 Determination of the Safety of Pioneer’s
High Oleic Soybean 305423 

For Direct Use as Food and Feed or for Processing
Food and Feed Safety

The product dossier High Oleic Soybean 305423 (Soybean Event DP-305423-1) was reviewed for safety and nutritional differences compared with the conventional soybean.  The review was focused on any new or altered expression trait and changes in composition and nutritional content or value relative to the conventional soybean.  After thorough evaluation on the safety assessment, the following conclusions were made:  High Oleic Soybean 305423 is as safe as its conventional counterpart taking into account its dietary source and nutritional impact of changes in fatty acid composition.  High Oleic Soybean 305423 is safe to humans, animals and as nutritious as conventional soybean.   
A biosafety permit for High Oleic Soybean 305423 and all progenies derived from crosses of the product with any conventional soybean containing approved-biotech events for direct use was issued to Pioneer Hi-Bred Philippines, Inc. (PHPI) on September 9, 2013.  The validity of the permit was only five years.  
This approval is for direct use as food and feed or for processing of High Oleic Soybean 305423 in the Philippines.  Food and feed use of High Oleic Soybean 305423 and its by-products is therefore authorized as of September 9, 2013. The biosafety permit (No. 13-065) for direct use stated that “High Oleic Soybean 305423 and all progenies from crosses of this product except when stacked with other biotech traits has undergone satisfactory assessment and found to be as safe as conventional soybean and can be a substitute for its traditional counterpart as food and feed or for processing”
I. Brief Identification of the Genetically Modified Organism (Living Modified Organism)

Designation:


305423 soybean
Applicant:


Pioneer Hi-Bred Philippines, Inc. (PHPI)




8F iSquare Building
15 Meralco Avenue 

Ortigas Center, Pasig City 1605
Plant Species:
Name:


Soybean (Glycine max (L) Merr.)

Parent Material:
Soybean cultivar Jack
Center of Origin:
Southeast Asia; wild soybean species endemic in China, Korea, Japan and Taiwan

Toxic Factors/Allergen(s): Trypsin inhibitors, lectins, urease, phytoestrogens, stachyose, raffinose and phytic acid.

Trait Description:
Modified seed fatty acid content, specifically high oleic acid, low linolenic acid content.
Trait Introduction Method:  Microparticle bombardment
Donor Organism:
Soybean, source of the two gene cassettes: gm-fad2-1 which is responsible for the unique oil profile and the gm-hra, as a selective marker, which confers tolerance to sulfonylurea herbicides equivalent to that of conventional soybean varieties. 
Pathogenicity:
Soybean, the donor organism of gm-fad2-1 and gm-hra is grown commercially and has a long history of safe use or both human food and stock feed. Gm-hra which encodes for a modified version of the soybean acetolactate synthase gene has no known pathogenicity to humans, animals and non target organisms
Proposed Use:
For direct use as food and feed or for processing

II. Background Information

PHPI has developed a transgenic soybean product that provides soybean seeds with increased levels of monounsaturated  (oleic) fatty acid and decreased levels polyunsaturated fatty acids (linoleic and linolenic) and to a lesser extent palmitic acid.
On 22 December 2010, PHPI submitted an application to the Bureau of Plant Industry (BPI) requesting for biosafety permit under Department of Agriculture Administrative Order No. 8, series of 2002 for High Oleic Soybean 305423.
Pioneer Hi-Bred Philippines has provided information on the safe history of use of the crop, the source of the donor gene, the molecular characterization of High Oleic Soybean 305423, the stability of the inserted genetic elements, characterization and expression levels of the novel protein, GM HRA, produced in the soybean plant, lack of any allergenicity or toxicity characteristics associated with GM-HRA, and 305423 soybean, as well as the extensive compositional analysis in comparison with conventional soybean varieties with the exception of the intended changes in fatty acid composition of grain (High oleic profile), and overall food and feed safety of the high oleic profile of 305423 soybean plants.  Relevant scientific publications were also supplied.
High Oleic Soybean 305423 has been evaluated according to BPI‘s safety assessment by concerned agencies:  Bureau of Animal Industry (BAI), BPI, Bureau of Agriculture and Fisheries Product Standards (BAFPS) and a Scientific and Technical Review Panel (STRP).  The process involved an intensive analysis of the nature of the genetic modification with a consideration of general safety issues, toxicological and nutritional issues associated with the modified soybeans.

