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Safety assessment – Application A1202

Food derived from herbicide-tolerant and insect-protected corn line DP23211


[bookmark: _Toc286391001][bookmark: _Toc300933414][bookmark: _Toc52290659]Executive summary
[bookmark: _Toc497988118][bookmark: _Toc499025601][bookmark: _Toc499210266][bookmark: _Toc499893656][bookmark: _Toc500321319]Background
Application A1202 seeks approval for the sale and use of food derived from genetically modified (GM) corn line DP23211 that has tolerance to the herbicide glufosinate and is protected against the insect pest, corn rootworm. 
Tolerance to glufosinate ammonium is achieved through expression of the enzyme phosphinothricin acetyltransferase (PAT) from the common soil bacterium Streptomyces viridochromogenes. DP23211 also expresses the phosphomannose isomerase (PMI) protein from Escherichia coli strain K-12. The PMI protein facilitates plant cell growth on media containing mannose and was used as a selectable marker following the transformation process. The PAT and PMI proteins have been assessed previously by FSANZ. 
Protection against corn rootworm is conferred by the expression in the plant of two novel substances: the IPD072Aa protein (encoded by the ipd072Aa gene) from soil bacterium Pseudomonas chlororaphis and DvSSJ1, a double stranded RNA (dsRNA) that specifically silences the corn rootworm dvssj1 gene via RNA interference (RNAi). These novel substances cause intestinal epithelium damage specifically in corn rootworm larvae. The ipd072Aa gene and DvSSJ1 dsRNA have not previously been assessed by FSANZ.
This safety assessment addresses food safety and nutritional issues associated with the GM food. It therefore does not address: 
•	risks related to the environmental release of GM plants used in food production
•	risks to animals that may consume feed derived from GM plants
•	the safety of food derived from the non-GM (conventional) plant.
[bookmark: _Toc497988119][bookmark: _Toc499025602][bookmark: _Toc499210267][bookmark: _Toc499893657][bookmark: _Toc500321320]History of use
Corn is the world’s dominant cereal crop and has a long history of safe use in the food supply. Sweet corn is consumed directly while corn-derived products are routinely used in a large number and diverse range of foods, e.g. cornflour, starch products, breakfast cereals and high fructose corn syrup. Corn is also widely used as a livestock feed. 
[bookmark: _Toc497988120][bookmark: _Toc499025603][bookmark: _Toc499210268][bookmark: _Toc499893658][bookmark: _Toc500321321]Molecular characterisation
The genes encoding PAT (mo-pat), PMI (pmi) and IPD072Aa (ipd072Aa) and the DNA fragments encoding DvSSJ1 dsRNA (dvssj1) were introduced into corn line DP23211 via two sequential transformations. The first transformation involved microprojectile bombardment of corn tissue to form a “landing pad” sequence at a specific location in the corn genome. The second transformation used Agrobacterium-mediated transformation to specifically integrate the mo-pat, pmi and ipd072Aa genes and DvSSJ1 fragments, and associated regulatory elements, into the landing pad. 
Detailed molecular analyses of corn line DP23211 indicate that a single copy of the linked mo-pat, pmi, ipd072Aa and DvSSJ1 gene/fragment cassettes is present at a single insertion site in the genome. There are no extraneous plasmid sequences, nor antibiotic resistance marker genes, present in this line. 
The introduced genetic elements were shown by molecular techniques and phenotypic analyses to be stably inherited across multiple generations. The pattern of inheritance supports the conclusion that the introduced traits occur within a single locus in the DP23211 genome and are inherited in accordance with Mendelian principles.
[bookmark: _Toc497988121][bookmark: _Toc499025604][bookmark: _Toc499210269][bookmark: _Toc499893659][bookmark: _Toc500321322]Characterisation and safety assessment of new substances
Newly expressed proteins
PAT and PMI are newly expressed proteins present in DP23211. They are expressed in various tissues including grain (4.3 and 3.9 µg/g dry weight, respectively), with the highest level of both proteins in pollen (54 and 33 µg/g dry weight, respectively). A range of characterisation studies confirmed the identity of PAT and PMI proteins in DP23211. The safety of these proteins has been assessed by FSANZ in numerous previous applications. Updated bioinformatic analyses undertaken for this application confirmed the expressed proteins are unlikely to be allergenic or toxic. 
Corn line DP23211 also expresses the novel protein IPD072Aa. It is expressed throughout the plant, but is low in grain (1.8 µg/g dry weight). IPD072Aa expression is highest in root tissue (27 µg/g dry weight), which is the tissue corn rootworm larvae consumes. A range of characterisation studies confirmed the identity of the plant-expressed DP23211 and its equivalence with the corresponding protein produced in a bacterial expression system. Bioinformatic studies confirmed a lack of any significant amino acid sequence similarity to known protein toxins or allergens. Laboratory studies also demonstrated the IPD072Aa protein is susceptible to the action of digestive enzymes and would be thoroughly degraded before it could be absorbed during passage through the gastrointestinal tract. Additionally, oral exposure of IPD072Aa in mice did not show any evidence of acute toxicity. Taken together, the evidence supports the conclusion that IPD072Aa is not toxic or allergenic in humans.
DvSSJ1 dsRNA
In addition to three novel proteins, corn line DP23211 also contains a 210 bp dsRNA that is expressed in the plant and triggers RNAi in corn rootworm species. The 210 bp dsRNA is detectable in a variety of tissues in DP23211, its highest expression being in leaf (0.0708 μg/g dry weight) and its lowest expression in pollen and grain (0.00104 and 0.00314 μg/g dry weight, respectively). DvSSJ1 dsRNAs is specific to corn rootworms within the Diabrotica genus, i.e. Western, Northern and Southern corn rootworms.
There are no safety concerns regarding the presence of dsRNA molecules in DP23211. The available data do not indicate the dsRNA expressed in this line possess different characteristics, or is likely to pose a greater risk, than other RNAi mediators naturally present in corn.
Herbicide metabolites
For PAT, the metabolic profiles resulting from the novel protein/herbicide interaction have been established through a significant history of use. The glufosinate-tolerance trait is present in lines from over twenty previous applications to FSANZ. There are no concerns that the spraying of DP23211 with glufosinate ammonium would result in the production of metabolites that are not also produced in non-GM crops sprayed with the same herbicide and already used in the food supply.
[bookmark: _Toc497988122][bookmark: _Toc499025605][bookmark: _Toc499210270][bookmark: _Toc499893660][bookmark: _Toc500321323]Compositional analyses
Detailed compositional analyses were performed on DP23211. Analytes measured were proximates (protein, fat, ash, carbohydrates), fibre, amino acids, fatty acids, minerals, vitamins, anti-nutrients and secondary metabolites. Statistically significant differences were found between grain from DP23211 and the control for seven of the 69 analytes evaluated, however differences were small and all were within the range established for existing commercial non-GM corn varieties. Overall, the compositional data support the conclusion that there are no biologically significant differences in the levels of key constituents in grain from DP23211 compared to conventional non-GM corn varieties available on the market.
[bookmark: _Toc497988123][bookmark: _Toc499025606][bookmark: _Toc499210271][bookmark: _Toc499893661][bookmark: _Toc500321324]Conclusion
No potential public health and safety concerns have been identified in the assessment of herbicide-tolerant and insect-protected corn line DP23211. On the basis of the data provided in the present application, and other available information, food derived from DP23211 is considered to be as safe for human consumption as food derived from non-GM corn varieties.
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[bookmark: _Toc496169767][bookmark: _Toc500321328][bookmark: _Toc52290663]1 	Introduction
Dow AgroSciences Australia Pty Ltd, a member of the Corteva Agriscience group of companies, submitted an application to FSANZ to vary Schedule 26 in the Australia New Zealand Food Standards Code (the Code). The variation is to include food from a new genetically modified (GM) corn line DP23211, with OECD Unique Identifier DP-Ø23211-2 (herein referred to as DP23211). This corn line has been genetically modified to have tolerance to the herbicide glufosinate and be protected against the insect pest, corn rootworm. 
Tolerance to herbicides containing glufosinate is achieved with the expression of the phosphinothricin acetyltransferase (PAT) protein, encoded by the maize optimised mo-pat gene from the bacterium Streptomyces viridochromogenes. The PAT protein acetylates the free amino group of glufosinate to produce the herbicidally-inactive metabolite, 2-acetamido-4-methylphosphinico-butanoic acid (N-acetyl glufosinate). The PAT protein has been assessed by FSANZ in over twenty previous applications and globally is represented in six major crop species and over thirty approved single GM plant events (CERA 2011).
DP23211 contains the phosphomannose isomerase (pmi) gene, which is derived from Escherichia coli strain K-12. Expression of the PMI protein allows plant cells to use mannose as a carbon source (Reed et al., 2001; Negrotto et al., 2000). This was used as a selectable marker to assist with identification of transformed plant cells in the early stages of selection. The PMI protein has been previously assessed by FSANZ in four corn applications - A564 (FSANZ 2006), A580 (FSANZ 2008b), A1001 (FSANZ 2008a), A1060 (FSANZ 2012) and one rice application – A1138 (FSANZ 2017)
Protection from corn rootworm is achieved by expression of the IPD072Aa protein, encoded by the ipd072Aa gene from soil bacterium Pseudomonas chlororaphis. Corn rootworm protection is also achieved by introducing DNA sequences in which the expressed dsRNA silence the expression of a gene in western corn rootworm (WCR; Diabrotica virgifera virgifera) using a mechanism known as RNA interference or RNAi (Hannon, 2002). The introduced DNA sequences are derived from the smooth septate junction protein 1 (dvssj1) gene from D. virgifera. FSANZ has previously approved a large number of applications where insect-protection in crops was provided by the introduction of Bacillus thuringiensis Cry proteins. This is the first application where insect protection is based on the IPD072Aa protein and DvSSJ1 dsRNA.
If approved, food derived from DP23211 corn line may enter the Australian and New Zealand food supply as imported food products. 
[bookmark: _Toc454886830][bookmark: _Toc482255802][bookmark: _Toc496169768][bookmark: _Toc500321329][bookmark: _Toc52290664]2	History of use 
[bookmark: _Toc454886831][bookmark: _Toc482255803][bookmark: _Toc496169769][bookmark: _Toc500321330][bookmark: _Toc52290665][bookmark: _Toc482255804][bookmark: _Toc496169770][bookmark: _Toc500321331]2.1	Host organism
Corn (Zea mays) is also referred to as maize and has been cultivated for human consumption and other uses for thousands of years (Ranum et al., 2014). It has been studied extensively due to its economic importance in many industrialised countries of the world. For more detailed information please refer to detailed reports published by the Organisation for Economic Cooperation and Development (OECD 2002), the Grains Research & Development Corporation (GRDC 2017) and the Office of the Gene Technology Regulator (OGTR, 2008).
Corn is grown worldwide and is the world’s dominant cereal crop (2018/19 = 1,125 MT[footnoteRef:2]) ahead of wheat (731 MT) and rice (499 MT) (USDA 2019). The United States and China are the largest producers and in 2018/19 production reached 366 and 257 MT, respectively. Corn is not a major crop in Australia or New Zealand and in 2018, production was approximately 0.387 and 0.192 MT, respectively (FAOSTAT 2018). It is estimated that around 92% of all corn planted in the US is GM[footnoteRef:3] while in Canada, the estimate of GM corn is approximately 80% of total corn[footnoteRef:4]. No GM corn is currently grown commercially in Australia or New Zealand. [2:  Million Tons]  [3:  For more information please see USDA Economic Research Service: http://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-us.aspx]  [4:  USDA Grain Report, CA14062, 2014: https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Agricultural%20Biotechnology%20Annual_Ottawa_Canada_7-14-2014] 

