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Executive Summary 

Syngenta Crop Protection LLC, on behalf of Syngenta AG and its affiliates, has developed 

MZHG0JG corn (maize; Zea mays L.), a new cultivar that has been genetically modified to 

tolerate glyphosate and glufosinate-ammonium herbicides.  Most corn currently grown in the 

United States and Canada consists of herbicide-tolerant transgenic varieties.  MZHG0JG corn 

will offer growers much-needed flexibility to use herbicides with two alternative modes of action 

in their weed management programs and will help mitigate and manage the evolution of 

herbicide resistance in weed populations.   

MZHG0JG corn plants contain the transgene mepsps-02, which encodes the enzyme mEPSPS, 

and the transgene pat-09, which encodes the enzyme phosphinothricin acetyltransferase (PAT).  

The native 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) from Z. mays is involved in 

the synthesis of aromatic amino acids and is inhibited by glyphosate.  The mEPSPS produced by 

MZHG0JG corn has low affinity for glyphosate, thus conferring tolerance to glyphosate in 

herbicide products.  The transgene pat-09 was derived from the soil bacterium Streptomyces 

viridochromogenes.  PAT acetylates glufosinate-ammonium, thus inactivating it and conferring 

tolerance to glufosinate-ammonium in herbicide products.  PAT was used as a selectable marker 

in the development of MZHG0JG corn.  

MZHG0JG corn was produced by transformation of immature embryos of proprietary variety 

NP2222 via Agrobacterium tumefaciens–mediated transformation.  The region of the plasmid 

vector, pSYN18857, intended for insertion into the corn genome included gene-expression 

cassettes for mepsps-02 and pat-09.  The mepsps-02 expression cassette consisted of the mepsps-

02 coding region regulated by a corn ubiquitin promoter (Ubi58-02) and terminator (Ubil58-02), 

as well as the figwort mosaic virus (FMV-05), cauliflower mosaic virus 35S (35S-05), and 

tobacco mosaic virus (TMV-03) enhancer sequences and an optimized transit peptide (OTP-02).  

The pat-09 expression cassette consisted of the pat-09 coding region regulated by a 35S 

promoter from cauliflower mosaic virus (35S-19) and the nopaline synthase (NOS) terminator 

sequence from A. tumefaciens (NOS-05-01).  

Genetic characterization studies demonstrate that MZHG0JG corn contains, at a single locus 

within the corn genome, a single copy of each of the following functional elements:  mepsps-02, 

pat-09, FMV-05 enhancer, 35S-05 enhancer, OTP-02 transit peptide, Ubi158-02 promoter, 

TMV-03 enhancer, Ubi158-02 terminator, 35S-19 promoter, and NOS-05-01 terminator.  No 

extraneous DNA fragments of these functional elements occur elsewhere in the MZHG0JG corn 

genome.  Similarly, plasmid backbone sequence from transformation plasmid pSYN18857 is not 

present in the MZHG0JG corn genome.  Analyses comparing the corn genomic sequence 

flanking the MZHG0JG insert with sequences in public databases indicate that the inserted DNA 

does not disrupt any known endogenous corn gene.   

Southern blot analyses demonstrated that the MZHG0JG T-DNA insert is stably inherited from 

one generation to the next and that the MZHG0JG corn genome contains a single T-DNA insert.  

The observed segregation ratios for mepsps-02 and pat-09 in three generations of MZHG0JG 

corn plants indicated that they are inherited in a predictable manner, according to Mendelian 

principles.  Analyses of grain and forage demonstrate that MZHG0JG corn is nutritionally and 

compositionally similar to, and as safe and nutritious as, conventional corn.   
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Well-characterized modes of action, physicochemical properties, and a history of safe use 

demonstrate that the mEPSPS and PAT proteins present in MZHG0JG corn present no risk of 

harm to humans or livestock that consume corn products or to wildlife potentially exposed to 

MZHG0JG corn.  
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Canada  

This application seeks authorization for use of food from HC and feed from CFIA derived from 

genetically modified MZHG0JG corn in Canada.   

This application has been written by Syngenta Australia Pty Ltd and Syngenta Canada, Inc. 

(Syngenta), and is aimed to be reviewed in parallel by FSANZ and HC. This parallel review 

approach may be considered as a first step towards achieving and implementing Mutual 

Recognition. 

I.C.  Justification for the Application 

Crops improved through modern biotechnology have brought significant benefits to agriculture 

in the form of improved yields, pest management, and crop quality.  Continued innovation in this 

area will benefit growers, consumers, and the environment.  

Adoption of genetically engineered crops with herbicide tolerance and insect resistance traits has 

increased dramatically since the first commercial introductions of transgenic corn, cotton, and 

soybean in 1996.  Net economic benefits at the farm level have been substantial (Brookes and 

Barfoot 2006, Hutchison et al. 2010).  Improved weed and insect control have led to increased 

crop yields, reductions in conventional pesticide applications, and environmental benefits 

(Brooks and Barfoot 2010).   

MZHG0JG corn will offer growers increased flexibility in using herbicides with two different 

modes of action in their weed-management programs, thus helping to mitigate and manage the 

evolution of herbicide resistance in weed populations.  As most corn currently grown in the 

United States consists of transgenic varieties that are glyphosate and/or glufosinate-ammonium 

tolerant, introduction of MZHG0JG corn to commercial cultivation is not expected to 

significantly alter corn agronomic practices or the use of these two herbicide products.  By 

providing dual modes of herbicide tolerance at single breeding locus, MZHG0JG corn will also 

increase the efficiency of trait conversion into elite genetic lines, thus increasing the speed with 

which multiple traits can be combined in commercial corn products to meet growers’ needs. 

I.D.  Costs and Benefits and Impact on Trade 

Australia and New Zealand 

The costs and benefits and impact on trade are the same as those described in previous corn 

applications submitted to FSANZ (A1060; A1001). 

Canada 

Not applicable 
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I.E.  Exclusive Capturable Commercial Benefit (ECCB) 

Australia and New Zealand 

This application is likely to result in an amendment to the FSANZ Food Standards Code. 

Approval for use of MZHG0JG as food in Australia is likely to provide an ECCB for Syngenta, 

and therefore Syngenta will pay the full cost of processing this application.   

Canada 

Not applicable. 

I.F.  Confidential Commercial Information 

Syngenta will request that FSANZ, HC, and CFIA treat parts of the information supplied in this 

application as confidential information.  This information will be clearly marked as Confidential 

Business Information. 
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Brookes G, Barfoot P.  2006.  Global impact of biotech crops:  Socio-economic and 

environmental effects in the first ten years of commercial use.  AgBioForum 9:139–151.  

