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Maize lines have been modified to express a protein from Bacillus 
thuringiensis subsp. kurstaki strain HD-l [Cry IA(b)] (Hofte..and Whitely, 
1989). This protein, CryIA(b), has insecticidal activity against the European 
Corn Borer (ECB, Ostrinia nubilalis) insect pest and the pink borer (Sesamia 
cretica). These maize lines, MON 801,809 and 810, will be referred to as 
insect-protected maize (IPM) lines throughout this report. In addition to the 
cryIA(b) gene, genes encoding CP4 5-enolpyruvylshikimate-3-phosphate 
synthase (CP4 EPSPS) (Padgt~tte et al., 1996) and glyphosate oxidoreductase 
(GOX) (Padgette et al., 1994) may also be present. The CP4 EPSPS and gox 
genes were present to enable selection of cells in tissue culture that contained 
the cryIA(b) gene. The Roundup ReadyTM maize lines, MON 830,831 and 
832, contain only the CP4 EP8PS and gox genes, whose proteins confer 
tolerance to glyphosate (the active ingredient in the herbicide Roundup®) at 
the whole plant level. The insect-protected Roundup Ready (lPMIRR) maize 
lines, MON 802 and 805, contain all three genes, cryIA(b), CP4 EPSPS and 
gox. The maize transformation vectors used to produce these maize lines 
include a gene cassette containing a bacterial specific promoter and the 
coding region for neomycin phosphotransferase, NPTII. The NPTII protein 
allows selection of bacteria containing the vector in media containing 
kanamycin. The nptII gene was under the control of a bacterial-specific 
promoter and therefore, does not produce the NPTII protein in plant cells. 
The control lines have background genetics representative of their respective 
test lines, but have not been genetically modified and therefore, do not 
express the CryIA(b), CP4 EPSPS or GOX proteins. 

The purpose of this study was to evaluate insect-protected (IPM), insect
protected Roundup Ready (IPMJRR), and Roundup Ready (RR) maize lines 
grown under field conditions. This study was designed to estimate the levels 
of CryIA(b), CP4 EPSPS and/or GOX proteins in leaf, forage and grain 
samples from several maize lines. In addition, compositional analyses were 
performed on forage and grain samples. 

Plant samples were collected from insect-protected, insect-protected Roundup 
Ready, Roundup Ready and control maize plants grown in the 1995 European 
field trials as representative of commercially grown maize. Therefore, data 
collected on protein expression levels and compositional components were 
representative of the levels expected in the commercial crop of these maize 
lines. The forage and grain samples produced in this study are appropriate 
for the compositional analyses . 

-.. ~""""""""""--""----""--""--""""------.------------------------------------------------
.. 
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Expression levels of CryIA(b), CP4 EPSPS and GOX proteins varied for each 
maize line analyzed yet were sufficient to confer the observed phenotypes, 
insect-protection and/or glyphosate tolerance. 

The levels of the major components of maize grain (protein, fat, ash, neutral 
detergent fibre, acid detergent fibre, carbohydrates, moisture, amino acids 
and fatty acids) were similar between the test and control samples, and 
typical of the values published (Watson, 1982) and observed (Sanders and 
Patzer, 1995; and Sanders et al., 1996). The major components of forage 
(protein, fat, ash, neutral detergent fibre, acid detergent fibre, carbohydrate 
and dry matter content) were similar between the maize test lines and the 
control line, MON 820 and within the published literature ranges (Watson, 
1982). It was concluded that each of these maize lines are substantially 
equivalent in composition and representative of maize grain currently in 
commerce. 
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Maize lines have been modified to express a protein from Bacillus 
thuringiensis subsp. kurstaki strain lID-I [Cry IA(b)] (Hafte and Whitely, 
1989). This protein, CryIA(b), has insecticidal activity against the European 
Corn Borer (ECB, Ostrinia nubilalis) insect pest and the pink borer (Sesamia 
cretica). These maize lines. MON 801, 809 and 810, will be referred to as 
insect-protected maize (IPM) lines throughout this report. In addition to the 
cryIA(b) gene, genes encoding CP4 5-enolpyruvylshikimate-3-phosphate 
synthase (CP4 EPSPS) (Padgette et al., 1996) and glyphosate oxidoreductase 
(GOX) (Padgette et al., 1994) may also be present. The CP4 EPSPS and gox 
genes were present to enable selection of cells in tissue culture that contained 
the cryIA(b) gene. The Roundup ReadyTM maize lines, MON 830, 831 and 
832, contain only the CP4 EPSPS and gox genes, whose proteins confer 
tolerance to glyphosate (the active ingredient in the herbicide RounduP®) at 
the whole plant leveL The insect-protected Roundup Ready (IPMlRR) maize 
lines, MON 802 and 805, contain all three genes, cryIA(b), CF4 EPSPS and 
gox. The maize transformation vectors used to produce these maize lines 
include a gene cassette containing a bacterial specific promoter and the 
coding region for neomycin phosphotransferase, NPTTI. The NPTII protein 
allows selection of bacteria containing the vector in media containing 
kanamycin. The nptII gene was under the control of a bacterial-specific 
promoter and therefore, does not produce the NPTII protein in plant cells. 
The control lines have background genetics representative of their respective 
test lines, but have not been genetically modified and therefore, do not 
express the CryIA(b), CP4 EPSPS or GOX proteins. 

B. Purpose 

The purpose of this study was to evaluate insect·protected (IPM), insect
protected Roundup Ready (IPMlRR), and Roundup Ready (RR) maize lines 
grown under field conditions. This study was designed to estimate the levels 
ofCryIA(b), CP4 EPSPS and/or GOX proteins in leaf, forage and grain 
samples from several maize lines. In addition, compositional analyses were 
performed on forage and grain samples. 
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The test substances for this study were: the IPM maize lines MON 801, MON 
809 and MON 810; the IPMlRR maize lines MON 802 and MON 805; and the 
RR maize lines MON 830, MON 831 and MON 832. Two additional !PM 
maize lines, MON 813 and MON 814, were planted and sampled but were not 
pursued as commercial candidates, so only limited analyses were performed. 

B. Control substances 

The control substances for this study, MON 820 and MON 821, have not been 
genetically modified, but have background genetics representative of the test 
substances. MON 820 was the control for test lines MON 801, 802, 805, 810, 
830, 831 and 832. MON 821 was the control for test lines MON 809, 813 and 
814. 

C. Characterization of test and control substances 

The identity of the test and control substances was verified by the Study 
Director prior to their use in the study by verifYing the chain-of-custody 
documentation supplied with the seed. Full characterization of the test and 
control substances was the purpose of this study. 

Southern blot analysis of maize lines planted in this study was performed 
concurrent with this study to confirm maize line identity. 

D. Reference substance 

There was no reference substance for this study. 

Appropriate standards were used in each assay as reference substances for 
the analytical procedures. The analytical standards used for compositional 
analyses are listed in the Analytical Subreport (Method Summaries), 
archived with the raw study data. 
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CryIA(b) protein standard for ELISA. The trypsin-resistant core of 
CryIA(b) protein (lot #192017) used in the ELISA was prepared by 
trypsinization of full length CryIA(b) protein purified from E. coli containing 
plasmid pMAP40 (Heeren et ai., 1992). The purified protein was stored as a 
1.8 rog/mL tryptic fragment ofCryIA(b) protein solution in 100 mM sodium 
carbonate, pH 10 at approximately ·80°C. Characterization of the standard 
has been described previously (EPA MRID #43468001). 

CP4 EPSPS protein standard for ELISA. CP4 EPSPS protein standard 
(lot #5192245, prepared 12-12-92) was purified from E. coli expressing an 
Agrobacterium species strain CP4 EPSPS gene with a 90%+ purity (Harrison 
et al., 1993). The aliquots of standard were stored at approximately -20°C in 
50 roM Tris-HCI pH 7.5, 50% glycerol, 2 roM DTT and 50 mM KCI at 2.9 
mglmL. 

GOX protein standard for ELISA. The GOX protein was purified from E. 
coli, lot #LAH4I13/92 #8 characterized previously (Padgette et al., 1994). The 
GOX standard was determined to be approximately 85% pure by gel 
densitometry of a Coomassie stained gel. The specific activity of the enzyme 
was 2.4 U/mg and was stored and used as a solution (0.63 mglmL) in 40% 
sucrose and maintained at approximately -20°C. 

E. Test system 

The test system for this study was a panel of analytical biochemical methods. 
Validated Enzyme Linked Immunosorbent Assays (ELISA) were performed to 
estimate the CryIA(b), CP4 EPSPS and GOX protein levels in the leaf, forage 
and grain samples. Compositional analyses were performed by published 
methods (Association of Official Analytical Chemists, AOAC, 1990) which are 
currently used to evaluate nutritional quality of maize. 

IV. METHODS 

A. Summary of experimental design 

Insect-protected, insect-protected Roundup Ready, Roundup Ready and 
control maize plants were grown in France and Italy (Study 95-BTRR-01). 
The field trials were conducted at five locations: Segoufielle, FR; Mogliano 
Veneto TV, IT; Beaumont sur Leve, FR; Le Castera, FR; and Montadet, FR . 
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These sites provided a variety of environmental conditions which were 
representative of regions where insect-protected and/or glyphosate tolerant 
maize lines would be grown as a commercial product. 

Young leaf, forage and grain samples were collected from these plants as 
described in the Study Protocol (Attachment 1). These tissues were 
evaluated for CryIA(b), CP4 EPSPS and GOX protein levels using sensitive 
and specific ELISA assays developed and validated for each protein. The 
Italy site was destroyed before the forage and grain samples could be 
collected. Forage and grain harvested from the four remaining sites was 
used for the compositional analyses. 

B. Field trial 

Test and control maize plants were grown at five European sites under 
conditions typical for maize in each region. The locations encompass a range 
of environmental conditions and insect pressure from agronomically 
important pests. Up to twenty-five seed of each maize line were planted at 
each site. All field sites were managed in a manner such that the identity 
and integrity of all samples was maintained. Line purity was maintained by 
bagging the tassels and ear shoots at anthesis and self-pollinating each plant. 
Leaf, forage and grain samples from the maize plants were shipped promptly 
to Monsanto facilities, St. Louis, Missouri and stored according to the 
protocol (Attachment 1). 

c. ELISA analytical methods 

Extraction of protein from maize tissues. Maize tissues were processed 
and extracts prepared according to SOPs (Appendix 2). Tissue was ground to 
a fine powder on dry ice or liquid nitrogen in a blender or vertical cutter 
mixer. All tissue powders.were kept on dry ice during extract preparation. 
The tissue was extracted in the appropriate extraction buffer (as specified in 
the SOP) using a Polytron tissue homogenizer (Brinkman, Inc., Westbury, 
NY) at approximately 17,000 rpm for := 30 seconds. Insoluble material was 
removed by centrifugation at = 8,000 x g for 10-15 minutes at = 4°C. The 
supernatant was removed and stored frozen at approximately -80°C until 
assayed. 
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CryIA(b) ELISA. A direct double antibody sandwich enzyme-linked 
immunosorbent assay, ELISA, has been developed and validated to 
quantitate the levels ofCryIA(b) protein in genetically modified maize plants 
(Ledesma et al., 1995a,1995b). The ELISA validation summary is contained 
in Appendix 3. CryIA(b) prob~in levels in tissue extracts were measured by 
ELISA according to SOP BtM-PRO-068-01. The leaf extraction buffer was 
PBST (137 mM NaCl, 2.7 mM KCI, 10 mM phosphate buffer, and 0.07% 
Tween-20; SOP BtM-PRO-068) for the CryIA(b) ELISA. The forage and grain 
samples were extracted in TBA buffer (lOOmM Trizma base, 10mM sodium 
borate, 0.05% (v/v) Tween-20, 5mM MgCb and 0.2% (w/v) L-ascorbic acid, pH 
7.5). Tissue extracts were treated with trypsin to produce the trypsin 
resistant fragment of CryIA(b) protein for detection by ELISA. Trypsinolysis 
was stopped by addition of a serine protein inhibitor, phenylmethylsulfonyl 
fluoride (PMSF). Tryptic fragment of CryIA(b) protein was measured using a 
direct double antibody sandwich ELISA using rabbit anti-CryIA(b) and a 
polyclonal antibody conjugated to alkaline phosphatase (AP). Para-
nitro phenyl phosphate (pNPP) was the AP substrate used for color 
development. Quantitation of sample CryIA(b) protein concentration was 
accomplished by extrapolation (based on sample absorbance value) from a 
tryptic fragment ofCryIA(b) protein standard curve. The CryIA(b) ELISA 
measures the levels, in ng/mL, of tryptic fragment ofCrylA(b) protein in 
maize tissue protein extracts. The nglmL value obtained in the ELISA was 
multiplied by 2 to convert these data to levels of full-length CryIA(b) protein. 
The molecular weight of the tryptic fragment is approximately one-half the 
molecular weight of the plant·expressed full-length CryIA(b) protein. 

CP4 EPSPS ELISA. An enzyme-linked immunosorbent assay, ELISA, has 
been developed and validated to quantitate the levels of CP4 EPSPS protein 
in genetically modified maize plants (Elswick, 1995a, 1995b). The ELISA 
validation summary is contained in Appendix 3. CP4 EPSPS protein levels 
in maize tissue protein extracts were measured by a direct double antibody 
sandwich ELISA according to SOP BtM-PRO-076-01. The extraction buffer 
for CP4 EPSPS protein was PBST (137 mM NaCl, 2.7 mM KCI, 10 mM 
phosphate buffer, 0.05% Tween 20). This assay used goat anti-CP4 EPSPS 
antibody to capture and rabbit anti-CP4 EPSPS conjugated to horseradish 
peroxidase to quantitate CP4 EPSPS protein levels. A horseradish 
peroxidase substrate, TMB, (3,3',5,5' Tetramethylbenzidene) was added for 
color development. Quantitation of sample CP4 EPSPS concentration was 
accomplished by extrapolation (based on sample absorbance value) from a 
CP4 EPSPS protein standard curve. 
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GOX ELISA. A direct double antibody sandwich enzyme-linked 
immunosorbent assay (ELISA) has been developed and validated to 
quantitate the levels of GOX protein in genetically modified maize plants 
(Davies, 1994; Davies and Sanders, 1995a). The ELISA validation summary 
is contained in Appendix 3. The ELISA procedure is described in detail in 
SOP BtM-PRO-037 -00. This ELISA uses goat anti-GOX antibody and 
alkaline phosphatase conjugated to that antibody as the two major assay 
reagents. Para-nitrophenyl phosphate (pNPP) was added for color 
development. The extraction buffer for the GOX ELISA was TBA+CHAPS 
(100 mM Tris, 100 mM sodium borate, 5 mM MgC12, 0.05% (v/v) Tween 20, 
6.5 mM CHAPS, 0.2% (w/v) L-ascorbic acid, pH 7.8) (SOP BtM-PRO-037-00). 
GOX protein concentration in samples was quantitated by extrapolation from 
the standard curve of GOX protein. 

Total soluble protein. Total soluble protein in maize tissue extracts was 
measured by the method of Bradford (1976) using the microtiter plate 
application of the Bio-Rad Protein Assay according to SOP (Appendix 2). 
Bovine serum albumin (Sigma, St. Louis, MO) was used as the protein 
standard. 

D. Compositional analytical methods 

Grain was analyzed for proximates (protein, fat, ash, neutral detergent fibre, 
acid detergent fibre, and moisture), amino acid composition and fatty acid 
profile. Forage samples were analyzed for proximates. 

Preparation of samples for compositional analyses. Approximately 
100g of several test and control forage and grain samples (MON 801, 802, 
805,810,830,831,832,820 and 821) were ground to a fine powder according 
to SOP and shipped to Corning Hazleton, Inc. (Madison, WI) for 
compositional analyses. Line identification and sample integrity were 
preserved by careful labelling and storage under conditions to preserve 
sample stability. 

Moisture (MI00). The sample was dried in a vacuum oven at 100°C to a 
constant weight (approximately 5 hours) (AOAC methods 926.08 and 925.09, 
1990). The moisture loss was determined gravimetrically. There was no 
analytical reference substance for these analyses. 
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Protein (PGEN). Protein and other organic nitrogen in the sample was 
converted to ammonia by digesting the sample with sulfuric acid containing a 
mercury catalyst mixture. The acid digest was made alkaline, and the 
ammonia was distilled and titrated with a standard acid. The percent 
nitrogen was determined and converted to protein using the factor 6.25 
(AOAC methods 955.04C and 979.09, 1990; Bradstreet, R.B. 1965; Kalthoff 
and Sandell, 1948). There was no analytical reference substance for these 
analyses. 

Fat (F AAH). The forage sam.ple was hydrolyzed with hydrochloric acid at 
elevated temperature. The fat was extracted using ether and hexane. The 
extracts were washed with a dilute alkali solution and filtered through a 
sodium sulfate column. The extract was then evaporated, dried, and weighed. 
The limit of detection for this study was 0.1% (AOAC methods 922.06 and 
954.02, 1990). There was no analytical reference substance for this method. 

Fat (FSOX). The grain sample was weighed into a cellulose thimble 
containing sand or sodium sulfate. The thimble was dried to remove excess 
moisture. Pentane was dripp,ed through the sample to remove the fat. The 
extract was evaporated, dried and weighed (AOAC methods 960.39). This 
method was used for the grain sample analysis. There was no analytical 
reference substance for these analyses. 

Ash (ASHM). Volatile organic matter was driven off when the sample was 
ignited at 550°C in an electric: furnace. The residue was quantitated 
gravimetrically and calculated to determine percent ash (AOAC method 
923.03, 1990). There was no analytical reference substance for this analysis. 

Carbohydrates (CHO). Carbohydrates were calculated by difference using 
the fresh weight-derived data and the following equation (USDA Agricultural 
Handbook No.8, 1975): 

% carbohydrates = 100% - (% protein + % fat + % ash + % moisture) 
There was no analytical referlence substance for these analyses. 

Crude Fibre (CFm). Crudt:~ fibre is the loss on ignition of dried residue 
remaining after digestion of the samples with 1.25% sulfuric acid and 1.25% 
sodium hydroxide solutions under specfic conditions (AOAC method 962.09, 
1990). There was no reference substance for this method. 
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Neutral Detergent Fibre Enzyme Method (NDFE). The sample was 
placed in a fitted vessel and washed with a boiling detergent solution that 
dissolved the protein, carbohydrate, enzyme, and ash. An acetone wash 
removed the fats and pigments. The hemicellulose, cellulose-and lignin 
fractions were collected on the frit and detennined gravimetrically (AACC 
method 3220, 1977; USDA Agricultural Handbook No. 379, 8, 1970). There is 
no analytical reference substance for this method. 

