ADF
	26.91
	27.56
	Average = 30

	NDF
	48.01
	48.21
	Average = 51

	Carbohydratesc
	84.15
	84.13
	66.9 – 94.5

	Fat
	2.42
	2.42
	0.7 – 6.7

	Ash
	5.61
	5.63
	1.3 – 10.5


a: Percentage on a dry weight basis 

b: Watson, 1982

c: Fiber (ADF and NDF) is included in the carbohydrates.  
Table 2: Mean values of proximate composition of grain (Chile, 1998 – 1999)
	Response variablea
	1507
	Non-GM

control
	Published range

of valuesb

	Protein
	11.20
	11.32
	6.0 – 12

	ADF
	3.55
	3.68
	3.0 – 4.3

	NDF
	10.47
	10.08
	8.3 – 11.9

	Carbohydratesc
	83.45
	83.23
	63.3 – 89.7

	Fat
	3.83
	3.94
	3.1 – 5.7

	Ash
	1.51
	1.50
	1.1 – 3.9


a: Percentage on a dry weight basis 

b: Watson, 1982

c: Fiber (ADF and NDF) is included in the carbohydrates.  
Table 3: Mean values of mineral composition of grain (Chile, 1998 – 1999)
	Response variablea
	1507
	Non-GM

control
	Published range

of values

	Calcium
	0.0036
	0.0031
	0.01 – 0.10b
0.002 – 0.011c

	Magnesium
	0.12
	0.13
	0.09 – 1.0b

	Phosphorous
	0.33
	0.32
	0.26 – 0.75b

	Potassium
	0.40
	0.36
	0.32 – 0.72b

	Sodium
	<LOQd
	<LOQd
	0.0 – 0.15b


a: Percentage on a dry weight basis 

b: Watson, 1982

c: Data from analysis of 22 commercial Pioneer(Brand Hybrids

d: Below the level of quantitation for sodium of 0.01%
Table 4: Mean values of fatty acid composition of grain (Chile, 1998 – 1999)

	Response variablea
	1507
	Non-GM

control
	Published range

of valuesb

	Palmitic 
	11.07
	10.92
	7 - 19

	Stearic 
	2.28
	2.44
	1 - 3

	Oleic 
	30.61
	32.53
	20 - 46

	Linoleic 
	53.10
	51.16
	35 - 70

	Linolenic 
	1.29
	1.21
	0.8 - 2




a: Value of fatty acids is % of total lipid 

b: Watson, 1982

Table 5: Mean values of amino acid composition of grain (Chile, 1998 – 1999)
	Response variablea
	1507
	Non-GM

control
	Published range

of valuesb

	Glycine
	0.39
	0.40
	0.26 - 0.47b
0.24 - 0.41c

	Threonine
	0.40
	0.41
	0.29 - 0.39b
0.21 – 0.37c

	Valine
	0.51
	0.52
	0.21 - 0.52b
0.25 - 0.67c

	Isoleucine
	0.40
	0.40
	0.26 - 0.40b
0.19 - 0.39c

	Leucine
	1.42
	1.43
	0.78 -1.52b
0.43 - 1.35c

	Phenylalanine
	0.56
	0.57
	0.29 - 0.57b
0.04 - 0.54c

	Histidine
	0.29
	0.30
	0.20 - 0.28b
0.21 - 0.32c

	Lysine
	0.32
	0.32
	0.20 - 0.38b
0.19 - 0.36c

	Arginine
	0.44
	0.45
	0.29 - 0.59b
0.28 - 0.55c

	Cysteine
	0.21
	0.23
	0.12 - 0.16b

0.13 - 0.27c

	Methionine
	0.19
	0.20
	0.10 - 0.21b

0.12 - 0.26c

	Tryptophan
	0.08
	0.08
	0.05 - 0.12b

0.05 - 0.10c

	Serine
	0.54
	0.55
	0.42 - 0.55b
0.25 - 0.46c

	Alanine
	0.84
	0.85
	0.64 - 0.99b
0.37 - 0.81c

	Glutamic acid
	2.14
	2.18
	1.24 - 1.96b
0.89 - 2.02c

	Proline
	1.01
	1.03
	0.66 - 1.03b
0.43 - 1.01c

	Aspartic acid
	0.77
	0.81
	0.58 - 0.72b
0.37 - 0.80c

	Tyrosine
	0.20
	0.20
	0.29 - 0.47b
0.17 - 0.31d


a: Percentage on a dry weight basis 

b: Watson, 1982

c: Data from analysis of 22 commercial Pioneer(Brand Hybrids

d: Iowa Gold Catalog, 1994
Table 6: Mean values of vitamin composition of grain (Chile, 1998 – 1999)

	Response variablea
	1507
	Non-GM

control
	Published range

of valuesb

	Thiamine hydrochloride (B1)
	3.64
	4.06
	3.0 – 8.6



	Riboflavin (B2)
	1.67
	1.66
	0.25 – 5.6

	Folic acid
	0.151
	0.144
	0.3c

	Total tocopherols
	48.2
	41.6
	42 - 87


a: Parts per million (ppm) on a dry weight basis 

b: Watson, 1982

c: Watson, 1987 reports an average value for folic acid in grain as 0.3 mg/kg
Table 7: Mean values of secondary metabolites and anti-nutrient composition of grain (Chile, 1998 – 1999)

	Secondary metabolites in grain

	Response variablea
	1507
	Non-GM

control
	Published range

of valuesb

	Inositol 

mg/100 g
	59.96
	61.68
	NA

	Raffinose %
	0.086
	0.087
	0.08 – 0.30

	p-Coumaric acid

mg/100 g 
	16.5
	16.0
	NA

	Furfural mg/100g 
	<LOQc
	<LOQc
	NA

	Ferulic Acid

mg/100 g
	264
	257
	NA

	Anti-nutrient analyses of grain

	Phytic acid %
	0.99
	0.96
	0.7 – 1.0

	Trypsin inhibitor

TIU/g
	<LOQd
	<LOQd
	NA


a: Percentage (%) or mg/100g on a dry weight basis.  Trypsin inhibitor is expressed in units of trypsin inhibitor enzyme activity per gram on a dry weight basis

b: Watson, 1982

c: Below level of quantitation for furfural of 0.500 mg/100g

d: Below level of quantitation for trypsin inhibitor of 2000 TIU/g

NA = ranges are not available in the published literature
Table 8: Mean values of proximate composition of forage (France and Italy, 1999)
	Response variablea
	1507