Brookes G, Barfoot P. 2010.  Global impact of biotech crops:  Environmental effects, 1996-

2008.  AgBioForum 13:76–94. 

Hutchison WD, Burkness EC, Mitchell PD, Moon RD, Leslie TW, Fleischer SJ, Abrahamson M, 

Hamilton KL, Steffey KL, Gray ME, Hellmich RL, Kaster LV, Hunt TE, Wright RJ, 

Pecinovsky K, Rabaey TL, Flood BR, Raun ES.  2010.  Areawide suppression of European 

corn borer with Bt maize reaps savings to non-Bt maize growers.  Science 330:222–225. 

DOI: 10.1126/science.1190242. 
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Part II.  Submissions 

II.A.  Submissions for Cultivation Approvals 

Syngenta is pursuing regulatory approvals for MZHG0JG corn cultivation in the United States 

and Canada, and may seek cultivation approvals in other countries in the future.   

Submissions requesting approvals of MZHG0JG corn for cultivation in Canada will soon be 

made to the Canadian Food Inspection Agency.  

Syngenta does not plan to cultivate MZHG0JG corn in Australia or New Zealand.  Food products 

derived from MZHG0JG corn will therefore enter the Australian and New Zealand food supply 

as only imported and largely processed food ingredients. 

II.B.  International Submissions for Food, Feed, and Processing Import Approvals 

Submissions requesting approvals of MZHG0JG corn for cultivation and importation will be 

sought on an as-needed basis. 

II.C.  International Standards 

Syngenta reports and studies included in the information supporting this application have been 

conducted according to international standards.  In the safety assessment of biotechnology 

products, Syngenta referred primarily to the Codex Alimentarius Commission Foods Derived 

from Modern Biotechnology (CAC 2009), and the relevant Codex Standard is as follows:  

Guideline for the conduct of food safety assessment of foods derived from recombinant-DNA 

plants.  CAC/GL 45-2003. 

II.D.  References Citied in Part II 

CAC.  2009.  Foods Derived from Modern Biotechnology, 2nd ed.  Codex Alimentarius 

Commission.  Rome, Italy:  World Health Organization, Food and Agriculture 

Organization of the United Nations.  85 pp.  

ftp://ftp.fao.org/docrep/fao/011/a1554e/a1554e00.pdf. 
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Part III.  Technical Information on the Genetically Modified Food 

III.A.  Nature and Identity of the Genetically Modified Food 

III.A.1.  Description of the GM Organism (including the nature and purpose of the genetic 

modification) 

Syngenta transformed corn (maize; Zea mays L.) to produce MZHG0JG corn, which exhibits 

tolerance to herbicides with two different modes of action.  Specifically, MZHG0JG corn is 

tolerant to the herbicides glyphosate and glufosinate-ammonium. 

MZHG0JG corn plants contain the transgene mepsps-02, which encodes the enzyme mEPSPS, 

and the transgene pat-09, which encodes the enzyme phosphinothricin acetyltransferase (PAT).    

The native 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) from Z. mays is involved in 

the synthesis of aromatic amino acids and is inhibited by glyphosate.  The mEPSPS enzyme is a 

variant of the native maize EPSPS, and has a lower affinity for glyphosate, thus conferring 

tolerance to glyphosate in herbicide products.  The mEPSPS enzyme produced by MZHG0JG 

corn includes two amino acid substitutions, at amino acid position 102 (threonine to isoleucine) 

and 106 (proline to serine), that were introduced specifically to confer tolerance to the herbicide 

glyphosate.  

The transgene pat-09 was derived from the soil bacterium Streptomyces viridochromogenes.  

PAT acetylates glufosinate-ammonium, thus inactivating it and conferring tolerance to 

glufosinate-ammonium in herbicide products.  PAT was used as a selectable marker in the 

development of MZHG0JG corn. 

The transgenic proteins mEPSPS and PAT produced in MZHG0JG corn are identical to the 

transgenic proteins produced in other approved biotechnology-derived products, which have 

been commercially available for almost two decades. 

III.A.2.  Designation of Transformation Event 

The designation of the transformant is Event MZHG0JG corn, which has been assigned the 

OECD Unique Identifier SYN-∅∅∅JG-2. 

III.A.3.  The Types of Products Likely to Include the Food or Food Ingredient 

MZHG0JG corn, and the food and feed derived from it, are not materially different from 

conventional corn.  The uses of MZHG0JG corn are expected to be the same as conventional 

corn.  

Domestic production of corn in Canada, Australia, and New Zealand is supplemented by the 

import of corn-based products from places such as the United States, which is one of largest 

producers of corn (FAOSTAT 2015).  Corn grown in the United States is predominantly of the 

yellow dent type, a commodity crop largely used to feed domestic animals, as either grain or 

silage.  The remainder of the crop is exported for food, feed, or industrial uses or processed by 

wet milling, dry milling, or alkali treatment to yield products such as high-fructose corn syrup 

and starch or oil, grits, and flour.  These processed products are used extensively in the food 

industry.  For example, corn starch serves as a raw material for an array of processed foods and 

is also used in industrial manufacturing processes.  Since the early 1980s, a significant amount of 
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corn grain has also been used for fuel ethanol production.  The by-products from these distilling 

processes are often used in animal feeds.  

III.B.  History of Use of the Host and Donor Organism(s) 

III.B.1.  Description of Host Organism into Which the Genes Were Transferred and Its History of 

Safe Use for Food 

III.B.1.a.  Recipient Corn Line 

The recipient germplasm for transformation to produce MZHG0JG corn was an elite Syngenta 

inbred corn line, NP2222 (Plant Variety Protection certificate 200200071, issued November 

2004; USDA-AMS 2010).  This inbred line was used because it is well-suited to Agrobacterium 

tumefaciens–mediated transformation and regeneration from tissue culture.  NP2222 is a Stiff-

Stalk family, yellow dent inbred.   

III.B.1.b.  Biology of Corn  

The Consensus Document on the Biology of Zea mays subsp. mays (Maize), published by the 

Organisation for Economic Co-operation and Development (OECD 2003), provides 

comprehensive information regarding the biology of corn.  This Consensus Document is 

referenced in support of MZHG0JG corn, and includes the following information:  

 Uses of corn as a crop plant 

 Taxonomic status of the genus Zea 

 Identification methods among races of Zea mays and wild species 

 Centers of origin and diversity of corn 

 Reproductive biology of corn 

 Intra-specific and inter-specific crosses of corn and gene flow 

 Agro-ecology of corn, including cultivation, volunteers, weediness, soil ecology, and 

corn-insect interactions 

 Corn biotechnology 

 Common diseases and insect pests of corn  

III.B.1.c.  Parts and/or Processing of Corn for Food or Feed  

Kernels from MZHG0JG corn are the most likely tissue to enter the food supply, either as grain 

or grain by-products.  Humans would potentially consume corn at the senescence stage of 

development, whereas livestock would be more likely to consume the kernels at maturity.  

As mentioned previously, corn is typically processed by wet milling, dry milling, or alkali 

treatment to yield products such as high-fructose corn syrup and starch or oil, grits, and flour, 

although  no special processing is required to render the food safe to eat. 

