Determination of the Safety of Monsanto’s
Corn MON 87427
For Direct use as Food, Feed, and for Processing

___________________________________________________________________________________________________________________

Food and Feed Safety

The product dossier on Corn MON 87427 was reviewed for safety and nutritional differences compared with the conventional corn.  The focus of the review was on any new or altered expression trait and changes in composition and nutritional content or value relative to the conventional corn.  At the end of the safety assessment, a conclusion was made that the corn MON 87427 is as safe as the conventional corn taking into account dietary impact of any changes in nutritional content or value.
A biosafety permit for Corn MON 87427 and all progenies derived from crosses of the product with any conventionally-bred corn and corn containing approved-biotech events for direct use as food, feed and for processing was issued to Monsanto Philippines Inc. on November 28, 2014. The said Corn MON 87427 was included in the Lists of Approval Registry prepared by the Department of Agriculture- Bureau of Plant Industry. 

This approval is for use as food, feed and for processing only. This does not include cultivation of Corn MON 87427 in the Philippines.  Food and feed use of Corn MON 87427 and its by-products is therefore authorized as of  November 28, 2014. The biosafety permit (No. 14-079) stated that “Corn MON 87427 is as safe for human food, livestock feed and for processing as its conventional counterparts”.
 Brief Identification of the Genetically Modified Organism (Living Modified Organism)


Designation:



Herbicide tolerant Corn (MON 87427) 


Applicant:



MONSANTO PHILIPPINES, INC.


23rd Floor Tower II


Insular Life Corporate Centre


Insular Life Drive


Filinvest Corporate City


Alabang, Muntinlupa City Philippines 1781
    
 Plant Species:



Name:



Corn (Zea maize)

                        Parent Material:
Proprietary, conventional corn line LH198 x Hill developed by Monsanto
            Center of Origin:  
Corn originated in the highlands of Mexico 7,000 to 10,000 years ago.

Toxic Factors/Allergen(s):
Corn is not a common allergenic food. Allergies to corn are rare (less than six in over one hundred patients referred to a pediatric allergy specially center for grain allergy)

Trait Description:


glyphosate tolerant maize

Trait Introduction Method:

Agrobacterium-mediated transformation

            Donor Organisms:  
Agrobacterium sp. - a source of cp4 epsps coding sequence
            Pathogenicity:  
The donor organism, Agrobacterium sp. strain CPS produces a naturally glyphosate-tolerant EPSPS protein which makes the bacterium resistant to glyphosate. Agrobacterium species are not pathogenic to humans and animals and are not commonly allergenic.


Proposed Use:


For direct use as food, feed or for processing

Background Information

On July 18, 2011, Monsanto Philippines submitted an application to the Bureau of Plant Industry requesting for biosafety permit under Administrative Order (AO) No. 8 Part 5 for Corn MON 87427 which has been genetically modified for herbicide tolerance.

Monsanto Philippines Inc. has provided data on the identity of corn MON 87427, a detailed description of the modification method, data and information on the gene insertion sites, copy numbers and levels of expression in the plant, the role of the inserted genes and regulatory sequences in donor organisms, and full nucleotide sequences. The novel proteins were identified, characterized, and compared to the original bacterial proteins, including an evaluation of their potential toxicity to livestock. Relevant scientific publications were also supplied. 
The petitioner/applicant published the said application on two widely circulated newspapers: The Daily Tribune on May 23, 2014 and Malaya (People’s Independent Media, inc.) on May 23, 2014 for public comment/review. During the 30-day comment period, BPI had not received comment on the said application.
Description of Novel (Introduced) Traits 
Corn MON 87427 has been evaluated according to BPI’s safety assessment by concerned agencies [Bureau of Animal Industry (BAI), Bureau of Agriculture and Fisheries Standards (BAFS) and a Scientific and Technical Review Panel (STRP)].  The process involves an intensive analysis of the nature of the genetic modification together with the consideration of safety assessment paradigm, which includes molecular characterization, protein characterization, and food/feed composition.

Monsanto has developed a biotechnology derived product corn MON 87427 with tissue selective glyphosate tolerance to facilitate the production of viable hybrid corn seed.  MON 87427 was developed through Agrobacterium mediated transformation of maize immature embryos utilizing plasmid vector PV-ZMAP1043. PV-ZMAP1043 contains one T-DNA that is delineated by left and right border regions. The T-DNA contains one expression cassette consisting of the cp4epsps coding sequence under the regulation of the e35S promoter, the hsp70 intron, the CTP2 targeting sequence and the nopaline synthase (nos) 3’ nontranslated region.

The characterization of the DNA insert through Southern blot analyses and DNA sequencing demonstrated that MO N87427 contains a single copy of the cp4epsps expression cassette, referred to as transfer DNA (T-DNA) that is stably integrated at a single locus of the genome. The results confirmed that no plasmid vector backbone sequences are present in MON 87427.
MON 87427 produces the same 5-enolpyruvylshikimate 3-phosphate synthase (CP4 EPSPS) protein that is produced in commercial RoundUp Ready crop products, via the incorporation of a cp4epsps gene.
Safety of the Expressed Proteins
The following detailed assessment confirms that CP4EPSPS protein is as safe for human and animal consumption:

· Characterization of the physicochemical and functional properties of CP4EPSPS protein

· Quantification of the CP4EPSPS expression in plant tissues

· Examination of the digestibility of CP4EPSPS protein to known allergens, toxins or other biologically active proteins known to have adverse effects on human and animals

· Evaluation of the digestibility of CP4EPSPS protein in simulated gastro intestinal fluids

· Evaluation of the stability of CP4EPSPS protein after heat treatment
· Documenting the history of safe consumption of CP4EPSPS protein or its structural and functional homology to proteins that lack adverse effects on human or animal health

· Investigation of potential mammalian toxicity through animal assays and calculating margins of exposure

· Assessment of the potential for allergenicity, toxicity or adverse biological activity of putative polypeptides encoded by the insert and flanking sequences.