(unsprayed)
	1507

(sprayed)
	Non-GM

control
	Published range

of valuesb

	Protein
	8.72
	9.27
	8.87
	3.5 – 15.9

	ADF
	28.07
	28.46
	28.68
	Average = 30

	NDF
	50.62
	50.15
	50.83
	Average = 51

	Carbohydratesc
	84.25
	83.50
	84.00
	66.9 – 94.5

	Fat
	2.48
	2.42
	2.48
	0.7 – 6.7

	Ash
	4.56
	4.81
	4.63
	1.3 – 10.5


a: Percentage on a dry weight basis 

b: Watson, 1982

c: Fiber (ADF and NDF) is included in the carbohydrates
Table 9: Mean values of proximate composition of grain (France and Italy, 1999)
	Response variablea
	1507

(unsprayed)
	1507

(sprayed)
	Non-GM

control
	Published range

of valuesb

	Protein
	11.73
	12.04
	10.98
	6.0 – 12

	ADF
	2.37
	2.52
	2.29
	3.0 – 4.3

	NDF
	10.16
	10.54
	10.13
	8.3 – 11.9

	Carbohydratesc
	82.46
	81.97
	83.00
	63.3 – 89.7

	Fat
	4.21
	4.41
	4.41
	3.1 – 5.7

	Ash
	1.60
	1.67
	1.56
	1.1 – 3.9


a: Percentage on a dry weight basis 

b: Watson, 1982

c: Fiber (ADF and NDF) is included in the carbohydrates
Table 10: Mean values of mineral composition of grain (France and Italy, 1999)
	Response variablea
	1507

(unsprayed)
	1507

(sprayed)
	Non-GM

control
	Published range

of values

	Calcium
	0.008
	0.007
	0.007
	0.01 – 0.10b
0.002 – 0.011c

	Magnesium
	0.114
	0.117
	0.106
	0.09 – 1.0b

	Phosphorous
	0.33
	0.34
	0.31
	0.26 – 0.75b

	Potassium
	0.416
	0.417
	0.380
	0.32 – 0.72b

	Sodium
	0.0015
	0.0015
	0.0015
	0.0 – 0.15b


a: Percentage on a dry weight basis 

b: Watson, 1982

c: Data from analysis of 22 commercial Pioneer(Brand Hybrids

Table 11: Mean values of fatty acid composition of grain (France and Italy, 1999)

	Response variablea
	1507

(unsprayed)
	1507

(sprayed)
	Non-GM

control
	Published range

of valuesb

	Palmitic 
	9.87
	9.85
	9.83
	7 - 19

	Stearic 
	2.09
	2.03
	2.11
	1 - 3

	Oleic 
	33.06
	33.21
	32.63
	20 - 46

	Linoleic 
	51.38
	51.42
	51.90
	35 - 70

	Linolenic 
	1.16
	1.17
	1.17
	0.8 - 2




a: Value of fatty acids is % of total lipid 

b: Watson, 1982

Table 12: Mean values of amino acid composition of grain (France and Italy, 1999)
	Response variablea
	1507

(unsprayed)
	1507

(sprayed)
	Non-GM

control
	Published range

of valuesb

	Glycine
	0.41
	0.42
	0.38
	0.26 - 0.47b
0.24 - 0.41c

	Threonine
	0.41
	0.41
	0.37
	0.29 - 0.39b
0.21 – 0.37c

	Valine
	0.51
	0.52
	0.47
	0.21 - 0.52b
0.25 - 0.67c

	Isoleucine
	0.41
	0.41
	0.36
	0.26 - 0.40b
0.19 - 0.39c

	Leucine
	1.38
	1.41
	1.23
	0.78 -1.52b
0.43 - 1.35c

	Phenylalanine
	0.55
	0.56
	0.49
	0.29 - 0.57b
0.04 - 0.54c

	Histidine
	0.31
	0.32
	0.29
	0.20 - 0.28b
0.21 - 0.32c

	Lysine
	0.32
	0.33
	0.31
	0.20 - 0.38b
0.19 - 0.36c

	Arginine
	0.47
	0.48
	0.44
	0.29 - 0.59b
0.28 - 0.55c

	Cysteine
	0.22
	0.23
	0.22
	0.12 - 0.16b

0.13 - 0.27 c

	Methionine
	0.20
	0.21
	0.20
	0.10 - 0.21b

0.12 - 0.26c

	Tryptophan
	0.10
	0.10
	0.09
	0.05 - 0.12b

0.05 - 0.10c

	Serine
	0.55
	0.56
	0.50
	0.42 - 0.55b
0.25 - 0.46c

	Alanine
	0.83
	0.85
	0.74
	0.64 - 0.99b
0.37 - 0.81c

	Glutamic acid
	2.12
	2.18
	1.90
	1.24 - 1.96b
0.89 - 2.02c

	Proline
	1.00
	1.04
	0.92
	0.66 - 1.03b
0.43 - 1.01c

	Aspartic acid
	0.79
	0.81
	0.71
	0.58 - 0.72b
0.37 - 0.80c

	Tyrosine
	0.21
	0.21
	0.19
	0.29 - 0.47b
0.17 - 0.31d


a: Percentage on a dry weight basis 

b: Watson, 1982

c: Data from analysis of 22 commercial Pioneer(Brand Hybrids

d: Iowa Gold Catalog, 1994
Table 13: Mean values of vitamin composition of grain (France and Italy, 1999)

	Response variablea
	1507

(unsprayed)
	1507

(sprayed)
	Non-GM

control
	Published range

of valuesb

	Thiamine hydrochloride (B1)
	3.502
	3.874
	3.818
	3.0 – 8.6



	Riboflavin (B2)
	1.208
	1.199
	1.314
	0.25 – 5.6

	Folic acid
	0.158
	0.161
	0.154
	0.3c

	Total tocopherols
	28.51
	29.30
	29.24
	42 - 87


a: Parts per million (ppm) on a dry weight basis 

b: Watson, 1982

c: Watson, 1987 reports an average value for folic acid in grain as 0.3 mg/kg
Table 14: Mean values of secondary metabolites and anti-nutrient composition of grain (France and Italy, 1999)