Acid Detergent Fibre (ADF). The sample was placed in a fitted vessel and 
washed with a boiling detergent solution that dissolved the protein, 
carbohydrate, enzyme, and ash. An acetone wash removed the fats and 
pigments. The lignocellulose fraction was collected on the frit and 
determined gravimetrically (USDA Agricultural Handbook No. 379, 8, 1970). 
There is no analytical reference substance for this method. 

Amino Acid Composition (TAAP). Grain samples were hydrolyzed with 
hydrochloric acid, and adjusted to pH 2.2. The individual amino acids were 
quantitated using an automated amino acid analyzer. This assay was based 
on previously published references (AOAC method 982.30, 1990). The 
reference substances used for these analyses were: K18 (Beckman, lot 
#A304008), L-Tryptophan (Sigma Chemical, lot #52H0717), Cysteic Acid 
Monohydrate (Sigma Chemical, lot #83H2607), Methionine Sulfone (Sigma 
Chemical, lot #12H3349). 

Fatty Acid Profile (FAC). The lipid in the grain samples was extracted, 
saponified with 0.5N sodium hydroxide in methanol, and methylated with 
14% boron trifluoride:methanol. The resulting methyl esters were extracted 
with heptane containing an internal standard. The methyl esters of the fatty 
acids were analyzed by gas chromatography using external standards for 
quantitation (AOCS method Ce 1-62, 1981). The reference substances are 
listed in the study data files. 

E. Control of bias 

The test and control lines in the 1995 European field trial were planted in a 
non-systematic manner at each of five field sites. Maize tissues were ground 
thoroughly and mixed before extraction to minimize tissue bias. In addition, 
where appropriate, plant tissue matrix was added to analytical reference 
standards to control for matrix effects. 
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During the validation of each ELISA method used in this study, the accuracy 
of the system was evaluated and each method optimized to minimize assay 
bias. Accuracy is defined by two components: extraction efficiency and 
recovery of spike protein. These values for each protein are in Appendix 3. 
The reported expression levels were not corrected for assay bias. 

F. Data reduction and statistical analyses 

CiyIA(b), CP4 EPSPS and GOX protein concentrations from ELISA data 
were calculated using validated computer systems and software. Absorbance 
readings from the ELISA and total soluble protein determinations were 
recorded using a Bio-Rad Model 3550 plate reader and were collected directly 
onto a formatted Microsoft® Excel (version 3.0) file using proprietary 
software developed by Monsanto ("ELISAread" program, King et al., 1993). 
The raw data for each microtiter plate were transformed into concentration 
values using a validated Microsoft® Excel (version 3.0) Macro program and 
validated templates designed specifically for each method (Donovan et al., 
1993; Elswick, 1995c, Berberich et al., 1995). 

The concentration ofCryIA(b), CP4 EPSPS and GOX protein in the maize 
tissue extracts (via ELISA methods) was transformed to llg protein/g fresh wt 
of tissue using the tissue:volume ratios for each extraction. These 
calculations were executed using verified Microsoft® Excel (version 4.0) 
worksheets. The mean expression and standard deviation across all sites for 
each test line was calculated by Microsoft® Excel (version 4.0) spreadsheet. 
No additional statistical analyses were performed on the expression or 
composition data. 

G. Protocol amendments 

1. Protocol Amendment #1 deleted the statistical analysis of the composition 
data from the study. The crude fibre assay for forage and grain samples was 
replaced by the neutral detergent fibre and acid detergent fibre assays. The 
Laboratory Information Management Systems reports would not be included 
in the analytical subreport. 

2. Amendment #2 outlined the deletion of test lines MON 813 and MON 814 
from the study. These deletions were made based on the business decision 
not to continue these lines as commercial candidates. 



Monsanto Company 
CEREGEN 
Regulatory Science 

Study #: 95-10-50·03 
MSL# 14615 
Page 22 of 95 

3. Amendment #3 added the crude fibre assay for forage to the compositional 
analysis. 

V. RESULTS AND DISCUSSION 

A. Field trials 

The IPM, IPMlRR and RR maize lines were grown under conditions 
representative of the major maize-growing region of the European Union. 
Approximately twenty-five seeds were planted of each line at each of five 
sites. Leaf, forage and grain samples from insect-protected, insect-protected 
Roundup Ready, Roundup Ready and control plants were collected, labelled, 
shipped, and stored in a manner to preserve line identity and sample 
integrity. Table Illsts the test and control substance identifiers assigned to 
each line and grain samples. 

1. Test and control substance characterization 
Sample analysis. Characterization of the test substance included analysis 
of the test and control plant samples for CryIA(b), CP4 EPSPS and GOX 
protein levels as part of the study. The test lines MON 813 and MON 814 
were dropped from the study and are not discussed further in this report but 
the expression data was included in the archived study files. 

Southern blot analysis. The identity of the IPM (MON 801, 809, 810, 813 
and 814) and IPMlRR (MON 802 and 805) test substances was confirmed by 
Southern blot analysis (Appendix 1). The same test and control seed batches 
were planted in field trials in the US (Study #95-01-50-0lf02) and EU (Study 
#95-BTRR-01l02). Southern blot analysis was performed on leaf material 
collected from one US site as representative of the line at all US and EU field 
sites. For the IPM and IPMlRR maize lines, the DNA pattern was compared 
to the pattern for the grain batch planted in the 1994 U.S. field trials. 
Southern blot analysis gave a unique DNA pattern for each maize line. The 
unique DNA pattern for each line was identical between seed planted in the 
1994 U.S. trials and seed planted in these trials, verifying line identity. The 
control lines, MON 820 and 821 did not contain a CryIA(b) fragment, 
confirming their identities as controls. These results are summarized in 
Appendix 1. The raw data has been archived as part of Study 95-01-50-01. 
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The RR maize lines (MON 830, 831 and 832) were planted in trials conducted 
under GLP for the first time in 1995. A unique "fingerprint" DNA pattern 
was determined for each RR maize line as test substance characterization 
(Appendix 1). 

2. Plant samples 
Young leaf sampling. One young leaf from each of the plants of each line 
was collected at all sites, when plants were approximately V 4-6 stage. The 
leaves of each line were poole.d and placed into a labelled bag, frozen on dry 
ice and shipped frozen to Monsanto, St. Louis facility. All samples arrived 
frozen and were transferred to approximately -80°C storage. The leaf 
samples of maize line MON 801 from the Beaumont sur Leve, FR site were 
not received. 

Forage. Two forage plants (leaves, ears, tassel and stalk) were collected at 
soft dough stage from each site in France. The two plants of each line were 
pooled and treated as a single sample. Forage plants were frozen and 
delivered to Monsanto Louvain-Ia-Neuve (LLN) on dry ice. The plants were 
ground to a fine powder on dry ice then shipped on dry ice to Monsanto, St. 
Louis facility. The samples were stored at approximately -80°C. 

Grain. All grain was harvested at physiological maturity and dried to 
approximately 13% moisture prior to shelling. The ears were harvested from 
all plants at each site in France. Ears were shelled, and the grain placed into 
bag(s) labeled with unique batch MON numbers consisting of 3-digit maize 
line MON number and 2-digit numbers (Table 1). The grain was shipped to 
and stored at Monsanto, St. Louis facility at ambient temperature. 

B. Protein expression in maize plant samples 

Tables 2, 3 and 4 summarize the CryIA(b), CP4 EPSPS and GOX protein 
levels, respectively, in the plant samples. The RR lines do not contain the 
cryIA(b) gene and therefore, samples from these lines were not analyzed for 
the CryIA(b) protein. The me~m CryIA(b), CP4 EPSPS and GOX protein 
levels for each test line across all sites was calculated. These values were 
calculated from the protein levels measured for each site. The range 
represents the minimum and maximum values from the analyses of samples 
across all sites. The forage protein levels were measured from a pool of two 
plants collected at each site. All samples and extracts were analyzed within 
the timeframe of demonstrated protein stability for CryIA(b) (Ledesma and 
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Sanders, 1995a,b,c), CP4 EPSPS (Elswick and Sanders, 1995a,b,c) and GOX 
(Davies and Sanders, 1995b,c,d). 

1. CryIA(b) protein levels in maize tissues 
Table 2 summarizes the levels of CrylA(b) protein in young leaf, forage and 
grain samples of all rPM and IPMlRR maize lines. For the IPM lines, MON 
801,809 and 810, the level ofCryIA(b) protein ranged from <0.14 to 9.39 
pg/g fwt in young leaf tissue, <0.04 to 5.56 llg/g fwt in forage, and <0.07 to 
0.79 llg/g fwt in grain. 

For the IPMlRR lines, MON 802 and 805, the level ofCryIA(b) protein 
ranged from 1.15 to 7.23 llg/g fwt in young leaf tissue, <0.04 to 3.79 Jlg/g fwt 
in forage, and 0.63 to 5.02 Jlglg fwt in grain. 

The RR lines do not contain the cryIA(b) gene and therefore, samples from 
these lines were not analyzed for the CryIA(b) protein. 

2. CP4 EPSPS protein levels in maize tissues 
Table 3 summarizes the levels of CP4 EPSPS protein levels in the young leaf, 
forage and grain samples from all maize lines. For the IPM maize lines 
(MON 801, 809 and 810) the level of CP4 EPSPS protein ranged from <0.49 
to 16.99 Jlg/g fwt in young leaf tissue, <0.35 to 9.66 llg/g fwt in forage, and 
<0.012 to 4.11 Jlg/g fwt in grain. 

For the IPMlRR maize lines, MON 802 and 805, the level of CP4 EPSPS 
protein ranged from 1.23 to 38.74 Jlg/g fwt in young leaf tissue, <0.35 to 13.33 
pg/g fwt in forage, and 0.24 to 7.55 Jlg/g fwt in grain. 

For the RR maize lines, MON 830, 831 and 832, the level of CP4 EPSPS 
protein ranged from 25.92 to 64.63 Jlg/g fwt in young leaf tissue, 7.53 to 46.16 
Jlg/g fwt in forage, and 3.93 to 7.74 Jlg/g fwt in grain. 

3. GOX protein levels in maize tissues 
Table 4 summarizes the levels of GOX protein in the young leaf, forage and 
grain samples. For the IPM maize lines (MON 801, 809 and 810) the level of 
GOX protein ranged from <0.44 to 2.59 Jlg/g fwt in young leaf tissue, and was 
below the limit of detection in forage tissue and grain. 

For the IPMlRR maize lines (MON 802 and 805), the level of GOX protein 
ranged from 1.54 to 28.71 p.g/g fwt in young leaf tissue, <2.78 to 9.67 pg/g fwt 
in forage tissue, and <1.26 to 4.55 p.g/g fwt in harvested grain. 
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For the RR maize lines, MON 830, 831 and 832, the level of GOX protein 
ranged from 3.45 to 48.3 J.lg/g fwt in young leaf tissue, 2.02 to 16.73 p.g/g fwt 
in forage, and 1.63 to 7.16 pg/g fwt in grain. 

C. Compositional analyses of grain and forage samples 

The compositional parameters included proximate analyses (protein, fat, ash, 
neutral detergent fibre, acid detergent fibre and moisture), amino acid 
composition and fatty acid profile. The values reported for the compositional 
analyses at Corning Hazleton Inc. were expressed as percent dry weight of 
the sample using the measur,ed moisture content. The analytical data was 
summarized in an Analytical Subreport (CHW 6103-185) which has been 
archived. The mean values for each component for each test sample across 
all sites was calculated. These values were calculated from the values 
measured for each sample, one from each of four sites. The range represents 
the minimum and maximum values from the analyses of samples across all 
sites. 

1. Proximate analysis of maize grain 
The levels of the major components of maize grain (protein, fat, ash, neutral 
detergent fibre, acid detergent fibre, carbohydrates, and moisture) were 
determined for grain of seven test lines and one control line harvested from 
four field trials conducted under GLP in France in 1995. Table 5a 
summarizes the results of these analyses. Proximate analysis was not 
performed for maize line MON 809 since the data was not needed for this 
line. The levels of each of these components were similar for the test lines 
and the control line, MON 820. The values for both the test and control lines 
were also comparable to the published literature (Watson, 1987; 
Jugenheimer, 1976) and observed ranges (Sanders and Patzer, 1995; and 
Sanders et at., 1996) (Table 5b). 

2. Amino acid composition of maize grain 
Amino acid composition was completed on maize grain samples and the 
results are presented in Table 6. The reported values for each amino acid 
(mg/g) were converted to percent of total protein. Amino acid composition 
was not generated on maize line MON 809 since the data was not needed for 
this line. The values for all amino acids were similar between the test and 
control samples. The values for cystine, histidine and glutamic acid were 
slightly higher than the published literature range (Watson, 1982) but 
similar to the non-modified control and within the range previously observed 
for two control lines with similar genetic background (Sanders and Patzer, 
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1995; and Sanders et al., 1996). These differences are due to the genetic 
background and not to the insertion of these genes. 

3. Fatty acid profile of maize grain 
The fatty acid composition was determined for the grain of the seven test 
lines and the results are summarized in Table 7. Ten fatty acids, for which 
the measured values were below the limit of detection of the assay (caprylic, 
capric, lauric, myristic, myristoleic, eicosadienoic, eicosatrienoic, arachidonic, 
pentadecanoic, and heptadecenoic) were excluded from the table. A fatty acid 
profIle was not generated for maize line MON 809 since the data was not 
needed for this line. The fatty acid values were similar between the test and 
control samples, and typical of the values published (Watson, 1982) and 
observed (Sanders and Patzer, 1995; and Sanders et al., 1996). 

4. Proximate analyses of forage 
The major components of forage of the maize test and control lines were 
measured and the results presented in Table 8. The values for protein, fat, 
ash, neutral detergent fibre, acid detergent fibre, carbohydrate and dry 
matter content were similar between the maize test lines and the control 
line, MON 820 and within the published literature ranges (Watson, 1982). 

VI. CONCLUSIONS 

Plant samples collected from insect-protected, insect-protected Roundup 
Ready, Roundup Ready and control maize plants grown in the 1995 European 
field trials were representative of commercially grown maize. Therefore, 
data collected on protein expression levels and compositional components 
were representative of the levels expected in the commercial crop of these 
maize lines. The forage and grain samples produced in this study are 
appropriate for the compositional analyses. 

Expression levels ofCryIA(b), CP4 EPSPS and GOX proteins varied for each 
maize line analyzed yet were sufficient to confer the observed phenotpyes, 
insect-protection and/or glyphosate tolerance. 

The levels of the major components of maize grain (protein, fat, ash, neutral 
detergent fibre, acid detergent fibre, carbohydrates, moisture, amino acids 
and fatty acids) were similar between the test and control samples, and 
typical of the values published (Watson, 1982; 1987; Jugenheimer, 1976) and 
observed (Sanders and Patzer, 1995; and Sanders et al., 1996). 
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It was concluded that each of these maize lines are substantially equivalent 
in composition and representative of maize grain currently in commerce. 
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Table 1. Test and Control Substance Identification 

Maize Line Seed Batch 
Line MON MON 
Numberl Number Number2 

Insect-protected lines: 
576-01-1 801 80110 
572-16-1 809 80910 
658-06-1 810 81010 
600-14-2 8134 81310 
654-04-1 8144 81410 

Insect-protected Roundup Ready lines: 
599-04-2 802 80210 
631-03-1 805 80510 

Roundup Ready lines: 
481-10-1 830 83010 
574-04-2 831 83110 
591-03-2 832 83210 

Control lines: 
BC2F1xMo17 820 82010 
PI-T3/PI-3 821 82110 

l: Line number used in USDA planting and shipping permits. 
2: Unique seed batch identifier for the batch of seed planted. 

Study #: 95-10·50-03 
MSL#14615 
Page 33 of 95 

_Grain 
MON 

Numbers3 

80121,23-25 
80921,23-25 
81021,23-25 
81321,23-25 
81421,23-25 

80221,23-25 
80521,23-25 

83082-86 
83182-86 
83282-86 

82021,23-25 
82121,23-25 

3: Unique grain batch identifier for each batch of grain harvested from each of 4 sites. 
4: Line was dropped from the study by Amendment #2. 
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Table 2. Levels of CryIA(b) Protein in Leaf, Forage and Grain 
Samples 

Maize Line 

A. Leaf 
MONSOI 
MONS09 
MONS10 
MON802 
MONS05 

IPM 
IPM 
IPM 
IPMJRR 
IPMlRR 

B. Forage5 

MONS01 IPM 
MON S09 IPM 
MONS10 IPM 
MON 802 IPMJRR 
MON S05 IPMlRR 

E. Grain7 

MON801 
MONS09 
MON810 
MONS02 
MONS05 

IPM 
IPM 
IPM 
IPMJRR 
IPMJRR 

CryIA(b) protein (JIg I g fwt) 

Mean! 

0.15 
0.45 
S.60 
6.34 
3.41 

<0.044 

1.23 
4.80 
3.34 
1.02 

0.08 
0.51 
0.53 
3.96 
0.90 

StdDev2 

0.01 
0.13 
0.74 
0.87 
1.80 

N.A.6 
0.27 
0.75 
0.33 
0.13 

0.01 
0.23 
0.12 
0.93 
0.33 

RangeS 

<0.144 - 0.16 
0.22 - 0.55 
7.59 - 9.39 
5.05 - 7.23 
1.15 - 5.49 

N.A. 
O.SS - 1.54 
4.11 - 5.56 
3.03 - 3.79 

<0.04 - 1.15 

<0.07 - 0.09 
0.25 - 0.79 
0.42 - 0.69 
2.S5 - 5.02 
0.63 - 1.39 

1: The mean and standard deviation were calculated from the analyses of plant samples, one from 
each offourfield sites unless noted otherwise. MON 801 leaf values are from four samples. 