III.B.1.d.  Significance of Corn to the Diet in Australia, New Zealand, and Canada of Food Derived 

from the Host Organism 

Corn or corn for grain is the number one produced cereal crop worldwide with 872.8 million 

tonnes produced in 2012, according to the Food and Agricultural Organization estimates 
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(FAOSTAT 2014).  In 2012, the top producer continued to be the U.S. with 273.8 million tonnes 

or 31.4% of global production. The U.S was followed by China which produced 205.6 million 

tonnes (23.6% of world production). Canada placed 10th in world production of corn with 13.1 

million tonnes of grain corn produced in 2012.  Australia produced 0.45 million tonnes and New 

Zealand produced 0.21 million tonnes.  Domestic production of corn in Australia and New 

Zealand is supplemented by the import of corn based products. 

III.B.2.  Description of the Donor Organisms from Which the Genetic Elements are Derived  

MZHG0JG corn contains the transgene mepsps-02 derived from Zea mays L. spp. mays.  No 

significant native toxins or allergens are reported to be associated with the genus Zea, the source 

organism for mEPSPS (OGTR 2008).  Additional information regarding the safety, history of 

use, and extent of corn in the diet is described in Part III.B.1. 

MZHG0JG corn contains the transgene pat-09, derived from Streptomyces viridochromogenes, a 

common nonpathogenic soil bacterium.  Bacteria are not known to be sources of allergenic 

proteins (Taylor and Hefle 2001).  

Part V of this application demonstrate that the proteins mEPSPS and PAT produced in 

MZHG0JG corn are identical to the mEPSPS and PAT proteins that have been present in 

commercial corn products that contain GA21 corn and Bt11 corn.   

GA21 was first approved by CFIA in 1998 (GA21 DD 1999-33), HC in 1999, and FSANZ in 

2000 (GA21-Approval no. 362).  

Bt11 was first approved by CFIA in 1996 (Bt11 DD96-12), HC in 1996, and FSANZ in 2001 

(Bt11-Approval no. 386).  

III.C.  References Citied in Part III 
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FAOSTAT.  2015.  Food and Agriculture Organization of the United Nations Statistics Division.  

http://faostat3.fao.org/home/E (accessed April 16, 2015). 
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Chemicals Committee and the Working Party on Chemicals, Pesticides and Biotechnology, 
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OGTR.  2008.  The Biology of Zea mays L spp mays (maize or corn), version 1, September 2008.  
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and Clinical Immunology 107:765–771. 
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Part IV.  The Nature of the Genetic Modification 

This section describes the method by which corn was transformed to produce herbicide-tolerant 

corn plants, the development of MZHG0JG corn, including the production of test and control 

seed lots for use in the studies described in this application, and the genetic characterization of 

MZHG0JG corn.  

IV.A.  Description of the Transformation Method 

Transformation of Z. mays to produce MZHG0JG corn was accomplished through the use of 

immature embryos of a proprietary corn line via Agrobacterium tumefaciens–mediated 

transformation, as described by Negrotto et al. 2000.  By this method, genetic elements within 

the left and right border regions of the transformation plasmid were efficiently transferred and 

integrated into the genome of the target plant cell, while genetic elements outside these border 

regions were not transferred.   

Immature embryos were excised from corn ears (NP2222) that were harvested 8 to 12 days after 

pollination.  The embryos were rinsed with fresh medium and mixed with a suspension of A. 

tumefaciens strain LBA4404 harboring plasmids pSB1 (Komari et al. 1996) and pSYN18857.  

The embryos in suspension were vortexed for 30 seconds and allowed to incubate for an 

additional 5 minutes.  Excess A. tumefaciens suspension was removed by aspiration, and the 

embryos were moved to plates containing a nonselective culture medium.  The embryos were co-

cultured with the remaining A. tumefaciens at 22°C for 2 to 3 days in the dark.  The embryos 

were then transferred to culture medium supplemented with ticarcillin (200 mg/l) and silver 

nitrate (1.6 mg/l) and incubated in the dark for 10 days.  The pat-09 gene was used as a 

selectable marker during the transformation process (Negrotto et al. 2000).  The embryos 

producing embryogenic calli were transferred to a cell culture medium containing glufosinate-

ammonium as a selection agent.  The transformed tissue was transferred to a selective medium 

containing the broad-spectrum antibiotic cefotaxime at 500 mg/l (a concentration known to kill 

A. tumefaciens [Xing et al. 2008]) and grown for four months, ensuring that the A. tumefaciens 

was cleared from the transformed tissue. 

The regenerated plantlets were tested for the presence of mepsps-02 and pat-09 and for the 

absence of the spectinomycin resistance gene (aadA-03) present on the vector backbone by real-

time polymerase chain reaction (PCR) analysis (Ingham et al. 2001).  This screen allowed for the 

selection of transgenic events that carried the transferred deoxyribonucleic acid (T-DNA) and 

were free of plasmid backbone DNA.  Plants that tested positive for mepsps-02 and pat-09 and 

negative for aadA-03 were transferred to the greenhouse for further propagation. 

IV.B.  Intermediate Host Organisms Used for All Laboratory Manipulations Prior to Plant 

Transformation 

Standard strains of Escherichia coli were used for laboratory manipulations prior to plant 

transformation using disarmed Agrobacterium tumefaciens.  Such strains of E. coli used in 

molecular biology are considered non-pathogenic (Muhldorfer and Hacker 1994).  



Syngenta Application MZHG0JG  Page 23 of 112 

IV.C.  Development of MZHG0JG Corn 

Progeny of the original transformants (T0 plants) were field tested for tolerance to glyphosate, 

tolerance to glufosinate-ammonium, and agronomic performance in multiple elite lines of corn.  

Event MZHG0JG corn was selected as the lead commercial candidate and underwent further 

field testing and development.  Figure IV-1 shows the steps in the development of MZHG0JG 

corn. 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
 

 

 

                   
 

Figure IV-1. Steps in the development of MZHG0JG corn 

Engineering of the codon-optimized genes mepsps-02 from Zea mays L. and  

pat-09 from Streptomyces viridochromogenes 

Assembly of the mepsps-02 and pat-09 genes and regulatory elements in the 

binary plasmid vector pSYN18857 in Escherichia coli 

Transformation of the binary plasmid vector pSYN18857 into disarmed  

A. tumefaciens strain LBA4404 

Transformation of elite inbred NP2222 corn embryos with A. tumefaciens strain 

LBA4404 containing the binary vector pSYN18857 

Selection of transformation events on medium containing glufosinate-ammonium 

Real-time PCR confirmation of the presence of mepsps-02 and pat-09 and 

absence of vector backbone 

 

Introgression of transformation events into elite inbred lines for evaluation of 

agronomic performance and herbicide tolerance 

Selection of Event MZHG0JG corn as the lead candidate for development 

Introgression of MZHG0JG transgenes into 

commercial lines; field tests 

Regulatory studies to assess human and 

environmental risks 
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IV.D.  Production of Test and Control Seed 

Production of all MZHG0JG corn and nontransgenic, near-isogenic control corn seed lots used in 

the studies described in this application were carried out under controlled and isolated conditions 

under the direction of Syngenta breeders and field researchers.  Figure IV-2 shows the pedigree 

of MZHG0JG corn seed materials.   