The limited domestic production of corn in Australia and New Zealand is supplemented by importing corn grain and corn-based products that are used widely in processed foods. Imports to Australia and New Zealand in 2018 included approximately 8,530 and 2,136 tonnes respectively of corn flour and 1,543 and 248 tonnes respectively of corn oil (FAOSTAT 2018). Neither Australia nor New Zealand currently produce fructose, either crystalline or as high fructose corn syrup (HFCS). About 3,000 tonnes of crystalline fructose were imported into Australia in 2011 (Green Pool 2012).
The majority of grain and forage derived from corn is used as animal feed, however corn also has a long history of safe use as food for human consumption. Human food products include corn starch, flour, oil and HFCS. In Australia and New Zealand, corn starch is used in dessert mixes and canned foods and HFCS is used in breakfast cereals, baking products, corn chips and extruded confectionary.
[bookmark: _Toc52290666]2.2	Donor organisms
[bookmark: _Toc52290667][bookmark: _Toc454886833][bookmark: _Toc482255805][bookmark: _Toc489531017][bookmark: _Toc491439818][bookmark: _Toc493515848][bookmark: _Toc495489318][bookmark: _Toc496169771][bookmark: _Toc497988131][bookmark: _Toc499025614][bookmark: _Toc499210279][bookmark: _Toc499893669][bookmark: _Toc500321332]2.2.1 	Streptomyces viridochromogenes
The source of the mo-pat gene is the bacterium species S. viridochromogenes. This bacterium is Gram-positive, spore-forming, found in soil and water and is not pathogenic to humans. Although there is no evidence of S. viridochromogenes use in the food industry, the pat gene has been used to confer tolerance to glufosinate ammonium herbicides in food producing crops for over two decades (CERA, 2011). 
[bookmark: _Toc52290668]2.2.2 	Escherichia coli
The source of the selectable marker gene, pmi, is the bacterium E. coli. This bacterium is Gram-negative and facultative anaerobic. Members of the genus Escherichia are ubiquitous in the environment and are normally found in the digestive tracts of vertebrates, including humans. The vast majority of E. coli strains are harmless to humans, although some pathogenic strains of E. coli can cause diarrhoea and occasionally urinary tract infections. 
Strains of E. coli, such as the enterohaemorrhagic E. coli group (e.g. 0157:H7), are particularly virulent pathogenic strains responsible for causing serious food-borne illness. This particular group of pathogenic E. coli are distinct from the strains of E. coli (the K-12 strains) that are used routinely in laboratory manipulations. The E. coli used as a donor organism for the pmi gene in this application is K-12. 
The K-12 strains of E. coli have a long history of safe use and are commonly used as protein production systems in many commercial applications, including for pharmaceutical products (Baeshen et al., 2015) and food ingredients (e.g. Schedule 18 of the Code permits the use of chymosin derived from E. coli K-12 strain as a food processing aid).
[bookmark: _Toc52290669]2.2.3 	Pseudomonas chlororaphis
The source of the ipd072Aa gene is P. chlororaphis (Schellenberger et al., 2016). This bacterium is Gram-negative, aerobic, found in soil and is not pathogenic to humans. The bacterium has a history of safe use in agriculture and in food and feed crops (Arrebola et al., 2019).
[bookmark: _Toc52290670]2.2.4 	Diabrotica virgifera virgifera
The DvSSJ1 DNA fragments are derived from a portion of the dvssj1 gene from WCR (D. virgifera, Coleoptera order, Chrysomelidae Family), a beetle that is native to North America but has spread to Europe (Mrganić et al., 2018). This insect is a member of the corn rootworm complex that also includes the northern corn rootworm (D. barberi) and southern corn rootworm (D. undecimpuntata). The insect larvae feed on corn roots causing physiological damage to plants as a result of impaired water/nutrient absorption and harvesting difficulties as a result of plant lodging (the bending over of the stems near ground level). It is regarded as one of the most damaging insects to corn in the US. There are no reports of any direct effects of the insect on humans.
[bookmark: _Toc489531021][bookmark: _Toc491439822][bookmark: _Toc493515852][bookmark: _Toc495489322][bookmark: _Toc496169775][bookmark: _Toc497988132][bookmark: _Toc499025615][bookmark: _Toc499210280][bookmark: _Toc499893670][bookmark: _Toc500321333][bookmark: _Toc52290671]2.2.5 	Other organisms
[bookmark: _Toc454886835][bookmark: _Toc482255808]Genetic elements from several other organisms have been used in the genetic modification of DP23211 (refer to Table 1 and 2). These genetic elements are non-coding sequences and are used to regulate the expression of the new genes. 
[bookmark: _Toc496169776][bookmark: _Toc500321334][bookmark: _Toc52290672]3	Molecular characterisation
Molecular characterisation is necessary to provide an understanding of the genetic material introduced into the host genome and helps to frame the subsequent parts of the safety assessment. The molecular characterisation addresses three main aspects:
· the transformation method together with a detailed description of the DNA sequences introduced to the host genome
· a characterisation of the inserted DNA, including any rearrangements that may have occurred as a consequence of the transformation
· [bookmark: _Toc482255809][bookmark: _Toc496169777][bookmark: _Toc500321335]the genetic stability of the inserted DNA and any accompanying expressed traits.
[bookmark: _Toc52290673]3.1	Transformation Method 
In order to create DP23211, two sequential transformations were performed on the proprietary inbred PHR03 corn line. The first transformation integrated sequences from plasmid PHP56614 to generate an intermediary line. The intermediary line was then subjected to a second transformation to integrate sequences from plasmid PHP74643 and generate the DP23211 corn line. The methodology is outlined in the flowchart in Appendix 1 and summarised below.
The first transformation involved microprojectile bombardment of corn tissue with PHP56614 (Appendix 2) and two additional plasmids that were not intended for recombination (PHP21139 and PHP31729). Plasmid PHP56614 was used to insert an integration site sequence (also referred to as a “landing pad” sequence) at a specific location in the corn genome. The purpose of the co-bombardment of PHP21139 and PHP31729 plasmids was to transiently express corn-derived WUS and ODP2 proteins, found within these plasmids respectively, to improve the regeneration of corn plants following the transformation process (Lowe et al., 2016; Gordon-Kamm et al., 2013). 
The second transformation used Agrobacterium-mediated transformation with plasmid PHP74643 (Appendix 2). Site-specific integration (SSI) of PHP74643-derived DNA into the landing pad introduced the pmi, mo-pat and ipd072Aa gene cassettes and the DvSSJ1 fragment cassette. The zm-wus2, zm-odp2, mo-Flp and DsRed2 genes on the PHP74643 plasmid were not integrated into the corn genome but were transiently expressed. WUS and ODP2 proteins allowed for improved regeneration, FLP recombinase allowed the SSI of DNA (see section 3.2.2) and DsRed2 allowed the developer to screen for any unintended integration of DNA sequences in plant cells. Selection using the PMI selectable marker, by growing transformed plant cells on media containing mannose, was only applicable following the second transformation step.
Following both transformation steps regenerated plants were screened using a Next Generation Sequencing (NGS) method known as Southern-by-Sequencing (SbSTM). Plants with the intended insertion and no unintended DNA sequences were selected. Following the evaluation of trait efficacy and agronomic performance, corn line DP23211 was selected.
[bookmark: _Toc52290674][bookmark: _Toc482255810][bookmark: _Toc496169778][bookmark: _Toc500321336]3.2	Detailed description of inserted DNA 
The sequential two-step transformation process results in corn line DP23211 that contains inserted DNA sequences from two distinct plasmids (Figure 1). Each plasmid is described below.
[image: ]
Figure 1. Plasmid-derived genetic elements present in DP23211
[bookmark: _Toc27063394][bookmark: _Toc52290675]3.2.1 	PHP56614
[image: ]Only the sequence between zm-SEQ9 and zm-SEQ8 of the PHP56614 plasmid were intended for incorporation into the corn genome. This sequence is referred to as the “landing pad”. A representation of the landing pad region that was incorporated into the intermediary line during the first transformation step is shown in Figure 2. This maps the location of each of the genetic elements, of which further information can be found in Table 1. 
Figure 2. Inserted DNA from PHP56614 
The zm-SEQ9 and zm‑SEQ8 sequences are homologous to corn genomic sequences and allow the transfer of the landing pad sequence to a specific location in the corn genome. Within the landing pad is a neomycin phosphotransferase II (nptII) gene cassette under the control of an endogenous promoter, 5’UTR and intron from the ubiquitin gene 1 (ubiZM1; Christensen et al., 1992) and a terminator sequence from the Solanum tuberosum (potato) proteinase inhibitor II gene (pinII; An et al., 1989; Keil et al., 1986). 
nptII from E. coli is a commonly used selectable marker in the production of GM plants (OGTR, 2012) and is removed from the intermediary line in the subsequent transformation step. This removal is based on two flippase recombination target sites, FRT1 and FRT87, either side of the nptII gene and pinII terminator. These sequences allow the PHP56614-derived DNA to act as a landing pad for SSI in the next transformation step (see Section 3.2.2)
Outside of the landing pad sequence, the PHP56614 plasmid contains sequences not intended for insertion into the corn genome (Appendix 2). The I-CreI endonuclease gene cassette is one of these sequences and the I-CreI endonuclease is transiently expressed following transformation. This enzyme creates a double-stranded break between the continuous and endogenous zm-SEQ9 and zm-SEQ8 sequences in the corn genome. In a natural cellular mechanism known as homology-directed repair (HDR) (Jasin & Rothstein, 2013), the zm‑SEQ9 and zm-SEQ8 sequences in the genome and the same sequences in PHP56614 cross over, introducing the landing pad sequence. The remaining sequences in PHP56614 are not incorporated into the intermediary line but are used for standard molecular biology techniques such as preparing the plasmid or passaging through standard laboratory bacteria.
Table 1: PHP56614-derived landing pad genetic elements in the intermediary line
	Genetic element
	Source
	Description, Function & Reference
	Present in DP23211

	Zm-SEQ9
	Zea mays
	Endogenous sequence and genomic recognition site for HDR
	Yes

	ubiZM1 promoter
	Zea mays
	Promoter region from the Zea mays ubiquitin gene 1 (Christensen et al., 1992)
	Yes

	ubiZM1 5’UTR
	Zea mays
	5’ untranslated region (UTR) from the Zea mays ubiquitin gene 1 (Christensen et al., 1992)
	Yes

	ubiZM1 intron
	Zea mays
	Intron region from the Zea mays ubiquitin gene 1 (Christensen et al., 1992)
	Yes

	FRT1
	Saccharomyces cerevisiae
	Flippase recombination target site (Proteau et al., 1986)
	Yes

	nptII
	Escherichia coli
	Selectable marker used in plant transformations (OGTR, 2012)
	No * 

	pinII terminator
	Solanum tuberosum
	Terminator sequence from the proteinase inhibitor II gene (An et al., 1989; Keil et al., 1986)
	No *

	FRT87
	Saccharomyces cerevisiae
	Flippase recombination target site (Proteau et al., 1986)
	Yes

	Zm-SEQ8
	Zea mays
	Endogenous sequence and genomic recognition site for HDR
	Yes


* replaced during SSI
[bookmark: _Toc52290676]3.2.2 	PHP74643
[image: ]Only the sequence between FRT1 and FRT87 of the PHP74643 plasmid is intended for incorporation into the corn genome. A representation of the region that was inserted into the landing pad of the intermediary line during the second transformation step is shown in Figure 3. This maps the location of each of the genetic elements, of which further information can be found in Table 2. 
Figure 3. Inserted DNA from PHP74643 
The FRT1 and FRT87 flippase recombination target sites from PH74643 are homologous to the FRT1 and FRT87 sites present in the genome of the intermediary line following the first transformation. These sites allow the exchange of the nptII gene cassette with the intended sequence from the PHP74643 plasmid (Figure 3). Within the inserted DNA are four gene/fragment cassettes:
1) The pmi gene cassette. Following the integration of the PHP74643-derived DNA into the landing pad, the pmi gene comes under the control of the endogenous promoter, 5’UTR and intron from the ubiZM1 gene, which is derived from PHP56614 (Figure 1). This cassette contains a terminator sequence from the potato pinII gene (An et al., 1989; Keil et al., 1986).
2) The mo-pat gene cassette. Expression of maize-optimised (mo) pat gene is under the control of the promoter and intron sequences from the rice actin gene and a terminator sequence from the cauliflower mosaic virus 35S region (Franck et al., 1980; Guilley et al., 1982; Wohlleben et al., 1988).
3) The DvSSJ1 fragment cassette. This cassette contains inverted repeats of complementary sense and antisense DNA fragments from the smooth septate junction protein 1 gene from WCR (dvssj1; Hu et al., 2016) and are separated by an intron connector sequence derived from the intron 1 region of the maize alcohol dehydrogenase gene (zm-Adh1; Dennis et al., 1984). Following RNA transcription, the complementary sequences join and form a double-stranded RNA (dsRNA) hairpin molecule (Wesley et al., 2001). This dsRNA triggers the endogenous RNAi regulatory pathway and causes the enzymatic degradation of mRNA corresponding to the dvssj1 gene, thereby silencing the target gene. The expression of this dsRNA is controlled by the endogenous promoter, 5’UTR and intron from the ubiZM1 gene and terminator sequence from the corn 27-kDa gamma zein gene. Additional stop codon sequences are present in the cassette to terminate translation through the site. 
4) The ipd072Aa gene cassette. Expression of the ipd072Aa gene is under the control of the promoter sequence from the banana streak virus (Zhuang et al., 2011), intron sequence from the corn calmodulin 5 gene and a terminator sequence from a Arabidopsis thaliana putative gene of the mannose-binding protein superfamily (Salanoubat et al., 2000).
There are intervening sequences present in the inserted DNA as outlined in Table 2. These sequences assist with cloning, mapping and sequence analysis. Additional terminator elements are also present between gene cassettes. These elements are intended to prevent any potential transcriptional interference with downstream cassettes. 
Outside of the FRT sites, the PHP74643 plasmid contains sequences not intended for insertion into the corn genome (Appendix 2). The zm-wus2 and zm-odp2 gene cassettes transiently express WUS and ODP2 protein, respectively, and enhances tissue regeneration following transformation. The mo-Flp gene cassette transiently expresses the flippase (FLP) protein, which is responsible for recognising FRT1 and FRT87 sequences and facilitating the site-specific exchange of the nptII gene and pinII terminator in the intermediary line and replacing it with the DNA region from PHP74643 containing pmi, mo-pat, DvSSJ1 and ipd072Aa gene/fragment cassettes. The dsRed2 gene cassette is used as a selectable marker, as the expression of the DsRed2 protein in transformed lines indicates the undesired integration in the genome. The remaining sequences in PHP74643 are used for standard molecular biology techniques such as preparing the plasmid or passaging through standard laboratory bacteria.
Table 2: PHP74643-derived genetic elements present in DP23211
	Genetic element
	Relative position
	Size (bp)
	Source
	Description, Function & Reference

	FRT1
	1-48
	48
	Saccharomyces cerevisiae
	Flippase recombination target site (Proteau et al., 1986)

	Intervening sequence
	49-66
	18
	Synthetic
	

	pmi gene cassette

	pmi
	67-1282
	1,216 
	Escherichia coli
	5’ and 3’ UTR, and coding sequence that allows cells to utilise mannose as a carbon source (Reed et al., 2001; Negrotto et al., 2000)

	Intervening sequence
	1283-1292
	10
	Synthetic
	

	pinII terminator 
	1293-1603
	311
	Solanum tuberosum 
	Terminator sequence from the proteinase inhibitor II gene (An et al., 1989; Keil et al., 1986)

	Intervening sequence
	1604-1613
	10
	Synthetic
	

	Z19 terminator
	1614-2355
	742
	Zea mays
	Terminator sequence from the 19-kDa zein gene 
(z1A1, GenBank KX247647; Dong et al., 2016) 