2: Standard Deviation. 
3: Minimum and maximum values from the analyses of samples across sites. 
(; The threshold of detection of the assay. Some samples were below this value. 
5: The mean, standard deviation and range were calculated from the analyses of plant sample(s) from 

four sites. A sample was a pool of two plants from each site. 
6: Not applicable; the mean values were below the threshold of detection. 
1: The mean, standard deviation and range were calculated from the analyses of pooled grain samples 

from each of four sites. 
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Table 3. Levels of CP4 EPSPS Protein in Leaf, Forage and Grain 
Samples 

CP4 EPSPS protein (JIg I g fwt) -

Maize Line Mean! StdDev2 Range3 
A. Leaf 
MaN 801 IPM <0.494 N.A.5 N.A. 
MON809 IPM B.91 4.91 4.26 - 16.99 
MaN B106 IPM N.A. N.A. N.A. 
MONB02 IPMlRR 31:78 6.87 21.32 38.74 
MONS05 IPMlRR 1.S4 0.79 1.23 - 3.21 
MON830 RR 49.08 9.23 3B.09 - 60.40 
MON B31 RR 41.63 13.30 25.92 - 58.50 
MONB32 RR 49.60 9.91 3S.02 - 64.63 
B. Forage'1 
MON SOl IPM <0.35' N.A.5 N.A. 
MON809 IPM 8.87 0.88 7.67 - 9.66 
MONSIO IPM <0.:3:54 N.A.5 N.A. 
MONB02 IPMIRR 10.14 2.16 B.7S - 13.33 
MON805 IPMlRR 1.99 0.62 <0.35 - 2.61 
MON 830 RR 22.62 7.74 15.99 - 32.76 
MONB31 RR 17.4B 1.B5 15.59 - 19.9B 
MON B32 RR 2B.15 15.92 7.53 - 46.16 
E. Grclins 
MON801 rPM <0.124 N.A.5 N.A. 
MONB09 rPM 3.06 1.41 1.00 - 4.11 
MON B106 IPM N.A. - -
MONB02 IPMIRR 6.51 0.92 5.52 - 7.55 
MONB05 IPMIRR 0.39 0.19 0.24 - 0.64 
MONB30 RR 5.3.3 0.19 5.12 - 5.55 
MaN 831 RR 6.07 1.53 3.93 - 7.39 
MONB32 RR 6.97 1.22 5.15 - 7.74 .. 
1; The mean and standard deVIation were calculated from the analyses of five plant samples, one 

from each of five field sites unless noted otherwise. 
2: Standard Deviation. 
3: Minimum and maximum values from the analyses of samples across all sites. 
4: The threshold of detection of the assay. All samples were below this value. 
5; Not applicable. The mean values we:re below the threshold of detection. 
s: Not applicable. MON 810 line does not contain the CP4 EPSPS gene (Kania et al., 1995). 
7: The mean, standard deviation and range were calculated from the analyses of plant samples from 

four sites. A sample was a pool of two plants from each site. 
s; The mean, standard deviation and range were calculated from the analyses of pooled grain samples 

from each of four sites. 
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Table 4. Levels of GOX Protein in Leaf, Forage and Grain Samples 

GOXprotein (p.g I g fwt) 

-
Maize Line Meanl StdDev2 Range3 

A. Leaf 
MON801 IPM <0.444 N.A.5 N.A 
MON 809 IPM 2.47 0.17 <0.73 - 2.59 
MON 8106 IPM --- .. - ---
MON802 IPMlRR 13.29 8.77 7.74 . 28.71 
MON805 IPMlRR 2.65 1.19 1.54 - 4.13 
MON830 RR 24.70 14.88 9.37 - 48.3 
MON831 RR 23.03 9.06 8.82 - 32.56 
MON832 RR 6.50 2.35 3.45 - 10.03 
B. Forage'l 
MON801 IPM <0.57' N.A5 N.A 
MON8106 IPM ... --- ---
MON802 IPMlRR 5.00 3.22 2.41 - 9.67 
MON805 IPMlRR 5.14 3.39 <2.78 - 9.06 
MON830 RR 12.88 3.84 8.73 - 16.73 
MON831 RR 12.70 2.62 9.83 - 16.12 
MON832 RR 7.74 4.17 2.02 - 11.78 
E. Grain8 

MON801 IPM <1.194 N.A5 N.A 
MON809 IPM <0.824 N.A5 N.A. 
MON 8106 IPM --- --- ---
MON802 IPMlRR 3.01 1.56 <1.26 - 4.11 
MON805 IPMlRR 3.04 1.05 2.24 - 4.55 
MON 830 RR 5.09 1.30 3.74 - 6.87 
MON831 RR 5.86 1.17 4.33 - 7.16 
MON 832 RR 1.93 0.27 1.63 - 2.27 
1: The mean and standard deVlation were calculated from the analyses oftive plant samples, one from 

each of five field Bites unless noted otherwise. 
2: Standard Deviation. 
3: Minimum and maximum values from the analyses of samples from sites. 
4: The threshold of detection of the assay. All samples were below this value. 
5: Not applicable. The mean values were below the threshold of detection. 
S: Not applicable. MON 810 line does not contain the gox gene (Kania et aI., 1995). 
7: The mean, standard deviation and range were calculated from the analyses of plant samples from 

four sites. A sample was a pool of two plants from each site. 
s; The mean, standard deviation and range were calculated from the analyses of pooled grain samples 

from each offour sites. 

• 

• 

-
• 

• 

-
• 

• 
• 
• 

• 
• 
lip 

I 

I , 
, 
I 
i 
• 
• 

• 



• • • • • I • • • • I 

rr'able 5, Summary of Pl'oxiIIlate AnalYsis of ::'r1ai:z~ G:t'ain 
}10~ MON MOX Jf.ON MO~ 

Chauu::.teri sHe 801 8(12- ~1)5 811) ;:'30 

lie-a..."WJ.' Meae. Me an. Yrl-ean ~lea['J 

(Racg-e-),,' (Range} (Range:' (Range) (.Range) 

P:::otein:' 12 .. ~ U.C· 12.2 11.0 ll.(!. 

(1 tl-1S.0) (:;'1.4· :2.7) (:'1.'; .. 18 .3:: (1[.0.._ 2.~.) (11).:;:;. :.2.~) 

Fat''' o ~ 
_.1;) ~.a. 2-.~ .3.0 :2.91 

~"2 t-::.£:) (2_r;~23} (2.6-3. :~ I)' 
.t}. ~ • ·:2 .. 6·.3: 1) 

• o'J.shd 1.i:, 1,4 1.5 1.4- 1..1 

~] :1-1.1:) 1:1.:= ~: 5} ::: . .;-1.':':: !l' L. (l.:l..:' 3) 
y,'Dr1..> 12.6 12.5- 12·.1 - 2.1 n.:;!. 

·:U 3-13.-;:1 L·VI) ';:.:'.2-14 ::{: (1:;.7-: 3.Ej ~lU.2.· ~2.1:r 

DF .. r S.£< 4.1 4-.~ 3.:;1 a.s 
.·r ~.:1 n' 
•• ':.':1" .:;} (3.E-4.5) ~.3..2-5.~.:1 (2.7·4 1: (3.E-3. '3} 

Cat'bob:!o·drat.e lil 83.5 &3.! ~3 .5 1!4.1 84.4 
·:8:; 3-.3~.';') ::.::;3.C-M.{· (~2.{I· ~:t::.:: (;:'3. L-~4.e) ::82.:-8C .. 5) 

PtI4}isc.ut'e- ~i 12.~ 12.4 12 1 B.a 1 ....... ..:. .... 
'J L..~·12.t':1 :::"1.:-1c .. ): (1 :".r.·12. o· ~.I ~] l.E-l~.:,::, 

.;: Va:1.l£8 l".I"E ,;:,'.reL'~g;:: c:" t~';:1 ~t::: :::: u:.:: ~=-u::">::mi.!::1U;. :\:lO~~ ~~::: i.a :~:; X!ltt'C·] C,3.:.;or- J:ne. 

t: .... :ih.:.::! I"EJ1crbd .::: ::near:..::': :::.0 sc:.m:;J~E:::, C::Ii': fI:::::: et:.Cl: fiek :;:t..:. 

t: F~E denctes d·...e: k ..... est a::d h:~I:~t :r:.c.h"_:lusl ',--:2.1':"90:: • .2.<::::l.:£1 ::t~ 1:rr E ~:::. ... :.k.a. 

c: PE),(~:J: d::-:!-' we:.gl:t :af l'1!Jop]e. 

• r·':-e·.lh .. d • fib::", 

r Add ~Et-illlf~'1.:' fi':(["I! 

• • 

:MON 

301 
::\':lear.. 

• 

),tON 

8.S2 

Keall 

I • 

nON 
520' 

Mean 
(Range'~ (Ran..,cre} ~RJlnge:) 

11.6 1l.E- 1·::1.5 
(~ J.4-12:.9) ~11.4·l2.{1 ~9'[-1 U!) 

3A ~.l 3.0 
(3.L-36:: (2.!;·3. 3} (2.4-3 ·:t 

lA 1,4 1.:;1 

(U!-1.i.; (1.2- L.~: (1.2·1.6:: 
1:'.5 12.5 12.4 

~9.9-12.':'} ~] 1.~-l:;,~. ~9.3-15.3~ 

3 .. 3 4-.-0 3.9 
(3.1.~.::) (3.5-5.2:) ~.3 1·5.:n 

9a.f! 82.;;0 94.9 
':·E2.3~34.·3} J3.::I-!"l4.':': (~.:;: 7-36.3:: 

12..5 lA5 12.1 

G.' !J-12:;):: a:l~.~ -12.':;: (1. 3·12 .. ~) 

• • 

t;'r:~1 
lj! ~ ~ 
Ei'~Ei ........... 
::; ~ 0 
'< :2 ("'. 
:::.o:J 0' . ... g. 
§- ~ 
;:; 8 
D ''';: 

",:,::;.01:1:1 
::: ~ ~ 
lC; :r. ~ ..,-.::.. 
-.; ~~ 
...... -'11: 
::. ..::... I-

:::~;i 
~ ......... 

~ 
~ 

~ 

• • 
( 



I 

Table .j a. Summar~r of Pr()o;x.1,.""l1a:ce ... ~ 1l.8 b-rsis of :ala ize GLain: I.H:erature References 

Com:;:lOnent 

Pt'Cotein ~{:. 

Pat (oil) '!-;, 

Asb ;.-) 

C(lt'bol:..)o·d:r aie 

l'rJo:stute ~.;; 

[·iteratllreo 

Mean 

'3.5 

12.3 

=1..:1 

{J; 

1.4 

16.1) 

LiOOtatll:re 

RS.l1g"e 

6.0-12 (I 

£'.7-1E .1 

::.:. .. 6 -: 

2.E--';'.1 

1.::. ·3:3 

:J:n r<'ll:::::-~~ 

~-2a 

Ute ratllTe Ret'e:rence 

'i;'i.·!lr.~m:, l£t:r':= 

J t:.g-enhe:m::::&:, :";:'0;<'::; 

'\'.'f!r.9{or •• lEo:!; 

J~-:m1Je:m::::&:. :..::1 .... 6 

Wat,s.:.r., H:':!; 

W !It-~:)r..> I!:::!:' 

frIO::-.r 
~o 0"316 

Rat:lgell 

1: 2-13.5 

2 9 .. ~.2" 

~ 'i-I.E 

~ L 1-33 . .3 

11).-3-15 . .3 

I: SOlliE rs rul'~ P-:t:;:::" I)!::~ 5) .L1.i SLr..ie: toj. lL, (19'06: ::'9:J§:& 5:.r :'//1;' '~:lI:.trd I:nEs wi-,.i si!::L!lt" ;&r..€ tic bac:::§:['o)'J:::ls; 

r:':e I}:' ~.io:}>l ~(I. :tilE :L\:-J!I E-".::II I~:' [j· .. e LS .b·ld ~:~s i.n l!)[''::; rod :;.:~ s:;rL:.j::·:;::: cf MOX· .31i:.,. 

Cl:'le ["£\::::::1 :::ad: ~.r.:::.x :'foS :ie~c. !'.iu.>l b 1::)::14 

• • • I I • I • I • I • I 

------~--.- ------------

I • 

~ !"":. is: I .." ;::: ¢ 

r. '-= Ii s..~1:01 
- - 1:1 ::. .......... 
~ 2:; · 
VI 0 
~. a 
oil: -'C 

~ G -= '4 

; 

I 

~;:::-t: 
;"lo(.r;2' 
n-I:""c. 
:.; =tI:~ 
:::c .... 'h: 
:.c;,-~ 
..:i"':~ 
:n Vl .!. 

'T' 
'Jl 
¢ 

I 
¢ 

' .... 

• 
( 

I I 



I I I • I I I I 

Tabl~ 6. Amino Acid (..0 mp:DSit. i D[) O~· Maize Grain" 
:'dOI'f :r:ox ).IDS P.lON 

A::nin.o Mills E(J 1 6112 SO 5 810 
J[1l3L~ :'-]RU1 

(B..u.!,:<-)! (Ila.D!:~) 

~ut;r:itiona.LL).· Essential 
Metltionbe U. l.(j 

:1.4·L~1 : u,. :.b. 
Cy:;t.i.r...f.t 1.Et 2.1 

:l1,·U') :2.0 .. :tl: 
Lysine 8.[1 2.8 

:2:1,.3.~) :2.~.·3.1: 

lr-!-'proprun {'.f. (I.';' 

'Jlo): .. O.') :0.6·1]. "(; 
·rtuec.rUDEl Z..f &.& 

(~. 4*::; • .£:.) :~;.; .. 3. 7:: 
ho]el,;.cin~ .!1: 4.(' 

_:.:: ~ ~~,,"i) :~;.~'-t:: .. l~ 
Histidir..e .H· ~ •• (I 

MeUl 

·:ltUlI:J;) 

1.5 

(:.5· :.6: 
2.0 

(:J!·2.:: 
3.0 

(1.9·3.1; 
0.8 

('Ui·D. "(; 
3.5 

i-:-!lt'" --f.v .. :::J";l.I." 

B.S 
:3.~·:;.~: 

2.tI 

:'t{"'B::l 

:31'1n.ge~ 

:..:1-
(: 4-] ':) 

:.5 
(: S-;S 1) 

2,9 

(2.':''';: ]) 

0.6 
(CA,C'f) 

3."1 

(3.1j·:.'! 7) 

3.1! 
faA·.-f 3) 

3.0 

I • • I • 

MOH ~:m·· J[ON MON" 

S:30 63.1 f!B2 !!2(Jb 
){1!aL • .feRn ).~b3.D )(E-.a::!I 

IJlal1;te, (Ei.n£'8) (B..a:;ai« :. fRa:1ge) 

Li l.fj 1.6 U. 
(1 ':-2.1) ~L..1~~.';: :.1.5·1.8: ~H·I:i) 

-'1 2.0 2.1 S.1 
(1 ~2.~) ~L.2-1.2: ·:1':)·2.2: .:1 S-.2 .. ~(1 

3...(. 3.1 3..! ~.1 

.,- £-..3.2) :.'2.9·3..1: ·:23·3.5) I~. e .. ~~) 
( .... 6. 0.6 D.E- ( E 

(C' E-,:'::;j :0.5·G.6: .:)3-('.6) I"f:. 6-{' ":) 

3.e 3.7 U· 3.'1 
I~ 4 .... : .. ":;) :::U.3.a:: (:; ,.....:~;5) 1:;i.3";! 1:) 

4.1 3.7 U 3.9 
(8 S-=l:;:) -:3.5·3.!~) (3;.3-1 l) (3.:'·4 a:. 

3.1l 3.1 J..: 3.: 
.;::: .:~ ,~ .. :U; ::::.3-3.:0) ·:2.9·3.C:· (~ ~"":.:') ·:2 :')·3.fl iJ '}'.2 :;:) (2.9·3.2:. 

x -';" .. b.e;;, ,]o~ R'IL;:"'~OO:J !II: p",y,.);[!. ~.I t:~d pt(l~n. 

'", \" .. h1.(:;; .n'!.:! tb", J'i'£,f.>;:-e :.:.1. ..... : :II'HI"o..::!'Cmonl": ~j:OK J.2C i81.1::.~ ::.::Jlltr:i mr..i;;;e I:.:)!. 