The recipient germplasm for transformation to produce MZHG0JG corn was an elite Syngenta inbred corn line, NP2222. 

Figure IV-2. Pedigree of the MZHG0JG plant materials used in regulatory studies 

IV.E.  Quality Control of Test and Control Materials 

All MZHG0JG and nontransgenic, near-isogenic control corn seed lots were analyzed by real-

time PCR for the presence of MZHG0JG DNA and the absence of adventitious DNA from other 

transformation events.  All MZHG0JG corn seed lots were confirmed to contain Event 

MZHG0JG-specific DNA.  Event MZHG0JG DNA was not detected in any nontransgenic, near-

isogenic control corn seed lots.  None of the MZHG0JG or nontransgenic, near-isogenic control 

corn seed lots contained any detectable sequences indicative of DNA from other events. 

      Self pollinated 
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IV.F.  Description of the Gene Construct and the Transformation Vector  

The transformation plasmid pSYN18857 was used to produce MZHG0JG corn by A. 

tumefaciens–mediated transformation of immature corn embryos.  The DNA region between the 

left and right borders of the transformation plasmid included gene-expression cassettes for 

mepsps-02 and pat-09.  The mepsps-02 expression cassette consisted of the mepsps-02 coding 

region regulated by a corn ubiquitin promoter (Ubi158-02) and terminator (Ubi158-02), as well 

as the figwort mosaic virus (FMV-05), cauliflower mosaic virus 35S (35S-05), and tobacco 

mosaic virus (TMV-03) enhancer sequences and an optimized transit peptide (OTP-02).  The 

pat-09 expression cassette consisted of the pat-09 coding region regulated by a 35S promoter 

from cauliflower mosaic virus (35S-19) and the nopaline synthase (NOS) terminator sequence 

from A. tumefaciens (NOS-05-01).  A map of the transformation plasmid is shown in Figure IV-

3, and each genetic element in the transformation plasmid is described in Table IV-1.  

 

bp = base pairs 

Figure IV-3. Plasmid map for the vector pSYN18857 
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IV.G.  Molecular Characterization of MZHG0JG Corn 

An extensive genetic characterization of the T-DNA insert in Event MZHG0JG corn was 

performed by means of Southern blot analyses and nucleotide sequencing.  The genetic stability 

of the insert was assessed both by Southern blot analyses and by examining the inheritance 

patterns of the transgenes over at least three generations of MZHG0JG corn.  Sequencing results 

confirmed the expected copy number of each of the functional elements in the T-DNA.  In 

addition, the corn genomic sequences flanking the MZHG0JG insert were identified and 

characterized.  Finally, it was determined that the MZHG0JG insert did not disrupt the function 

of any known corn gene.  These data collectively demonstrate that no deleterious changes 

occurred in the MZHG0JG corn genome as a result of the T-DNA insertion.  

IV.G.1.  Nucleotide Sequence of the T-DNA Insert and Copy Number of the Functional Elements 

Three overlapping DNA fragments that covered the entire MZHG0JG insert were amplified via 

PCR from genomic DNA extracted from MZHG0JG T3 generation corn.  These fragments were 

cloned, and the sequences of the clones were assembled to generate a consensus sequence for the 

MZHG0JG insert.  This sequence was then compared with the sequence of the T-DNA in 

plasmid pSYN18857, the transformation plasmid used to create MZHG0JG corn.  The nucleotide 

sequence analysis demonstrated that the MZHG0JG insert contains a single copy of each of the 

functional elements (mepsps-02, pat-09, FMV-05 enhancer, 35S-05 enhancer, OTP-02 transit 

peptide, Ubi158-02 promoter, TMV-03 enhancer, Ubi158-02 terminator, 35S-19 promoter, and 

NOS-05-01 terminator).   

Comparison of the MZHG0JG insert sequence with the transformation plasmid pSYN18857 

showed that the 8910 bp MZHG0JG insert was intact, with no rearrangements or base pair 

changes.  Some truncation occurred at the right and left border regions of the T-DNA during the 

transformation process that resulted in MZHG0JG corn; 22 bp of the right border and 21 bp of 

the left border were truncated.  These deletions have no effect on the functionality of the T-DNA 

insert. 

The copy number and sequence of each of the functional elements in MZHG0JG corn is as 

expected based on the pSYN18857 T-DNA sequence.  The MZHG0JG insert contains a single 

copy of each of the functional elements (mepsps-02, pat-09, FMV-05 enhancer, 35S-05 

enhancer, OTP-02 transit peptide, Ubi158-02 promoter, TMV-03 enhancer, Ubi158-02 

terminator, 35S-19 promoter, and NOS-05-01 terminator).  A map of the MZHG0JG insert and 

flanking sequence is shown in Figure IV-4. 



Syngenta Application MZHG0JG  Page 29 of 112 

 

Figure IV-4. Map of the MZHG0JG insert and flanking sequences  

IV.G.2.  MZHG0JG Insertion Site Analysis 

PCR analysis was used to determine the genomic sequence in nontransgenic, near-isogenic corn 

at the point of integration of the MZHG0JG insert and the genomic sequences flanking the 5 and 

3 ends of the MZHG0JG insert.  Comparison of these two sequences showed that 22 bp from the 

corn genomic sequence were deleted during the integration of the MZHG0JG insert, and 43 bp of 

DNA were inserted into the integration site:  a 4-bp DNA sequence was present at the junction 

between the MZHG0JG insert and the 5 genomic sequence flanking the insert, and a 39-bp 

DNA sequence was present at the junction between the MZHG0JG insert and the 3 flanking 

region.  Basic Local Alignment Search Tool for Translated Nucleotides (BLASTX) analyses 

(Altschul et al. 1997) comparing the corn genomic sequence flanking the MZHG0JG insert with 

sequences in public databases indicated that the insert does not disrupt any known endogenous 

corn gene.  A bioinformatics analysis indicated that no potential open reading frames (ORFs) ≥ 

30 amino acids (based on the presence of start and stop codons) span the junction between the 

corn genome and the MZHG0JG insert.  

IV.G.3.  Insert Copy Number and Absence of Plasmid of Backbone Sequence Across Multiple 

Generations by Southern Blot Analysis  

Southern blot analyses were performed to characterize the transgenic insert of MZHG0JG corn 

by determining the number of plasmid pSYN18857 T-DNA integration sites and the presence or 

absence of pSYN18857 backbone sequence or additional extraneous fragments of T-DNA.  In 

addition, this characterization established the genetic identity of the MZHG0JG T2 generation 

used to create commercial MZHG0JG corn lines and the MZHG0JG corn generations used in 

regulatory and safety studies and the stable inheritance of the MZHG0JG insert over five 

generations of MZHG0JG corn. 