	Intervening sequence
	2356-2558
	203
	Synthetic
	

	mo-pat gene cassette

	os-actin promoter
	2559-4240
	1,682
	Oryza sativa
	Promoter sequence from the actin gene (GenBank EU155408.1, CP018159)

	os-actin intron
	4241-4709
	469
	Oryza sativa
	Intron sequence from the actin gene (GenBank EU155408.1, CP018159)

	Intervening sequence
	4710-4724
	15
	Synthetic
	

	mo-pat
	4725-5276
	552 
	Streptomyces viridochromogenes
	Maize-optimised coding sequence of the PAT protein that provides tolerance to glufosinate (Wohlleben et al., 1988)

	Intervening sequence
	5277-5294
	18
	Synthetic
	

	CaMV 35S terminator
	5295-5488
	194
	Cauliflower mosaic virus
	Terminator sequence from the 35S region (Franck et al., 1980; Guilley et al., 1982)

	Intervening sequence
	5489-5509
	21
	Synthetic
	

	loxP
	5510-5543
	34
	Bacteriophage P1
	Cre recombinase recognition site (Dale and Ow, 1990)

	Intervening sequence
	5544-5639
	96
	Synthetic
	

	sb-ubi Terminator
	5640-6223
	584
	Sorghum bicolor
	Terminator sequence from the ubiquitin gene (Phytozome gene ID Sobic.004G049900.1)

	Intervening sequence
	6224-6264
	41
	Synthetic
	

	sb-gkaf Terminator
	6265-6728
	464
	Sorghum bicolor
	Terminator sequence from the γ-kafarin gene (de Freitas et al., 1994)

	Intervening sequence
	6729-6761
	33
	Synthetic
	

	attB1
	6762-6785
	24
	Escherichia coli
	Bacteriophage lambda integrase recombination site from the Invitrogen Gateway® cloning system (Hartley et al., 2000; Katzen, 2007) 

	Intervening sequence
	6786-6872
	87
	Synthetic
	

	DvSSJ1 fragment cassette

	ubiZM1 promoter
	6873-7772
	900
	Zea mays
	Promoter region from the Zea mays ubiquitin gene 1 (Christensen et al., 1992)

	ubiZM1 5’UTR
	7773-7855
	83
	Zea mays
	5’ untranslated region (UTR) from the Zea mays ubiquitin gene 1 (Christensen et al., 1992)

	ubiZM1 intron
	7856-8868
	1,013
	Zea mays
	Intron region from the Zea mays ubiquitin gene 1 (Christensen et al., 1992)

	Intervening sequence
	8869-8893
	25
	Synthetic
	

	All stop codon sequence
	8894-8907
	14
	Synthetic
	Stop codon containing DNA sequence to terminate translation in all six reading frames through the site 

	DvSSJ1 fragment
	8908-9117
	210
	Diabrotica virgifera virgifera
	Fragment of the smooth septate junction protein 1 gene (210 bp) (Hu et al., 2016)

	Mini stop codon sequence
	9118-9125
	8
	Synthetic
	Stop codon containing DNA sequence to terminate translation in designated reading frames through the site

	Intervening sequence
	9126-9136
	11
	Synthetic
	

	zm-Adh1 Intron Connector
	9137-9242
	106
	Zea mays
	Sequence between the two DvSSJ1 fragments from the intron 1 region of the alcohol dehydrogenase gene (Dennis et al., 1984)

	Intervening sequence
	9243-9251
	9
	Synthetic
	

	Mini stop codon sequence (complementary)
	9252-9259
	8
	Synthetic
	Stop codon containing DNA sequence to terminate translation in designated reading frames through the site

	DvSSJ1 fragment (complementary)
	9260-9469
	210
	Diabrotica virgifera virgifera
	Fragment of the smooth septate junction protein 1 gene (210 bp) (Hu et al., 2016)

	All stop codon sequence (complementary)
	9470-9483
	14
	Synthetic
	Stop codon containing DNA sequence to terminate translation in all six reading frames through the site 

	Intervening sequence
	9484-9503
	20
	Synthetic
	

	Z27G terminator
	9504-9983
	480
	Zea mays (W64 line)
	Terminator sequence from the 27-kDa gamma zein gene 
(Das et al., 1991; Liu et al., 2016) 

	Intervening sequence
	9984-9989
	6
	Synthetic
	

	UBQ14 Terminator 

	9990-10891
	902
	Arabidopsis thaliana
	Terminator region from the ubiquitin 14 gene (Callis et al., 1995)

	Intervening Sequence 

	10892-10897
	6
	Synthetic
	

	In2-1 Terminator 

	10898-11391
	494
	Zea mays
	Terminator region from the In2-1 gene (Hershey and Stoner, 1991) 


	Intervening Sequence 

	11392-11448
	57
	Synthetic
	

	attB2 

	11449-11472
	24
	Escherichia coli
	Bacteriophage lambda integrase recombination (Hartley et al., 2000; Katzen, 2007) 

	Intervening Sequence 

	11473-11509
	37
	Synthetic
	

	ipd072Aa gene cassette

	BSV(AY) Promoter
	11510-11923
	414
	Banana streak virus acuminata Yunnan
	Promoter region (GenBank accession DQ092436.1; Zhuang et al., 2011)

	Intervening Sequence
	11924-11942
	19
	Synthetic
	

	Zm-HPLV9 Intron
	11943-12798
	856
	Zea mays
	Intron region from the predicted calmodulin 5 gene (Phytozome gene ID Zm00008a029682) 

	Intervening Sequence
	12799-12807
	9
	Synthetic
	

	ipd072Aa
	12808-13068
	261
	Pseudomonas chlororaphis
	Insecticidal protein gene (Schellenberger et al., 2016) 


	Intervening Sequence
	13069-13074
	6
	Synthetic
	

	At-T9 Terminator
	13075-13647
	573
	Arabidopsis thaliana
	Terminator region from a putative gene of the mannose-binding protein superfamily (GenBank accession NM_001202984; Salanoubat et al., 2000) 

	Intervening Sequence
	13648-13686
	39
	Synthetic
	

	attB3
	13687-13707
	21
	Escherichia coli
	Bacteriophage lambda integrase recombination site (Cheo et al., 2004) 

	Intervening Sequence
	13708-13828
	121
	Synthetic
	

	FRT87
	13829-13876
	48
	Saccharomyces cerevisiae
	Modified flippase recombination target site (Tao et al., 2007)


[bookmark: _Toc482255813][bookmark: _Toc496169779]
[bookmark: _Toc500321337][bookmark: _Toc52290677]3.3	Development of the corn line from original transformation
A breeding programme was undertaken for the purposes of:
•	obtaining generations suitable for analysing the characteristics of DP23211
•	ensuring that the DP23211 event is incorporated into elite lines for commercialisation.
The generations analysed for the molecular characterisation are listed in Table 3.
The applicant made use of a novel in-house methodology for some of the characterisation studies. The method combines Southern hybridisation techniques with next generation sequencing (NGS) and has been termed Southern-by-Sequencing (SbS). Details of the methodology and proof of concept work is publically accessible in the following publications: Zastrow-Hayes et al. (2015) and Brink et al. (2019). 
Table 3: DP23211 generations used for various analyses
	Analysis
	Generation(s) used
	Comparators

	Number of integration sites (Section 3.4.1)
	T1
	PHR03

	Detection of backbone sequence (Section 3.4.2)
	T1
	PHR03

	Genetic stability (Section 3.4.3.1)
	T1, T2, T3, T4, T5
	PHR03

	Mendelian inheritance (Section 3.4.3.2)
	BC1F1 (PH1V5T), BC1F1 (PH2SRH), BC2F1 (PH1V5T), 
T1, T5
	N/A

	Expression analysis (Section 4) 
	F1
	PHEJW/PHR03

	Compositional analysis (Section 5)
	F1
	PHEJW/PHR03


[bookmark: _Toc454886841][bookmark: _Toc482255814][bookmark: _Toc496169780][bookmark: _Toc500321338][bookmark: _Toc52290678]3.4	Characterisation of the inserted DNA and site(s) of insertion
A range of analyses were undertaken to characterise the genetic modification in DP23211. These analyses focused on the nature and stability of the insertion and whether any unintended re-arrangements or products may have occurred as a consequence of the transformation procedure. 
[bookmark: _Toc482255815][bookmark: _Toc489531027][bookmark: _Toc491439828][bookmark: _Toc493515858][bookmark: _Toc495489328][bookmark: _Toc496169781][bookmark: _Toc497988138][bookmark: _Toc499025621][bookmark: _Toc499210286][bookmark: _Toc499893676][bookmark: _Toc500321339][bookmark: _Toc52290679]3.4.1 	Identifying the number of integration sites
SbS was performed on leaf-derived genomic DNA from DP23211 plants and the parental PHR03 line as the control. Additionally, positive control samples were generated using the PHR03 genomic DNA spiked with either the PHP74643 trait plasmid, the PHP56614 landing pad plasmid and the PHP21139 and PHP31729 helper plasmids. One copy of plasmid per copy of the corn genome was spiked. 
NGS libraries were prepared on sheared genomic DNA that consisted of an average fragment size of 400 bp. The probe set was designed to collectively target all sequences within all plasmids. The DNA was enriched twice by hybridisation and were sequenced using an Illumina platform. Sufficient sequence fragments were obtained to cover the genomes being analysed, with a 100x depth of coverage. 
Sequence comparison between the control and DP23211 detected only two unique genome-insertion junction sites and showed that a single intact copy of the intended DNA (Figure 1) was integrated into the genome of DP23211. Sequences from the helper plasmids, PHP21139 and PHP31729, were not integrated into DP23211.
The control contained sequence coverage above the background level (35x). However, these were due to the capture and sequencing of endogenous sequences from corn that were present in the inserted DNA. No junctions between plasmid DNA and genomic DNA were identified in the control, confirming that the reads were only identifying endogenous sequences.
[bookmark: _Toc482255816][bookmark: _Toc489531028][bookmark: _Toc491439829][bookmark: _Toc493515859][bookmark: _Toc495489329][bookmark: _Toc496169782][bookmark: _Toc497988139][bookmark: _Toc499025622][bookmark: _Toc499210287][bookmark: _Toc499893677][bookmark: _Toc500321340][bookmark: _Toc52290680]3.4.2 	Detection of backbone sequence
The SbS analysis used a set of hybridisation probes covering the backbone sequences for all four plasmids used in the transformation process (PHP74643, PHP56614, PHP21139 and PHP31729). Alignment of NGS reads from the controls or DP23211 to all plasmid sequences confirmed there was no integration of backbone sequences, including any antibiotic resistance genes, into DP23211.
[bookmark: _Toc52290681][bookmark: _Toc482255817][bookmark: _Toc489531029][bookmark: _Toc491439830][bookmark: _Toc493515860][bookmark: _Toc495489330][bookmark: _Toc496169783][bookmark: _Toc497988140][bookmark: _Toc499025623][bookmark: _Toc499210288][bookmark: _Toc499893678][bookmark: _Toc500321341]3.4.3 	Stability of the genetic changes in corn line DP23211	
The concept of stability encompasses both the genetic and phenotypic stability of the introduced trait over a number of generations. Genetic stability refers to maintenance of the modification (as produced in the initial transformation events) over successive generations. Phenotypic stability refers to the expressed trait remaining unchanged over successive generations. 
3.4.3.1 	Genetic stability
Southern blot analysis was used to show inheritance and genetic stability of the inserted pmi, mo-pat, ipd072Aa and DvSSJ1 gene/fragment cassettes in DP23211. Leaf-derived genomic DNA was isolated from five generations of DP23211 (T1-5), digested with the Kpn I restriction enzyme and hybridised with probes that recognised the pmi, mo-pat, ipd072Aa and DvSSJ1 gene/fragment cassettes. Genomic DNA from the PHR03 parental line served as the negative control and PHR03 DNA spiked with plasmid PHP74643 served as the positive control in the analysis.
[bookmark: _Toc404264503]For each probe hybridisation, the analysis showed the presence of equivalent bands across all five generations for all gene/fragment cassettes in DP23211. These results demonstrate that the inserted DNA is stably maintained in DP23211.
3.4.3.2 	Phenotypic stability
Since the inserted DNA resides at a single locus within the DP23211 genome, the genetic material within it would be expected to be inherited according to Mendelian principles. 
The inheritance pattern was assessed in leaf samples in BC1F1 (PH1V5T), BC1F1 (PH2SRH), BC2F1, T1 and T5 generations, using 100 plants per generation. At the genetic level, plants were assessed using a quantitative polymerase chain reaction (PCR) and endpoint PCR assay. PCR primers targeted pmi, mo-pat, ipd072Aa and DvSSJ1 DNA sequences or other sequences spanning specific junctions within the DP23211 insertion, to confirm the presences or absence of the genetic locus across multiple generations during the breeding process. Plants were also examined at a phenotypic level by observing plant survival after exposure to glufosinate. Positive plants were those that were glufosinate tolerant and contained the DP23211 insert.
A Chi-square (Χ2) test was undertaken for the BC1F1 (PH1V5T), BC1F1 (PH2SRH), BC2F1 and T1 segregating generations. For these generations, the expected segregation ratio of 1:1 was observed (Table 4). All T5 plants were positive for the genetic event and phenotypic trait, as expected for a homozygous generation. These data support the conclusion that the inserted DNA is present at a single locus in DP23211 and was inherited predictably according to Mendelian principles in subsequent generations, i.e. the locus is stably inherited.
Table 4: Segregation results in five generations of DP23211
	Generation
	Expected Segregation ratio
	Observed Segregation ratios
	Statistical Analysis

	
	