( ·f!.'at=oll. I~~82 ..... '!.-ue.: f-E J::ec:.x.l or. :~·:.al L=:')~iD ;1(, l~ t:.-:.uL J:::'lt~:o I-::·~>f.::: J.:.]. 
.J: ::a::t':'E::J3 ad F'a:~( ~L9l.t5.1 aM &.o:h:!'8 "'~ cr:.. :1:t::oE) :rLTJt~ :.::- t ... o <(ool:r:·: line.! ... :~ simiil:: 1;1 e 0"'-";'0:: 1~u:::i..:J. 
• Vilue re-;:.:·:,,:flo:':, mo!!.o :.:[;1:3. =am;:;:.e~, one if::.::!. ea:h f..::..i sin. 
e fu.:r.:g-= c.enot-'!s :Ite b ... ·::st ad ::'if=b;.s~ ::rdi·;ido..:a: ';&1ll0::5 oc:oss sites :':1:: ef.:h ::.m 

• • • 

U[er-.l.ture£ xas 
81)0"-818:1 

X83.l1 
l'~nJ:a P.as:. I!: & 

j (-:t. ~ 1.~2.6 

1 ~-].t; IB-2.3 

2.C·a.E 2."r-3J: 

C.5·U! ('.4-:13 

2.9·3.9 ~ .. '-~2 

2.0·4.0 ;;.€~':I 

2.::I·2.!I 2.2-:.': 

• 

" ~ ~ J ~ ~ ~ ~ t:. .... I 
1:01 "10-... ;"J = 
o ::'1:1 ~ 
.::! Z ...... 
r:n :: i'I _ 

- = .,. "= 
1:1 Ie' i'I _ 

.,. .::; 