IV.G.3.a.  Southern Blot Analysis Methods 

The MZHG0JG corn generations used in Southern blot analysis included T2 (two samples, from 

ear 4 and ear 35), T3, T4, T5, and F1.  The T2 through T5 generations were in the genetic 

background NP2222.  The F1 generation was in the background NP2391/NP2222 and was 

representative of a commercial corn hybrid.  The control substances were nontransgenic, near-

isogenic NP2222, NP2391, and NP2222/NP2391 corn.  The genomic DNA used for Southern 

blot analyses was isolated from leaf tissue by a method modified from that described by Murray 

and Thompson (1980). 
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In the Southern blot analyses, the number of integration sites within the MZHG0JG corn genome 

and number of copies of the T-DNA at each location within the MZHG0JG corn genome were 

determined through the use of three T-DNA-specific probes that together covered every base pair 

of the pSYN18857 T-DNA expected to be transferred and integrated into the corn genome.  The 

templates for the probes were segments of the pSYN18857 T-DNA corresponding to (A) the 

right border sequence to the end of TMV-03 enhancer, (B) the OTP-02 transit peptide and the 

mepsps-02 coding sequence, and (C) the Ubi158-02 terminator sequence to the left border (as 

shown in Figure IV-5 and Table IV-2).  The left border and right border are categorized as 

“border regions” because only a portion of each border was expected to be integrated into the 

corn genome (Tzfira et al. 2004).   

The elements of the plasmid necessary for its replication and selection in different bacterial hosts 

are categorized as “plasmid backbone” (the region outside of the T-DNA).  In the Southern blot 

analyses, the presence or absence of plasmid backbone was determined through the use of two 

backbone-specific probes that together covered every base pair of pSYN18857 outside of the T-

DNA.  These elements (shown as probes D and E in Figure IV-5 and Table IV-2) were not 

expected to be transferred to the plant cell or integrated into the plant genome during T-DNA 

transfer.    

Each Southern blot analysis was performed with genomic DNA extracted from MZHG0JG corn 

and from nontransgenic, near-isogenic corn, which was used as a negative control to identify any 

endogenous corn DNA sequences that hybridized with the probes.  To demonstrate the 

sensitivity of the analyses, each analysis also included two positive assay controls representing 1 

copy and 1/7 copy per genome of a DNA fragment of known size in the corn genome.  The 

positive assay controls were PCR-amplified fragments that corresponded to each of the five 

probes used in characterization of the MZHG0JG corn insert. 

The positive assay controls for T-DNA-specific probes 2 and 3 and backbone-specific probes 1 

and 2 were loaded in a well together with 7.5 µg of digested DNA from nontransgenic, near-

isogenic NP2222/NP2391 corn, in order to more accurately reflect their migration speeds in the 

corn genome matrix.  The positive assay control for T-DNA-specific probe 1 was analyzed in the 

absence of nontransgenic corn genomic DNA, so that endogenous bands would not obscure the 

positive assay control.   
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expected, one band of approximately 4.7 kb was observed in the lanes containing the positive 

controls (Figure IV-7, Lanes 11 and 12).   

In the analysis of genomic DNA digested with EcoRV, two bands of approximately 2.7 and 

7.3 kb were observed in the lanes containing DNA from MZHG0JG T2 (ear 4), T2 (ear 35), T3, 

T4, T5, or F1 corn (Figure IV-8, Lanes 2 through 7).  These bands were absent from the lanes 

containing DNA from nontransgenic NP2222, NP2391, or NP2222/NP2391 corn (Figure IV-8, 

Lanes 8 through 10) and were, therefore, specific to the MZHG0JG insert.  As expected, one 

band of approximately 4.7 kb was observed in the lanes containing the positive controls 

(Figure IV-8, Lanes 11 and 12).   

In the analysis of genomic DNA digested with AscI + PacI, one band of approximately 8.8 kb 

was observed in lanes containing DNA extracted from MZHG0JG T2 (ear 4), T2 (ear 35), T3, T4, 

T5, or F1 corn (Figure IV-9, Lanes 2 through 7).  This band was absent from the lanes containing 

DNA from nontransgenic NP2222, NP2391, or NP2222/NP2391 corn (Figure IV-9, Lanes 8 

through 10) and was, therefore, specific to the MZHG0JG insert.  As expected, one band of 

approximately 4.7 kb was observed in the lanes containing the positive controls (Figure IV-9, 

Lanes 11 and 12).   

In the analyses with PpuMI digestion, an additional band was detected because of sequence 

similarity between the 35S-05 enhancer (an element in the mepsps-02 cassette and covered by T-

DNA-specific probe 1) and the 35S-19 promoter (an element in the pat-09 cassette and covered 

by T-DNA-specific probe 3).  As a result, three hybridization bands, one corresponding to a copy 

of the 35S-19 promoter in MZHG0JG corn and two corresponding to the portion of the T-DNA 

covered by the probe, were seen in this analysis.  No additional bands were seen with EcoRV 

digestion, because the 35S-19 promoter and the portion of the T-DNA covered by the probe were 

on the same fragment.  No unexpected bands were detected, indicating that the MZHG0JG corn 

genome contains no extraneous DNA fragments of the T-DNA-specific probe 1 sequence. 
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a
The target sequence is too small for the probe to bind to in the conditions used in this Southern analysis. 

The vertical arrows indicate the site of restriction digestion.  

Sizes of the expected restriction fragments are indicated.  

Figure IV-6. Locations of the 4.7-kb T-DNA-specific probe 1 and the restriction sites PpuMI, EcoRV, and 

AscI + PacI in the MZHG0JG corn insert 
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Lane 1 = molecular weight markers 

Lane 2 = MZHG0JG T2 (ear 4) corn 

Lane 3 = MZHG0JG T2 (ear 35) corn 

Lane 4 = MZHG0JG T3 corn 

Lane 5 = MZHG0JG T4 corn 

Lane 6 = MZHG0JG T5 corn 

Lane 7 = MZHG0JG F1 corn 

Lane 8 = NP2222 corn (negative control) 

Lane 9 = NP2391 corn (negative control) 

Lane 10 = NP2222/NP2391 corn (negative control) 

Lane 11 = 1-copy positive control (6.56 pg of T-DNA fragment 1) 

Lane 12 = 1/7-copy positive control (0.94 pg of T-DNA fragment 1) 

Figure IV-7. Southern blot analysis of MZHG0JG corn with the 4.7-kb T-DNA-specific probe 1 

and restriction enzyme PpuMI 
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Lane 1 = molecular weight markers 