	Positive
	Negative
	Total
	X2
	P value

	BC1F1
(PH1V5T)
	1:1
	46
	54
	100
	0.64
	0.4237

	BC1F1
(PH2SRH)
	1:1
	50
	50
	100
	0.00
	1.0000

	BC2F1
	1:1
	50
	50
	100
	0.00
	1.0000

	T1
	1:1
	52
	48
	100
	0.16
	0.6892

	T5
	Homozygous
	100
	0
	100
	—
	—


A X2 value greater than 3.84 would indicate a significant difference.
[bookmark: _Toc482255818][bookmark: _Toc489531030][bookmark: _Toc491439831][bookmark: _Toc493515861][bookmark: _Toc495489331][bookmark: _Toc496169784][bookmark: _Toc497988141][bookmark: _Toc499025624][bookmark: _Toc499210289][bookmark: _Toc499893679][bookmark: _Toc500321342][bookmark: _Toc52290682]3.4.4 	Insert integrity and site of integration
The applicant performed PCR and DNA sequence analysis of seed-derived DNA from DP23211 and aligned the generated DP23211 insert sequence to the sequences of the PHP56614 and PHP74643 plasmids. This showed that the organisation of the insert is as expected and is corroborated by sequence data generated from the SbS analyses, which confirmed that a single insert was present and had not undergone any rearrangements. 
[bookmark: _Toc52290683][bookmark: _Toc482255819][bookmark: _Toc489531031][bookmark: _Toc491439832][bookmark: _Toc493515862][bookmark: _Toc495489332][bookmark: _Toc496169785][bookmark: _Toc497988142][bookmark: _Toc499025625][bookmark: _Toc499210290][bookmark: _Toc499893680][bookmark: _Toc500321343]3.4.5 	Open reading frame analysis
An in-house program was used to identify all start-to-stop open reading frames (ORFs) present within the inserted DNA, as well as those crossing the boundaries between the genomic borders and the inserted DNA. ORF were analysed in the sense strand (coding strand for introduced genes), as well as the anti-sense strand. Putative proteins of ≥ 30 amino acids meet the minimum requirements of a 35% match over an 80 amino acid sequence (Codex 2009). A total of 76 putative proteins were identified and used as query sequences in homology searches for known allergens and toxins. 
3.4.5.1 	Bioinformatic analysis for potential allergenicity
The applicant has provided the results of in silico analyses comparing the 76 putative proteins to known allergenic proteins listed in the Comprehensive Protein Allergen REsource (COMPARE[footnoteRef:5]) database from the Health and Environmental Science Institute. At the date of the search (January 2019), there were 2,081 sequences in the allergen database.  [5:  COMPARE database; http://comparedatabase.org/database/ ] 

Two types of analyses were performed for this comparison:
(a)	Full length sequence search – a FASTA alignment using a BLOSUM50 scoring matrix and E-value threshold set at 0.0001. Only matches of ≥ 35% similarity over 80 amino acids were considered.
(b)	8-mer exact match search – An in-house program was used to generate all putative 8‑amino acid peptides. Only matches of 100% similarity over 8 amino acids were considered.
No matches of significance or concern were identified. This includes one sequence identity match of eight contiguous identical amino acids between PMI and a known allergen, which has been demonstrated to have no IgE cross-reactivity. More information can be found in Section 4.1.1.3.
3.4.5.2 	Bioinformatic analysis for potential toxicity
The applicant performed an in silico comparative analysis using an in-house database of toxigenic proteins compiled in January 2019. The proteins were identified from the UniProtKB/Swiss-Prot protein databases, using a range of keywords encompassing the function of the protein, such as toxin, vasoactive and hemagglutinin. A BLASTP algorithm was used with a BLOSUM62 scoring matrix and the E-value threshold set to 0.0001. No matches were found between the 76 putative proteins and any of the known proteins toxins.
[bookmark: _Toc482255821][bookmark: _Toc489531032][bookmark: _Toc491439833][bookmark: _Toc493515863][bookmark: _Toc495489333][bookmark: _Toc496169786][bookmark: _Toc497988143][bookmark: _Toc499025626][bookmark: _Toc499210291][bookmark: _Toc499893681][bookmark: _Toc500321344][bookmark: _Toc52290684]3.4.6 	Conclusion
The data provided by the applicant showed that a single integration event has occurred at a specific locus in the corn genome. The intended landing pad sequences from PHP55614 and DNA region from PHP74643, containing the pmi, mo-pat, ipd072Aa and DvSSJ1 DNA sequences, has been inserted with the expected sequence and organisation. Furthermore, no backbone sequences from the plasmids used in the transformation were present, including antibiotic resistance genes. The introduced DNA was shown to be stably inherited from one generation to the next. No new ORFs are created by the insertion that raise potential toxicity or allergenicity concerns. 
[bookmark: _Toc482255822][bookmark: _Toc496169787][bookmark: _Toc500321345][bookmark: _Toc52290685]4	Characterisation and safety assessment of novel substances
[bookmark: _Toc438636882][bookmark: _Toc482255823]Four novel substances are expressed in the DP23211: the PMI protein which was used as a selectable marker following the second transformation process; the PAT protein which provides tolerance to glufosinate ammonium; the IPD072Aa protein which provides protection against corn rootworm; and the DvSSJ1 dsRNA molecule which mediates RNAi‑silencing of the dvssj1 gene in corn rootworm. The applicant provided data from a range of analyses characterising PMI, PAT and IPD072Aa proteins in DP23211 and also provided data and a discussion of DvSSJ1 dsRNA safety in DP23211. 
In considering the safety of newly expressed substances it is important to note that a large and diverse range of proteins and dsRNAs are ingested as part of the normal human diet without any adverse effects. 
[bookmark: _Toc52290686]4.1	Newly expressed proteins
Only a small number of dietary proteins have the potential to impair health, because they have anti-nutrient properties or they can cause allergies in some consumers (Delaney et al., 2008). As proteins perform a wide variety of functions, different possible effects have to be considered during the safety assessment, including potential toxic, anti-nutrient or allergenic effects.
To effectively identify any potential hazards, knowledge of the characteristics, concentration and localisation of all newly expressed proteins in the organism as well as a detailed understanding of their biochemical function and phenotypic effects is required. It is also important to determine if the newly expressed protein is expressed in the plant as expected, including whether any post-translational modifications have occurred. 
[bookmark: _Toc52290687]4.1.1 	PMI
The PMI enzyme catalyses the interconversion of mannose 6-phosphate and fructose 6-phosphate. It is widely present in nature and its expression allows plant cells to use mannose as a source of carbon. Plants that lack this enzyme are unable to survive on culture media containing mannose. This characteristic assists with the identification of transformed cells.
Mannose is a hexose sugar that is taken up by plants and converted to mannose-6-phosphate by hexokinase. In many plants, including corn, mannose-6-phosphate cannot be further utilised as they lack the PMI enzyme. Mannose-6-phosphate accumulation inhibits phosphoglucose isomerase and causes a block in glycolysis and depletes cells of orthophosphate required for the production of ATP. Due to these factors, plant cells without PMI exhibit growth inhibition when grown in the presence of mannose (Negrotto et al. 2000).
[image: ]PMI has been assessed by FSANZ previously as a novel protein in four corn lines and one rice line. A translation of the DNA sequence of the pmi gene in DP23211 (Figure 4) yielded a protein whose sequence is identical to that expressed in four of the previously assessed lines. The PMI protein is comprised of 391 amino acids with a calculated molecular weight of ~43 kilodalton (kDa).
Figure 4. Deduced amino acid sequence of the PMI protein
4.1.1.1 	Characterisation of PMI expressed in DP23211 tissue	
To characterise the DP23211-derived PMI, the applicant extracted the protein from whole DP23211 tissue using a PMI-specific antibody. The purified PMI was then characterised using a number of analyses and the results are summarised below.
Molecular weight. Purified DP23211-derived PMI was analysed via Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) and visualised using Coomassie staining. A single band was detected at the expected molecular weight of PMI. 
Immunoreactivity. Western blot analysis with a PMI-specific antibody showed that the protein being expressed in DP23211 was PMI.
Peptide mapping. Two samples of DP23211-derived PMI were digested with either trypsin or chymotrypsin and analysed via mass spectrometry. The combined sequence coverage was 88% (346/391 amino acids), showing that the protein being expressed in DP23211 was PMI. 
N-terminal sequencing. Amino acids 1-11 of DP23211-derived PMI were sequenced and the sequence was as expected. The N-terminal methionine residue was acetylated, which is a common process in eukaryotes (Ree et al., 2018).
Glycosylation analysis. An SDS-PAGE and glycoprotein staining procedure showed the DP23211-derived PMI and a negative control protein were not glycosylated, while the positive control showed a band indicative of glycosylation.
PMI was used as a selectable marker during the transformation procedure, allowing the selection of plant cells with the intended DNA insertion. This demonstrates the function of PMI in DP23211.
4.1.1.2 	Expression of PMI protein in DP23211 tissue	
[image: ]PMI expression levels were quantified using a quantitative Enzyme-Linked ImmunoSorbent Assay (ELISA). Various tissues at different growth stages were examined from DP23211, DP23211 treated with glufosinate and the non-GM near-isoline (PHEJW/PHR03) control. Figure 5 depicts the different growth stages in corn. For each tissue analysed, four samples were processed from each of the six field-trial sites. The study was conducted during the 2018 growing season in corn growing regions in the US and Canada[footnoteRef:6]. [6:  Field trial sites for testing protein expression levels were in the following US states – Iowa, Illinois, Indiana, Minnesota and Pennsylvania; and the following state in Canada – Ontario.] 

[bookmark: Figure3]Figure 5: Stages of corn growth. Grain is harvested at R6.
Results from the ELISA (Table 5) show that PMI was detected in herbicide-treated DP23211, with the highest expression in pollen in the early reproductive stage (R1), when pollen is produced. By maturity (R6), PMI is detected in the grain. Similar levels of PMI expression were detected in DP23211 not treated with glufosinate. Additionally, there was no detection of PMI in the control, as expected because this line does not contain the pmi gene.
Table 5: Expression of PMI (µg/g DW1) in various tissues
	Tissue
	Growth Stage2
	Glufosinate-treated DP23211

	
	
	Mean
	Range
	SD3

	Root
	V6
	11 
	5.7 - 19
	4.0

	
	V9
	5.6
	2.8 - 8.7 
	1.8

	
	R1
	5.0 
	2.6 - 8.4
	1.7

	
	R4
	4.0
	1.7 - 6.6 
	1.3

	
	R6
	2.3
	<0.27 - 5.1 
	1.8

	Leaf
	V9
	8.8
	5.6 - 14 
	2.1

	
	R1
	13
	8.4 - 22
	3.7

	
	R4
	28
	19 - 40 
	5.7

	
	R6
	0.50
	<0.54 - 5.8 
	1.1

	Pollen
	R1
	33
	28 - 43 
	4.6

	Forage
	R4
	9.3
	4.8 - 13 
	1.8

	Whole Plant
	R1
	9.1
	7.4 - 12 
	1.3

	
	R6
	3.3
	<1.8 - 8.6 
	2.0

	Grain
	R6
	3.9
	1.6 - 6.0 
	1.1


1. DW - dry weight. 2. Growth Stage abbreviations – see Figure 5. 3. SD – standard deviation; 
4.1.1.3 	Safety of the introduced PMI
The PMI protein has been previously assessed by FSANZ in corn lines 5307 – Application A1060 (FSANZ 2012), MIR162 – Application A1001 (FSANZ 2008a), 3272 – Application A580 (FSANZ 2008b) and MIR604 – Application A564 (FSANZ 2006), and rice line GR2E – Application A1038 (FSANZ 2017). In all of these applications, studies on potential allergenicity and toxicity were submitted and assessed, the most recent of which was for A1038. These previous assessments did not raise any safety concerns and there have been no credible reports of adverse health effects in humans. Since the amino acid sequence of the protein expressed in DP23211 is identical to the PMI sequence expressed in three of the corn lines and the rice line, no further safety evaluation is required other than the examination of updated bioinformatics searches.
Updated bioinformatic studies for PMI that looked for amino acid sequence similarity to known protein allergens and toxins were provided by the applicant (February 2019). The results do not alter conclusions reached in previous assessments. Similar to all previous alignments, there was one sequence identity match of eight contiguous identical amino acids between PMI and a known allergen, α-parvalbumin from a Rana (frog) species (Hilger et al., 2002). Using serum IgE screening, further investigation demonstrated no cross-reactivity between PMI and the α-parvalbumin protein using serum from the single individual known to have demonstrated IgE-mediated allergy to this specific α-parvalbumin from the Rana species. The results indicated that the allergic patient’s serum IgE does not recognize any portion of PMI as an allergenic epitope. 
The applicant also provided an acute oral toxicity study in mice using PMI protein, although this is not a requirement[footnoteRef:7]. The results of this study do not alter conclusions reached in previous assessments.  [7:  FSANZ application handbook, Chapter 3.5.1 B.2 page 105 https://www.foodstandards.gov.au/code/changes/Pages/applicationshandbook.aspx
] 