't: ~ .'J: 
II;>~E!' 
~ ~.a, 
~ "1;:'< 

-=-'* 
~~~ 
.~ ~ rp 

,:11 I-
Qo 
.,;. 
Qo 

e-

I • I 

( 



TaMe G. Ambo Add Cotn':J<Osition of Maize- Graj 11" (cont-'d.) 

l!.m i.:n () A ci Ii ;; 
:r.m:s
SCI 

)l0:S 

8C2 
MDt-! 

SO!) 
MOM 
31(1 

PilON 

830 
]1.1 ON 

831 
}:OK 

532 
MON 
~:2(liJ 

Li-:~::'llt.j,;.N'I<- xm; 
!!(111'81ad 

Mellin" Me 1'1 n X I!>Ilr.. :":oa.:r. J{", a::. Mol! a::. PiI e f.ll Aea:o Me .. [] 

I .. ..a[]ge~r .:O:f-nge) IF..aI1y!~ 1J'...u.f!: I.P.t.r.s.e:' ~?ar.s.e:· (lU. I'Ig e) 1)'..aI.I!:~) l1:.ange 11I.nge 

XU[.ritifloa]]:!-r :EssentiaL 
Va.lin~ .{;'I 

LC'.lci.:ne 

ATgi 11 Lne 

(4 :; -4 '1) 

H.;;: 

·:n~··H -;') 
':: • .,!-

.:~ .. s· ~-; .s:_ 
Ph':::1;rJllluninEc ~"{. 

.:~. ~~ •. (.1.) 

GL!:oine .s.4 

H t..5 ~.7 4..7 'i.5 

1:4- E·:.;) :.;.1-5.J~ (".;'.4.r(1 (:;'.S.·~.~I (4. ;'~.7) 

it...]. H..I 14.5 101,.2 H.:?; 
0:14': ·]4 i::) ·:1:;.~I';'.2:: (La.y· :6.3~ J35·h.:r,: ~13~· L·;.!)) 

.! .i. 8.~ 3.y :u; Z.9 

• :~. C·· s. 1:-) :3.:Hi.l~ (3.G·.H) .:2.3·.j.2~ .:95·.j.i1.1 
. -.;: .. 5.5 6.6 5.6 S.? 

~:~. c ·f ... ;) :6.:;..5.7; (IJ.Hi.9: -:5.Hi.I!:- ·:5."'·6.0'1 
.!.l 3.~ 3.6 3.5 S ... 

·:::;.:;.·3. i) ,:~. l·~.:.) :3.3·3.4: (,3A·3. 7~ :"::1.3·3.6> ·;3.3·3.7: 

.0: -.;';.Iu.c;:. are a:q:.r~s::;~d as (:eI·:::-:!:.!. of [:cd ptobric. 

::x: ........ Iu.e:: are the :: ... ·.:![;'tc~ of ["1;':;) :::'~II::J,;re:oo::nt~; r..:(l~.~ 82:1:3 tl,9 amtr:i Dti;;;e b.::::i'l; 
( ·;"at'i~m. :~}a2. \'nb.",:. Jre rl€n::cnt.::: :(.LJ~ :;::r:H:.J", [:0'.:;' '!-i ::.::ti] :;::r=t:l:.O :.N~f.:;: :;')1 • 

4.9 ,,=,S 

(.:l ';'.:'i 0:· ::;..:;.·4.9:· 

I·M H.2 
(l.:l.~. A.IJ: (:3.3· :6.3: 

4.3 ·u 
('\. 9>-4 6:, :3.9·4.3: • 

.:;"'2 5.6 
(5-.;><::':::. :5.3·G.C) 

.1.6 3.6 
(3;')";! E) :3.2·3.5:. 

..t S'='::J..::e:'6 Hill ?f.t~~ (1(I~':;') '!I:: -Sf.nd<-.]'.: ~'~~" 1::!:9G: :'J:!:.;fI! rc., :'.n (ontr:':' ]ir:e~ • ... ·jtl !::.::::t:.lu f~r..el:= l:.l.ir.:p-c·ods,. 

• ':uuo:: [o:.p:e-!:e:l is rr.-l:a:::. d :':::u:' S3:::.;:i..elii en.:! t:OIO e:::.ch E.oi!ld ~:I:e 
::: fi:mg= c.c:.Z("-> tb~ ~c· .... ef- l'.nd It:·;:-::.e~t h.::.:.-.-:::,: .• d \'f.h.Jb! ::.=r:M:: ,:ms EDt (!:lc.:: ~i:Lt;. 

. --- -- -. '- -. • • • • • • • 

2.:·fU! ·t3-t.£o 

... ~ . - ... 
• • '"'"~ _0 • .:. ::":.€-lc ( 

2.9·c.~ oj.:!"':.':, 

2.9-c.7 c.2"';.E· 

~.6·4.~ ;!.6-t.~ 

• • • 

~:':~I 
~ ~ § I ~= . ., 
I:.t ~ 5- • go ... ;; ~l 
~ ?i ;'J 
~ ~: ~ 
~. .: 
tI :: .... = ... -

"" 

-..: ~ :.Il 11:. -
~ . = :";; t- :. 

.:t~-< - .... :::: 
= "'" -..,. ='" .. .,:. '" 
..:. .... J!I ... 

:.nUl ..... 
c' I 

~I \.h 

• • 
( 

• I 



• ~ • • • • • • I • 

'l'ahle 6. Am.:.no Aeid C-ol:1:1p-ositicn':, .c·f :M:aize Gr.a.ill~ 4l?Ot:tt.IQ..L 
}:-or-: )'10N 

AminD Acid;; &1)1 81)2; 

),:e;m' r.iol!aJ:. 

)In!\' 

SOS 
Mern 

){ni\ 

BID 
rJern 

)010:-2 

sao 
r.:reli.n 

• 

:":0::
sal 
Me.n 

I • 

MOIli 

.sa2 
Y.o£.a.::::. 

:'J{::['\' 

S20:lo 
:":eEn 

• • • 

Li'!;rua~-.lt'lll:";' f.1011i 

.so O/SlS':' 

.:Ih.n gt;:) I (Rf..n@'e: (Jb.r.!!:E-) (li...u:.!~)~nREt' _(a..Tlga) ,. (?a.gr-!!:' (R.lllg[t)y.ang:o:_~ ':El:I'..Rgoa! 

N one-ssentia1 
AIa.llk.e 8.1 &1) 8.0 8.2 ".9 @.1 !5! S.l 

:.7.9.&~ ("::~·3~1 G'.9.e.3; 1:-;'.9·e . .;,: :~.6 .. ;~.a:, ~.0·E.2) (3 ).!I 5) (7.3,e.a:· 
A~pan:.:.c Acid ":'.1 ';"1 6.9 ',I 1]" 

" '.0 1:1, 0.9 

(6.tl··~ .. ~: (11.3-" )) (G.!J·';'.t (6.9· -:.3; ~fj.3·'7.2:1 ~lt8·7.2:. (S ~3 ~I (3 . .;· '? .3:· 

G1u.tami ~ ,'1,.:::.1i 20.6 j,1=S 21.0 21.3 20.f! 20.9 ilA, SO.9 
r::9.9-2U;: (~b}.ii· :U.::) ~O. -;- .2U(1 (203·2 L.G:, ,;:9.8·:H:;:. :'2C. i' .:;:,: . .;,~ .::::::. ;!;"2l.:~ .:19.5·22. L: 

Pc-:ll:c.e 10,2 IC.C 11.1 9,':- 9,2 10.3 1(' (0 £I.:' 

(:0.0. :lU.: :)::.3-](08) ·:9.3 .. 9.:(: :·95·9.~ ::e.!!. Lito:. (9.5·:0.8: (9.. ':-1 CI ,::, ':1:1.2. LO.l} 

8e:!'ine G.G 5 .. 2 5.2 5.5 6.3 5.5 .'h.i- 5.B 
f6.2·ii. -:; (4.9·::'4) ·:r;.~.·5.r.:: :6.~5 .. ~ :6.1·6.·t Ji."5.I),! (i-.4-::' -3) (~::)'5.~ 

·.r:~ .. c-mbe 4.1 4.L ::;.!I :i:.rt ... 1 4.1 4.l ,.[1 
i·1.0·4.~ f3.~1·4 n .:3.: ... .:,.]~ ::t:)..:,.;:::: :3.[1·4 ... : ~4.:J·4.:fI (4.:. t 'l) f:.3-';.:r. 

r >;"RI':.es.a ra -~XIILEd~[)o: . .19 :;:-el:llllt c:-'::d,J pr::oto.in. 

:.: '."1Ih.:.el:o ,HB ~.~ n\-'::::'.1G'" d t;olI'O [f.~SlJremlll't~: t.i()t·~ ';:;;C is :(JIll :~::ll::'.:~ :x.J..:lIP. I:.::.~. 

[ '~·:JI.~on. ~'~o.:.~ ·,·J~.1~9 .1l'e P?~:'l:'l,r t:tai f.:'Ote:::. IH'_h~ t:>l:al flLllt€i:". ::::-:::o: .. :;1I'i)]. 

oJ: S:J::';';::'.o 31: i FfJI~l,r :HI!l';:.) .r.n:l S.I::·:'::'5 .~! :1:', : W:Io!:·) Lf.II(P :£L t,:,oo =r.l:rc~ joe': 0.:1.:. siuU':'J.!' g .. n~t::.: IJr3:gC.ilmd:ii 

" ':f.!,.u; L"epo[t;:.i:..il rio:: d 6:u::, 9!!'[f.pLe::. on" ;[::c:. '~3:b !i"::'::' sit'!. 

L: fuo!;" C.!::C«, d." :..;· ... -ef: lind h:.ir:.:"=$~ bdi·.-id,.:..J: ·."3~:'::'~s .u::.l:O!l> f.:te~ ::1:' e;: .. dl :..in« 

1].,,·9.9 ':'.8-:; :. 

6.8·":.2 6.3·" .J. 

:2."·UI.r. :9.9·l;1.': 

G.O· LO :: 9.0,·J.~ 

.;J:·S.:' 5. L·Ij..O 

2.fl~:;.J 3.8-4.3 

• ~----"--~-• 

~I"'!S: 
!'Co t:i ::: = ~::: i' t::: iii 
s.:::i ., t::-

'-<! :2 -
,z ~ ;::: ~; 
1': ;! 

-1 :: 
--it :; 

'< 

",,;;:::1: 
P.;.c!:" 
~~:. .... *=.""! 
""1-'*= 
===~:; 
~""'::J1 
~ ' ...... !.. 

I 
JJ 

6 .... 

• • 
( 

I 



~ • 

Table: 1. Fatt~· AcJd CompDsition '::If "bize Grains 
r,mH xo;;; )to:-.; :..:o~ MOH MON lIm .. - MON 

Fatt.,· A·:::ici.~ ~Ol SD2 805 810 131) 11tH B3.2. !!20b 

l{~' Me!'.h Me!'.n ~,{..,all ::":e.u:. ':..,a=. ).16.n ::,hac 
(P...an g e.) 1 (Rl!.nl;lE=) .;RUl\:e) i:il'ill@'et (Jl.a .... ~~:· (P..aq:'<!:' (RLnge) I.P.ange: 

Pllbniti::J Il€-:'}) 9.6 9.9 lI~.1) 1) .. ), 10.1 1[1.1 111.2. 1(0..:!. 

:9.3 .. 9.7; 1:9'.30 :":-.Q ('~.9- :").2: (lc •. ':-l() S) ~10.1·:0.2) :9.9-10.2) (:':.C-IC· 4) :(I.(I.10:i) 

S~ea:dc (1.0:0) l.l'i ;0 :.'1 L= 
" 1.5 1.1:1 t.o 1.5 

: L..;.. :'.If. (~ -'1-] c) o -'I·].e) .:1.4-1. -;:: G .. .;· :.5) (:'.1:1. L.1) (~.4-1"':') n . .;·1.6) 

[)]ei::: 1 !..8:1) 2:.6 ~L::. U2- S!.D 22.0 28.0 :u.·) 22.4: 
('20.6·22.6: (~. E ·z:i! .):. (2] "'-~ C) (21::1-2::::!1) :,0.!I.23.1; ~'2 :.9·23. T; (];].E-<=.:. l) ;:21.!I.235~ 

Line·]ei..:: (] s:.sa 66.2 5:'-4 6.: .... ) 6'.D 64.? 63.6 H.i 64.(1 

(64-. ';' .(;1]. ';': (oM ~:'-63 J) (:;.t ... ...f.: 2) (riS.:-5';'.f.1 ~€3.:' ·Gt3.:J~ ~E2.9.64.S:: (·x.t...:;.:. 4) ~62. ;'·65.1; 

Li no]e:::li·::: (1~!) ').9 1.] 1.1 1.1 1.0 1.0 C·.~ 

('}'&-C.9:. (l ('·1.2:- ·:IC-w.) :1.)·1.1~ (:.o·~. n (:.0·L.1:- 1~).E·1":') 

A:'oc::'idic <2(1:(11 '),3 ( • ..:!. ( • ..! 0.3 0.3 0.3 ( • .J. 

(I).;].C 3) (C1 :: .[I.~) .:(I,~ .(1,:') :0.3·0.3~ (C.3·C.3~ (C.3·':A:. (I).':_~.~) 

[~I!o!*r:.()i c (:D :.) ').3 { • .i; { • .i; O.r:; 0.2 0.2 .:. .... :!. 
(.) 1;..( 2:. .:<'1 i~[I.S·1 .J. ~ . (J. :.:1 :0.2·0.3; (C 2·C 3:· (C.2.':.2:. (( .. :;;-).:::;) 

l'alr::Ji:;.::.IEje U6:11 ::-.I.: •• .i: :'>!.[). :'-I.n D" .~ K.D. 0.1 ').1 

:0.;::·0.2,: (C. L·e. L) (.) ]-~.1) 

Ekhooi.u (1.-2:['1 )2 ['.1 ['.2 0.2 C. - 11.1 .: .... ~ 
('J.:"'( :;:) .:{1.1·0.:::; :{I.l·[I.<:) :0.2·0.2:; (C :.( 2) (C. L·O:.2:. (.:.. ],:U!f 

.: '.;aitlr. c:-IatL:f :id,f:s ~.: 01 t:r:&ll;ri:1. G::-..e[ (arly &:idl> W~ b",:.]?.- 'lJ:-i! ::'a:.ir .:f ie~ttiOD ::-~ 1I~::l3:r. 

t: 'iaL-.Jf:; tee -u:.~ ""'or3!';,;; of (AU IDf.:UUL'em!J: ... t~: :":::CK !!20 j:; rhe ::cL"'CL :::H:~e ::iUQ. 

• 'Sll.;;:c.. EI3:::i, 

i.: S~lIde[:> ax.';' PatlID : L!EI~.) Sa::J.o:'o:!:1:> ~::Ii -:Ifi;:>:'l'a::l;:e for h\':' v)r .. u:~,] !.:.:::..Eli- "i',·irh ~=18[ r~r.eti: bd:f;r::t'.Jmls. 

< Vi-uB [~x :E·i:..:! mel:::' C:-:'J::J:. ~lIml=£5, on .. :"£-:::n 1!E.:h ~LC. S::t~. 

:: R=-=Ol;:~ .ie(]t)te~ tht. ]::'.';~S-:; ac.::. ::.i;:;l.!"..at jnrli·,oi.haL 'rah:A!'! a:m:~ s:.~!l; 5:::- e::.dll.i:::-rE. 

;0; "~:'.: ',"-duc V3~. te..::il.· tI:.;:. ::'ILi: :.! :h:.e-~:r: (Jr [ ... £ as!JC? .:IDIJ < I:.l *:'. 

I • • • • • • • • • • 

1.0 

:::ul-l.r: 
o.s 

:.0.3·IlA: 
O.S 

::0.2·'::.3: 
0.2 

:'0.1-1':.2: 
0.2 

fO.l·I~.2:· 

• 

L:ite~Rtut"e" ){OX 

Ra:::JS;"" 800 .... ~18c.. 

(RanGo) 

;,·:9 (:'0.2· :.).&:. 

1·3 : ~.6&2 :) 

20·46 2~.3·a.:)t 

35·':iC Ii :.:'·E5-.I) 

C.!!-~ O.!!·: _ 

C.l-~ Ibl·C -'I 

=-cr :!::t;:.)[:t",d 1}.3·C a 

:::ct !zt;:.)rtoEd :l(:t r"':::{:Lt~ri 

:::c( (~E·)rt.;:.i 11.:.( 2 

• • • 

"=S:I:'-I 10:- r ..,.. 

.t;:. ;! t:;; 

. :.:.. :" a.-
-!'''' .... '* ¢ "",.' 
...... :--..> 
'..::J .... J.., ......:Jl .... -

~ 
.;.. . 
::J 

• 
( 

• • I 



• 

• 

• 

• 
• 

• 
• 
• 
• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

-. 
,. 

.-m-~~"~ _____________________________ .. ________ -r __________ _ 

i\'ionsll.Dto l:OIUPIlI1Y 

ClmEGEN 
·R~\lh:d(II.'I ~d\:II\:l: 

... 
f .::. 
!'I :~ .' ~ .,., 
ill ... C': 

:J 

.;,p' :z: .. i c> ~-: 

~ t;·1 "L, 
!AI ~ :i. 

O· ;r. W 
'¥ 0 

e~ !II 
CI:! 'II 

>i 
...., 
~ 

1:'-
"~ 
'.' 

~ :r, '" .-I ill r-

~ 
~ !II ~ '7J ~..; ~, 

,... .;:. 
:;; :::I g:, , , 

.::; ill r- r; 
0 C'.l 

~ ~ U; c'.! )i '.I'J 
~ ... 

...... ,-;. 

~ ~ '1' 
c> ft~ 

C': II,t 
III - :c 

'I' ~~ M • ~": 
,,,\ ;:r: ed a. ~: 

&.. 
0 

r:&:t 

''0 ';i;" IE ~ ; ::! 
ID 

'1 i'~ VI 

~ ~ • .1: "in !II:! ::Ii r-
;. !~'. ... 
] ...... >;j. 
! Ii!: ~ ~ '1'4 \-: 
~ 

:cj ~ tf:I li 'I' "ii 
. 

III: ,-

.~ ~ " 
IS t:) 

0 

~ '!- ~. 

~ ~ 
"':c 

~: .... .... 
~ • r:: . 

~ 
~ 

t1 ". 0,;.' 

t ~.; ~~ 

e 
a II 

'~ t;,t;;. 
'r:: . ,jI 

CIJ ... 
~f.l f J: 
] .D 

~ ed 
F-< u iii. 

." 
.1'\ ~ ,-
-:.i ~; , , 1"', 

\" ~ i!: .;:, .... 
~ 
;:i ;,:;. '.;)i' q ::i I~ ~ 1. 'Q IY,! . •• .. : ,. .ft ... ,., 

",I · ; '!:l <i 
'-' 

~. 

,'. 
';.. t::- "I 

'="ii t:? ,/I 10' .... \Q "l' ..:; "i' .,; .; -..; 1:'- I_\~ 
"'l' IC !l'i .-: ,~,j .-. 

'-' '-' .~ ... 

.;;;. · , r •• 1. e~ oJ; GIo .,. .... .. ~ 
.... c'.! ~ 6 c-i .: en 

IY,! 0:'-1 
~. ..... 

" ~ 

:::1" ,-, e , ... ... 
!II:! c·j C'.l ~ .-I 

~ 
11':1 

.... C4 er:i ro::, ~ iJ £'~ 
'"~ .... ~.~. .-

-:1 

;+r 
t':' !:C' 9 "1' · ~; ~! "i "1' t-

,,(i ..; ..; 
n~ ".' ... I.,! .. ! 

~ 
... 

'.:! Q 

~1. 

,~ 6' 
i7i' 
~ji .f, .-l IA ,.:,"j Ito ... 

~ ~ 0 Q "Lj CD .... .~ ~ · . !":.-t ~~ ' .. 
",' 

. -. 
~ ~ 

... 
.... ..;. .... ·:·5 1j\ 'IJ 'T vi .-l ,}o, .. i • }o, ' . .... .... "l 

~ ~ C·I 

~ 

,". 

9' ~. 1~~ 

"'~ '=' .J' 'e \Q , , ,. 
,..; , ..; .; ~ ' ... ! ... ~ .... 'J' .... :-1 .:.0 

,0:::, 

'f" ~ \.. ~ ~ III: 
~ ~ 'l1 

.~ 

~ 
C. 

~ ... 
" .:: 

.'. 
"I 
c:r.. 
"I 
I'~! .':l 
'" '-' 

~ 
,I' 
C': 
..:.. 
,~ 

f! 

~::' 

~ 
...!4 
'" ~'J 

LQ' 

~ 
-I 

i' ;! 

i~~ 
r, 
r·i l 
'" ", 
e~ 

;..~. 

~~ 
,~ 

,,1, 

ii 
',' 

~-;:\ . 
d , .. 
~ ,1 • 
,,oj 
:~. 

::i 
~ 
1/11 

"I' 
'J' 
~:.f. 

}/l.lllly #: ~)'-.\O-50·0:J 
MSLN 14(;15 

....,... _______ .• ~XC." 4.:1l1f~'; 

'-J .. c· 
~ ..:. 

~ 
~ 

i6 
~ .., 

" .:: 

.... ;,; 
a. ,..; 

'l':! 
r.tr' ': '!:'( ,,;; /'P,' 
I ... ~ '\,I ~ "4 t:$ en ". -:.:,. .E"!. 

,: .. j ;: 
,/I ,-, ..:. 1'."'i 

,.,0:; 
!!:') 

,~ 
COl 

~~ "-l c- e·, ,.' 
~;. a> 

$i' ~. 
~ ... ."" \0'.' tC ...!4 12:1 d-, 

'lO C-I ;1 ~ 
'.' 

f': ~ .. 
e:~ 

, . .. ~ .. C'l 
'7.J r', cri It ~ .., 

'"~ 

~! ,,' := 
..·2 
'.' .CI 

" I':l 
,-, ;t 

.. 
tf~ ... 
C', C'l ,:; -:. 'Ir! -=; '=" .. ; w 

":' I."~ ., , . 
'''J .., 

,'Ii ., (.". 

.~ "' :~l. ~. '" 
'" ~ .-. ,-. :'=i 

'" ,,~ ~ ~ .... w 
'"4 , .. -= ., 

I:.I'! , u\ \"L, " ::I 
(I.l 

,.. 
~ i.l ~ f:~ ~ 

~ '.' "1 
~ 

., 
·i'l 

'.-:;~ 
,-, 

~ ~~ OJ, 

::<' .. .... ] ~ I', "r .. ' I4i *f' AI ...:, "\ "! 
o:::i ~~J Q. W 
III ~,!. e ~ 
,...:,. 

~ 
:= ::;: 

.' 
t~r .'. 

.~ ~ ." f .. , ~ 
Q .~ 

M '" '=' ~'1 

~ 
.:::! I':l e' 1/,1 >:'; II'. ',' '-

~ ,~ \ ... ~ .. '.J <::' I!I , 
Q III .i t- .:.0 

~ ,( :1:- ::.:.1. ..: . .., .. 
t-! 

q .:,;, '.' ."" 
l: ,'. ,.u 1:' 

.1l .'i -, ~ " ,n ku 

~, 
"'.:l 1! .., 

'" .~ 
:l) .... 

t 'l.' :: ... CI .., .,. .... al 

~ ~ 
,,'. 

"' ~' • ~ ~, ,., I. ~~ . , 
.." -:J :rl oTII 

" iI .. ,., 
~. 

" 
.:,c 

" 
n tj ] .~ ..d '" roo 
,', 

Q ~ 7- .. 
;'~ ~ 

"f § .2 .:: ~ CI :~ 
~I W :'l ."l 1:' - ('I; ~ Po< ~ .-i: • ," 

t.J ~ " " 
... '" 



• 

Table 8. Summary of Proximate Analysis of Forage (cont'd.) 
MON MON MON MON 

Characteristic 809 813 814 8.21" 

Meanb Mean Mean Mean Llteratured 

(Range}e (Range) (Rans:e) (Ran~e) (Ran~e) 

Proteine 6.S 6.5 6.0 6.6 

(6.0-7.5) (5.8-G.9) 5.7-7.1) (5.9-7.3) 3.5-15.9 

Fat· 1.6 1.7 2.3 2.0 

(1.2-2.1) (1.1-2.2) (2.0-2.7) (1.5-2.8) 0.7-6.7 

Ashe 3.3 3.1 3.1 3.3 

(3.2-3.7) (2.9-3.3) (2.7-3.4) (2.7-3.5) 1.3-1O.u 

NDF"·r 43.3 39.1 37.8 38.9 

(12,5-44.6) (34,8-45, G) (36.2-40.1) (36.5-43.5) not reported 

ADF'·I 30.1 25.8 24.7 26.7 

(27.1-32.8) (21.3-~\)A) (23,9-25.3) (24.3·30,G) not reported 

Carbohyd rate' 88.2 88.7 8B.1 88.1 

(87A-8~.5) (88.0-B\!. G) (87.3-89.3) (87.01-88.8) llot l'cportcd 

Dry Matter % 29.1 32_3 32.0 32.3 

(27.8-31.5) (29.4- 33. 6) (30.8-33.7) (30.1-35.3) 12.5-46.7 

a; MON 821 is the control maize line. 

b: Value reported is mean offour samples, one from each field site. 

e: Range denDtes the lowest and highest individual values across siles for each line. 

d: Watson, 1982. 

e: Percent dry weight of sample. 

r: Neutral detcrgent fibre. 

g: Acid detergent fibre. 
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Test and Control Substance Characterization 

Southern blot analysis. The identity of the IPM (MON 801,809,810,813 
and 814) and IPMJRR (MON 802 and 805) test substances was confirmed by 
Southern blot analysis. The same test and control seed batches were planted 
in field trials in the US (Study #95-01-50-01102) and EU (Study #95-BTRR-
01102). Southern blot analysis was performed on leaf material collected from 
one US site as representative of the line at all US and EU field sites. The 
DNAs were digested with NcollEcoRI and the blot probed with cryIA(b) DNA. 
For the IPM and IPMJRR maize lines, the DNA pattern was compared to the 
pattern for the grain batch planted in the 1994 U.S. field trials. Southern 
blot analysis gave a unique DNA pattern for each maize line. The unique 
DNA pattern for each line was identical between seed planted in the 1994 
U.S. trials and seed panted in these trials, verifying line identity (Figure Ai 
and A2). The control lines, MON 820 and 821 did not contain a CryIA(b) 
fragment, confirming their identities as controls. The raw data has been 
archived as part of Study 95-01-50-01. 

The RR maize lines (MON 830, 831 and 832) were planted in trials conducted 
under GLP for the first time in 1995. The DNAs were digested with 
Not1![{pnI and NdeI and the blot probed withgox DNA. A unique 
"fingerprint" DNA pattern was determined for each RR maize line as test 
substance characterization (Figure A3). 



Monsanto Company 
CEREGEN 
Regulatory Science 

Study #: 95-10-50-03 
MSL# 14615 
Page 46 of 95 

Figure AI. Test and Control Substance Characterization: 
Southern Blot Analysis of Insect-Protected Maize Lines 
MON 809 and 810, Insect-Protected Roundup Ready Maize 
Lines MON 802 and 805, and control lines MON 820 and 8211 

1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 

(kB) 23-+ 

Lane 
1 
2 
3 
4 
5 
6 
7 
8 
9 

9.4 -+ 

6.6 -+ 

4.4 -+ 

2.2 -+ 

2.0 -+ 

1.3 -+ 

1.0 -+ 

0.87 -+ 

Boehringer Manheim Molecular Weight Markers 
20 pg of plasmid PV-ZMBK07 and PV-ZMGTlO with 10 Jlg ofMON 820 control DNA 
Empty 
MON 81800: 10 pg of DNA from control line seed batch planted in 1994 U.S. field trials 
MON 82010: 10 Pg of DNA from control line seed batch planted in 1995 U.S. and E.U. field trials 
MON 82110: 10 pg of DNA from control line seed batch planted in 1995 U.S. and E.U. field trials 
MON 80200: 10 pg of DNA from test line seed batch planted in 1994 U.s. field trials 
MON 80210: 10 pg of DNA from test line seed batch planted in 1995 U.S. and E.U. field trials 
MON 80500: 10 pg of DNA from test line seed batch planted in 1994 U.S. field trials 

10 MON 80510: 10 pg of DNA from test line seed batch planted in 1995 U.S. and E.U. field trials 
11 MON 80900: 10 pg of DNA from test line seed batch planted in 1994 U.S. field trials 
12 MON 80910: 10 pg of DNA from test line seed batch planted in 1995 U.S. and E.U. field trials 
13 MON 81000: 10 Jlg of DNA from test line seed batch planted in 1994 U.s. field trials 
14 MON 81010: 10 Jlg of DNA from test line seed batch planted in 1995 U.S. and E.U. field trials 

Boehringer Manheim Molecular Weight Markers 15 
1; All DNAs were digested with NcoIlEcoRI. The blot was probed with 32P-labeled full length 

cryIA(b) DNA. 
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Figure A2. Test and Control Substance Characterization: 

(kB) 

Lane 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

23 -.)" 

9.4 -.) 

6.4 ~ . 

4.4 ~ 

2.3 -.) 

2.0 -.) 

Southern Blot Analysis of Insect"Protected Maize Lines 
MON 801, 813 and 8141 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1.3 ..".-

1.0 -.) • ., ..• 

Boehringer Manheim Molecular Weight Markers 
Empty 
20pg ofplasmids PV-ZMBK07 and PV-ZMGTI0 with 10pg ofMON 821 control DNA. 
Empty 
MON 82110: 10 pg of DNA from oontrolline seed batch planted in 1995 U.S. and E. U. field trials. 
MON 81900: 10 pg of DNA from ·eontrolline seed batch planted in 1994 U.S. field trials. 
MON 81300: 10 pg of DNA from test line seed batch planted in 1994 U.S. field trials. 
MON 81310: 10 pg of DNA from test line seed batch planted in 1995 U.S. and E.U. field trials. 
MON 81400: 10 pg of DNA from test line seed batch planted in 1994 U.S. field trials. 
MON 81410: 10 pg of DNA from test line seed batch planted in 1995 U.S. and E.U. field trials. 
MON 80100: 10 pg of DNA from test line seed batch planted in 1994 U.S. field trials. 
MON 80110: 10 pg of DNA from test line seed batch planted in 1995 E.U. field trials. 
Empty 
Boehringer Manheim MQlecular Weight Markers 
All DNAs were digested with NooIlEcoRI. The blot was probed with 32P-Iabeled full length 
cryIA(b) DNA. 



Monsanto Company 
CEREGEN 
Regulatory Science 

Study #: 95-10-50-03 
MSL#14615 
Page 48 of 95 

Figure AS. Test and Control Substance Characterization: 

(kB) 

23 -l> [ 

9.4 -l> 

6.6 -+ 

4.4 ~ 

Southern Blot Analysis of Roundup Ready Maize 
Lines MON 830, 831 and 8321 

1 2 3 4 5 6 7 8 9 10 11 12 13 

38 (kB) 

33 
30 
24.5 

24 

17 
15 

10 

2.3 -l> 

~.O -to 
1.5 

Lane 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1: 

Boehringer Manheim Molecular Weight Markers 
20pg of plasmid PV-ZMGT10 with 10JllS of MON 820 control DNA. 
Empty 
MON 82010: 10 pg of DNA from control line seed batch planted in 1995 U.S. and E.U. field trials. 
MON 83010: 10 pg of DNA from test line seed batch planted in 1995 U.S. and E.U. field trials. 
MON 83110: 10 pg of DNA from test line seed batch planted in 1995 U.S. and E.U. field trials. 
MON 83210: 10 pg of DNA from test line seed batch planted in 1995 U.S. and E.U. field trials. 
Empty 
MON 82010: 10 j.lg of DNA from control line seed batch planted in 1995 U.s. and E.U. field trials. 
MON 83010: 10 pg of DNA from test line seed batch planted in 1995 U.S. and E.U. field trials. 
MON 83110: 10 j.lg of DNA from test line seed batch planted in 1995 U.S. and E.U. field trials. 
MON 83210: 10 pg of DNA from test line seed batch planted in 1995 U.S. and E.U. field trials. 
New England BioLabs Mono Cut M.ix Molecular Weight Markers 
DNAs in lanes 2, 4-7 were digested with NotIlKpnI; DNAs in lanes 9-12 were digested with 
NdeL The blot was probed with 32P-labeled full length gox DNA. 
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GEN-EQP-019-01 

GEN-PRO-012-02 
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Preparation of Protein Extracts of Corn Tissues 

Procedure for Quantitative RD-l ELISA for Corn 
Tissues 

Procedure for the Direct ELISA for the Extraction & 
Quantitative Analysis of CP45-Enol-Pyruvyl-
Shikimate-3-Phosphate Synthase in Corn Leaf, Seed, 
and Whole Plant Tissues. 

Procedures for Extraction and Quantitative ELISA 
for Glyphosate Oxidoreductase (GOX) in Corn Leaf, 
Seed and Whole Plant Tissue 

Bio-Rad Protein Assay (96-well plate application) 

Bio-Rad Protein Assay (96-well plate application) 

Operation and Use of a Brinkman Polytron 

Procedure for Conjugation of Alkaline Phosphatase 
to Pu:rified Antibody 

Procedure for the NPD Regulatory Sciences 
Computer Data Handling System 
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Appendix 3: ELISA Validation Summaries 

CrylA(b) Protein ELISA Validation SUlD.1l1aryl 

I. Precision 

QC Sample2 Variability: 

Variability in Tissue: 

II. Accuracy 

Extraction Efficiency3: 

Spike and Recovery4: 

III. Range 

Limit of DetectionS; 

Range of Quantitation: 

=13.9%CV 

"" 11.8 % CV for corn leaf 
:0; 21.1 % CV for corn whole plant 
"" 32.4 % CV for corn grain 

"" 88% for corn leaf (1:50 tissue to buffer ratio, 
t:b) 

= 83% for corn forage (1:50 t:b ratio) 
"" 88% for corn grain (1:100 t:b ratio) 

= 78% from corn leaf 
"" 65% from corn forage 
"" 77% from corn grain 

"'" 0.17 )lg/g fwt for corn leaf 
"'" 0.06 )lg/g fwt for corn forage 
"'" 0.06 )lg/g fwt for corn grain 

0.32 - 12.8 ng/mL tryptic CryIA(b) 

IV. Assay Evaluation Criteria 

Quality control (QC) sample2: ± 3 standard deviations from the 
mean (46.44 - 127.94 ng/mL) 

Value of the buffer blank: < 0.229 OD at 405 nml655 nm ref. 

OD of highest standard: 0.8 - 1.2 OD 
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CryIA(b) Protein ELISA Validation Summary (cont'd.) 

R2 value from std. curve: 

Mean % Error for curve fit: 

Variability in sample 
replicates: 

> 0.98 (approximately) 

< 10 % (approximately) 

< 10 % CV (approximately) 

Range for quadratic curve fit parameters a, b, c: 
± 3 standard deviations from the mean 

a: -2.383 to -1.697 b: 0.686 to 1.121 c: -0.115 to 0.021 

V. Summary of Spike and Recovery of CryIA(b) Protein from Corn 
Forage and SenescencE~ Tissues 

A. Spike and Recovery (Tryptic Fragment of CryIA(b) Protein) 

Spike Levels 
(ng/ml) 

Recovered 
(ng/ml) 

Forage Matrix, MON 820 

2.5 
30.06 

1.646 

19.236 

Senescence Matrix, MON 820 
2.5 1.64 
10.0 3.79 

Buffer Control, PBSTO 
2.5 2.23 
10.0 8.19 
30.0 23.H7 

Recovery 
(%) 

66 
64 

65 
38 

89 
82 
80 

Mean % 
Recovery 

65 

52 

84 
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CryIA(b) Protein ELISA Validation Summary (cont'd.) 

VI. Summary of Extraction Efficiency of CryIA(b) Pro..iein from Corn 
Forage and Senescence Tissues 

B. Extraction Efficiency 

Forage, MON 810 
Senescence, MON 810 

Tissue: buffer 
ratio 

1:50 
1:50 

I: Study #93-01-39-07, (Ledesma, et al., 1995b). 

Ext. Efficiency 
Range % 

76 - 86 
65 - 73 

Mean 

83 
69 

2: Quality control sample is a cotton seed extract which expresses a very stable, truncated form of 
CrylA(b) protein. 

3: Extraction efficiency was evaluated during either assay development or during the course of the 
study (Ledesma, et aI., 1995a). 

4: Spike and recovery values are the mean of two spike levels. 
5: Limit of detection values are calculated from the average mean Jlglg fwt of two controllineB, MON 

820 and MON 821-
6; Value is an average of2 non-consecutive results. 

-
• 

-
-
• 

• 

• 

• 
• 
• I 
I .. 
I 

• 

• 

• 

• 
• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 
• 

• 
• 

• 

• 
• 

-
• 

• 

-
• 

• 

• 

• 

-

Monsanto Company 
CEREGEN 
Regulatol"Y Science 

Study #: 95·10·50-03 
MSLlt14615 
Page 53 of 95 

CP4 EPSPS Protein ELISA Validation Summary! 

I. Precision 

QC1 (low range) Variability: "" 15.9 % CV 
QC2 (mid range) Variability: "'" 6.6 % CV 

Variability in Tissue: 

II. Accuracy 
Extraction Efficiency2: 

Spike and Recove:ry3: 

ill. Range 
Limit of Detection': 

Range of Quantitation2: 

"'" 10.9 % CV Leaf tissue 
z 15.0 % CV Whole Plant tissue 
,." 25.4 % CV Grain tissue 

:::::: 84% from leaf (1:20 tissue:buffer ratio) 
"" 94% from whole plant (1:50 tissue:buffer 

ratio) 
"" 93% from grain (1:100 tissue:buffer ratio) 

"" 98% (",,20%CV) from leaf 
= 99% (;:::;l1%CV) from whole plant 
"" 96% (",,12%CV) from grain 

"" 0.49p.g/g fwt for corn leaf 
"" 0.36p.g/g fwt for corn forage 
"'" 0.16p.g/g fwt for corn grain 

0.10-2.0 ng CP4 EPSPS/250 pl well ±2 
Standard Deviations (SD) 
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CP4 EPSPS Protein ELISA Validation Summary (cont'd.) 

IV. Assay Evaluation Criteria2 

Quality Controls: 

Value of the buffer blank: 

Standard # 1: 
Standard #7: 

R2 of the standard curve: 

Variability of triplicate wells: 

1: Study #94-01-39-06, Elswick, E. 1995b 
2; Elswick, E. 1995a 

± 2 SD of the mean of the historical QC 
data. 
(QC1: 0.213-0.553 ng/well) 
(QC2: 0.594-1.347 ng/well) 
< 0.1010D 

OD ~0.030 
OD ~0.810 

~ 0.985 

s-; 10% CV 

3: % Recovery of spiked CP4 EPSPS protein. Mean of nine data points at low (0.4 ng) and mid (1 ng) 
spike concentrations. 