Lane 2 = MZHG0JG T2 (ear 4) corn 

Lane 3 = MZHG0JG T2 (ear 35) corn 

Lane 4 = MZHG0JG T3 corn 

Lane 5 = MZHG0JG T4 corn 

Lane 6 = MZHG0JG T5 corn 

Lane 7 = MZHG0JG F1 corn 

Lane 8 = NP2222 corn (negative control) 

Lane 9 = NP2391 corn (negative control) 

Lane 10 = NP2222/NP2391 corn (negative control) 

Lane 11 = 1-copy positive control   (6.56 pg of T-DNA fragment 1) 

Lane 12 = 1/7-copy positive control (0.94 pg of T-DNA fragment 1) 

Figure IV-8. Southern blot analysis of MZHG0JG corn with the 4.7-kb T-DNA-specific probe 1 

and restriction enzyme EcoRV 
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Lane 1 = molecular weight markers 

Lane 2 = MZHG0JG T2 (ear 4) corn 

Lane 3 = MZHG0JG T2 (ear 35) corn 

Lane 4 = MZHG0JG T3 corn 

Lane 5 = MZHG0JG T4 corn 

Lane 6 = MZHG0JG T5 corn 

Lane 7 = MZHG0JG F1 corn 

Lane 8 = NP2222 corn (negative control) 

Lane 9 = NP2391 corn (negative control) 

Lane 10 = NP2222/NP2391 corn (negative control) 

Lane 11 = 1-copy positive control (6.56 pg of T-DNA fragment 1) 

Lane 12 = 1/7-copy positive control (0.94 pg of T-DNA fragment 1) 

Figure IV-9. Southern blot analysis of MZHG0JG corn with the 4.7-kb T-DNA-specific probe 1 

and restriction enzymes AscI + PacI 
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IV.G.3.c.  Results of Southern Blot Analysis with T-DNA-Specific Probe 2 

Figure IV-10 shows the digestion strategy used with T-DNA-specific probe 2, Table IV-6 shows 

the insert-specific hybridization bands expected and observed in Southern blot analyses of 

MZHG0JG corn DNA with T-DNA-specific probe 2, and Figures IV-11 through IV-13 show the 

results of the Southern blot analyses with T-DNA-specific probe 2. 

In the analysis of genomic DNA digested with DraIII, one band of approximately 20 kb was 

observed in the lanes containing DNA from MZHG0JG T2 (ear 4), T2 (ear 35), T3, T4, T5, or F1 

corn (Figure IV-11, Lanes 2 through 7).  This band was absent from the lanes containing DNA 

from the nontransgenic NP2222, NP2391, or NP2222/NP2391 corn (Figure IV-11, Lanes 8 

through 10) and was, therefore, specific to the MZHG0JG insert.  As expected, one band of 

approximately 1.7 kb was observed in the lanes containing the positive controls (Figure IV-11, 

Lanes 11 and 12).   

In the analysis of genomic DNA digested with SspI, one band of approximately 9.6 kb was 

observed in the lanes containing DNA from MZHG0JG T2 (ear 4), T2 (ear 35), T3, T4, T5, or F1 

corn (Figure IV-12, Lanes 2 through 7).  This band was absent from the lanes containing DNA 

from nontransgenic NP2222, NP2391, or NP2222/NP2391 corn (Figure IV-12, Lanes 8 through 

10) and was, therefore, specific to the MZHG0JG insert.  As expected, one band of 

approximately 1.7 kb was observed in the lanes containing the positive controls (Figure IV-12, 

Lanes 11 and 12).    

In the analysis of genomic DNA digested with AscI + PacI + KpnI, one band of approximately 

8.8 kb was observed in the lanes containing DNA from MZHG0JG T2 (ear 4), T2 (ear 35), T3, T4, 

T5, or F1 corn (Figure IV-13, Lanes 2 through 7).  This band was absent from the lanes 

containing DNA from nontransgenic NP2222, NP2391, or NP2222/NP2391 corn (Figure IV-13, 

Lanes 8 through 10) and was, therefore, specific to the MZHG0JG insert.  As expected, one band 

of approximately 1.7 kb was observed in the lanes containing the positive controls (Figure IV-13, 

Lanes 11 and 12).    
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a
KpnI was used to more efficiently digest the genomic DNA.   

KpnI does not cut within the insert and is therefore not represented in the figure.  

The vertical arrows indicate the site of restriction digestion.    

Sizes of the expected restriction fragments are indicated.  

Figure IV-10. Locations of the 1.7-kb T-DNA-specific probe 2 and the restriction sites DraIII, SspI, 

and AscI + PacI + KpnI in the MZHG0JG corn insert 
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Lane 1 = molecular weight markers 

Lane 2 = MZHG0JG T2 (ear 4) corn 

Lane 3 = MZHG0JG T2 (ear 35) corn 

Lane 4 = MZHG0JG T3 corn 

Lane 5 = MZHG0JG T4 corn 

Lane 6 = MZHG0JG T5 corn 

Lane 7 = MZHG0JG F1 corn 

Lane 8 = NP2222 corn (negative control) 

Lane 9 = NP2391 corn (negative control) 

Lane 10 = NP2222/NP2391 corn (negative control) 

Lane 11 = 1-copy positive control (NP2222/NP2391 corn + 2.40 pg of T-DNA fragment 2). 

Lane 12 = 1/7-copy positive control (NP2222/NP2391 corn + 0.34 pg of T-DNA fragment 2) 

Figure IV-11. Southern blot analysis of MZHG0JG corn with the 1.7-kb T-DNA-specific probe 2 

and restriction enzyme DraIII 
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Lane 1 = molecular weight markers 

Lane 2 = MZHG0JG T2 (ear 4) corn 

Lane 3 = MZHG0JG T2 (ear 35) corn 

Lane 4 = MZHG0JG T3 corn 

Lane 5 = MZHG0JG T4 corn 

Lane 6 = MZHG0JG T5 corn 

Lane 7 = MZHG0JG F1 corn 

Lane 8 = NP2222 corn (negative control) 

Lane 9 = NP2391 corn (negative control) 

Lane 10 = NP2222/NP2391 corn (negative control) 

Lane 11 = 1-copy positive control (NP2222/NP2391 corn + 2.40 pg of T-DNA fragment 2) 

Lane 12 = 1/7-copy positive control (NP2222/NP2391 corn + 0.34 pg of T-DNA fragment 2) 

Figure IV-12. Southern blot analysis of MZHG0JG corn with the 1.7-kb T-DNA-specific probe 2 

and restriction enzyme SspI 
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Lane 1 = molecular weight markers 

Lane 2 = MZHG0JG T2 (ear 4) corn 

Lane 3 = MZHG0JG T2 (ear 35) corn 

Lane 4 = MZHG0JG T3 corn 

Lane 5 = MZHG0JG T4 corn 

Lane 6 = MZHG0JG T5 corn 

Lane 7 = MZHG0JG F1 corn 

Lane 8 = NP2222 corn (negative control) 