	Secondary metabolites in grain

	Response variablea
	1507

(unsprayed)
	1507

(sprayed)
	Non-GM

control
	Published range

of valuesb

	Inositol 

mg/100 g
	45.75
	48.303
	45.43
	NA

	Raffinose %
	0.099
	0.089
	0.107
	0.08 – 0.30

	p-Coumaric acid

mg/100 g 
	20.34
	20.98
	16.83
	NA

	Furfural mg/100g 
	<LOQc
	<LOQc
	<LOQc
	NA

	Ferulic Acid

mg/100 g
	273.85
	284.51
	260.54
	NA

	Anti-nutrient analyses of grain

	Phytic acid %
	1.03
	0.98
	0.969
	0.7 – 1.0

	Trypsin inhibitor

TIU/g
	<LOQd
	<LOQd
	<LOQd
	NA


a: Percentage (%) or mg/100g on a dry weight basis.  Trypsin inhibitor is expressed in units of trypsin inhibitor enzyme activity per gram on a dry weight basis

b: Watson, 1982

c: Below level of quantitation for furfural of 0.500 mg/100g

d: Below level of quantitation for trypsin inhibitor of 2000 TIU/g

NA = ranges are not available in the published literature
4.2.  Concentration of the products related of the inserted sequences in feed  (if applicable):

i) Concentration of the gene products of the inserted sequences

Field studies have been conducted during the 1998/99 growing season in Chile and during 1999 growing season in France and Italy to generate leaf, pollen, silk, stalk, whole plant, grain and senescent whole plant tissue samples from 1507 maize and non-GM control maize with comparable genetics.  Expression levels of CRY1F and PAT proteins in these tissues were measured using specific Enzyme Linked Immunosorbent Assay (ELISA) developed for each protein.  The results are summarized below with further details in the final reports (Study No: 98-09-RA-NGLP-012 and PHI99-005) at Annexes 2 and 4.

The field studies in Chile in 1998/99 demonstrate that expression of the CRY1F protein was found at measurable levels in all plant material sampled and tested (Table 15).  Expression of the PAT protein was only found at measurable levels in the leaf tissue (V9 stage) of 1507 maize and was of up to 40.8 pg/μg total protein.  The CRY1F and PAT proteins were not detected in any samples from the control plants.  The limits of detection were 10 pg/μg total protein for CRY1F, and 20 pg/μg total protein for PAT.  Full details of the study are attached at Annex 2.

The field studies in France and Italy in 1999 show that expression of the CRY1F protein was found at measurable levels in all plant material sampled and tested (Table 16).  The levels of expression of CRY1F found in the 1998/99 and 1999 trials were comparable for stalk, whole plant (R4 stage) and grain samples.  The apparent differences observed in leaf, pollen and senescent whole plant can be explained by differences in the quality of the samples, which may have caused a decrease in total extractable protein content and thus a relative increase on CRY1F content.  In addition, the differences observed are not consistent, i.e., there is no trend indicated.  For example leaf expression levels of CRY1F were lowest in samples from Chile, but senescent whole plant samples showed lowest CRY1F levels in samples from the EU.  Expression of the PAT protein was found at measurable levels in the leaf tissue and whole plant (V9 stage) of 1507 maize.  The concentration of PAT was of up to 136.8 pg/μg total protein in leaves (V9 stage) of 1507 maize, and 38.0 pg/μg total protein in whole plant tissue (V9 stage).  The CRY1F and PAT proteins were not detected in any samples from the control plants.  The limits of detection were 10 pg/μg total protein for CRY1F, and 20 pg/μg total protein for PAT.  Full details of the study are attached at Annex 4.

ii) Concentration of the degradation and/or by-products produced as a consequence of the expression of the inserted sequences

The rapid degradation of the CRY1F and PAT proteins (Evans, 1998; Glatt, 1999; Point D.7. of Section 2 of the the notification; see Annexes 25 and 21, respectively) should ensure that no accumulation of any degraded protein or by-products takes place.

iii) Concentration of the products of which the concentration is influenced (directly or indirectly) by the expression of the inserted sequences

Expression of the inserted sequences does not influence directly or indirectly the accumulation of any products as confirmed by the composition data from 1507 maize (See Point 4.1., above).  This is a consequence of the specificity of the expressed protein including the lack of any enzymatic activities of CRY1F and substrate availability for the PAT protein in maize.  In particular, in the case of PAT, this conclusion is further reinforced by the analysis of the amino acid composition, with reference to the glutamic acid content, of which glufosinate is an analogue, and the concentration of this amino acid in 1507 maize (sprayed or unsprayed with glufosinate ammoiun) is similar to that of non-GM maize.

iv) Consequences of the processing on the concentrations of the products as listed under 1 and 2

Processing of 1507 maize products causes the rapid decline in CRY1F and PAT content.  This is due to the high susceptibility of these two proteins to proteolytic digestion and heating (Evans, 1998; Glatt, 1999; see Annexes 25 and 21, respectively, and Point 6.1. below).  

v) Activity of the expressed proteins


CRY1F protein for insect pest resistance:

Many natural (-endotoxins are produced as insoluble parasporal crystalline inclusions and comprised of proteins (protoxins) approximately 120-140 kDa in size (Schnepf et al. 1998).  Upon ingestion by susceptible insects, these classes of protoxin crystals dissolve in the alkaline conditions of the insect gut and are processed by proteases to release the active core toxin comprised of the amino-terminal portion of the molecule.  The activated toxins are typically 65-70 kDa in size.  These toxins bind to specific receptors on the apical microvilli of epithelial midgut cells of insect pests.  Binding of the activated toxin is followed by a conformational change of the toxin and its insertion into the membrane.  Toxin oligomerization occurs with formation of pores in the cell membrane of the midgut cells causing osmotic cell lysis leading to insect death.