4.1.1.4 	Conclusion	
The data presented by the applicant confirms DP23211 expresses a protein that is immunoreactive to a PMI antibody, matches the expected size and sequence of PMI. The protein is expressed throughout the plant, including the grain. Updated bioinformatic analyses confirm PMI has no significant similarity with known allergens or toxins.
[bookmark: _Toc52290688]4.1.2 	PAT
[bookmark: _Toc482255825][bookmark: _Toc489531035][bookmark: _Toc491439836][bookmark: _Toc493515866][bookmark: _Toc495489336][bookmark: _Toc496169789]PAT is a acetyltransferase enzyme which inhibits phosphinothricin (PPT) (Strauch et al., 1988; Wohlleben et al., 1988). PPT is the active constituent of glufosinate ammonium herbicides and it inhibits the endogenous plant enzyme glutamine synthetase. This enzyme is involved in amino acid biosynthesis in plant cells and its inhibition causes rapid accumulation of ammonia, leading to plant death. In glufosinate-tolerant GM plants, the introduced PAT enzyme chemically inactivates PPT by acetylation of the free ammonia group to produce N-acetyl glufosinate, thus allowing plants to continue amino acid biosynthesis in the presence of the herbicide. 
PAT enzyme for glufosinate-tolerance in crops has been used for approximately 25 years (CERA 2011). Since 2002, FSANZ has assessed and approved numerous events with pat encoded glufosinate-tolerance. There have been no credible reports of adverse effects on human health since it was introduced into food.
[image: ]The mo-pat gene in DP23211 has been codon optimised for expression in corn. The deduced amino acid sequence is identical to that produced in the source organism S. viridochromogenes (Figure 6), with the protein being comprised of 183 amino acids with a calculated molecular weight of ~21 kilodalton (kDa).
Figure 6. Deduced amino acid sequence of the PAT protein encoded by pat and mo-pat genes. *Stop codon
4.1.2.1 	Characterisation of PAT expressed in DP23211	
To characterise DP23211-derived PAT, the applicant extracted the protein from whole DP23211 tissue using a PAT-specific antibody. The purified PAT was then characterised using number of analyses and the results are summarised below.
Molecular weight. Purified DP23211-derived PAT was analysed via SDS-PAGE and visualised using Coomassie staining. A predominant band was detected at the expected molecular weight of PAT. 
Immunoreactivity. Western blot analysis with a PAT-specific antibody showed that the protein being expressed in DP23211 was PAT.
Peptide mapping. Two samples of DP23211-derived PAT were digested with either trypsin or chymotrypsin and analysed via mass spectrometry. The combined sequence coverage was 95% (173/183 amino acids), showing that the protein being expressed in DP23211 was PAT. 
N-terminal sequencing. Amino acids 2-11 of DP23211-derived PAT were sequenced and the sequence was as expected. The first N-terminal methionine residue was missing, likely due to cleavage which is a common process in many organisms (Wingfield 2017).
Glycosylation analysis. An SDS-PAGE and glycoprotein staining procedure showed the DP23211-derived PAT and a negative control protein were not glycosylated, while the positive control showed a band indicative of glycosylation.
The function of PAT in providing DP23211 with tolerance to glufosinate was demonstrated in the phenotypic stability analysis (see Section 3.4.3.2).
4.1.2.2 	Expression of PAT protein in DP23211 tissue	
PAT expression was determined using an ELISA on the same processed tissue samples analysed for PMI (Section 4.1.1.2). Results from the ELISA (Table 6) show that PAT was detected in herbicide-treated DP23211, with the highest expression in pollen in the early reproductive stage (R1). By maturity (R6), PAT is detected in the grain and is below the lower limit of quantification in leaf tissue. Similar levels of PAT expression were detected in DP23211 not treated with glufosinate. There was no detection of PAT in the control. This result is as expected because this line does not contain the mo-pat gene. 
[bookmark: Table5]Table 6: Expression of PAT (µg/g DW1) in various tissues
	Tissue
	Growth Stage2
	Glufosinate-treated DP23211

	
	
	Mean
	Range
	SD3

	Root
	V6
	7.5
	1.3 - 11 
	2.5

	
	V9
	4.0
	1.6 - 6.0 
	1.2

	
	R1
	3.7
	1.9 - 5.1 
	1.0

	
	R4
	1.3
	0.26 - 2.7 
	0.65

	
	R6
	0.64
	<0.054 - 2.4 
	0.79

	Leaf
	V9
	7.5
	5.0 - 11 
	1.5

	
	R1
	6.6
	4.9 - 8.4 
	1.0

	
	R4
	3.4
	2.3 - 5.3 
	0.80

	
	R6
	<0.11
	<0.11 
	NA

	Pollen
	R1
	54
	35 - 80 
	12

	Forage
	R4
	7.9
	5.2 - 12 
	1.8

	Whole Plant
	R1
	9.2
	5.6 - 12 
	1.8

	
	R4
	1.1
	<0.036 - 6.2 
	1.5

	Grain
	R6
	4.3
	2.0 - 6.6 
	1.4


1. DW - dry weight. 2. Growth Stage abbreviations – see Figure 5. 3. SD – standard deviation; 4. NA – not applicable.
4.1.2.3 	Safety of the introduced PAT	
The PAT protein encoded by the pat gene has been considered in 17 previous FSANZ safety assessments, eight of which involved corn. These assessments, together with the published literature, firmly establish the safety of PAT and confirm that it does not raise toxicity or food allergenicity concerns in humans (ILSI 2016; Hammond et al., 2011; Delaney et al., 2008; Hérouet et al., 2005). 
In previous FSANZ assessments, studies on potential allergenicity and toxicity were submitted and assessed. These previous assessments did not raise any safety concerns and there have been no credible reports of adverse health effects in humans. Since the sequence of the protein expressed in DP23211 is identical to the previous PAT sequences assessed by FSANZ, no further safety evaluation is required other than the examination of updated bioinformatics searches.
The applicant has submitted updated bioinformatic studies for PAT that looked for amino acid sequence similarity to known protein allergens and toxins (January 2019). The results do not alter conclusions reached in previous assessments. 
[bookmark: _Toc438638506]The applicant also provided an acute oral toxicity study in mice using PAT protein, although this is not a requirement[footnoteRef:8]. The results of this study do not alter conclusions reached in previous assessments.  [8:  FSANZ application handbook, Chapter 3.5.1 B.2 page 105 https://www.foodstandards.gov.au/code/changes/Pages/applicationshandbook.aspx
] 

4.1.2.4 	Conclusion	
The data presented by the applicant confirms DP23211 expresses a protein that is immunoreactive to a PAT antibody and matches the expected size and sequence of PAT. The protein is expressed in various plant tissues, including grain. Updated bioinformatic analyses continue to indicate PAT has no significant similarity with known allergens or toxins.
[bookmark: _Toc52290689]4.1.3 	IPD072Aa 
The IPD072Aa protein was isolated from P. chlororaphis cultured from a soil sample and identified as having a potent inhibitory effect on the survival of western corn rootworm larvae (WCR; D. virgifera). This effect is restricted to certain species within the Coleoptera order. WCR displays the greatest sensitivity to IPD072Aa consumption, while several lepidopteran and hemipteran species are unaffected by IPD072Aa consumption (Boeckman et al., 2019; Schellenberger et al., 2016). 
Similar to crystal (Cry) proteins from B. thuringiensis, the IPD072Aa protein targets and disrupts midgut epithelial cells in insects. However, it appears the mechanism of action of IPD072Aa differs from Cry proteins. Cry proteins function by binding to a highly specific glycoprotein receptor on the surface of midgut epithelial cells, aggregating and forming pores in the cell membrane (Schnepf et al., 1998). The IPD072Aa protein causes midgut epithelial cells to swell and bust, resulting in the loss of gut integrity and larval death within 1 to 2 days. IPD072Aa has the ability to kill WCR larvae that are resistant to specific Cry proteins (Schellenberger et al., 2016) indicating that the action of IPD072Aa in causing midgut epithelium breakdown might involve a non-pore forming mechanism. 
Humans may have inadvertently been exposed to the IPD072Aa protein because for approximately twenty years the source organism, P. chlororaphis, has been used as a bio-pesticide in multiple agricultural settings, including the control of fungal diseases in cereal grains (Mark et al., 2006; Johnsson et al., 1998). P. chlororaphis has a history of safe use in agriculture and in food and feed crops (Anderson & Kim, 2020; Arrebola et al., 2019). 
[image: ]The deduced amino acid sequence from the translation of the P. chlororaphis ipd072Aa gene is shown in Figure 7. The deduced IPD072Aa protein is comprised of 86 amino acids, with a calculated molecular weight of ~10 kilodalton (kDa).
Figure 7. Deduced amino acid sequence of IPD072Aa. * stop codon
4.1.3.1 	Characterisation of IPD072Aa in DP23211 and equivalence to a bacterially-produced form
The equivalence of the DP23211- and E. coli-derived IPD072Aa proteins must be established before the safety data generated using E. coli-derived IPD072Aa can be applied to DP23211-derived IPD072Aa.
The plant-derived IPD072Aa was partially purified from DP23211 whole plant tissue by ammonium sulfate precipitation and immuno-affinity chromatography. To generate sufficient amounts of E. coli-purified IPD072Aa protein, E. coli were fermented with a plasmid that expresses the IPD072Aa protein with an N-terminal histidine tag (His-tag). Nickel-nitrilotriacetic acid (Ni-NTA) chromatography was used twice, first to purify the tagged protein and then to remove the His-tag following its cleavage from IPD072Aa by immobilised trypsin. The E. coli-derived IPD072Aa was then purified. 
In order to confirm the identity and equivalence of the DP23211- and E. coli-derived IPD072Aa proteins, a series of analytical techniques were employed. The results are summarised below.
Molecular weight. Samples of purified DP23211- and E. coli-derived IPD072Aa proteins were run on SDS-PAGE then visualised with Coomassie staining. While the DP23211-derived protein sample showed less purity than the E. coli-derived IPD072Aa protein sample, this is expected considering the differences in protein source and purification. Nevertheless, a predominant band was detected in all samples at the expected molecular weight.
Immunoreactivity. Western blot analysis with a IPD072Aa-specific antibody showed that the protein being expressed in DP23211 and E. coli was in fact IPD072Aa and they have equivalent immunoreactivity.
Peptide mapping. Two samples of DP23211-derived IPD072Aa protein were digested with either trypsin or chymotrypsin and analysed via mass spectrometry. The combined sequence coverage was 65% (56/86 amino acids). E. coli-derived IPD072Aa was digested with chymotrypsin only and similarly analysed via mass spectrometry. Matched peptides accounted for 100% of the expected IPD072Aa sequence and includes an N-terminal histidine, a remnant amino acid from the His-tag. These results show that the protein being expressed in DP23211 and E. coli were in fact IPD072Aa.
[image: ]N-terminal sequencing. Amino acids 2-11 of DP23211-derived IPD072Aa were sequenced and the sequence was as expected (Figure 8). The first N-terminal methionine residue was most likely cleaved, which is a common process in many organisms (Wingfield 2017). For the E. coli-derived IPD072Aa protein, amino acids 1-10 amino acids were sequenced and the sequence was as expected (Figure 8). The E. coli-derived IPD072Aa protein contained an N-terminal histamine, which was expected and complementary to the peptide mapping results.
Figure 8. N-terminal amino acid sequences of DP23211- and E. coli-derived IPD072Aa 
Glycosylation analysis. An SDS-PAGE and glycoprotein staining procedure showed the IPD072Aa protein from both DP23211 and E. coli was equivalent and that neither is glycosylated. The negative control protein was not glycosylated, while the positive control showed a band indicative of glycosylation.
The biological activity of E. coli-derived IPD072Aa protein was evaluated in a 7-day bioassay using WCR larvae. The test diet contained a targeted concentration of 100 ng IPD072Aa protein / mg diet wet weight and the control diet contained a dosing solution of water. Larvae fed a diet containing E. coli-derived IPD072Aa protein showed a mortality of 97%, compared to 13% in the control diet. This result demonstrates that E. coli-derived IPD072Aa protein is functionally active against WCR.
The data outlined in this section demonstrated that the E. coli-derived DP23211 protein is structurally and biochemically equivalent to DP23211-derived IPD072Aa. The functioning of IPD072Aa was demonstrated in the E. coli-derived IPD072Aa and based on the structural and biochemical equivalence to DP23211-derived IPD072Aa, the two proteins are expected to be functionally equivalent. It can be concluded that E. coli-derived DP23211 protein is a suitable surrogate for use in the safety assessment experiments described in Section 4.1.3.3.
4.1.3.2 	Expression of IPD072Aa in DP23211	
IPD072Aa expression was determined using an ELISA on the same processed tissue samples analysed for PMI and PAT (Section 4.1.1.2 and 4.1.2.2). Results from the ELISA (Table 7) show that IPD072Aa was detected in herbicide-treated DP23211, with the highest expression in root tissue, which is the target tissue for corn rootworm larvae consumption. IPD072Aa is detected in the grain at a very low level compared to root tissue, and pollen had the lowest level of IPD072Aa expression. Similar levels of IPD072Aa were detected in DP23211 not treated with glufosinate. Additionally, there was no detection of IPD072Aa in the control, as expected because this line does not contain the ipd072Aa gene. 
Table 7: Expression of IPD072Aa (µg/g DW1) in various tissues
	Tissue
	Growth Stage2
	Glufosinate-treated DP23211

	
	