Lane 9 = NP2391 corn (negative control) 

Lane 10 = NP2222/NP2391 corn (negative control) 

Lane 11 = 1-copy positive control (NP2222/NP2391 corn + 2.40 pg of T-DNA fragment 2) 

Lane 12 = 1/7-copy positive control (NP2222/NP2391 corn + 0.34 pg of T-DNA fragment 2) 

Figure IV-13. Southern blot analysis of MZHG0JG corn with the 1.7-kb T-DNA-specific probe 2 

and restriction enzymes AscI + PacI + KpnI  
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IV.G.3.d.  Results of Southern Blot Analysis with T-DNA-Specific Probe 3 

Figure IV-14 shows the digestion strategy used with T-DNA-specific probe 3, Table IV-7 shows 

the insert-specific hybridization bands expected and observed in Southern blot analyses of 

MZHG0JG corn DNA with T-DNA-specific probe 3, and Figures IV-15 through IV-17 show the 

results of the Southern blot analyses with T-DNA-specific probe 3. 

In the analysis of genomic DNA digested with EagI, two bands of approximately 7.7 and 20 kb 

were observed in the lanes containing DNA from MZHG0JG T2 (ear 4), T2 (ear 35), T3, T4, T5, or 

F1 corn (Figure IV-15, Lanes 2 through 7).  These bands were absent from the lanes containing 

DNA from the nontransgenic NP2222, NP2391, or NP2222/NP2391 corn (Figure IV-15, Lanes 8 

through 10) and were, therefore, specific to the MZHG0JG insert.  As expected, one band of 

approximately 2.6 kb was observed in the lanes containing the positive controls (Figure IV-15, 

Lanes 11 and 12).  

In the analysis of genomic DNA digested with ScaI, two bands of approximately 3.7 and 22 kb 

were observed in the lanes containing DNA from MZHG0JG T2 (ear 4), T2 (ear 35), T3, T4, T5, or 

F1 corn (Figure IV-16, Lanes 2 through 7).  These bands were absent from the lanes containing 

DNA from nontransgenic NP2222, NP2391, or NP2222/NP2391 corn (Figure IV-16, Lanes 8 

through 10) and were, therefore, specific to the MZHG0JG insert.  As expected, one band of 

approximately 2.6 kb was observed in the lanes containing the positive controls (Figure IV-16, 

Lanes 11 and 12).  

In the analysis of genomic DNA digested with AscI + PacI, one band of approximately 8.8 kb 

was observed in the lanes containing DNA from MZHG0JG T2 (ear 4), T2 (ear 35), T3, T4, T5, or 

F1 corn (Figure IV-17, Lanes 2 through 7).  This band was absent in the lanes containing DNA 

from nontransgenic NP2222, NP2391, or NP2222/NP2391 corn (Figure IV-17, Lanes 8 through 

10) and was, therefore, specific to the MZHG0JG insert.  As expected, one band of 

approximately 2.6 kb was observed in the lanes containing the positive controls (Figure IV-17, 

Lanes 11 and 12).  

In the analysis with EagI digestion, an additional band was detected because of sequence 

similarity between the 35S-05 enhancer (an element in the mepsps-02 cassette and covered by T-

DNA-specific probe 1) and the 35S-19 promoter (an element in pat-09 cassette and covered by 

T-DNA-specific probe 3).  As a result, two hybridization bands, one corresponding to a copy of 

the 35S-05 enhancer in MZHG0JG corn and one corresponding to the portion of the T-DNA 

covered by the probe, were seen in this analysis.  No additional bands were seen with ScaI 

digestion, because the 35S-05 enhancer and the portion of the T-DNA covered by the probe were 

on the same fragment.  No unexpected bands were detected, indicating that the MZHG0JG corn 

genome contains no extraneous DNA fragments of the T-DNA-specific probe 3 sequence. 
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Figure IV-14. Locations of the 2.6-kb T-DNA-specific probe 3 and the restriction sites EagI, ScaI, 

and AscI + PacI in the MZHG0JG corn insert 
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Lane 1 = molecular weight markers 

Lane 2 = MZHG0JG T2 (ear 4) corn 

Lane 3 = MZHG0JG T2 (ear 35) corn 

Lane 4 = MZHG0JG T3 corn 

Lane 5 = MZHG0JG T4 corn 

Lane 6 = MZHG0JG T5 corn 

Lane 7 = MZHG0JG F1 corn 

Lane 8 = NP2222 corn (negative control) 

Lane 9 = NP2391 corn (negative control) 

Lane 10 = NP2222/NP2391 corn (negative control) 

Lane 11 = 1-copy positive control (NP2222/NP2391 corn + 3.59 pg of T-DNA fragment 3) 

Lane 12 = 1/7-copy positive control (NP2222/NP2391 corn + 0.51 pg of T-DNA fragment 3) 

Figure IV-15. Southern blot analysis of MZHG0JG corn with the 2.6-kb T-DNA-specific probe 3 

and restriction enzyme EagI 
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Lane 1 = molecular weight markers 

Lane 2 = MZHG0JG T2 (ear 4) corn 

Lane 3 = MZHG0JG T2 (ear 35) corn 

Lane 4 = MZHG0JG T3 corn 

Lane 5 = MZHG0JG T4 corn 

Lane 6 = MZHG0JG T5 corn 

Lane 7 = MZHG0JG F1 corn 

Lane 8 = NP2222 corn (negative control) 

Lane 9 = NP2391 corn (negative control) 

Lane 10 = NP2222/NP2391 corn (negative control) 

Lane 11 = 1-copy positive control (NP2222/NP2391 corn + 3.59 pg of T-DNA fragment 3) 

Lane 12 = 1/7-copy positive control (NP2222/NP2391 corn + 0.51 pg of T-DNA fragment 3) 

Figure IV-16. Southern blot analysis of MZHG0JG corn with the 2.6-kb T-DNA-specific probe 3 

and restriction enzyme ScaI 
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Lane 1 = molecular weight markers 

Lane 2 = MZHG0JG T2 (ear 4) corn 

Lane 3 = MZHG0JG T2 (ear 35) corn 

Lane 4 = MZHG0JG T3 corn 

Lane 5 = MZHG0JG T4 corn 

Lane 6 = MZHG0JG T5 corn 

Lane 7 = MZHG0JG F1 corn 

Lane 8 = NP2222 corn (negative control) 

Lane 9 = NP2391 corn (negative control) 

Lane 10 = NP2222/NP2391 corn (negative control) 

Lane 11 = 1-copy positive control (NP2222/NP2391 corn + 3.59 pg of T-DNA fragment 3) 

Lane 12 = 1/7-copy positive control (NP2222/NP2391 corn + 0.51 pg of T-DNA fragment 3) 

Figure IV-17. Southern blot analysis of MZHG0JG corn with the 2.6-kb T-DNA-specific probe 3 

and restriction enzymes AscI + PacI 
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IV.G.3.e.  Results of Southern Blot Analysis with Plasmid-Backbone-Specific Probe 1 

Figure IV-18 shows the digestion strategy used with backbone-specific probe 1, and 

Figures IV-19 through IV-21 show the results of the Southern blot analyses with backbone-

specific probe 1. 