The amino-terminal, protease-resistant core of CRY1 (-endotoxins is comprised of three structural domains.  Domain 1, the pore-forming domain, consists of a bundle of seven anti-parallel (-helices in which helix-5 is encircled by the remaining helices.  Domain 2 consists of three anti-parallel (-sheets joined in a “Greek-key” topology.  Loops extending from domain 2 are involved in receptor binding.  Domain 3 is a (-sandwich of two antiparallel (-sheets.  This domain is proposed to stabilize the toxin.  In addition, recent evidence demonstrates involvement of domain 3 in receptor binding (Schnepf et al., 1998).  
The biological activity of CRY1F protein has been tested on a range of lepidopteran insects, including certain pests that feed on maize plants.  The tests were conducted by exposing the insects to artificial dietary substrates that had been treated with aqueous formulations of CRY1F protein produced from a microbial source.  Results from these laboratory tests show that the European corn borer (Ostrinia nubilalis), fall armyworm (Spodoptera frugiperda), corn earworm (Helicoverpa zea) and black cutworm (Agrotis ipsilon) are susceptible to CRY1F protein (Table 17) (Evans, 1998; Annex 25).  In a separate study, the lesser corn stalk borer (Elasmopalpus lignosellus), southwestern corn borer (Diatraea grandiosella) and sugarcane borer (Diatraea saccharalis) were found to be susceptible to microbially-derived CRY1F protein, whereas there was no activity against western corn rootworm (Diabrotica virgifera virgifera), corn leafhopper (Dalbulus maidis) and corn leaf aphid (Rhopalosiphum maidis) (Table 18) (Herman and Korjagin, 1999).  In addition, laboratory tests have been carried out to determine the survival and development of Mediterranean corn borer larvae fed on 1507 maize leaf disks and on the whole plant (Castañera, 2001; Annex 16).  The results obtained in these laboratory tests suggest that 1507 maize plants expressing CRY1F protein are highly effective against the Mediterranean corn borer (S. nonagrioides), with both types of feeding assays (leaf discs and whole plant) yielding similar results.  A copy of the report has been attached as Annex 16.
The efficacy of 1507 maize hybrids against a range of insect pests has also been determined and compared with conventional maize controls under field conditions and the results were found to be consistent with previous studies (Table 19).  

A separate field study was carried out in 2000 in France to evaluate 1507 maize and non-GM control after application of a synthetic insecticide (Karate Xpress, active ingredient lambda-cyhalothrin) commonly used to control European corn borer infestation (Vernier, et al., 2001; Annex 34).  The 1507 maize showed significant efficacy to control both European corn borer and Pink stalk borer (Sesamia nonagrioides) and it provides better protection from both pests than traditional insecticide applications.
Additional field trials were carried out at two separate locations, Calatorao and Montañana, in the region of Aragón in 2002 for the purpose of assessing the agronomic behaviour and efficacy of the 1507 maize plants under different conditions of infestation from the target insect pests ECB and/or Sesamia spp.  The trials involved two replicates from each of the following ten entries: 1507 maize hybrids from four different genetic backgrounds together with their respective non-GM control maize hybrids with comparable genetic background, and two commercially available non-GM maize hybrids as additional controls.  Neither the 1507 maize plants nor the non-GM control maize were sprayed with chemical insecticides.  Insect tunnelling lengths (cm) were measured in the stalks of samples of 10 plants per plot and the mean values were calculated for the two replicates planted at each of the two locations.

The results confirmed that the two locations suffered significantly different insect pest pressure in terms of presence of insect pest species causing and the resulting damage.  The overall insect pest pressure was much stronger at Calatorao than at the Montañana location.  Sesamia spp. was the predominant insect pest at Calatorao, with up to 95% of the larvae identified during splitting of the stalks as Sesamia spp., and only 5% identified as ECB larvae.  However, at Montañana 50% of the larvae were identified as ECB and 50% as Sesamia spp.  See Point D.1. of Section 2 of the notification for a summary of the results obtained and actual photographs taken during the field trials which show a comparison of insect damage on 1507 maize versus non-GM control of comparable genetic background.  These findings have confirmed the efficacy of 1507 maize against populations of ECB and Sesamia spp. and the relevance of 1507 maize against such economically important insect pests in the absence of insecticide application.
In summary, the results show that 1507 maize provides much improved control against lepidopteran insects pests, such as European corn borer and pink stalk borer in comparison to conventional (non-GM) maize.

PAT protein for glufosinate-ammonium tolerance:

The active ingredient in glufosinate-ammonium herbicide is L-phosphinothricin (L-PPT).  L-PPT binds to glutamine synthetase in plants preventing the detoxification of excess ammonia resulting in plant death.  The activity of the PAT protein (phosphinothricin-N-acetyltransferase) is specific to catalysing the conversion of L-PPT to N-acetyl-L-PPT.  This is an inactive form which does not bind to glutamine synthetase (De Block et al. 1987).  The expression of the PAT protein in 1507 maize allows the detoxification of ammonia to continue thereby conferring tolerance to the herbicide glufosinate-ammonium.  Field trials have shown that 1507 maize is tolerant to field application rates of 1600 g a.i./ha of glufosinate-ammonium herbicide without showing any phytotoxicity symptoms.  This rate is equivalent to four times the recommended field application rate of the glufosinate-ammonium herbicide.

The activity of the PAT protein has been described in detail by the OECD (1999): “Consensus document on general information concerning the genes and their enzymes that confer tolerance to phosphinothricin herbicide” (Annex 6).

vi) Potential consequences of the activity for existing autologous metabolic processes

The CRY1F protein has no catalytic activity, its action being dependent on the binding to specific proteinaceous receptors found only in target pests.  Such receptors are not found in animals.

The PAT protein is highly specific for L-phosphinothricin (L-PPT).  Other compounds, although closely related to L-PPT, are not recognized by the enzyme and therefore are not modified in any way by the maize expressed protein.  The substrate for PAT, L-PPT, is not present in maize nor in any other components of the diet fed to the animals.