	Mean
	Range
	SD3

	Root
	V6
	27
	6.9 - 57
	16

	
	V9
	18
	3.3 - 63 
	21

	
	R1
	23
	11 - 33 
	7.8

	
	R4
	27
	4.2 - 54 
	13

	
	R6
	27
	0.87 - 57 
	18

	Leaf
	V9
	13
	2.4 - 40 
	11

	
	R1
	15
	4.7 - 32 
	6.9

	
	R4
	9.5
	6.0 - 17 
	2.9

	
	R6
	1.8
	<0.054 - 20 
	4.3

	Pollen
	R1
	0.66
	0.12 - 1.3 
	0.39

	Forage
	R4
	16
	6.4 - 38 
	8.1

	Whole Plant
	R1
	6.3
	3.6 - 10 
	1.6

	
	R6
	9.8
	1.1 - 36 
	9.9

	Grain
	R6
	1.8
	0.21 - 5.7 
	1.4


1. DW - dry weight. 2. Growth Stage abbreviations – see Figure 5. 3. SD – standard deviation.
4.1.3.3 	Safety of the introduced IPD072Aa	
The IPD072Aa has not been previously assessed by FSANZ. Data were provided to assess the potential toxicity and allergenicity of IPD072Aa expressed in DP23211.
Bioinformatic analyses of IPD072Aa
In silico analyses comparing the IPD072Aa amino acid sequence to known allergenic proteins in the COMPARE database (January 2019) were performed by the applicant. The same search criteria as outlined in Section 3.4.5.1 were used. Similar to the ORF analysis, the search did not identify any known allergens with homology to IPD072Aa. No alignments met or exceeded the threshold of ≥ 35% over 80 amino acids and no eight amino acid peptide matches were shared between the IPD072Aa sequence and proteins in the allergen database.
The applicant provided the results of in silico analyses comparing the IPD072Aa amino acid sequence to proteins identified as “toxins” in the same in-house database described in Section 3.4.5.2 (January, 2019). A BLASTP algorithm was used with a BLOSUM62 scoring matrix, the low complexity filtering was turned off and the E-value threshold set to 0.0001. The search did not identify any known toxins with homology to IPD072Aa.
Susceptibility of IPD072Aa to digestion with pepsin and pancreatin 
E. coli-derived IPD072Aa (test substance) was incubated with pepsin (10U enzyme/μg protein) at 37°C over a 0-60 min time course, in a simulated gastric fluid (SGF) system at an acidic pH of ~1.2 (Thomas et al., 2004). Controls included the BSA or β-lactoglobulin proteins in SGF incubated for 0 and 60 min, no protein in SGF incubated for 60 min, and IPD072Aa in water or a gastric control solution that did not contain pepsin and was incubated for 60 min. The extent of digestion was visualised using GelCode Blue Stain Reagent on an SDS-PAGE gel, followed by Western blotting. 
The results from the pepsin digestion showed that by 0.5 min, there was no intact IPD072Aa remaining in the reaction mix. The BSA control was digested within 1 min in SGF and the β‑lactoglobulin control remained in the reaction mix after 60 min. IPD072Aa remained intact after 60 min in water and in the gastric solution without pepsin. These results indicated the protein was fully digested by pepsin.
E. coli-derived IPD072Aa protein was also incubated with pancreatin (40 μg enzyme/μg protein) at 37°C over a 0-60 min time course, in a simulated intestinal fluid (SIF) system at a neutral pH of ~7.5. Pancreatin is a mixture of proteolytic enzymes. Controls included the BSA or β-lactoglobulin proteins in SIF incubated for 0 and 60 min, no protein in SIF incubated for 60 min, and IPD072Aa in water or an intestinal control solution that did not contain pancreatin and was incubated for 60 min. The extent of digestion was visualised using GelCode Blue Stain Reagent on an SDS-PAGE gel, followed by Western blotting.
The results from the pancreatin digestion showed that by 20 min, there was no intact IPD072Aa remaining in the reaction mix. Some of the BSA control remained undigested after 60 min in SIF and the β-lactoglobulin control was digested within 1 min in SIF. IPD072Aa remained intact after 60 min in water and in the intestinal solution without pancreatin. These results indicated the protein was fully digested by pancreatin.
Bioactivity of IPD072Aa after exposure to heat 
Heat-treated IPD072Aa was incorporated into an artificial diet and tested in a functional activity assay that measured the mortality of WCR larvae. The diets included E. coli-derived IPD072Aa (test diet) that was subjected to 30 min incubations at 25°C, 50°C, 60°C, 95°C or autoclaved at 121°C (20 psi). The test diets contained a targeted concentration of 50 ng IPD072Aa protein per mg diet wet weight. Controls included an unheated IPD072Aa and a diet of ultrapure water. Each diet was provided to 30 individual WCR for a total of 7 days and Western blot analysis visually confirmed the dose and homogeneity of the IDP072Aa protein during the assay.
At all incubation temperatures (25-95°C) the ability of IPD072Aa to cause WCR mortality remained similar to the unheated IPD072Aa (Table 8). Although there was a progressive decrease in mortality rate between 25°C and 95°C, these values were not significantly different to the unheated test diet. A significant reduction in mortality rate, compared to the unheated test diet, was observed with the diet that contained the 121°C autoclave treatment of IPD072Aa. Mortality rate was similar to the diet of ultrapure water, indicating that at 121°C and 20 psi the IPD072Aa protein completely loses its functional activity.	
Table 8: Bioactivity of heat-treated IPD072Aa in a diet fed to WCR 
	Treatment description
	Incubation condition
	Number of observations1
	Total number of dead organisms
	Mortality
	Significance2

	Water diet
	-
	29
	8
	27.6
	-

	Test diet
	Unheated
	22
	20
	90.9
	-

	
	25°C
	29
	26
	89.7
	NS

	
	50°C
	26
	23
	88.5
	NS

	
	60°C
	28
	24
	85.7
	NS

	
	95°C
	24
	20
	83.3
	NS

	
	121°C (autoclaved)
	29
	4
	13.8
	P < 0.0001


A treatment with a P value of < 0.05 was considered significant. 1. The bioassay started with 30 organisms per treatment, but organisms were omitted from the final tally if they were missing or wells contained more than one organism. 2. Significance in comparison to the unheated test diet. NS – not significant. 

Although IPD072Aa retains biological activity following heat treatment up to 95°C, this is not directly predictive of allergenicity or toxicity potential. The bioinformatic analysis demonstrated the protein does not have any amino acid similarity to know allergens or protein toxins and the digestibility studies suggest that the IPD072Aa would be rapidly degraded following ingestion. 
Acute oral toxicity study 
A 14-day acute oral toxicity study in mice using E.coli-derived IPD072Aa was submitted by the applicant. A single 2000 mg/kg bodyweight (BW) dose of IPD072Aa was administered to six male and six female Crl:CD1(ICR) mice. In addition, two groups of six male and six female mice were administered with either 2000 mg/kg BSA control or the vehicle control (deionised water). Both protein preparations were reconstituted in deionised water and all formulations were administered by oral gavage.
Body weights were measured on test days 1 (prefast and shortly before dose administration), 2, 5, 8 and 15. The evaluation of clinical signs was performed before and after dosing on test day 1 and daily thereafter. All mice were killed on day 15 and gross pathological examination was performed. No mortalities, clinical abnormalities, losses of body weight or gross lesions were observed during the course of the study.
In summary, no treatment-related adverse effects were observed at the 2000 mg/kg BW oral dose of IPD072Aa.
4.1.3.4 	Conclusion	
A range of characterisation studies were performed on plant-derived IPD072Aa confirming its identity, structure and biochemistry as well as equivalence of the corresponding protein derived in a bacterial expression system. The bacterially-expressed IPD072Aa was also shown to be functional. Expression of IPD072Aa in DP23211 was highest in root tissue and lowest in pollen. While the IPD072Aa protein was stable at temperatures of up to 95°C, the protein was susceptible to pepsin and pancreatin digestion and bioinformatic analyses showed IPD072Aa had no homology to known toxins and allergens. Additionally, an acute oral toxicity study in mice did not result in any treatment-related adverse effects. Taken together this indicates that the IPD072Aa protein is unlikely to be toxic or allergenic to humans. 
[bookmark: _Toc52290690]4.2	Newly expressed dsRNA
[bookmark: _Toc52290691]4.2.1 	DvSSJ1 dsRNA
A double-stranded RNA construct was introduced into DP23211. The dsRNA sequence silences the dvssj1 gene in WCR, i.e. the target of the dsRNA is an external pest and not an endogenous corn gene. When WCR ingests DP23211, midgut epithelial cells take up DvSSJ1 dsRNA which are then processed by the RNAi post-transcriptional regulatory pathway in the cell into small interfering RNA (siRNA) and forms an RNA-induced silencing complex. This complex binds to the specific target gene mRNA resulting in cleavage and degradation of the mRNA. This process is known as RNA interference (RNAi) and it exists innately in most eukaryotic organisms (Kim and Rossi, 2008). While dsRNA processing into siRNA will also occur in the plant, intact dsRNA would be present and there is evidence to suggest that the DvSSJ1 dsRNA in planta is the functional RNA form in the control of WCR (Hu et al., 2020).
DvSSJ1 RNAi silences dvssj1 mRNA in WCR midgut epithelial cells resulting in decreased translation of the DvSSJ1 protein. This protein is part of the smooth septate junction (SSJ) protein complex, a type of occluding junction found in invertebrate epithelial cells that is involved in physically connecting adjacent epithelial cells to create the intestinal barrier and are important in regulating invertebrate gut homeostasis (Izumi et al., 2019). The WCR dvssj1 gene is an ortholog of the Drosophila snakeskin gene, the protein of which is a critical component of the SSJ protein complex (Hu et al., 2016). Reduction of DVSSJ1 protein in WCR disrupts the SSJ protein complex and leads to loss of barrier integrity, larval growth inhibition and mortality (Hu et al., 2019).
4.2.1.1 	Expression of DvSSJ1 dsRNA in DP23211	
The applicant provided a study analysing the concentration of DvSSJ1 dsRNA in various DP23211 tissues. The field trial design was identical to that of the expression analysis of PMI, PAT and IPD072Aa proteins (see Section 4.1.1.2 for description). DvSSJ1 dsRNA concentration was determined using a multiplexed gene expression quantification assay (QuantiGene Plex Assay). The results of the glufosinate treated DP23211 showed that DvSSJ1 dsRNA had the highest expression level in leaf tissue and lowest in pollen closely followed by grain (Table 9). In root tissue, the target tissue for corn rootworm larvae consumption, the levels on DvSSJ1 dsRNA was fairly comparable to leaf and expression levels were higher in earlier growth stages. There was very similar levels of DvSSJ1 dsRNA expression in DP23211 not treated with glufosinate. Additionally, there was no detection of DvSSJ1 dsRNA in the non-GM near-isoline control, as expected because this line does not contain DvSSJ1 dsRNA.
Table 9: Concentration of DvSSJ1 dsRNA (µg/g DW1) in various tissues
	Tissue
	Growth Stage2
	Glufosinate-treated DP23211 (x10-2)

	
	
	Mean
	Range
	SD3

	Root
	V6
	5.58
	2.38 – 10.4
	2.25

	
	V9
	3.37
	0.853 – 6.99
	1.48

	
	R1
	2.87
	1.52 – 4.61
	0.812

	
	R4
	2.05
	0.818 – 3.68
	0.762

	
	R6
	0.933
	0.032 – 2.41
	0.792

	Leaf
	V9
	6.39
	3.69 – 20.6
	3.34

	
	R1
	5.68
	2.67 – 10.8
	2.14

	
	R4
	7.08
	4.63 – 8.81
	1.21

	
	R6
	2.93
	0.106 – 20.8
	5.86

	Pollen
	R1
	0.104
	0.0666 – 0.194
	0.0321

	Forage
	R4
	2.38
	1.23 – 7.43
	1.48

	Whole Plant
	R1
	2.44
	2.01 – 3.68
	0.370

	
	R6
	0.772
	0.0527 – 1.79
	0.482

	Grain
	R6
	0.314
	0.0736 – 1.05
	0.208


1. DW - dry weight. 2. Growth Stage abbreviations – see Figure 5. 3. SD – standard deviation. 
4.2.1.2 	Specificity of DvSSJ1 dsRNA	
To determine the specificity of the dsRNA, the applicant provided an in silico analysis comparing the 210 bp DvSSJ1 dsRNA sequence to ssj1 homologs from twenty invertebrate species in four orders (Coleoptera, Hymenoptera, Hemiptera and Lepidoptera). The results show that the DvSSJ1 dsRNA sequence is highly specific to corn rootworms in the Diabrotica genus, Chrysomelidae family and Coleoptera order. 
4.2.1.3 	History of safe use
In a review by FSANZ (2013), it was concluded the weight of evidence in the published literature on gene silencing does not support the view that dsRNA and RNAi mediators, ingested as part of the normal human diet, have any impact on human gene expression or are likely to have adverse consequences for humans. Nucleic acids, including dsRNAs and siRNAs, are already abundantly present in the human diet from both plant and animal sources (Carthew and Sontheimer 2009; Ivashuta et al. 2009). Upon ingestion, enzymes and pH changes in saliva, stomach and intestines degrade nucleic acids into simple components (Hickerson et al. 2008; Martinez et al. 2015; Title et al. 2015), which can then be absorbed or excreted. Even if intact or partially degraded nucleic acid molecules arrive in the intestinal region, the large size, hydrophobicity and charged nature of the molecules will limit absorption across the cell barrier lining the intestinal tract. This has been highlighted by the ineffectiveness of gene therapy strategies using naked DNA. Furthermore, there is no scientific basis for suggesting that, when present as a result of the genetic modification of a plant, dsRNA and RNAi mediators possess different properties or pose a greater risk than those already naturally abundant in foods from conventional non-GM plants, animals and microorganisms such as yeasts.
4.2.1.3 	Conclusion
The available data do not indicate the DvSSJ1 dsRNA possess different characteristics, or are likely to pose a greater risk, than other RNAi mediators naturally present in corn. Since the target of the DvSSJ1 dsRNAs is present in WCR, no compositional changes to the food derived from DP23211 is expected to occur from the introduction of this dsRNA. DvSSJ1 dsRNA is specific to corn rootworms within the Diabrotica genus. A history of safe human consumption of RNAi mediators exists, including those with homology to human genes. The evidence published to date also does not indicate that dietary uptake of such RNA from plant food is a widespread phenomenon in vertebrates (including humans) or, if it occurs, that sufficient quantities are taken up to exert a biologically relevant effect (FSANZ, 2013). 
[bookmark: _Toc52290692]4.3	Novel herbicide metabolites in GM herbicide-tolerant plants
FSANZ has assessed the novel herbicide metabolites for glufosinate in GM corn in multiple previous applications. These previous assessments indicate the spraying of DP23211 with glufosinate ammonium results in the same metabolites that are produced in non-GM corn sprayed with the same herbicide. It is expected that no new glufosinate metabolites would be generated in corn event DP23211, therefore this does not require further investigation.
[bookmark: _Toc454886848][bookmark: _Toc482255834][bookmark: _Toc496169800][bookmark: _Toc500321355][bookmark: _Toc52290693]5	Compositional analysis
The main purpose of compositional analyses is to determine if, as a result of the genetic modification, an unexpected change has occurred to the food. These changes could take the form of alterations in the composition of the plant and its tissues and thus its nutritional adequacy. Compositional analyses can also be important for evaluating the intended effect where there has been a deliberate change to the composition of the food.
The classic approach to the compositional analyses of GM food is a targeted one. Rather than analysing every possible constituent, which would be impractical, the aim is to analyse only those constituents most relevant to the safety of the food or that may have an impact on the whole diet. Important analytes therefore include the key nutrients, toxicants and anti‑nutrients for the food in question. The key nutrients and anti-nutrients are those components in a particular food that may have a substantial impact in the overall diet. They may be major constituents (fats, proteins, carbohydrates or enzyme inhibitors such as anti-nutrients) or minor constituents (minerals, vitamins). Key toxicants are those toxicologically significant compounds known to be inherently present in an organism, such as compounds whose toxic potency and level may be significant to health.
[bookmark: _Toc496169801][bookmark: _Toc500321356][bookmark: _Toc52290694]5.1 Key Components
[bookmark: _Toc482255835][bookmark: _Toc496169802][bookmark: _Toc500321357]The key components to be analysed for the comparison of transgenic and conventional corn are outlined in the OECD Consensus Document on Compositional Considerations for New Varieties of Maize (OECD 2002), and include: proximates and fibre, amino acids, fatty acids and the anti-nutrients phytic acid, raffinose, furfual and the phenolic acids ferulic acid and p‑coumaric acid.
[bookmark: _Toc52290695]5.2	Study design
Eight field trials were conducted for DP23211 in the US and Canada in the 2018 growing season[footnoteRef:9]. The sites were selected to match the typical geographical and field management styles of the commercial corn growing regions. The materials tested in the field trials included DP23211, the non-GM near-isoline (PHEJW/PHR03) control and a total of 14 reference varieties. Four reference varieties were grown at each site and were selected from P0604, 2R602, 35A52, P0760, BK5883, XL5939, P0928, P0993, XL5828, BK6076, XL6158, P1105, P1151 and P1197. The field trials were established in a randomised complete block design, with four replicates of each plot.  [9:  The location of the eight field trial sites: two sites in Illinois US, one site in Iowa, Indiana, Minnesota, Pennsylvania, and Texas US, one site in Ontario Canada. ] 