4: Limit of detection values are calculated from the average mean p.g/g fwt of two control lines. MON 
820 and MON 821. 
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GOX Protein ELISA Validation Summary 

I. Precision1 

QC Sample2 Variability: 

Variability in Tissue: 

ll. Accuracy 

Extraction Efficiency3: 

Spike and Recovery4: 

llI.Range 

Limit of Detection5: 

Range of Quantitation: 

'"' 20% CV for leaf tissue 
"'" 17% CV for grain tissue 

"'" 47% CV for leaf tissue 
z 31 % CV for whole plant tissue 
"'" 32% CV for grain tissue 

"" 79% from leaf tissue 
(1:100 tissue to buffer ratio) 
z 88% from whole plant tissue 
(1:60 tissue to buffer ratio) 
""" 81% from grain tissue 
(1:100 tissue to buffer ratio) 

"" 51% from leaf tissue 
::: 73% from whole plant tissue 
z 80% from grain tissue 

"" 1.6 llg/g fwt for corn leaf 
"'" 2.0 llg/g fwt for forage 
"" 1.1 p.g/g fwt for corn grain 

0.375 ng to 6.0 ng/wellleaf 
0.75 ng to 6.0 ng/well whole plant 
0.75 ng to 6.0 ng/well grain 

IV. Assay Evaluation Criterial 

Absorbance of the Buffer Blank: < 0.4833 
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GOX Protein ELISA Validation Summary (cont'd.) 

Quality Control Sample: mean of leaf QC"" 2.96 ng/well 
std dev=0.57 
range;;:L25 to 4.67 ng/well 

mean of seed QC =1.85 ng/well 
std dev of 0.31 
range=0.92 to 2.78 ng/well 

Coefficient of Variance of Replicated Wells: < 10% CV 

Coefficient of Determination (R"2 value): > 0.985 

1: Study #93-01-39-09, Davies and Sanders 1995a. 
2: Quality Control sample is control extract, spiked with GOX protein standard. 
3; Davies, 1994. 
~: Study #93-01-39-09, Davies and Sanders 1995a. Means of '27 data points at three spike levels. 
6: Limit of detection values are calculated by averaging the values generated from individual ELISA 

plates for control lines MON 820 and 821. 
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The purpose of this study is to evaluate insect protected (IPC), insect 
protected Roundup ReadyTM and glyphosate tolerant (Roundup 
ReadyTM) com lines grown under field conditions. Soma of these corn 
lines have been modified to express a protein from Bacillus thuringiensis 
subsp. kurstaki RD-1 [Cry IA(b) H6fte and Whiteley, 1989] 
(abbreviated as B.t.k. HD-1) which has insecticidal activity against the 
European Corn Borer (ECB) insect pest (Ostrinia nubilalis Hubner). 
Genes encoding CP4 5-enolpyruvylshikimate-3-phosphate synthase 
(EPSPS) and glyphosate oxidoreductase (GOX) may also be present. In 
addition to the B.t.k. RD-l gene, the CP4 EPSPS and/or gox genes are 
present to enable selection of cells in tissue culture that contain the 
B.t.k. RD-l gene and to confer glyphosate tolerance to the com plant for 
some lines. The control lines have background genetics representative 
of the test lines, but have not been genetically modified and therefore, do 
not express the B.t.k. RD-1, CP4 EPSPS or GOXproteins. The control 
lines provide a background matrix for the analytical evaluation of B.t.k. 
RD-I, CP4 EPSPS and GOX protein expression levels in the corn tissues 
collected from field-grown com plants. The test lines will be compared to 
the control line for each analyte measured in the compositional 
analyses. 

This study is designed to estimate the levels of B.t.h. RD-1, CP4 EPSPS 
and/or GOX proteins in leaf, forage and grain samples of insect protected 
(IPC), insect protected Roundup ReadyTM (IPCIRR) and glyphosate 
tblerant (Roundup ReadyTM, RR) com plants grown under field 
conditions. In addition, compositional analyses will be perfonned on 
forage and grain samples. Samples for this study will be collected from 
the GLP field study 95-BTRR-01 in Europe. 

2.0 Timelines: 

2.1 Proposed experimental start date: July 28, 1995 
2.2 Proposed experimental termination date: February 28, 1996 

8.0 Experimental design: 

3.1 Test Substances: 
The test substances are defined as the following corn lines: 

MON 
Number 
801 
802 
805 

Seed Batch 
Number 
80110 
80210 
80510 

Seed Pedigree 
BC1F5xMo17 
BC3F3xMo17 
BC2F3xMo17 

Line 
Phenotype 
!PC 
IPCIRR 
IPCIRR 
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809 80910 PI-2IPI-l IPC 
810 81010 BC1F4xMo17 IPC 
813 81310 PI-T3IPI-3 IPC 
814 81410 PI-T3IPI~3 IPC 

830 83010 BC2F3xMo17 RR 
831 83110 BC2F3xMo17 RR 
832 83210 BC2F3xMo17 RR 

Any of the test and control lines may be deleted at any time 
during this study. The deletion and reason(s) for the deletion of a 
test substance will be documented by amendment to the study 
protocol. 

3.2 Control Substances: 
The control subsumces are defined as corn lines MON 820 and 
MON 821, each of which have a genetic background similar to 
their respective test lines, which are defined below. 

MON Seed Batch Line Corresponding 
Number Number Pedigree Test Lines 

820 82010 BC2F1xM017 MON 801, 802, 805, 
810,830,831,832 

821 82110 PI-T3IPI-3 MON 809, 813, 814 

3.3 Reference Substance: 
There will be no reference substance for this study. Appropriate 
standards will be used in each assay as reference substances for 
the analytical procedures. 

3.4 Test and Control Substance Characterization: 
The identity of the test and control substances will be determined 
by the Study Director prior to their use in the study by verifying 
the chain-of-custody documentation supplied with the samples 
collected from the corn lines. The corn lines will be characterized 
as part of Study 95-01-50-01 or during this study_ 

3.5 Test System: 
The test system is the panel of analytical biochemical methods. 
Validated Enzyme Linked Immunosorbent Assay (ELISA) will be 
performed to quantitate the B.t.k. lID-I, CP4 EPSPS and/or GOX 
protein levels in the leaf, forage and grain samples. 
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Compositional analyses will be performed by published methods 
which are currently used to evaluate nutritional quality in corn 
products for commercial purposes. 

3.6 Justification of Test System: 

3.7 

The ELISAs have been validated for each protein and designed to 
measure the B.t.k. HD-l, CP4 EPSPS and GOX protein levels in 
leaf, forage and grain samples. 

Compositional analyses methods are validated assays which are 
currently used to evaluate nutritional quality in corn products for 
commercial purposes. All methods have been validated according 
to CHW Standard Operating Procedures (SOPs). 

Description of Experimental Design: 
Young leaf, forage and grain samples will be collected from the 
field sites for analysis. All plant samples will be labelled with the 
field Study number (95-BTRR-Ol), site number, line MON 
number, sample type, and date of collection. The samples and a 
Sample Handling Form will be transferred to Monsanto as 
outlined in Study 95-BTRR-OL 

Field sites 
F-32600 Segoufielle,France 
1-31021 Mogliano Veneto TV, Italy 
F-31870 Beaumont sur Leve, France 
F-31530 Le Castera, France 
F -32220 Montadet, France 

Site 
Number 

1 
2 
3 
4 
5 

Site 
Code 
SF 
MV 
BL 
LC 
MD 

All samples will be groWld to a fine powder as needed according to 
SOP. Monsanto will perform the B.t.k. HD-!, CP4 EPSPS and 
GOX protein expression level determinations and Corning 
Hazleton, Inc will perform the compositional analyses. 

3.8 Proposed Statistical Methods: 
The mean expression level (!lg / g fresh tissue) will be reported for 
each protein by line for each tissue across sites with a standard 
deviation for that mean. 

Compositional analyses will be reported on a dry weight basis 
where appropriate. The mean across sites will be reported for 
each analyte. Statistical analyses will be performed, comparing 
test and control means, using the SAS statistical program (SAS 
Institute, 1990) and the details described in the statistical 
analysis subreport as part of study final report. 
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The leaf and grain samples will be collected from all corn plants of 
each line. Samples will be collected from multiple field sites. The 
tissues will be gruund thoroughly and mixed wellbefore extraction 
to mjnjrnize tissue bias. In addition, where appropriate, the plant 
tissue matrix will be included in the reference standard curve to 
control for matrix effects. 

4.0 Protein Expression Level Determinations at Monsanto 

4.1 Samples 
There are ten test lines and two control lines in this study. All 
samples for analyses will be obtained from each site and sent to 
the appropriate destination as described in the protocol for study 
95-BTRR-Ol. Leaf and forage samples will be shipped on dry ice 
and stored at approximately -Boac. Kernels will be shipped at 
ambient temperature and stored at ambient temperature or 
approximately 4C'C. A summary of expected samples is contained 
in Attachment 1, Table 1. 

4.1.1 Leaf Samples 
The youngest immature whorl leaf from each plant of a line will be 
collected and pooled. There will be one leaf sample per test and 
control line for each site (12 lines/site X 5 sites = 60 samples). 
Young leaf samples will be collected from 5 field sites. 

4.1.2 Forage S~lDlples 
Two forage plants from each line will be collected at all sites at 
soft dough stage. The two forage samples for each line will be 
pooled and ground to a fine powder as per Study Plan 95-BTRR-
01 (12 lines/site X 5 sites = 60 samples). An aliquot will be 
shipped to the Study Director. Additional grinding, according to 
SOP BtM-PRO-067 may be necessary before protein extracts are 
prepared. 

4.1.3 Grain Sam.ples 
The ears of all phmts will be harvested, shelled and shipped 
as part of Study 95-BTRR-Ol. The grain samples will be assigned 
MON numbers as designated in Attachment 2. The MON 
number is the unique sample identifier. Approximately one 
kilogram of grain from each line from each site will be ground to a 
fine powder. An aliquot will be removed for ELISA analyses (12 
lines/site X 4 sites = 4B samples). Grain samples will not be 
collected from Sit.e 2 due to the late planting of the trial. 
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4.2 Analytical Methods: 
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Samples of test and control corn lines will be assayed for B.t.k. 
HD-l, CP4 EPSPS and/or GOXproteiIl'levels bx.-ELISA. 
Appropriate worksheets will be used during data collection which 
will delineate the sample location within the microtitre plates. 

4.2.1 Sample Processing 
Processing and extraction of corn tissues will be completed 
according to SOP BtM-PRO-067, BtM-PRO-037 and BtM-PRO-
076. Each extract will be labelled with a unique number which 
includes the study number, tissue type, line MON number, and 
site code. Extracts will be stored at approximately -80aC until 
analyzed. All extracts will be evaluated for total protein according 
to SOP BtC-PRO-015 as a quality check on the consistency of 
extraction among samples. 

4.2.2 EUSA analyses 
The levels of B.t.k. HD-l, CP4 EPSPS and/or GOX proteins in leaf, 
forage and grain samples will be measured by ELISA according to 
the appropriate SOP for that protein in corn tissues, BtM-PRO-
068, BtM-PRO·076 and BtM-PRO-037 respectively. 

ELISA and total protein assay data will be collected and the B.t.k. 
HD-l, CP4 EPSPS and GOXprotein concentrations calculated 
using validated data handling systems developed at Monsanto. 

4.2.3 Any additional analyses or re-analyses will be documented 
and justified in the raw data file. Not all analyses will necessarily 
be performed on all samples from all lines. 

5.0 Compositional Analyses at Corning Hazleton, Inc. (CHW) 

5.1 Samples 
There are ten test lines and two control lines in this study. 
Samples will be labelled with the Study #, a unique sample 
identifier and date. See section 4.1 for additional details_ A 
summary of expected samples is contained in Attachment 1, 
Table 2. Samples will be stored in a freezer set to maintain 
approximately -20°C ± lO°C. Any remaining test or control 
material, including original sample receipt containers will be 
returned to the Sponsor after completion of analyses. The forage 
and grain samples will be shipped to: 
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6.0 

Diane Henning 
Corning Hazleton, Inc. 
Wisconsin Facility 
3301 Kinsman Blvd. 
Madison, WI 53704 

5.1.1 Forage Samples 
Two plants from each line will be collected at all sites at soft 
dough stage. The two plants of each line will be combined during 
grinding to a powder. Additional grinding may be necessary before 
shipment to CHW. Approximately 200 gm of each ground forage 
sample will be slipped to CHW. 

5.1.2 Grain Saxnples 
The grain samplHs will be assigned MON numbers as designated 
in Attachment 2. The MON number is the unique sample 
identifier. Approximately one kilogram of grain from each line 
from each site will be ground to a fine powder and an aliquot 
shipped to CHW. 

5.2 Analytical Methods 
Grain and forage samples will be assayed by the following CHW 
approved methods: 

5.2.1 Forage Samples 
The following analyses will be performed on the forage samples: 
proximates: moisture (M100), protein (PGEN), fat (FAAH), ash 
(ASHM) carbohydrates (CHO); and crude fiber (CFIB) .. 

5.2.2 Grain Sallllples 
The following analyses will be performed on the grain samples: 
proximates: moisture (M100), protein (PGEN), fat (FSOX), ash 
(ASHM), and carbohydrates (CHO); crude fiber (CFIB), amino 
acid (TAAP), and fatty acid profile (FAC). 

5.2.3 Any additional analyses or re-analyses will be documented 
and justified in the raw data file. Not all analyses will necessarily 
be performed on all samples from all lines. 

Records to be Maintained: 

6.1 Monsanto Facility. 
All raw data including ELISA worksheets, computer printouts, 
and processing/extraction worksheets shall be archived upon 
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6.2 

completion of the study. Excess samples will be retained until 
notified offinal disposition by the Sponsor. 

Records will be retained of all sampling and obse.z:yational raw 
data, the protocol and all deviations and amendments thereto, and 
copies of all letters, memoranda, and other correspondence related 
to this study. Upon completion of the study, raw data will be 
transferred to the archives of the Sponsor. 

Corning Hazleton, Inc. 
Original data or copies will be available at CHW to facilitate 
auditing the study during its progress and before acceptance of 
the final subreport. When the final subreport is completed, 
original paper data, computer printouts, chromatographs, 
worksheets, data sheets, original notes by investigators, forms 
specified by SOP and magnetically encoded records, will be 
retained in the archives ofCHW in accordance with 21 CFR 58. 

The following supporting records will be retained at CHW but will 
not be archived with the study data: refrigerator and freezer 
temperature records, instrument calibration and maintenance 
records. 

7.0 caw Final Subreporl: 

A quality control checked and Quality Assurance accepted analytical 
subreport generated by the CHW Principal Investigator will be 
submitted to the Monsanto Study Director to be used in preparation of 
the final report. This will include a Quality Assurance accepted 
summary spreadsheet which includes the results reported in LnvrS 
reports and results calculated on dry weight basis. A final subreport 
including a data summary spreadsheet, a copy of the Laboratory 
Information Management Systems (LIMS) reports, reference standards 
(where applicable) for each assay and Method Summaries will be 
submitted to the Study Director. The raw data and final subreport will 
be audited by the Quality Assurance Unit of CHW in accordance with 
CHW Standard Operating Procedures (SOPs). One copy of the draft 
report and two copies of the final subreport will be provided. 

8.0 Study Conduct Statement: 

8.1 Monsanto Facility. 
This experiment shall be conducted in accordance with the 
protocol. Any change, revision, or deviation from this protocol 
should be documented promptly according to SOP #GEN-POL-
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8.2 

9.0 

005 and commwllcated to the Study Director immediately. (If the 
Study Director is unavailable, deviations should be 
communicated to the Principal Investigator or GLP/QC 
Coordinator who will inform the Study Director...as soon as 
possible.) All specimens will be identified clearly with the Study # 
and date collected.. All data and information will be recorded 
directly and promptly in indelible ink. The exceptions are 
electronically captured data, for which a printout will be 
generated and included with other study data. All entries will be 
dated on the day of entry and signed or initialed by the person 
entering the information. Computer printouts will have dates and 
initials of the person responsible for their generation. All data 
sheets must contain the Study number. Any change in entries 
will be made so as not to obscure the original entry, must indicate 
the reason for the change and must be dated and signed (or 
initialed) at the time of the change. 

Corning Haz1eto~ Inc. 
This experiment shall be conducted in accordance with the 
protocol and CHW SOPs. Any change, revision, or deviation from 
this protocol should be documented promptly and communicated 
to the Study Director immediately. CHW Quality Assurance 
Unit will monitor the study conduct and the final subreport. 

10.0 GLP Compliance: 
This experiment will be conducted in compliance with the United States 
FDA Good Laboratory Practice Regulations (21 CFR Part 58). 
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12.0 Monsanto Study Specific SOPs: 

BtM-PRO-037 : 

BtM-PRO-076 : 

BtM-PRO-067 : 

Procedures for Extraction and Quantitative ELISA 
for Glyphosate Oxidoreductase (GOX) in Corn Leaf, 
Seed and Whole Plant Tissue 

Procedure for the Direct ELISA for the Quantitative 
Analysis of CP4 5-Enol Pyruvyl Sbikimate 3-
Phosphate Synthase in Corn Leaf, Seed and Whole 
Plant Tissues 

Preparation of Protein Extracts of Corn Tissues 
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Table 1. Summary of plant samples of corn lines for protein 
expression level dE,terminatiOns 

Site Numbers and Site Codes 

1 2 3 4 5 
SF. MY BL LC. MD 

Young leaf X X X X X 

Forage X X X X X 

Grain X .* X X X 

Table 2. Summary of plant samples of corn lines for compositional 
analyses 

~Numbers and Site Codes 

1 2 3 4 5 
.sF MV BL L.C. MD 

Forage X X X X X 

Grain X -* X X X 

*Site number 2 will be planted in mid-July, representative offorage maize 
growing conditions. Grain will not be harvested. 
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Attachment 2 

GRAIN SAMPLE MON NUMBERS 

SITE NUMBER / CODE* 

1 3 4 5 
Corn SF BL LC MD 
Line # F-3260Q r-a1870 F-a153Q F·32220 

T~s:t lines; 
802 80221 80223 80224 80225 

805 80521 80523 80524 80225 

801 80121 80123 80124 80125 

809 80921 80923 80924 80925 

810 81021 81023 81024 81025 

813 81321 81323 81324 81025 

814 81421 81423 81424 81425 

830 83021 83023 83024 83025 

831 83121 83123 83124 83125 

832 83221 83223 83224 83225 

Qontrollines: 
820 82021 82023 82024 82025 

821 82121 82123 82124 82125 

*Site number 2 will be planted in mid-July, representative of forage maize 
growing conditions. Grain will not be harvested. 
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Amendment #: 1 

Study Title: Evaluation of Insect Protected, Insect Protected Roundup 
Readynf, and Roundup ReadyTM Corn Produced in the 1995 European 
Field Tria195-BTRR-01 

Date Change Implemented: October 30, 1995 

Project: Corn 

Page No/s. &Jor Sectionls: Pg 7, Sec 8.8; Pg 10, Sec 5.2; Pg 11, Sec 7.0 

Protocol originally stated: 
3.8 Proposed Statistical lM:ethods: 

Statistical analyses will be performed, comparing test and control 
means, using the SAS statistical program (SAS Institute, 1990) and the 
details described in the statistical analysis subreport as part of study 
final report. 

5.2.1 Forage Samples 
The following analyses will be performed on the forage samples: 
proximates: moisture (M100), protein (PGEN), fat (F AAH), ash 
(ASHM) carbohydrates (CHO); and crude fiber (CFID). 

5.2.2 Grain Samples 
The following analyses will be performed on the grain samples: 
proximates: moisture CMIOO), protein (PGEN), fat (FSQX), ash (ASHM), 
and carbohydrates (CHQI); crude fiber (CFIB), amino acid (TAAP), and 
fatty acid profile (F AC). 

7.0 CHW Final Suhreport: 
A quality control checked and Quality Assurance accepted analytical 
subreport generated by the CHW Principal Investigator will be submitted 
to the Monsanto Study Director to be used in preparation of the final 
report. This will include a Quality Assurance accepted summary 
spreadsheet which includes the results reported in LIMS reports and 
results calculated on dry weight basis. A final subreport including a data 
summary spreadsheet, a copy of the Laboratory Information 
Management Systems (LIMS) reports, reference standards (where 
applicable) for each assay and Method Summaries will be submitted to 
the Study Director. 
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Amended as Follows: 
3.8 Proposed Statistical Methods: No statistical analysis of the data will 

be performed. 

5.2.1 Forage Samples 
The following analyses will be performed on the forage samples: 
proximates: moisture (MIOO), protein (PGEN), fat (FAAH), ash (ASHM) 
carbohydrates (CHO); acid detergent fiber (ADF) and neutral detergent 
fiber (NDFE). 

5.2.2 Grain Samples 
The following analyses will be performed on the grain samples: 
proximates: moisture (MIOO), protein (PGEN), fat (FSOX), ash (ASHM), 
and carbohydrates (CHO); acid detergent fiber (ADF), neutral detergent 
fiber (NDFE), amino acid profile (TAAP). and fatty acid profile (F AC). 

7.0 CHW Final Suhreport: 
A quality control checked and Quality Assurance accepted analytical 
subreport generated by the CHW Principal Investigator will be submitted 
to the Monsanto Study Director to be used in preparation of the final 
report. A final subreport including a data summary spreadsheet, 
reference standards (where applicable) for each assay and Method 
Summaries will be submitted to the Study Director. 

Reason for Amendment and how this change will impact the Study: 
Statistical analysis of the data will not be performed. The statistical analysis 
has been of marginal utility in previous studies and deemed unnecessary for 
this study. 

The crude fiber assay for forage and grain samples will be replaced by the acid 
detergent fiber assay and the neutral detergent fiber assay. This change will 
improve the utility of the fiber data generated. 

The Laboratory Information Management Systems (LIMS) reports (if 
generated) will not be included in the analytical subreport. This change will 
eliminate unnecessary paperwork and reduce the chance of transcription 
errors. 

Sienatures of Approval 

Study Director: 

lilt,t(t( '-;: ~l«J Date: 
Patricia R. Sanders 
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SpODS~=es Management Representative: 

Q~~~ Date: 
RoyL. chs 

Sienatures ofAcknow1edcement 

~c!!r1d 
Mark Groth 

Signature of Review by QA 

cc: 

Date: /lABS-

Date: /,j Nrr /?~ 
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Amendment #: 2 

Study Title: Evaluation of Insect Protecte(4 Insect Protected Roundup 
ReadyTM, and Roundup ReadyTM Corn Produced in the 1995 European 
Field Trial 95-BTRR-Ol 

Date Change Implemented: December 22, 1995 

Project: Corn 

Page No/s. &lor Sectionls: Pg 5 and 6, Sec 3.0 

Protocol originally stated: 
8.1 Test Substances: 

The test substances are defined as the following corn lines: 

MON Seed Batch Line 
Number Number Seed Pedigree Phenotype 
801 80110 BC1F5xMo17 IPC 
802 80210 BC3F3xMo17 IPCIRR 
805 80510 BC2F3x.Mo17 IPCIRR 
809 80910 PI-2IPI-1 IPC 
810 81010 BC1F4xMo17 IPC 
813 81310 PI-T3IPI-3 IPC 
814 81410 PI-T3IPI-3 IPC 

830 83010 BC2F3xMo17 RR 
831 83110 BC2F3x.Mo17 RR 
832 83210 BC2F3xMo17 RR 

3.2 Control Substances: 
The control substances are defined as corn lines MON 820 and 
MON 821, each of which have a genetic background similar to 
their respective test lines, which are defined below. 

MON Seed Batch Line Corresponding 
Number Number Pedigree Test Lines 

820 82010 BC2F1xMo17 MON 801, 802, 805, 
810,830,831,832 

821 82110 PI-T3IPI-3 MON 809, 813,814 
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Monsanto Protocol Amendment Form ~ 
CEREGEN Reference: GEN·POL-005 Page .2::.. of :::L 