Based on the characteristics of the activities of the expressed proteins we conclude that no alteration of the autologous metabolic processes will result as a consequence of expressing the two introduced traits in 1507 maize.
Table 15: Summary of CRY1F protein levels (in pg/μg total extractable protein) in tissue collected from 1507 maize from field trials in Chile in 1998-1999
	Tissue

(growth stage)a
	Meanb CRY1F

(pg/(g TEPc)


	Standard deviation
	Min/max range

(pg/(g TEP)

	Leaf 

(V9 stage)
	110.9
	27.2
	56.6 – 148.9

	Pollen

(R1 stage)
	135.5
	13.5
	113.4 – 168.2

	Silk

(R1 stage)
	50.3
	16.5
	26.8 – 79.8

	Stalk

(R1 stage)
	550.0
	104.0
	355.9 – 737.4

	Whole plant

(R4 stage)
	1063.8
	361.7
	803.2 – 1572.7

	Grain

(Physiol. maturity)
	89.8
	23.3
	71.2 – 114.8

	Senescent whole plant

(Brown and dry)
	714.3
	95.5
	622.2 – 845.3


a: Iowa State University (1993)
b: Values are means across all four sites from mean values calculated from the analysis of five individual samples per site for leaf, pollen, silk, stalk, grain and one pooled sample per site for both whole plant samples

c: TEP = total extractable protein
Table 16: Summary of CRY1F protein levels (in pg/μg total extractable protein) in tissue collected from 1507 maize from field trials in France and Italy in 1999
	Tissue

(growth stage)a
	Meanb CRY1F

(pg/(g TEPc)


	Standard deviation
	Min/max range

(pg/(g TEP)

	Leaf 

(V9 stage)
	348.0
	160.9
	193.2 – 651.4



	Whole plant

(V9 stage)
	743.7
	394.2
	409.6 – 1526.6

	Pollen

(R1 stage)
	190.5
	84.4
	141.9 – 630.8

	Silk

(R1 stage)
	133.0
	58.1
	61.1 – 265.3

	Stalk

(R1 stage)
	630.8
	141.6
	417.9 – 917.7

	Whole plant

(R1 stage)
	671.9
	348.2
	323.4 – 1206.4

	Whole plant

(R4 stage)
	1073.1d
569.4e
	338.2

11.0
	874.4 – 1576.1

556.7 – 575.8

	Grain

(Physiol. maturity)
	96.4 d
90.3e
	25.9

21.8
	44.8 – 135.3

57.4 – 131.8

	Senescent whole plant

(Brown and dry)
	198.9
	21.4
	171.2 – 219.5


a: Iowa State University (1993)
b: Values are means across all sites. Samples were taken from plants not sprayed with glufosinate-ammonium unless stated otherwise

c: TEP = total extractable protein
d: Unsprayed plants

e: Sprayed with glufosinate-ammonium

Table 17. Acute sensitivity of lepidopteran species to CRY1F protein (Evans, 1998; Annex 25)

	Insect
	LC50 (ng CRY1F per cm2)

	European corn borer


	0.58

	Tobacco budworm


	1.88

	Fall armyworm


	2.49

	Corn earworm


	51.6

	Black cutworm


	69.2


Table 18:  Acute sensitivity of lepidopteran species to microbially-derived CRY1F protein (Herman and Korjagin, 1999)

	Insect
	LC50 (μg CRY1F per cm2)

	Lesser cornstalk borer


	0.11

	Southwestern corn borer


	0.70

	Sugarcane borer

	1.46

	Western corn borera


	>53.8

	Corn leaf aphidb


	>70.0

	Corn leafhopperb


	>70.0


a: No mortality at 53.8 μg CRY1F per cm2
b: The maximum dose failed to produce more than 50% mortality on the insect species
Table 19: Comparative efficacy for 1507 maize and non-GM control maize

	Maize
	ECB leaf damage (1-9)a
	ECB damage (inches tunnelling)
	ECB ear damage  (1-9)a
	FAW

damage

(1-9)a
	CEW

damage

(1-9)a
	SWCB

damage

(inches

tunnelling)
	BCW damage

(% cut-3 day)
	SCB damage

(% stalk damage)b

	1507
	9
	0.4
	7.8
	8
	6
	0.4
	32
	4

	Non-GM control 
	2
	9
	4.3
	2
	4
	6.4
	100
	90


a: Damage scores are recorded visually based on a 1 to 9 scale (1 = completely susceptible, and 9 = completely resistant)

b: Least squares difference (0.05%) = 9.6

ECB = European corn borer

FAW = fall armyworm

CEW = corn earworm

SWCB = southwestern corn borer

BCW = black cutworm

SCB = sugarcane borer
4.3.  Effects of the processing on inserted sequences and their related products  (if applicable):

i) Influence of processing on the inserted sequences

Based on the biochemical characteristics of the inserted cry1F and pat genes and the CRY1F and PAT proteins (Point 4.2.ii). and 4.2.v)., above), the expression levels of these proteins (Point 4.2.i)., above) and the compositional analyses of grain and forage (Point 4.1., above, and Annexes 3 and 4), we conclude that processing of the plant material obtained from 1507 maize will not alter the inserted sequences and their related products in any way different from that of other conventional maize.
The conclusion that processing of feed products obtained from 1507 maize containing the inserted cry1F and pat genes and their related products, the CRY1F and PAT proteins, in the feed product would have negligible effects on the safety of the animal feed products is based on the safety evaluation of feed products obtained from 1507 maize for animal and human health detailed in Point 6.1. of Annex 1 to Section 2 of the notification.  In summary:

i) The biological activities of the CRY1F and PAT proteins are very specific.  The CRY1F protein has specific toxicity against certain lepidopteran insect pests, and PAT protein has extremely high substrate specificity (OECD, 1999);  

ii) There is no evidence for CRY proteins originating from Bacillus thuringiensis to have harmful effects on the health of humans and animals (EPA, 1995a; McClintock et al., 1995; EPA, 1996);
iii) The CRY1F and PAT proteins have no acute oral toxicity on mice and/or rats (Kuhn, 1998; Pfister et al., 1996; Health Canada, 1997; OECD, 1999; Brooks, 2000);
iv) Results obtained from a poultry feeding study show no statistically significant differences on mortality, body weight gain or feed conversion between chickens fed a diet containing grain from 1507 maize or from non-GM maize (Annex 5);
v) The CRY1F and PAT proteins do not have the characteristics of known allergens.  The donor organisms do not have a history of causing allergy and the CRY1F and PAT proteins do not share any significant amino acid sequence homology with known protein allergens (Meyer, 1999; Annex 20).  Also, CRY1F and PAT are heat labile and are not glycosylated; and,

vi) The degradation of the CRY1F and PAT proteins occurs within 1 minute in Simulated Gastric Fluid (SGF), with no signs of the production of any specific stable degradation products (Evans, 1998 and Glatt, 1999; attached as Annexes 25 and 21, respectively).  Additional data from a recent study confirms that CRY1F protein is in fact digested within 15 seconds in SGF as demonstrated by SDS-PAGE and Western blot analysis (Annex 22).  Any low molecular weight fragments derived from CRY1F protein as a result of the production, purification and degradation processes are also readily digested in less than 15 seconds (Annex 22).