Corn grains were harvested from all plots at maturity, with reference and control grain collected prior to DP23211 to minimise the potential for contamination. After harvest, samples were despatched to an analytical laboratory under full identity labelling. The analyses were performed at EPL Bio Analytical Services. The compositional analyses were based on internationally recognised procedures including official methods specified by the Association of Official Analytical Chemists (AOAC), the Analytical Oil Chemists' Society (AOCS), the American Association of Cereal Chemists (AACC) and published articles or technical notes from industrial-based sources.
69 different analytes were measured and evaluated (listed in Table 10). Statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, North Carolina). For each analyte, ‘descriptive statistics’ (mean, range and 95% confidence interval) were generated. A linear mixed model analysis of variance was then applied for combined data, and locations, covering the eight replicated field trial sites. The mixed model analysis was also applied to the data from each site separately. In assessing the significance of any difference between DP23211 and the control, a P-value of 0.05 was used. Where statistically significant differences were observed in the combined data from all sites (presented in Tables 12-17), analysis of the data from each site was used to determine if the differences were common to the majority of sites. A further adjusted P-value was determined using the false discovery rate (FDR) method, as a consideration of the chance of false positives being observed with the testing due to the multiple analytes being analysed.
In order to complete the statistical analysis for any component in this study, a measured value from an analyte below the lower limit of quantification (LLOQ), was given an arbitrary value of half the LLOQ. Any analyte with all observations below the LLOQ for that assay, were excluded from the overall summary analysis. Values for all components were expressed on a percent dry weight (% DW) basis with the exception of vitamins, expressed as milligrams per kilogram of solid (dry weight), and fatty acids, expressed as percent of total fatty acids. 
Any statistically significant differences between DP23211 and the control were compared to an in-house database containing compositional analyses from 144 non-GM commercial lines cultivated across 148 unique environments in North and South America, from 2003-2017. The natural variation of analytes from publically available data was also considered (Watson 1982; OECD 2002; Codex 2013; Lundry et al, 2013; Cong et al, 2015; ILSI 2019). Additionally, compositional data from the non-GM reference varieties grown concurrently in the same trial as DP23211 and the control, were combined across all sites and used to calculate an in‑study reference data range for each analyte, to define the variability in corn varieties grown under the same agronomical conditions. These data ranges assist with determining whether any statistically significant differences were likely to be biologically meaningful.

[image: ] Table 10: Analytes measured in the grain samples
[bookmark: _Toc454886851][bookmark: _Toc482255836][bookmark: _Toc496169803][bookmark: _Toc500321358][bookmark: _Toc52290696]5.3	Analyses of key components in grain
[bookmark: _Toc482255837][bookmark: _Toc491439850][bookmark: _Toc493515881][bookmark: _Toc495489351][bookmark: _Toc496169804][bookmark: _Toc497988158][bookmark: _Toc499025641][bookmark: _Toc499210306][bookmark: _Toc499893696][bookmark: _Toc500321359][bookmark: _Toc52290697]5.3.1	Proximates and fibre 
There were no statistically significant differences found in the level of the proximates and fibre in DP23211 compared to the control (Table 11). All means were also within the reference range.
[bookmark: Table7][bookmark: _Toc491439852][bookmark: _Toc493515883][bookmark: _Toc495489353][bookmark: _Toc496169806][bookmark: _Toc497988160][bookmark: _Toc499025643][bookmark: _Toc499210308][bookmark: _Toc499893698][bookmark: _Toc500321360][bookmark: _Toc491439851][bookmark: _Toc493515882][bookmark: _Toc495489352][bookmark: _Toc496169805][bookmark: _Toc497988159][bookmark: _Toc499025642][bookmark: _Toc499210307]Table 11: Comparison of proximates and fibre (% DW)
	Analyte
	Control
	Herbicide-treated DP23211 
	Non-GM reference varieties
	Commercial lines
	Publically available data

	
	Mean (range)
	Mean
(range)
	Range
	Range
	Range

	Total dietary fibre
	9.71
(8.19-11.7)
	9.92
(7.61-13.3)
	4.44-13.4
	3.15 - 21.8
	5.78 - 35.31

	Crude protein
	10.6
(8.44-12.0)
	10.6
(6.98-11.6)
	6.95 - 11.3
	6.66 - 13.3
	5.72 - 17.26

	Crude fat
	4.25
(3.63-4.87)
	4.28
(3.68-4.75)
	3.66 - 5.41
	2.34 - 5.90
	1.363 - 7.830

	Crude fibre
	2.43
(1.97-2.71)
	2.43
(2.02-3.13)
	2.02 - 3.14
	1.57 - 3.61
	0.49 - 5.5

	Acid detergent fibre
	4.22
(3.22-4.84)
	4.09
(3.32-5.26)
	3.20 - 5.69
	2.64 - 6.24
	1.41 - 11.34

	Neutral detergent fibre
	10.5
(8.12-12.8)
	10.7
(8.45-12.9)
	8.15 - 13.3
	7.49 - 18.6
	4.28 - 24.3

	Ash
	1.37
(1.24-1.49)
	1.39
(1.23-1.51)
	1.04 - 1.49
	1.01 - 1.87
	0.616 - 6.282

	Carbohydrates
	83.7
(82.4-85.9)
	83.7
(82.7-87.3)
	82.9 - 87.6
	80.5 - 88.5
	77.4 - 89.7


[bookmark: _Toc52290698][bookmark: Table8]5.3.3	Amino acids
Using the raw P-value, a statistically significant difference was observed in DP23211 compared to the control for tyrosine (Table 12). However, an FDR adjusted P-value indicates that the difference is not significant. Additionally, the observed mean value of tyrosine in DP23211 falls well within the variance seen in the reference lines grown under the same conditions, the commercial lines and publically available data. This difference is considered minor and is not biologically significant.
No other statistically significant differences in amino acids were observed between DP23211 and the control (Table 12). Means were also within the reference range.
Table 12: Comparison of amino acids (% DW)
	Analyte
	Control
	Herbicide-treated DP23211
	Non-GM reference varieties
	Commercial lines
	Publically available data

	
	Mean 
(range)
	Mean 
(range)
	Range
	Range
	Range

	Alanine
	0.812
(0.601 - 0.929)
	0.809
(0.482 - 0.940)
	0.505 - 0.889
	0.457 - 1.07
	0.40 - 1.48

	Arginine
	0.455
(0.388 - 0.500)
	0.442
(0.338 - 0.518)
	0.356 - 0.486
	0.302 - 0.598
	0.12 - 0.71

	Aspartic Acid
	0.683
(0.538 - 0.756)
	0.686
(0.449 - 0.779)
	0.475 - 0.730
	0.414 - 0.901
	0.30 - 1.21

	Cystine
	0.220
(0.160 - 0.288)
	0.218
(0.145 - 0.294)
	0.114 - 0.276
	0.132 - 0.295
	0.12 - 0.51

	Glutamic Acid
	2.12
(1.55 - 2.45)
	2.11
(1.20 - 2.45)
	1.25 - 2.32
	1.11 - 2.76
	0.83 - 3.54

	Glycine
	0.391
(0.345 - 0.423)
	0.381
(0.304 - 0.432)
	0.304 - 0.423
	0.285 - 0.485
	0.184 - 0.685

	Histidine
	0.317
(0.270 - 0.360)
	0.307
(0.215 - 0.366)
	0.202 - 0.325
	0.190 - 0.380
	0.14 - 0.46

	Isoleucine
	0.376
(0.287 - 0.428)
	0.375
(0.235 - 0.435)
	0.235 - 0.404
	0.213 - 0.498
	0.18 - 0.69

	Leucine
	1.41
(1.03 - 1.67)
	1.39
(0.764 - 1.66)
	0.759 - 1.53
	0.694 - 1.85
	0.60 - 2.49

	Lysine
	0.309
(0.258 - 0.352)
	0.301
(0.224 - 0.338)
	0.254 - 0.346
	0.178 - 0.396
	0.129 - 0.668

	Methionine
	0.206
(0.163 - 0.253)
	0.204
(0.134 - 0.256)
	0.0934 - 0.268
	0.120 - 0.328
	0.10 - 0.47

	Phenylalanine
	0.572
(0.449 - 0.674)
	0.546
(0.317 - 0.696)
	0.318 - 0.590
	0.303 - 0.736
	0.24 - 0.93

	Proline
	1.04
(0.804 - 1.19)
	1.03
(0.632 - 1.20)
	0.641 - 1.07
	0.557 - 1.26
	0.46 - 1.75

	Serine
	0.540
(0.434 - 0.614)
	0.534
(0.352 - 0.625)
	0.348 - 0.572
	0.307 - 0.685
	0.15 - 0.91

	Threonine
	0.393
(0.331 - 0.434)
	0.390
(0.279 - 0.441)
	0.270 - 0.410
	0.245 - 0.491
	0.17 - 0.67

	Tryptophan
	0.0650
(0.0490 - 0.0791)
	0.0667
(0.0558 - 0.0757)
	0.0512 - 0.0843
	0.0376 - 0.0991
	0.027 - 0.215

	Tyrosine
	0.312
(0.252 - 0.396)
	0.294
(0.179 - 0.378)
	0.192 - 0.359
	0.170 - 0.557
	0.10 - 0.73

	Valine
	0.482
(0.386 - 0.536)
	0.481
(0.324 - 0.540)
	0.329 - 0.513
	0.307 - 0.629
	0.21 - 0.86


Cells highlighted in blue show statistically significant differences using the raw P-value
[bookmark: _Toc499893697][bookmark: _Toc500321361][bookmark: _Toc52290699]5.3.3	Fatty acids
Using the raw P-value, a statistically significant difference was observed in DP23211 compared to the control for stearic acid (C18:0), arachidic acid (C20:0) and eicosenoic acid (C20:1) (Table 13). However, an FDR adjusted P-value indicates that the differences are not significant. Furthermore, the observed means for these fatty acids in DP23211 fall well within the variance seen in the reference lines grown under the same conditions, the commercial lines and publically available data. These differences are considered minor and are not biologically significant.
The following fatty acids were excluded from the Table 13 summary due to levels below the LLOQ: erucic acid (C22:1), heptadecenoic acid (C17:1), myristic acid (C14:0). All other fatty acids did not show statistically significant differences between DP23211 and the control (Table 13). Means were also within the reference range.
[bookmark: Table11]Table 13: Comparison of fatty acids (% total fatty acids)
	Analyte
	Control
	Herbicide-treated DP23211
	Non-GM reference varieties
	Commercial lines
	Publically available data

	
	Mean 
(range)
	Mean 
(range)
	Range
	Range
	Range

	Lauric acid
(C12:0)
	0.101
(0.0439 - 0.300)
	0.102
(0.0423 - 0.302)
	0.0360 - 0.271
	0 - 0.2092
	ND - 0.698

	Palmitic acid
(C16:0)
	13.5
(13.1 - 13.9)
	13.5
(13.2 - 13.9)
	11.1 - 18.0
	9.33 - 24.7
	6.81 - 39.0

	Palmitoleic acid
(C16:1)
	0.118
(0.0543 - 0.127)
	0.116
(0.0509 - 0.126)
	0.0562 - 0.195
	0 - 0.445
	ND - 0.67

	Heptadecanoic acid
(C17:0)
	0.0734
(0.0454 - 0.105)
	0.0751
(0.0472 - 0.107)
	0.0382 - 0.141
	0 - 0.236
	ND - 0.203

	Stearic acid
(C18:0)
	1.73
(1.58 - 1.94)
	1.78
(1.61 - 1.95)
	1.60 - 2.33
	1.31 - 3.83
	ND - 4.9