The petitioner/applicant published the said application on two (2) widely circulated newspapers namely: Malaya Business Insight and The Daily Tribune on 12 August 2011 for public comment/review. During the 30-day comment period, BPI had not received comment on the said application. 
Review of results of evaluation by the BPI Biotech Core Team completed the approval process.

III. Description of Novel Protein (Introduced Traits)
The 305423 soybean has been produced by microprojectile bombardment with two linear DNA fragments containing the gm-fad2-1 and the gm-hra gene cassettes.
The gm-fad2-1 gene fragment is derived from the endogenous soybean FAD2-1 gene that encodes an omega-6 desaturase that converts oleic acid to linoleic acid. The gm-fad2-1 gene fragment does not encode a functional protein, instead its transcription acts to silence expression of the endogenous fad2-1 gene, resulting in an increased level of oleic acid and decreased levels of linoleic and linolenic acids in 305423 soybean seeds.
The gm-hra gene, which was used as a selectable marker, encodes a modified version of acetolactate synthase (ALS) providing conventional levels of tolerance to ALS inhibiting classes of herbicides (sulfonylurea).
Safety of the Expressed Proteins

The only novel protein expressed in 305423 soybean is GM-HRA. A thorough evaluation of human and animal safety of GM-HRA protein has been conducted and the protein showed to pose no safety concerns. Toxicological assessment of the GM-HRA protein was conducted by bioinformatics comparison of GM-HRA amino acid sequence to known protein toxins and anti-nutrients, assessment of GM-HRA thermolability, susceptibility of HRA to proteolytic digestion by pepsin and pancreatin in vitro and acute oral mouse toxicity. The allergenic potential of the GM-HRA was assessed during a step wise, weight of evidence approach utilizing guidance from the CODEX Alimentarius Commission by: assessment of the gene source; bioinformatic comparison of the amino acid sequence of the protein with known protein allergen sequences; evaluation of the stability of the protein using in vitro gastric and intestinal digestion models; and determination of the protein glycosylation status.  

Soybean is one of the major food allergens however none of the identified allergens is a member of the ALS (acetolactate synthase) family. ALS protein from soybean has not been characterized as a soy allergen.  

Bioinformatic analyses revealed that GM-HRA to be very similar to other acetohydroxyacid synthase (AHAS) or acetolactate synthase (ALS) proteins.  There were no biologically significant identities observed between known or putative protein allergens and toxins or anti-nutrients and the GM-HRA amino acid sequence.   
No contiguous stretches of eight or greater amino acids were shared between the GM-HRA protein and proteins in the allergen database. These indicate the lack of both amino acid identity and immunologically relevant similarities between the GM-HRA protein and known protein allergens.  

None of the similar proteins returned by the GM-HRA similarity search were identified as toxins or anti-nutrients, demonstrating that the GM-HRA is unlikely to share relevant sequence similarities with known protein toxins and anti-nutrients and is therefore unlikely to be a toxin or anti-nutrient. 

The GM-HRA protein was rapidly hydrolyzed in both simulated gastric and intestinal fluid, less than 30 seconds in simulated gastric fluid containing pepsin at pH 1.2 and less than 1 minute in simulated intestinal fluid containing pancreatin at pH 7.5. The GM-HRA protein is heat liable, GM-HRA enzyme activity is completely inhibited after incubation for 15 minutes at 50°C. GM-HRA protein is not glycosylated as demonstrated by glycoprotein staining. Furthermore, there was no evidence of acute toxicity in mice at a target dose of 2000 mg purified protein preparation per kg of body weight (equivalent to approximately 582 mg of full length GM-HRA protein per kg of body weight. Thus, GM-HRA protein is not a potential allergen or toxin or anti-nutrient.
IV. Nutritional Composition (Compositional Analysis)