~~~~~~~.,~,.~~~~ .. ----~~ 
Amended as Follows: 
3.1 Test Substances: 

The test substances are defined as the following corn lines: 

MON Seed Batch Line 
Nwnber Number Seed Pedieree Pbenotype 
801 80110 BC1F5xMo17 IPC 
802 80210 BC3F3xMo17 IPCIRR 
805 80510 BC2F3xMo17 IPCIRR 
809 80910 PI-2fPI-1 IPC 
810 81010 BC1F4xMo17 IPC 

830 83010 BC2F3xMo17 RR 
831 83110 BC2F3xMo17 RR 
832 83~nO BC2F3xMo17 RR 

3.2 Control Substances: 
The control substances are defined as corn lines MON 820 and 
MON 821, each of which have a genetic background similar to 
their respective test lines, which are defined below. 

MON Seed Batch Line Corresponding 
Number Number Pedigree Test Lines 

820 82010 BC2F1xMo17 MON 801, 802, 805, 
810,830,831,832 

821 82110 PI-T3fPI-3 MON809 

Reason for Amendment an.d how this change will impact the Study; 
The com lines MON 813 and MON 814 have been dropped as commercial 
candidates and therefore, no additional analyses will be performed on these 
lines. 

SifW,atures of Al.'!)2rOval 

Study Director: 
~t r:; ('1. 1_ 
Ii t; I C-U! 'K· ~-&. .. <-.ti{'o 

Patricia R. Sanders 
Date: 
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Protocol Amendment Form 

cilities Management Representative: 

Si~aturesofAcknowled~ement 

Mark Groth 

SifWatures of Review by QA 

Corning Hazleton:±n:e: 

cc: Bibi Ledesma 

Date: 
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Monsanto Protocol Amendment Form . 
~!!!;2!~ ...... ________ ..J~O~P~R~eference: GEN.POL·005 Page -.!... of / 

Sciences 

Study Number: 95-10-50-03 Amendment #: 3 

Study Title: Evaluation of Insect Protected, Insect Protected Roundup 
Ready and Roundup Ready Corn Produced in the 1995 European Field 
Trial 95-BTRR·01 

Date Change Implemented: 317/96 

Project: Corn 

Page No/s. &lor Section/a: Amendment #1 

Protocol (Amendment #1) originally stated: The following analyses will be 
performed on the forage samples: proximates: moisture (MI00), protein 
(PGEN), fat (FAAH), ash (ASEIM). carbohydrates (CHO); acid detergent fiber 
(ADF), neutral detergent fibeI' (NDFE). 

Amended as Follows: Som,e forage samples may also be analysed for total 
crude fiber (CFIB). 

Reason for Amendment and how this change will impact the Study: 
After reviewing the NDF and ADF values, it was decided to also perform total 
crude fiber analysis on some lines. 

Signatures of Approyal 

Study Director: 

Date: 3/7/7'1 

s 

Si@afures of Acknowledl,!ement 

~~ Date: ..3!flo /f(p 
J ; 

Sienature of Review bj!" QA 

QA Rep.: ---t.M::...J::::;;;:I.I.....I.· ~C::::.-l£:..,:;,~::..;:;W.:;..;1..1.:J' A:!!f:;::/I;.:;.,~ +-____ _ Date: 



.' Attachment 2: 

.. Protein EXpressfon1bd Composition Data on Maize Progeny 

This attachment contains data on corn hybrids ofMON 810, MON 802 and 
MON 805 grown in Italy or France. The text was taken directly from the 
following 90/220 dossiers submitted to the French Commission du Genie 
Biomoleculaire: 

MON 810: Application to Place on the Market Genetically Modified Higher 
Plants: Insect-Protected Maize. 

MON 802 Volume I-A: Application to Place on the Market Genetically 
Modified Higher Plants: Insect-Protected Maize. 

MON 805 Volume I-B: Application to Place on the Market Genetically 
Modified Higher Plants: Insect-Protected Maize. 

The tables are numbered as in these original documents. See the original 
90/220 dossiers for the references. 
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(c) Expression levels in the tissues of progeny from MON 810 from 
the 1995 European field trials 

Field trials were conducted by both Italy and France to produce leaf, forage 
and grain samples for expression analysis of Insect-Protected maize hybrids. 
The five Insect-Protected maize hybrids were developed through crossing of the 
MON 810 event into commercial inbreds. Non-modified versions of the same 
hybrids were used as the controls. Leaf samples were collected at the Italy site 
only, while forage and grain samples were collected at both sites. The 
CryJA(b) protein levels were assessed in the maize samples using a validated 
ELISA (Table B.9). The ELISAs for CP4 EPSPS and GOX proteins were not 
performed since the genes are not present in maize line MON 810 (the absence 
of these proteins was confirmed in the previous field trials). Field trials were 
approved under permit numbers BIIT/95-23 and 95.03.06 for Italy and France, 
respectively. 

Table D.9 Summar:.v of Cr:.vIA(b) Protein Levels in Tissues of Progeny 
from maize line MON 810 grown in the 1995 E.U. field trials1 

Leaf 

Forage4 

CryIACb) Protein (ug/g fwt) 

mean2 9.26 
range3 8.20-10.51 

mean 
range 

mean 
range 

4.52 
4.00-5.11 

0.46 
0.35-0.60 

1: There were five hybrids planted at Itwo field sites. All values are expressed as ~g fresh weight of 
tissue. 

2: The means were calculated from the analysis of an aliquot of pooled sample from Italy site. 
3: The range is the m.ini.mum and maximum values from the analysis of samples from Italy site. 
4: The mean and range were calculated from the analysis of one or two plants collected from both 

sites. 
&: The mean and range were calculated from the analysis of pooled grain samples collected from 

both sites. 

The level ofCryIA(b) protein in progeny ofMON 810 ranged from 8.20 -10.51 
mglg fwt in young leaf tissue, 4.00 - 5.11 mglg fwt in forage tissue, and 0.35 -
0.60 mglg fwt in harvested gr~Lin. The CryJA(b) protein levels are similar for 
MON 810 plants derived from backcrosses to B73!Mo17 and commercial 
hybrids(Table E.9). 



In summary, the level ofCryIA(b) protein in MON 810 plants is similar when 
plants are grown in different geographies and when the gene is present in 
different genetic backgrounds. The level of expression remains consistently 
high to provide season long control of the targeted insect pests. 

iv. Compositional analyses of progeny of MON 810 

Field trials were conducted in both Italy and France in 1995 to produce forage 
and grain samples for the compositional analysis of Insect-Protected maize 
hybrids of line MON 810. Five Insect-Protected maize hybrids were developed 
through crossing of the MON 810 event. Nonmodified versions of the same 
hybrids were used as controls. Field trials were approved under permit 
number BIIT/95-23 in Italy and permit number 95.03.06 in France. 

Grain from four or five plants of each insect protected maize hybrid and control 
hybrid was pooled by site, ground to a fine powder and analyzed by Corning 
Hazleton, Inc. The samples were analyzed by AOAC methodology (Association 
of Official Analytical Chemists) for protein, ash, acid detergent fiber (ADF), 
neutral detergent fiber (NDF), fat, moisture content, amino acid composition 
and fatty acid profile according to published methods (AOAC, 1990). 

Forage plant samples were collected from the field trials conducted in Italy and 
France. One or two plants of each Insect-Protected maize hybrid or control 
hybrid were pooled and processed by standard procedures. Processed, dried 
samples were analyzed by NIR for neutral detergent fiber, acid detergent fiber, 
crude fiber, crude protein, ash, in vitro digestibility (cellulase method), soluble 
sugars, dry matter, and in situ dry matter disappearance. All analyses were 
conducted at Pioneer Hi-Bred IntI. in Johnston, Iowa. Results are reported as 
percentages of the dry weight of the sample. The forage samples were 
analyzed on a NIR Systems 6500 scanning near infrared spectrometer. The 
spectra were recorded from 1100 to 2500 nanometers. All spectra were 
measured in the reflectance mode. Calibrations used for prediction of 
constituent values for both grain and forage samples were internal calibrations 
developed by Pioneer Hi-Bred IntI. In addition, the forage samples were 
analyzed by AOAC methods at Corning Hazleton, Inc. 
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The compositional analysis data presented in Tables C.IO through C.13 are 
expressed as ranges. The range represents the minimum and maximum levels 
measured across the Insect-Protected or control hybrids at a given location. 
Many of the nutritional charac:teristics measured in these studies are known to 
vary widely across hybrids and environments (Pen-y, 1988). Therefore, it is 
most informative to analyze a range of values for nutritional characteristics 
when reporting results of such studies. 

A. Proximate analysis on grain from. progeny of maize line MON 810 

The results of proximate analyses as perfonned by AOAC methodology on 
grain of maize line MON 810 are summarized in Table C.10. The values for all 
parameters are similar for the control hybrid and MON 810 hybrids, within 
and between the field sites. The measured ranges are similar to the published 
literature ranges (Watson, 1987). 

Table C.10. Proximate Analyses on Grain from Progeny of Maize 
Line MON 810 

Italy Site France Site 
Ranges Ranges 

Control MON810 Control MON810 
Protein % 9.1-10.4- 8.4-11.0 10.1-11.2 10.7-13.7 

Ash % 1.3-Hi 1.4-1.6 1.3-1.5 1.3-1.7 

ADF % 2.4-4.1 2.2-3.2 2.3-2.9 3.1-3.6 

NDF% 8.0-9.7 7.7-9.5 7.2-9.4 8.5-9.4 

Total fat % 3.1-3.8 3.6-4.8 3.3-4.3 3.2-4.9 

Carbohydrates, % 84.2·86.4 82.9-86.4 83.4-85.3 79.8-84.7 

Calories C/100g 410-412 412·418 412-416 411-418 

Dry Matter % 87.7-89.7 87.1-89.4 78.0-80.5 63.5-78.9 



B. Amino acid composition of grain from progeny of maize line 
MON810 

The amino acid composition of grain from progeny of maize line MON 810 and 
the control is summarized in Table C.II. The range of values for each amino 
acid are similar for the control and MON 810 hybrids. The values are also 
similar to those reported in the literature (Watson, 1982). 