Furthermore, degradation of CRY1F protein under moderate heating has also been determined by the loss of the biological activity (i.e., toxicity against tobacco budworm) and immunoreactivity of the protein at temperatures of 75 oC or more for 30 minutes (Herman, 2000) (Annex 23).  This confirms that CRY1F protein is not stable at high temperatures and that it would be denatured by many of the processes involved in the production of animal feeds.  

In fact, a planned fish toxicity study could not be carried out using the maximum maize content found in fish diets (35 to 40%) with diets using either GM or non-GM maize.  This was because fish diets are formulated and processed involving a heating step that degrades maize expressed CRY1F protein (Mayes, 1999) (Annex 24).  The presence of CRY1F protein and its biological activity in unprocessed maize grain and in the processed diet was analysed by ELISA and by bioassays with neonate tobacco budworm.  These analyses confirmed that CRY1F protein was present and biologically active in the unprocessed grain (2.2 – 3.5 ng/mg fresh weight).  However, the processed diet contained no detectable CRY1F protein (limit of detection of 0.04 ng/mg fresh weight) and it had no biological activity indicating absence of CRY1F protein (Annex 24).  This provides further confirmation that technological processing of 1507 maize degrades and eliminates the biological activity of CRY1F protein expressed in 1507 maize.

Based on the evidence presented throughout the notification and summarized above, we confirm that technological processing of 1507 maize does not result in any specific stable degradation products of the CRY1F and PAT proteins expressed in 1507 maize.
ii) Presence in the feed product of (or fragments of) inserted sequences, especially sequences coding for toxins, allergens, resistance against antimicrobial active substances

The presence of the inserted cry1F and pat genes and their related products, the CRY1F and PAT proteins, in the feed product will be dependant upon the extent of processing of 1507 grain and forage before use as animal feed.  However, whether or not the processing degrades the inserted sequences and the CRY1F and PAT proteins, we consider the effects on the feed product to be negligible because the inserted cry1F and pat genes and the CRY1F and PAT proteins have been found to be non-toxic and non-allergenic (Point 6.1., below).  In addition, there are no antibiotic resistance genes in 1507 maize

The molecular analysis of the inserted sequences (full length or fragments) and the biochemical characteristics of the expressed proteins confirm that CRY1F and PAT proteins do not correspond to toxins (other than specifically to lepidopteran insect pests) or allergens, nor to proteins conferring resistance to antimicrobial substances (See Point 6.1. below).

5.  Equivalence feed products

5.1.  Evaluate to what extent the feed products are comparable with feed products derived from non-genetically modified organisms:

The feed products obtained from 1507 maize are substantially equivalent to feed products derived from commercial non-GM maize.  This is based on the compositional analyses comprising proximates, minerals, fatty acids, amino acids, vitamins, secondary metabolites and anti-nutrients of forage and grain samples from 1507 maize (Point 4.1., above, and Annexes 3 and 4 to Section 2 of the notification).

The feed products obtained from 1507 maize are comparable to those obtained from non-GM maize.  

5.2.  Summarise the results of the evaluation (of 5.1.) per feed product (or per group of feed products):

The feed products derived from 1507 maize are substantially equivalent to feed products derived from other commercial maize.  We conclude that the feed products from 1507 maize are comparable with maize feed products that are already on the market with no exception of any characteristics. 

6.  Safety of feed products for animals and human health

6.1.  Evaluation of the implications of the use of the feed products, as indicated under point 1.1 for the safety of animals and humans:

Maize is not considered to have harmful toxicants and the genetic modification in 1507 maize does not introduce any new toxicants or allergenic substances affecting animal and human health, as discussed below.  
i) Toxicity
The CRY1F protein has specific toxicity against certain lepidopteran insect pests (target organisms).  There is no evidence for CRY proteins originating from Bacillus thuringiensis to have harmful effects on the health of humans and animals (EPA, 1995a; McClintock et al., 1995; EPA, 1996).

The potential toxicity of the maize expressed CRY1F protein to humans and animals was examined in an acute oral toxicology study where the equivalent microbially-derived CRY1F protein was evaluated for acute toxicity potential in mice (Kuhn, 1998).  The highest dose tested was 5050 mg of test material per kg body weight.  When adjusted for purity of the test material (11.4%; Evans, 1998; Annex 25), the dose was 576 mg CRY1F per kg body weight.  Observations for mortality and/or clinical or behavioural signs of pathology as well as body weights were made during the course of the study, and gross necropsies were conducted at the end of the study.  No mortality occurred during the course of the study.   Additionally, no adverse clinical signs were observed during the study and no adverse findings were noted at necropsy.  The relatively high dose tested in this study did not give rise to any toxicity and therefore the acute LD50 for CRY1F protein could not be determined other than estimated to be higher than 576 mg CRY1F per kg body weight.

The safety in terms of toxicity for the PAT protein has already been determined in detail during the assessment of glufosinate-ammonium tolerant maize (EPA, 1995b; EPA, 1997; Canadian Food Inspection Agency, 1998; SCP, 1998; OECD, 1999; Annex 6).  The pat gene was originally obtained from Streptomyces viridochromogenes strain Tü494 which has no known toxic or pathogenic potential.  The PAT protein is enzymatically active but it has high substrate specificity to the active ingredient of glufosinate-ammonium (L-PPT), and such a substrate does not occur within the maize plant or within the animal and human diets.  A toxicity study consisting of feeding rats with the PAT protein (0, 5000 and 50000 mg/kg body weight) has been carried out (Pfister et al., 1996; Health Canada, 1997) and the results showed that food consumption and body weight were not influenced by the PAT treatment with no occurrence of mortality.  Organ weights, gross pathology and histopathology findings did not indicate differences between treated and control animals.  Also, no changes were found in haematology or urine analyses.  All immunological screening parameters indicated that PAT protein does not induce immunological effects.  

In addition, an acute oral toxicity study consisting of feeding mice with 6000 mg test material per kg body weight containing approximately 5000 mg PAT per kg body weight has been carried out (Brooks, 2000).  There were no treatment-related clinical observations. All the mice in the study, 5 males and 5 females, gained body weight normally over the two-week observation period with no gross pathologic lesions.  Due to the absence of any symptoms of toxicity in this study, the LD50 for PAT protein could not be determined other than estimated to be higher than 5000 mg PAT per kg body weight.   