	Oleic acid
(C18:1)
	21.5
(20.7 - 22.3)
	21.4
(20.5 - 22.5)
	20.0 - 32.8
	17.3 - 38.6
	16.38 - 42.81

	Linoleic acid
(C18:2)
	60.1
(58.6 - 60.8)
	60.0
(58.9 - 61.1)
	49.8 - 62.6
	30.7 - 65.5
	13.1 - 67.68

	α-Linolenic acid
(C18:3)
	1.70
(1.54 - 1.84)
	1.71
(1.54 - 1.87)
	1.35 - 2.02
	0 - 1.90
	ND - 2.33

	Arachidic acid
(C20:0)
	0.361
(0.332 - 0.399)
	0.370
(0.331 - 0.395)
	0.328 - 0.539
	0.295 - 0.872
	0.267 - 1.2

	Eicosenoic acid
(C20:1)
	0.306
(0.266 - 0.334)
	0.315
(0.283 - 0.333)
	0.233 - 0.425
	0 - 0.614
	ND - 1.952

	Eicosadienoic acid
(C20:2)
	<LLOQ1
(<LLOQ1)
	0.0502
(0.0397 - 0.0887)
	0.0339 - 0.185
	0 - 0.8252
	ND - 2.551

	Behenic acid
(C22:0)
	0.191
(0.0951 - 0.227)
	0.188
(0.0945 - 0.241)
	0.100 - 0.298
	0 - 0.423
	ND - 0.5

	Lignoceric acid
(C24:0)
	0.278
(0.244 - 0.311)
	0.279
(0.254 - 0.306)
	0.252 - 0.501
	0 - 0.639
	ND - 0.91


Cells highlighted in blue show statistically significant differences using the raw P-value. 1. All fatty acid sample values were below the assay LLOQ. 2. Historical reference data range provided. ND – not detectable.
[bookmark: _Toc491439853][bookmark: _Toc493515884][bookmark: _Toc495489354][bookmark: _Toc496169807][bookmark: _Toc497988161][bookmark: _Toc499025644][bookmark: _Toc499210309][bookmark: _Toc499893699][bookmark: _Toc500321362][bookmark: _Toc52290700]5.3.4	Minerals
Using the raw P-value, a statistically significant difference was observed in DP23211 compared to the control for magnesium and phosphorus (Table 14). An FDR adjusted P‑value indicates that there was a statistically significant difference for phosphorus but not for magnesium. However, the observed means for both phosphorus and magnesium fall within the variance seen in the reference lines grown under the same conditions, the commercial lines and publically available data. Therefore, these differences are considered minor and are not biologically significant.
All other minerals did not show statistically significant differences between DP23211 and the control (Table 14). Means were also within the reference range.
Table 14: Comparison of minerals (% DW)
	Analyte
	Control
	Herbicide-treated DP23211
	Non-GM reference varieties
	Commercial lines
	Publically available data

	
	Mean 
(range)
	Mean
(range)
	Range
	Range
	Range

	Calcium
	0.00361
(0.00245 - 0.00538)
	0.00349
(0.00225 - 0.00508)
	0.00215 -
0.00650
	0.00167 -
0.00872
	ND - 0.101

	Copper
	0.0000904
(<0.00006251 - 0.000134)
	0.0000913
(<0.00006251 - 0.000155)
	<0.00006251 - 0.000194
	<0.00006251 -
0.000411
	ND - 0.0021

	Iron
	0.00176
(0.00139 - 0.00222)
	0.00170
(0.00110 - 0.00220)
	0.000955 -
0.00245
	0.00123 -
0.00308
	0.0000712 -
0.0191

	Magnesium
	0.132
(0.117 - 0.142)
	0.127
(0.108 - 0.144)
	0.0858 -0.133
	0.0809 - 0.159
	0.0035 - 1.000

	Manganese
	0.000747
(0.000466 - 0.00101)
	0.000732
(0.000425 - 0.00105)
	0.000359 -
0.000870
	0.000327 -
0.00123
	0.0000312 -
0.0054

	Phosphorus
	0.359
(0.331 - 0.403)
	0.347
(0.320 - 0.376)
	0.264 - 0.373
	0.207 - 0.415
	0.010 - 0.750

	Potassium
	0.354
(0.311 - 0.441)
	0.353
(0.310 - 0.424)
	0.306 - 0.486
	0.255 - 0.534
	0.020 - 0.720

	Sodium
	0.000491
(<0.00006251 - 0.00596)
	0.000468
(<0.00006251 - 0.00430)
	<0.00006251 - 0.00953
	<LLOQ1 - 0.0151
	ND - 0.150

	Zinc
	0.00208
(0.00152 - 0.00264)
	0.00205
(0.00150 - 0.00274)
	0.00132 - 0.00312
	0.00140 - 0.00347
	0.0000283 -
0.0043


Cells highlighted in blue show statistically significant differences using the raw P-value. 1. One or more samples were below the assay LLOQ. ND – not detectable.
[bookmark: _Toc52290701]5.3.5	Vitamins
A statistically significant difference was observed in DP23211 compared to the control for Vitamin B6 (Table 15). This was using the raw P-value and an FDR adjusted P-value. However, the observed mean for Vitamin B6 falls within the variance seen in the reference lines grown under the same conditions, the commercial lines and publically available data. Therefore, this difference is considered minor and is not biologically significant.
The following vitamins were excluded from the Table 15 summary due to levels below the LLOQ: Vitamin B2, β-Tocopherol. All other vitamins did not show statistically significant differences between DP23211 and the control (Table 15). Means were also within the reference range. 
[bookmark: Table9]Table 15: Comparison of vitamins (mg/kg DW)
	Analyte
	Control
	Herbicide-treated DP23211
	Non-GM reference varieties
	Commercial lines
	Publically available data

	
	Mean 
(range)
	Mean 
(range)
	Range
	Range
	Range

	β-Carotene
	0.283
(0.111 - 0.475)
	0.303
(0.158 - 0.867)
	0.0996 - 1.71
	0.0330 - 4.24
	0.3 - 5.4

	Vitamin B1
	2.43
(1.85 - 2.80)
	2.34
(1.88 - 2.73)
	1.58 - 2.91
	1.74 - 5.38
	ND - 40.00

	Vitamin B3
	13.0
(10.9 - 17.9)
	13.2
(10.9 - 15.5)
	9.29 - 18.0
	7.85 - 32.5
	ND - 70

	Vitamin B5
	5.46
(3.46 - 6.57)
	5.51
(4.73 - 6.38)
	4.56 - 6.95
	2.42 - 7.53
	3.01 - 14

	Vitamin B6
	2.99
(2.00 - 4.65)
	2.54
(1.60 - 4.39)
	1.62 - 5.26
	1.61 - 8.88
	ND - 12.14

	Vitamin B9
	1.17
(0.400 - 2.20)
	1.28
(0.596 - 3.07)
	0.280 - 3.63
	0.323 - 2.44
	ND - 3.50

	α-Tocopherol
	3.37
(<0.5001 - 7.22)
	3.09
(<0.5001 - 6.58)
	<0.5001 - 19.3
	0 - 23.5
	ND - 68.67

	γ-Tocopherol
	10.8
(<1.001 - 17.8)
	11.0
(<1.001 - 19.5)
	2.19 - 31.2
	0 - 44.8
	ND - 58.61

	δ-Tocopherol
	<0.5001
(<0.5001)
	0.264
(<0.5001 - 0.700)
	<0.5001 - 1.68
	<0.5001 - 2.612
	ND - 14.61


Cells highlighted in blue show statistically significant differences using the raw P-value. Total tocopherols, calculated as the sum of the α-, β-, γ-, and δ-tocopherol values, did not show a statistically significant difference between DP23211 and the control. 1. One or more samples were below the assay LLOQ. 2. Historical reference data range provided. ND – not detectable.
[bookmark: _Toc491439854][bookmark: _Toc493515885][bookmark: _Toc495489355][bookmark: _Toc496169808][bookmark: _Toc497988162][bookmark: _Toc499025645][bookmark: _Toc499210310][bookmark: _Toc499893700][bookmark: _Toc500321363][bookmark: _Toc52290702]5.3.6	Anti-nutrients and Secondary Metabolites 
The following secondary metabolite was excluded from the Table 16 summary as it was below the LLOQ: furfural. All other anti-nutrients and secondary metabolites did not show statistically significant differences between DP23211 and the control (Table 16). Means were also within the reference range.
Table 16: Comparison of anti-nutrients and secondary metabolites
	Analyte
	Control
	Herbicide-treated DP23211
	Non-GM reference varieties
	Commercial lines
	Publically available data

	
	Mean 
(range)
	Mean 
(range)
	Range
	Range
	Range

	ρ-Coumaric acid
(% DW)
	0.0218
(0.0161 - 0.0298)
	0.0210
(0.0161 - 0.0258)
	0.0132 - 0.0403
	0.00742 - 0.0492
	ND - 0.08

	Ferulic acid
(% DW)
	0.233
(0.185 - 0.284)
	0.240
(0.182 - 0.297)
	0.164 - 0.298
	0.123 - 0.349
	0.02 - 0.44

	Inositol
(% DW)
	0.0257
(0.0180 - 0.0433)
	0.0255
(0.0193 - 0.0378)
	0.0157 - 0.0450
	0.00966 - 0.0548
	0.00613 - 0.257

	Phytic acid
(% DW)
	1.08
(0.891 - 1.34)
	1.02
(0.715 - 1.23)
	0.696 - 1.21
	0.493 - 1.33
	ND - 1.940

	Raffinose
(% DW)
	0.135
(<0.08001 - 0.264)
	0.133
(<0.08001 - 0.250)
	<0.08001 - 0.339
	0 - 0.396
	ND - 0.466

	Trypsin Inhibitor
(Trypsin Inhibitor Units/mg DW)
	2.50
(2.16 - 3.23)
	2.52
(1.85 - 3.34)
	1.64 - 3.21
	1.03 - 9.18
	ND - 8.42


1. One or more samples were below the assay LLOQ. ND – not detectable.
[bookmark: _Toc496169814][bookmark: _Toc500321364][bookmark: _Toc52290703][bookmark: _Toc454886861][bookmark: _Toc482255842]5.4 	Conclusion
Of the 69 analytes measured and evaluated in grain, mean values were provided for 63 analytes. A summary of the seven analytes that showed a statistically significant difference between corn line DP23211 and the control is provided in Table 17.
For the majority of analytes presented in Table 17, the differences in magnitude between DP23211 and control were within 10%, with the exception of vitamin B6, where there was an approximate change of minus (-) 15%. The differences reported here are consistent with the normal biological variability that exists in corn. 
Overall, the compositional data are consistent with the conclusion that there are no biologically significant differences in the levels of key constituents in DP23211 when compared with conventional non-GM corn cultivars already available in agricultural markets. Grain from DP23211 can therefore be regarded as equivalent in composition to grain from conventional non-GM corn. 
Table 17: Summary of statistically significant (raw P value) compositional differences between control and DP23211
	Analyte
	Control Mean (range)
	DP23211 Mean (range)
	Are values within the reference ranges?

	
	
	
	Yes / No

	Tyrosine
	0.312 
(0.252-0.396)
	0.294 
(0.179-0.378)
	Yes

	Stearic acid (C18:0), 
	1.73 
(1.58-1.94)
	1.78 
(1.61-1.95)
	Yes

	Arachidic acid (C20:0) 
	0.361 
(0.332-0.399)
	0.370 
(0.331-0.395)
	Yes

	Eicosenoic acid (C20:1)
	0.306 
(0.226-0.334)
	0.315 
(0.283-0.333)
	Yes

	Magnesium 
	0.132 
(0.117-0.142)
	0.127 
(0.108-0.144)
	Yes

	Phosphorus
	0.359 
(0.331-0.403)
	0.347 
(0.320-0.376)
	Yes

	Vitamin B6
	2.99 
(2.00-4.65)
	2.54 
(1.60-4.39)
	Yes


Cells highlighted in red show data where DP23211 is significantly lower than the control and cell highlighted in green show data where DP23211 is significantly higher than the control. Statistically significant differences as determined using the raw P-value.
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In assessing the safety of a GM food, a key factor is the need to establish that the food is nutritionally adequate and will support typical growth and wellbeing. In most cases, this can be achieved through a detailed understanding of the genetic modification and its consequences, together with an extensive compositional analysis of the food, such as that presented in Section 5 of this report.
Where a GM food has been shown to be compositionally equivalent to conventional varieties, the evidence to date indicates that feeding studies using target livestock or other animal species will add little to the safety assessment (Bartholomaeus et al., 2013; OECD, 2003). If the compositional analysis indicates biologically significant changes, either intended or unintended, to the levels of certain nutrients in the GM food, additional nutritional studies should be undertaken to assess the potential impact of the changes on the whole diet. 
DP23211 is the result of genetic modifications to confer tolerance to the herbicide glufosinate and protection against corn rootworm insect pests, with no intention to significantly alter nutritional parameters in the food. The compositional analyses have demonstrated that the genetic modifications have not altered the nutritional adequacy of DP23211 as a source of food when compared with that of conventional non-GM corn varieties. The introduction of food derived from DP23211 into the food supply is therefore expected to have negligible nutritional impact. 
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Flowchart showing the development process in the creation of the DP23211 line
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PHP56614 and PHP74643 plasmid maps
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Selection of a maize line with SSI “landing pad” and no unintended DNA inserts

Second transformation using Agrobacterium tumefaciens with Plasmid PHP74643 to transport T-DNA to
881 “landing pad”

Regeneration of maize plants and molecular characterization using Southern by Sequencing (SbS)

!

Selection of a maize line with the intended T-DNA insertion and no unintended DNA inserted

Y

Nursery evaluation of agronomic performance of subsequent generations

Y

Multiple location trait efficacy and agronomic trials

!

Selection of DP23211as the commercial candidate

!

Continued field and laboratory studies to support product registration
Continued breeding and testing of DP23211 maize for product development
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