Assessment of potential allergenicity, toxicity and dietary safety of the CP4 EPSPS was conducted according to the methodology in assessing the allergenicity of GMO foods established during the Joint FAO/WHO Expert Consultation on Foods Derived from Biotechnology at FAO headquarters in Rome on Jan 22-25, 2001. Comparison of amino acid sequence similarity using the FASTA sequence alignment tool and the eight-amino acid sliding window search showed that CP4 EPSPS protein does not share any amino acid similarities with known allergens and, therefore, is highly unlikely to contain immunologically cross reactive allergenic epitopes.  CP4 EPSPS also represents a very small proportion (0.0004%) of the total protein in harvested grain of MON 87427.  Determination of the digestive stability of the E. coli produced CP4 EPSPS, which is physicochemically and functionally equivalent to the CP4 EPSPS in MON 87427, showed that the protein was digested in simulated gastric fluid within 15 seconds.  (FDA; FAO/WHO 2001 Decision Tree)
Bioinformatics evaluation of the CP4EPSPS protein conducted by Tu and Silvanovich (2010) utilizing the AD_​2010, TOX_2010, and PRT_2010 databases indicated that no biologically relevant sequence similarities were observed between the CP4EPSPS protein and allergen, toxin, or biologically active proteins (MSL0022522). 

The MON 87427- produced CP4EPSPS protein and the E. coli-produced CP4EPSPS protein was shown to be biochemically, structurally, and functionally equivalent. Western blot analysis confirmed the greater than 98% of the E.coli produced CP4EPSPS was digested in SGF within 15 seconds. In summary, the results of these experiments confirmed that the E coli produced CP4EPSPS proteins was rapidly digested after incubation in SGF and is therefore unlikely to pose a human health concern.
A functional activity assay and SDS-PAGE were employed to assess the effect of heat treatment of the CP4 EPSPS on   its stability. Results demonstrated that the protein is not functionally active at elevated temperatures (55, 75 or 95oC) and therefore, is not thermostable.
The data obtained from the two bioinformatic tools used for comparison of the MON 87427 CP4 EPSPS protein with known allergens confirm that the protein does not share any amino acid sequence similarities with known allergens, gliadins or glutenins.  There were no similarities to allergens when the CP4 EPSPS protein was used as a query for a FASTA search of the AD_2010 database. Results of the eight-amino acid sliding window search indicated that no eight contiguous amino acid identities were detected when the CP4 EPSPS protein sequence was compared to the proteins in the AD-2010 sequence database. These data indicate that the CP4 EPSPS protein sequence lacks both structurally and immunologically relevant sequence similarities with known allergens.

Administration of a single dose of CP4 EPSPS from E. coli, which is physicochemically and functionally equivalent to MON 87427 CP4 EPSPS, by gavage to three groups of mice at dose levels up to 572 mg/kg body weight did not produce any treatment effect on survival, clinical observations, body weight gain, food consumption or gross pathology.  Thus, the highest dose tested (572 mg/kg bw) was considered to be the No Observable Effects Level (NOEL) for CP4 EPSPS protein.

Nutritional Composition (Compositional Analysis)
Detailed compositional analyses in accordance with OECD guidelines were conducted to determine whether levels of key nutrients, anti nutrients and secondary metabolites in MON 87427 were comparable to levels present in the near isogenic conventional control and several commercial reference corn hybrids.

The results of computational analyses of key nutrients, anti-nutrients, and secondary metabolites in MON 87427 and conventional control (LH 198 x LH 287) and commercial references showed that MON 87427 is compositionally equivalent to conventional maize. Although there are significant differences in the composition of five fatty acids (palmitic, stearic, oleic, linoleic and arachidic acids) and total fat, the relative magnitude of the differences between the mean values of MON 87427 and the conventional control were less than the differences in hybrids developed through conventional breeding and were within the natural variability in commercial maize composition defined by the 99% tolerance interval as published in scientific literature in the ILSI Crop Composition Database. These findings support the conclusion that MON 87427 is compositionally equivalent to conventional maize.
Anti-Nutritional Factors
Corn grain contains two main anti-nutrients: phytic acid and  raffinose.  Phytic acid is present in corn grain, where it chelates mineral nutrients including calcium, magnesium, potassium, iron and zinc rendering them biologically unavailable to monogastric animals consuming the grain. Raffinose is a low molecular weight non-digestible carbohydrate present in corn grain that is considered to be an anti nutrient due to the gas production and resulting flatulence caused by consumption (Liener, 2000).
The statistical analyses found a significant difference in phytic acid that was small in magnitude and not consistently observed at all of the individual sites and no significant difference observed for raffinose. However the mean phytic acid values were within the natural variability of commercial corn defined by the 99% tolerance interval and published literature ranges.

Regulatory Decision


After reviewing the scientific data and information relevant to the application of Monsanto Philippines Inc., it is concluded that Corn MON 87427 and all progenies derived from crosses of this product with any conventionally-bred corn except when such cross involves another transformation event is as safe and substantially equivalent to its unmodified counterpart, and is therefore approved for direct use as food, or feed or for processing.
Monsanto shall duly inform the public of this approval by way of publishing in any one (1) of the top three (3) leading newspapers in the country that imports of this product are covered by conditions for approval as provided in Department of Agriculture Memorandum Circular No. 8, Series of 2003.
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