A poultry feeding study over a period of 42 days has also been carried out with grain from 1507 maize and non-GM control maize with comparable genetics.  The mortality, body weight gain and feed conversion of the chickens fed with 1507 maize were compared to chickens fed a standard diet containing yellow dent maize.  The results have been summarized in Table 20, and the final report is attached at Annex 5.  No statistically significant differences were observed on mortality, body weight gain or feed conversion between chickens fed a diet containing grain from 1507 maize or any of the other diets.
A thirteen-week (90-day) oral toxicity feeding study in rats has been carried out with 1507 maize grain in order to confirm the absence of toxicity of the proteins CRY1F and PAT expressed in 1507 maize grain.  A summary of the study design, protocols, results and conclusions obtained has been included below, while a complete copy of the study has been attached as Annex 39.  

The study involved a total of 10 groups of 12 young rats each, which were fed with diets containing 33% or 11% grain from 1507 maize, non-GM maize with comparable genetic background (33P66 maize) or from commercial non-GM maize (33J56 maize) for approximately 90 days.  All diets contained a total of 33% maize grain.  Diets formulated with 11% of transgenic or near isogenic maize (groups VII – X) also contained 22% commercial hybrid maize (33J56) for a final concentration of 33% maize.  

Body weights, food consumption, food efficiency and clinical signs were evaluated weekly.  Neurobehavioural and ophthalmological evaluations were carried out at the start and near the end of the study.  Clinical, gross and microscopic pathological evaluations were also conducted at the end of the study. 

No biologically significant, diet-related differences were observed in mean body weight, body weight gain, or food efficiency.  Statistically significantly higher food consumption was observed in male rats fed with a diet containing 33% grain from 1507 maize compared to male rats fed with a diet containing 33% grain from 33P66 maize (non-GM maize with a comparable genetic background).  However, no statistically significant differences were observed between the male rats fed with a diet containing 33% grain from 1507 maize compared to male rats fed with a diet containing 33% grain from commercial non-GM maize (33J56 maize).  In addition, the observed differences were very small in absolute terms and no differences in food consumption were observed among the groups of female rats fed with any of the diets.  The differences observed between male rats fed with a diet containing 33% grain from 1507 maize compared to male rats fed with a diet containing 33% grain from 33P66 maize were not considered toxicologically significant as there were no meaningful differences between these groups in either body weight, body weight gain or food efficiency.

The results also confirm that no toxicologically significant diet-related differences were observed among the groups fed with any of the different diets with respect to clinical signs of toxicity, ophthalmological observations, neurobehavioral assessments, clinical pathology (hematology, clinical chemistry, coagulation, or urinalysis parameters), organ weights, and gross or microscopic pathology.

In conclusion, exposure of male and female rats to diets containing grain from 1507 maize produced no toxicologically significant differences, compared to rats fed diets containing grain from non-GM maize with comparable genetic background or grain from commercial non-GM maize.
ii) Allergenicity

The assessment of the allergenic potential of the CRY1F and PAT proteins has been made following the recommendations from FAO/WHO (2000), and according to the decision-tree of Metcalfe et al. (1996) for the assessment of the allergenicity of genetically modified crop plants.

The most important factor to consider in assessing allergenic potential is whether the source of the gene being introduced into plants is known to be allergenic (FDA, 1992).  Neither Bacillus thuringiensis (the source of the cry1F gene) nor Streptomyces viridochromogenes (the source of the pat gene) have a history of causing allergy.  Also, both donor organisms are common soil bacteria.  In over 30 years of commercial use, there have been no substantiated reports of allergenicity to B. thuringiensis, including occupational allergy associated with manufacture of products containing B. thuringiensis  (EPA, 1995a; McClintock et al., 1995; EPA, 1996).

The biochemical profile of the CRY1F and PAT proteins also provides a basis for allergenic assessment when compared with known protein allergens.  A comparison of the amino acid sequence of an introduced protein with the amino acid sequences of known allergens is a useful indicator of allergenic potential (FAO/WHO, 2000).  A database search was compiled by Meyer (1999; Annex 20) using the Wisconsin Genetics Computer Group (GCG) sequence analysis computer program with the keyword “allergen” to search standard DNA and protein sequence databases.   A significant homology is defined as a sequence identity of 8 or more contiguous amino acids.  Comparison of the 15 most homologous database sequences confirmed that CRY1F protein does not share any significant amino acid sequence homology with known protein allergens.

In a similar way, a comparison of the amino acid sequence of PAT protein to known protein allergens was also carried out (Meyer, 1999; Annex 20).  As expected, the results demonstrated that PAT protein shares no significant amino acid homology with known protein allergens.  In addition, the PAT protein has been the subject of previous safety assessments for genetically modified plants and found to have no potential for allergenicity (EPA, 1995b; EPA, 1997; Health Canada, 1997; Canadian Food Inspection Agency, 1998; SCP, 1998; OECD, 1999; Annex 6).

Protein allergens are typically stable to the peptic and tryptic digestion, and to the acid conditions of the human digestive system, which allows them to reach and pass through the intestinal mucosa to elicit an allergenic response.  Both CRY1F and PAT proteins are readily degradable in simulated digestive juice, minimising any potential for these proteins to be absorbed by the intestinal mucosa when consumed.  The CRY1F protein was nearly completely proteolysed in simulated gastric conditions within one minute at a molar ratio of 188:1 (CRY1F:pepsin) (Evans, 1998; Annex 25), whereas the PAT protein has been shown to degrade to non-detectable levels within 5 seconds after introduction to simulated gastric fluid containing pepsin  (Glatt, 1999; OECD, 1999; Annexes 21 and 6, respectively).  Additional data from a recent study confirms that CRY1F protein is in fact digested within 15 seconds in SGF as demonstrated by SDS-PAGE and Western blot analysis (Annex 22).  Any low molecular weight fragments derived from CRY1F protein as a result of the production, purification and degradation processes are also readily digested in less than 15 seconds (Annex 22).
In vitro digestibility studies in a simulated intestinal fluid (SIF) model of microbially-derived CRY1F have also been carried out (Korjagin and Ernest, 2000).  Digestibility of CRY1F, the non-allergenic protein acid phophatase and the allergenic proteins ovalbumin and β-lactoglobulin were compared.  The CRY1F protein, the non-allergenic 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 results indicate that: i) the in vitro SIF model is apparently unable to discriminate between known non-allergenic and allergenic proteins using stability to proteolysis as an experimental endpoint; ii) the CRY1F protein remained undigested in SIF as expected, based on the characteristics and function of the CRY proteins which are processed to the 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 SGF and SIF systems with other CRY proteins (e.g., CRY1A(b) and CRY3A) which are not considered to share the characteristics of known food allergens.