The compositional assessment was conducted in accordance with the OECD consensus document on compositional consideration for new varieties of soybean (OECD, 2001). Compositional analysis of forage samples included proximates (protein, fat and ash), acid detergent fiber (ADF), and neutral detergent fiber (NDF) and the compositional analysis of grain samples included proximates, ADF, NDF, fatty acids, amino acids, isoflavones and key anti-nutrients (stachyose, raffinose, lectins, phytic acid and trypsin inhibitor).
Proximate and fiber analysis of soybean forage demonstrated that 305423 soybean is comparable to control and reference soybean lines.  For each analyte measured, all means were found to be within the statistical tolerance intervals and/or the combined literature ranges.

Proximate and fiber analysis of soybean grain showed that 305423 soybean is comparable to control and reference soybean lines. Mean values of 305423 and control soybean for all analytes were within both the statistical tolerance intervals and literature ranges.
An increase in two minor fatty acids, heptadecanoic acid and heptadecenoic acid was detected in 305423 soybean grain which is likely a result of a slight shift in availability of the GM-HRA substrates, pyruvate and 2-ketobutyrate.  There is no evidence to indicate that exposure to these fatty acids is associated with adverse effects in humans.

The mean values for palmitic, linoleic acid and linolenic acid were significantly decreased between the 305423 and control soybean. These are intended effects achieved through the introduction of the gm-fad2-1 gene fragment.

Target substance is oleic acid. Increased levels of oleic acid in soybean will contribute to the stability of its oil, eliminate hydrogenation, and consequently, reduce trans-fat formation. High oleic acid content has value for industrial sector or the food industry and has good health effects as well, reducing LDL cholesterol, the bad cholesterol. Oleic acid level in this soybean is ~2.5x higher compared to non-GM. Oleic acid is a source of energy and a component of cell membranes. It is healthier and lowers risk of heart disease. Oleic acid is one of the naturally occurring fatty acids present in plant and animal based fats. Therefore, they are important precursors in triglycerides, source of energy through the beta-oxidation of fatty acids and metabolic interconversion to components of cell membranes. There is no known adverse effect of this target substance when ingested in higher amount as this fatty acid is comparable to the oleic acid content in other commercial oils which have a history of safe use.
V.  Anti-Nutritional Factors

No statistically significant differences were observed between the 305423 and control soybean line mean values for stachyose, raffinose, lectins and phytic acid.  Mean values of 305423 and control soybean for all anti-nutrients measured were within the statistical tolerance intervals and literature ranges.
Anti-nutrient analysis of 305423 soybean is comparable to control and reference soybean lines.  No unexpected differences in the anti-nutrient composition of 305423 soybean grains were seen. The mean value for trypsin inhibitor was lower in 305423 soybean as compared to the control line although remaining within the statistical tolerance interval and the combined literature range. This was an expected difference as the promoter for the KTi3 gene encoding a Kunitz trypsin inhibitor was used to drive the transcription of the gm-fad2-1 gene fragment in 305423 soybean.

VI. Regulatory Decision

After viewing the scientific data and information relevant to the application of PHPI, it is concluded that High Oleic Soybean 305423 and all progenies from crosses of this product except when stacked with other biotech traits has undergone satisfactory biosafety assessment and found to be as safe as conventional soybean and can be a substitute for its traditional counterpart and is therefore approved for direct use as food and feed or for processing.  
High Oleic Soybean 305423 shall be imported solely for direct use as food and feed or for processing and not for field testing or propagation. PHPI shall take appropriate measures to protect human and animal health and the environment and prevent a recurrence should accidental, unintentional reproduction occurs. A Plant Quarantine Officer and his duly authorized representatives shall be allowed access during regular business hours to the facility where the regulated article is located and to any records relating to the importation of the regulated article. PHPI 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 is covered by conditions for approval as provided in Department of Agriculture Memorandum Circular No. 8, Series of 2003.  A copy of such publication shall be submitted to the BPI within ten (10) days after publication.