Table C.l1. Amino Acid Composition of Grain from Progeny of Maize 
Line MON 810 

Amino Acid 
Nutritionally essential 
Methionine . 
Cystine 
Lysine 
Tryptophan 
Threonine 
Isoleucine 
Histidine 
Valine 
Leucine 
Arginine 
Phenylalanine 
Glycine 
Non-essential 

Italy site 
Range" 

% of Total Protein 
CgntroI MON 81Q 

1.8-2.1 
2.1-2.3 
3.1-3.4 
0.6-0.7 
3.8-3.9 
3.6-4.4 
2.7-3.1 
4,4-5.0 

13.3-13.6 
4.4-4.8 
5.3-5.8 
3.8-4.0 

l.7-2.2 
2.1-2.3 
2.9-3.6 
0.6-0.7 
3.5-3.9 
3.7-4.5 
2.9-3.1 
4.6-5.0 

12.8-13.6 
4.3-5.0 
5.3-5.8 
3.7-4.2 

France site 
Range" 

% of Total Protein 
Control MON 810 

1.8-2.0 
1.9-2.2 
2.9-3.3 
0.5-0.6 
3.7-3.9 
3.9-4.3 
2.7-3.0 
4.3-5.1 

13.4-14.2 
3.9-4.3 
5.5-5.7 
3.6-3.8 

1.7-2.3 
1.9-2.3 
2.8-3.2 
0.6-0.6 
3.6-4.0 
3.9-4.7 
2.8-3.1 
4.8-5.3 

14.0-14.8 
3.9-4.4 
5.6-6.0 
3.5-4.0 

Alan:ine 7.7-8.2 7.6-8.0 7.7-8.2 7.9-8.6 
Aspartic acid 6.7-7.2 6.7-7.2 6.5-7.1 6.4-7.3 
Glutamic acid 20.0-20.4 19.2-20.1 19.9-21.0 20.7-21.6 
Proline 9.1-9.7 9.3-10.0 9.0-9.7 9.5-9.9 
Serine 5.2-5.7 5.0-5.3 5.1-5.7 5.2-5.6 
Tyro!2ine 4.2-4.3 'U::i.5 4,2-4.6 4.3-4.8 
.: Range denotes the lowest and highest individual values across 5 hybrids at each site. 
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C. Fatty acid profile of grain from progeny of maize line MON 810 

The fatty acid profile of grain from progeny ofline MON 810 is summarized in 
Table C.12. The range of values for each fatty acid are similar for the control 
hybrids and the MON 810 hybrids and were within the reported literature 
ranges (Watson, 1982). 

Table C.12 Fatty Acid Profile of Grain from Progeny of Maize Line 
MON810· 

Italy site France site 
Component Rangeb Rangeh 

Control MON810 Control MON810 
Linoleic (18:2) 53.2-60.6 62.2-65.8 55.3-60.7 61.8-65.2 

Oleic (18:1) 28,8-32.3 20.1-24.2 23.9-30.0 20.6-24.2 

Palmitic (16:0) 10.6-12.2 10.1-11.6 10.7-12.3 10.4-11.8 

Stearic (18:0) 1.3-1.5 1.4-1.6 1.4-1.6 1.5-1.6 

Linolenic (l8:3) 1.2-1.5 1.1-1.3 1.2-1.4 1.0-1.2 

Arachidic (20:0) 0.3-0.4 0.3-0,4 0.3-0,4 0.3-0.4 

Eicosenoic (20:1) 0.3-0,4 0.3-0.4 0.3-0.4 0.3-0.4 

Behenic (22:0) 0.1-0.2 0.1-0.2 0.1-0.2 0.1-0.2 
• : Value of fatty acid is % of total lipid. Other fatty acids were below the limit of detection of the 

assay. There were 5 control hybrids and 5 MON 810 hybrids. 
b: Range denotes the lowest and highest individual value across all hybrids. 



D. Compositional analyses on forage from progeny of maize line 
MON810 

Tables C.13 (a and b) summarize the results of the compositional analysis of 
forage samples of the control and MON 810 hybrids. Table C.13a summarizes 
the data from NIR analysis, Table C.13b contains the AOAC data. All data are 
expressed on a dry weight basis. 

Table C.13a. Near-Infrared Reflectance (NIR) Spectroscopy Results 
on Forage from Progeny of Maize Line MON 810 

Italy Site France Site 
Range" Range" 

Control MON810 Control MON810 
Crude Protein 7.4-8.6 8.0-9.4 7.4-8.4 7.3-8.3 

Ash 4.8-5.7 4.5-5.4 3.5-4.6 3.8-5.3 

Crude Fibre 21.4-25.1 19.0-22.6 19.3-24.6 20.4-23.7 

ADFb 25.2-30.7 24.1-28.0 22.0-28.6 23.3-27.7 

NDFc 47.8-54.4 46.3-51.2 43.2-54.0 45.3-51.8 

Starch 15.4-28.6 22.2-30.6 12.9-32.2 8.2-24.4 

Soluble Sugars 7.4-18.6 6.5-15.7 14.9-23.7 21.0-28.1 

Dry Matter 94.8-95.1 92.6-95.5 93.2-95.1 94.2-95.2 

IVDCd 65.6-71.5 69.2-73.0 69.1-76.5 70.9-76.1 

ISDMD" 36.8-40.9 38.1-41.9 38.7-42.9 40.2-44.3 
"' Range denotes the lowest and highest individual values of 5 hybrids tested. 
b: Acid detergent fiber. 
'" Neutral detergent fiber. 
4: in vitro digestibility-cellulose method. 
e; in situ dry matter disappearance. 
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Table C13b. AOAC Results on Forage from Progeny of Maize Line 
MON810 

Italy site France site 
Range" Range" 

Control MON810 Control MON810 
Protein % 6.3-7.3 6.5-7.7 6.4-8.8 5.9-7.6 

Ash % 3.8-4.8 4.0-4.7 2.7-3.4 2.7-3.9 

ADFO% HI.7-29.0 17.3-22.4 19.6-25.2 18.0-20.5 

NDFC % 31.5-35.5 29.7-33.7 30.0-35.3 29.5-32.8 

Total fat % 1.7-2.4 1.8·2.5 1.2-2.1 1.0-2.1 

Carbohydrates, % 8H.1-87.8 85.4-87.1 88.2-89.0 87.1-89.8 

Calories C/100g 390-394 390-395 395-398 393-398 

Dry Matter % 29.0-34.5 29.6-36.~ 33.7-38.3 34.2-40.0 
~ Range denotes the lowest and highest individual values of 5 hybrids tested. 
b, Acid detergent fiber. 
C Neutral detergent fiber. 

In summary, within a given field trial location, either France or Italy, the 
compositional data was comparable across all hybrids. This is evidenced by the 
overlap in the range of values for each characteristic. The NIR and AOAC 
results are consistent, validating the utility of either method. These data 
demonstrate that under similar growing conditions, the composition of the 
grain and forage of the Insect-Protected maize hybrids are equivalent to the 
control hybrids grown commercially. 



(c) Expression Levels in the Tissues of Progeny of Line MON 802 
from the 1995 European Field Trials 

Forage and grain samples were collected from progeny ofMON 802 planted 
in a field trial in Italy. The five Insect-Protected Roundup Ready maize 
hybrids were developed through crossing of the MON 802 event into 
commercial hybrids. Non-modified versions of the same hybrids were used as 
the controls. The CryIA(b), CP4 EPSPS and GOX protein levels were 
assessed in the maize samples using validated ELISAs (Table E.8). 

Table B.S. Summary of CryIA(b), CP4 EPSPS and GOX Protein 
Levels in Tissues of Progeny from Maize Line MON S02 
Grown in the 1995 European Field Trials1 

I. 

'. 
'. 
<. 

$. 

Protein (JIg I g fwtl 
CryIACb) CN EPSPS GOX 
1.35-2.03 3.95-7.60 0.79-3.05 

Grain" range 0.67-4.64 2.97-9.33 <1.1' 
There were five hybrids planted at one field site. All values are expressed as pg f g fresh weight of tissue. 
Two plants of each hybrid were pooled and analyzed. 
The range is the minimum and maximum values from the analysis of five samples, one of each hybrid. 
The range was determined from the analysis of pooled grain samples, one sample from each of five hybrids. 
Values were below the Limit of Detection (1.1 Jlg!g) for the assay. 

The level ofCryIA(b) protein in progeny ofMON 802 ranged from. 1.35 - 2.03 
p.g/g fwt in forage tissue and 0.67 - 4.64 p.g/g fwt in harvested grain. The 
CryIA(b) protein levels are similar for MON 802 plants derived from 
backcrosses to B73IMo17 and commercial hybrids (Table E.8). 

In summary. the level ofCryIA(b), CP4 EPSPS and GOX proteins in MON 
802 plants is similar when plants are grown in different geographies and 
when the genes are present in different genetic backgrounds. The CryIA(b) 
protein level of expression remains consistently high to provide season long 
control of the targeted insect pests. 
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iv. Compositional analyses of progeny from maize line MON 802 

Grain samples were collected from a field trial conducted in Italy in 1995 for 
the compositional analysis of hybrids of maize line MON 802. Six maize 
hybrids were developed through crossing of the MON 802 event. 
N onmodified versions of the same hybrids were used as controls. 

Grain from three to five plants of each insect-protected Roundup Ready 
maize hybrid and control hybrid was pooled by site, ground to a fine powder 
and analyzed by Corning Hazleton, Inc. The samples were analyzed by 
AOAC methodology (Association of Official Analytical Chemists) for protein, 
ash, acid detergent fiber (ADF), neutral detergent fiber (NDF), fat, moisture 
content, and amino acid composition according to published methods (AOAC, 
1990). 

The compositional analysis data on the grain is presented in Table C.12, 
expressed as ranges. The range represents the minimum and maximum 
levels measured across the MON 802 hybrids or control hybrids at a given 
location. Many of the nutritional characteristics measured in these studies 
are known to vary widely across hybrids and environments (Perry, 1988). 
Therefore, it is most informative to analyze a range of values for nutritional 
characteristics when reporting results of such studies. 

A. Proximate analysis on grain from progeny of maize line MON 802 

The results of proximate analyses as performed by AOAC methodology on 
grain of maize line MON 802 are summarized in Table C.12. The ranges for 
all parameters are similar for the control hybrid and MON 802 hybrids, 
within and between the field sites. The measured ranges are similar to the 
published literature ranges (ViTatson, 1987). 



Table C.12. Proximate Analyses on Grain from Progeny of Maize 
Line MON802 

Protein" 

Ash" 

Total fat" 

Italy site 
Ranges' 

Control MON 802 
8.6-10.1 8.6-10.0 

1.4-1.5 1.4-1.5 

2.6-3.8 2.6-3.5 

8.3-10.5 8.5-10.7 

2.8-3.7 2.6-3.4 

Dry Matter % 88.3-89.1 87.4-88.2 
'. Percent dry weight of sample. 
'. The range denotes the lowest and higbest individual values across the six hybrids. 
'. Acid detergent fibre. 
• . Neutral detergent fibre. 
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B. Amino acid composition of grain from progeny of maize line 
MON802 

The amino acid composition of grain from progeny of maize line MON 802 
and the control is summarized in Table C.13. The range of values for each 
amino acid are similar for the control and MON 802 hybrids. The values are 
also similar to those reported in the literature (Watson, 1982). 

Table C.13. Amino Acid Composition of Grain from Progeny of 
Maize Line MON 802 

Italy site 
Range" 

b 

% of Total Protein 
Amino Acid Control MON 802 
Nutritionally essential 
Methionine 1.9-3.8 
Cystine 2.2-2.4 
Lysine 3.2·3.3 
Tryptophan 0.9-1.0 
Threonine 3;.6-3.9 
Isoleucine ;],.3-3.6 
Histidine 2.9-3.2 
Valine 4.6-5.0 
Leucine 12.3-13.3 
Arginine 4.5-4.7 
Phenylalanine 5.0-5.4 
Glycine 3.8-3.9 
Nonessential 
Alanine 
Aspartic acid 
Glutamic acid 
Proline 
Serine 
Tyrosine . 

7.6-7.8 
6.9-7.1 

19.6-20.8 
9.3-9.9 
4.9-5.4 
3.8-4.1 

2.1-4.2 
2.3-2.7 
3.3-3.9 
0.9-LO 
3.6-3.9 
3.4-3.8 
3.0-3.3 
4.6-5.3 

12.5-13.1 
4.4-5.7 
5.0-5.5 
3.8-4.4 

7.6-8.2 
6.7-7.5 

19.7-20.9 
9.1-10.0 
4.9-5.4 
3.3-4.0 

; Range denotes tha lowest and highest individual values across 4 hybrids at each site. 
, ; Values are expressed as percent of total protein. 

In summary, the compositional data was comparable between the MON 802 
hybrids and the control hybrids. This is evidenced by the overlap in the 
range of values for each component. These data demonstrate that the 
composition of the grain of MON 802 maize hybrids are equivalent to the 
control hybrids grown commercially. 



(c) Expression Levels in the Tissues of Progeny of Line MON 805 
from the 1995 European Field Trials 

Forage and grain samples were collected from progeny of MON 805 planted 
in a field trial in Italy. The six Insect-Protected Roundup Ready maize 
hybrids were developed through crossing of the MON 805 event into 
commercial hybrids. Non-modified versions of the same hybrids were used as 
the controls. The CryIA(b), CP4 EPSPS and GOX protein levels were 
assessed in the maize samples using validated ELISAs (Table E.8). 

Table B.S. Summary of CryIA(b), CP4 EPSPS and GOX Protein 
Levels in Tissues of Progeny from Maize Line MON S05 
Grown in the 1995 European Field Trials l 

'. 
'. 
'. 
'. 

Protein (pg I g fwt) 
CrvIA(b) CP4 EPSPS GOX 
1.95-3.01 2.52-4.61 0.70-18.47 

Grain· range 1.18-2.70 0.64-1.77 4.53-8.65 
There were six hybrids planted at one field site. All values are expressed as pg I g fresh Weight of tissue. 
Two plants of each hybrid were pooled and analyzed. 
The range is the minimum and maximum values from the analysis of six samples, one of each hybrid. 
The range was determined from the analysis of pooled grain samples, one sample from each of six hybrids. 

The level ofCryIA(b) protein in progeny ofMON 805 ranged from 1.95-3.01 
Jlg/g fwt in forage tissue, and 1.18-2.70 Jlg/g fwt in harvested grain. The 
CryIA(b) protein levels are similar for MON 805 plants derived from 
backcrosses to B73IMo17 and commercial hybrids (Table B.8). 

In summary, the level of CryIA(b), CP4 EPSPS and GOX proteins in MON 
805 plants is similar when plants are grown in different geographics and 
when the genes are present in different genetic backgrounds. The CryIA(b) 
protein level remains consistently high to provide season long control of the 
targeted insect pests. The CP4 EPSPS and GOX proteins levels are sufficient 
to confer Roundup tolerance to the plants. 
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iv. Compositional analyses of progeny from maize line MON 805 

Grain samples were collected from a field trial conducted in Italy in 1995 for 
the compositional analysis of hybrids of maize line MON 805. Six maize 
hybrids were developed through crossing of the MON 805 event. 
Nonmodified versions of the same hybrids were used as controls. 

Grain from three to five plants of each insect-protected Roundup Ready 
maize hybrid and control hybrid was pooled by site, ground to a fine powder 
and analyzed by Corning Hazleton, Inc. The samples were analyzed by 
AOAC methodology (Association of Official Analytical Chemists) for protein, 
ash, acid detergent fiber (ADF), neutral detergent fiber (NDF), fat, moisture 
content, and amino acid composition according to published methods (AOAC, 
1990). 

The compositional analysis data on the grain is presented in Table C.12, 
expressed as ranges. The range represents the minimum and maximum 
levels measured across the MON 805 hybrids or control hybrids at a given 
location. Many of the nutritional characteristics measured in these studies 
are known to vary widely across hybrids and environments (Perry, 1988). 
Therefore, it is most informative to analyze a range of values for nutritional 
characteristics when reporting results of such studies. 

A. Proximate analysis on grain from progeny of maize line MON 805 

The results of proximate analyses as performed by AOAC methodology on 
grain of maize line MON 805 are summarized in Table C.12. The ranges for 
all parameters are similar for the control hybrid and MON 805 hybrids, 
within and between the field sites. The measured ranges are similar to the 
published literature ranges (Watson, 1987). 



Table C.12. Proximate Analyses on Grain from Progeny of Maize 
Line MON805 

Italy site 
Ranges b 

Control MON805 
Protein" 8.6-10.1 7.8-9.9 

Ash" 1.4-1.5 1.4-1.6 

ADFa •• 2.6-3.8 2.9-3.8 

NDF"'d 8.3-10.5 9.6-11.8 

Total fat' 2.8-3.7 2.9-3.6 

Dry Matter % 88.3-89.1 87.8-88.4 
• Percent dry weight of aample_ 

The range denotes the lowest and highest individual values across the six hybrids. 
Acid detergent fibre. 
Neutral detergent fibre. 
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B. Amino acid compositio:n of grain from progeny of maize line 
MON805 

The amino acid composition of grain from progeny of maize line MON 805 
and the control is summarized in Table C.l3. The range of values for each 
amino acid are similar for the control and MON 805 hybrids. The values are 
also similar to those reported in the literature (Watson, 1982). 

Table C.13. Amino Acid Composition of Grain from Progeny of 
Maize Line MON 805 

Italy site 
Range-

b 
% of Total Protein 

Amino Acid Control MON 805 
Nutritionally essential 
Methionine 1.9-3.8 
Cystine 2.2-2.4 
Lysine 3.2-3.3 
Tryptophan 0.9-1.0 
Threonine 3.6-3.9 
Isoleucine 3.3-3.6 
lIistidJIle 2.9-3.2 
"aJiIle 4.6-5.0 
Leucine 12.3-13.3 
~ginine 4.5-4.7 
'Phenylalanine 5.0-5.4 
Glycine 3.8-3.9 

Nonessential 
Alanine 
Aspartic acid 
Glutamic acid 
Proline 
Serine 
Tyrosine . 

7.6-7.8 
6.9-7.1 

19.6-20.8 
9.3-9.9 
4.9-5.4 
3.8-4.1 

1.9-3.3 
2.1-2.3 
3.1-3.6 
0.8-1.1 
3.4-3.9 
3.2-3.6 
2.8-3.3 
4.4-5.1 

12.2-13.8 
4.1-4.8 
5.0-5.5 
3.7-4.0 

7.4-8.5 
6.3-7.4 

19.2-21.6 
9.0-9.8 
4.8-5.6 
3.7-3.9 

: Range denotes the lowest and highest individual values across six hybrids . 
• : Values are expressed as percent o(totaI protein. 

In summary, the compositional data was comparable between the MON 805 
hybrids and the control hybrids. This is evidenced by the overlap in the 
range of values for each component. These data demonstrate that the 
composition of the grain of MON 805 maize hybrids is equivalent to the 
control hybrids grown commercially. 
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