The immunoblot detection technique has demonstrated that CRY1F is not glycosylated, which is an additional indicator of the absence of allergenic potential in the CRY1F protein.  Furthermore, CRY1F protein looses immunoreactivity after heat processing (Evans, 1998; Annex 25) and it has a history of safe use in microbial pesticides (McClintock et al., 1995).  An additional study on heat lability of CRY1F protein at various temperatures has shown that CRY1F protein looses its biological activity against neonate tobacco budworm, Heliothis virescens, after exposure to >75 oC for 30 minutes (Herman, 2000; Annex 23).

Therefore, the cry1F and pat genes introduced into 1507 maize do not encode for known allergens, and neither the CRY1F nor the PAT proteins share immunologically significant amino acid sequences with known allergens.  This together with the rapid breakdown of these proteins under digestive conditions supports the conclusion that the CRY1F and PAT proteins do not pose any significant allergenic risk.

iii) Antimicrobial resistance sequences

There are no antimicrobial resistance sequences inserted in 1507 maize.  The PmeI DNA fragment used to transform 1507 maize did not contain the nptII gene. The Southern blot analysis (Glatt, 2000; Annex 7) has shown that the nptII gene has not been incorporated into the genome of 1507 maize (see Point D.2.a. of Section 2 of the notification).  

iv) Conclusions of the safety assessment

An extensive analysis of the molecular characteristics, protein expression, composition, and safety of 1507 maize has been conducted as described in detail in this Section.  The specific characteristics of both the CRY1F and PAT proteins have also been examined in detail.  This information and other relevant published information have been used in the assessment of both the expected and unexpected effects of the introduced proteins in 1507 maize.  Based on all this information, we conclude that 1507 maize is as safe and nutritious as any other commercial maize.

Maize is not a pathogenic organism.  It has a long history as an agricultural crop and there are no recognised antinutrients in maize which are considered harmful (White and Pollak, 1995). 
The donor of the cry1F gene, Bacillus thuringiensis (B.t.), is a diverse group of Gram positive, spore-forming bacteria best known as a valuable source of commercially important biopesticides.  The most well studied class of B.t. insecticidal proteins is the (-endotoxins.  Advances in agricultural biotechnology have enabled the expression of B.t. toxins such as CRY1F protein in GM plants, thereby imparting intrinsic insect resistance traits to a number of important crops (Prieto-Samsonov et al., 1997).  

The commercial introduction of GM maize expressing the B.t. toxin has, for the first time, provided growers with a simple, cheap, highly effective, and environmentally benign means of controlling the European corn borer and other lepidopteran insect pests.  The 1507 maize will be the first to express an insect control protein derived from Bacillus thuringiensis sbsp. aizawai.  As such, it demonstrates a somewhat different spectrum of activity against insect pests.    However, the CRY1F protein is very similar in toxicological properties to other B.t. proteins that have been shown to be safe for human and animal consumption.  The acute oral toxicity study with CRY1F protein described in this safety assessment confirms this assumption.  The results of an analysis of potential allergenicity of CRY1F also confirms that there is no significant homology to known allergens.

The pat gene, as derived from Streptomyces viridochromogenes, and PAT protein conferring tolerance to glufosinate-ammonium herbicide in maize have been the subject of previous safety assessments under Directive 90/220/EEC by the Scientific Committee on Plants.  The assessments conclude that there is no concern for the safety and nutrititional value of the glufosinate-ammonium tolerant maize expressing the PAT protein.  Levels of the PAT protein in 1507 maize do not exceed levels observed in other commercially available glufosinate-ammonium tolerant maize hybrids.   The PAT protein has been shown to present no significant human health risk based on acute oral toxicity studies and in vitro digestibility studies (EPA, 1997; EPA, 1995b; OECD, 1999; Annex 6).     

The nutritional characteristics of 1507 maize were also evaluated in this assessment.  The forage and grain obtained from 1507 maize was comparable to that from control maize with comparable genetics based on proximates, minerals, fatty acids, amino acids, vitamins, secondary metabolites and anti-nutrients analyses.  In addition, as mentioned above, the poultry feeding study has shown nutritional equivalence between 1507 maize grain and commercial maize grain.

Based on this evaluation, it can be concluded that there are no safety concerns associated with the use of 1507 maize in feed products derived from maize.  1507 maize expressing CRY1F and PAT proteins, as introduced by the genetic modification, is substantially equivalent and as safe and nutritious as other commercial maize used for animal feed. 
Table 20:  Summary of results from the poultry feeding study (Annex 5)

	Parameter
	Treatment

	
	Control

(Bin #1)
	Control

(Bin #2)
	Control

(Bin #3)
	Control

(Bin #4)
	Non-GM

control

hybrid (7250)


	1507 maize

	Mortality (%)
	5.71
	5.71
	2.86
	5.71
	2.86
	5.71

	Stats.a
	a
	a
	a
	a
	a
	a

	Body Weight 

(kg) Day 0
	0.044
	0.043
	0.043
	0.043
	0.044
	0.043

	Stats.a
	a
	a
	a
	a
	a
	a

	Body Weight 

(kg) Day 42
	1.730
	1.739
	1.738
	1.728
	1.739
	1.757

	Stats.a
	a
	a
	a
	a
	a
	a

	Daily Gain 

(g per bird per day)
	0.040
	0.040
	0.040
	0.040
	0.040
	0.041

	Stats.a
	a
	a
	a
	a
	a
	a

	Feed Conversion 

(Body weight corrected)
	1.797
	1.806
	1.808
	1.804
	1.802
	1.775

	Stats.a
	a
	a
	a
	a
	a
	a


a: Treatment means within a row without a common letter are significantly different (p< 0.05)
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