In the analyses of genomic DNA digested with DraIII, NotI, or AscI + PacI, no bands were 

observed in any of the lanes containing DNA from MZHG0JG corn of any generation tested 

(Figures IV-19 through IV-21, Lanes 2 through 7) or in the lanes containing DNA from 

nontransgenic NP2222, NP2391, and NP2222/NP2391 corn (Figures IV-19 through IV-21, 

Lanes 8 through 10).  One band of approximately 3.3 kb was observed in the lanes containing the 

1-copy and 1/7-copy positive controls (Figures IV-19 through IV-21, Lanes 11 and 12), as 

expected.   

 

Figure IV-18. Locations of the 3.3-kb backbone-specific probe 1 and the restriction sites DraIII, NotI, and 

AscI + PacI in the transformation plasmid pSYN18857 

  



Syngenta Application MZHG0JG  Page 56 of 112 

 

 
Lane 1 = molecular weight markers 

Lane 2 = MZHG0JG T2 (ear 4) corn 

Lane 3 = MZHG0JG T2 (ear 35) corn 

Lane 4 = MZHG0JG T3 corn 

Lane 5 = MZHG0JG T4 corn 

Lane 6 = MZHG0JG T5 corn 

Lane 7 = MZHG0JG F1 corn 

Lane 8 = NP2222 corn (negative control) 

Lane 9 = NP2391 corn (negative control) 

Lane 10 = NP2222/NP2391 corn (negative control) 

Lane 11 = 1-copy positive control (NP2222/NP2391 corn + 4.65 pg of backbone-specific fragment 1)  

Lane 12 = 1/7-copy positive control (NP2222/NP2391 corn + 0.66 pg of backbone-specific fragment 1) 

Figure IV-19. Southern blot analysis of MZHG0JG corn with the 3.3-kb plasmid pSYN18857 backbone-

specific probe 1 and restriction enzyme DraIII 
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Lane 1 = MZHG0JG T2 (ear 4) corn 

Lane 2 = MZHG0JG T2 (ear 35) corn 

Lane 3 = MZHG0JG T3 corn 

Lane 4 = MZHG0JG T4 corn 

Lane 5 = MZHG0JG T5 corn 

Lane 6 = MZHG0JG F1 corn 

Lane 7 = NP2222 corn (negative control) 

Lane 8 = NP2391 corn (negative control) 

Lane 9 = NP2222/NP2391 corn (negative control) 

Lane 10 = 1-copy positive control (NP2222/NP2391 corn + 4.65 pg of backbone-specific fragment 1) 

Lane 11 = 1/7-copy positive control (NP2222/NP2391 corn + 0.66 pg of backbone-specific fragment 1)
 a
 

Lane 12 = molecular weight markers 

a
Because of limitations in printer resolution, the faint band visible at approximately 3.3 kb in lane 11 may not be visible on the 

printed copy.  

Figure IV-20. Southern blot analysis of MZHG0JG corn with the 3.3-kb plasmid pSYN18857 backbone-

specific probe 1 and restriction enzyme NotI 
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Lane 1 = molecular weight markers 

Lane 2 = MZHG0JG T2 (ear 4) corn 

Lane 3 = MZHG0JG T2 (ear 35) corn 

Lane 4 = MZHG0JG T3 corn 

Lane 5 = MZHG0JG T4 corn 

Lane 6 = MZHG0JG T5 corn 

Lane 7 = MZHG0JG F1 corn 

Lane 8 = NP2222 corn (negative control) 

Lane 9 = NP2391 corn (negative control) 

Lane 10 = NP2222/NP2391 corn (negative control) 

Lane 11 = 1-copy positive control (NP2222/NP2391 corn + 4.65 pg of backbone-specific fragment 1) 

Lane 12 = 1/7-copy positive control (NP2222/NP2391 corn + 0.66 pg of backbone-specific fragment 1)
 a
 

a
Because of limitations in printer resolution, the faint band visible at approximately 3.3 kb in lane 12 may not be visible on the 

printed copy.  

Figure IV-21. Southern blot analysis of MZHG0JG corn with the 3.3-kb plasmid pSYN18857 backbone-

specific probe 1 and restriction enzymes AscI + PacI 
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IV.G.3.f.  Results of Southern Blot Analysis with Plasmid-Backbone-Specific Probe 2 

Figure IV-22 shows the digestion strategy used with backbone-specific probe 2, and 

Figures IV-23 through IV-25 show the results of the Southern blot analyses with backbone-

specific probe 2. 

In the analyses of genomic DNA digested with DraIII, NotI, or AscI + PacI, no bands were 

observed in any of the lanes containing DNA from MZHG0JG corn of any generation tested 

(Figures IV-23 through IV-25, Lanes 2 through 7) or in the lanes containing DNA from 

nontransgenic NP2222, NP2391, and NP2222/NP2391 corn (Figures IV-23 through IV-25, 

Lanes 8 through 10).  One band of approximately 2.1 kb was observed in the lanes containing the 

one-copy and 1/7-copy positive controls (Figures IV-23 through IV-25, Lanes 11 and 12), as 

expected.   

 
Figure IV-22. Locations of the 2.1-kb backbone-specific probe 2 and the restriction sites DraIII, NotI, 

and AscI + PacI in the transformation plasmid pSYN18857 
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Lane 1 = MZHG0JG T2 (ear 4) corn 

Lane 2 = MZHG0JG T2 (ear 35) corn 

Lane 3 = MZHG0JG T3 corn 

Lane 4 = MZHG0JG T4 corn 

Lane 5 = MZHG0JG T5 corn 

Lane 6 = MZHG0JG F1 corn 

Lane 7 = NP2222 corn (negative control) 

Lane 8 = NP2391 corn (negative control) 

Lane 9 = NP2222/NP2391 corn (negative control) 

Lane 10 = 1-copy positive control (NP2222/NP2391 corn + 2.9 pg of backbone-specific fragment 2) 

Lane 11 = 1/7-copy positive control (NP2222/NP2391 corn + 0.41 pg of backbone-specific fragment 2) 

Lane 12 = molecular weight marker 

Figure IV-23. Southern blot analysis of MZHG0JG corn with the 2.1-kb plasmid pSYN18857 backbone-

specific probe 2 and restriction enzyme DraIII 
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Lane 1 = molecular weight markers 

Lane 2 = MZHG0JG T2 (ear 4) corn 

Lane 3 = MZHG0JG T2 (ear 35) corn 

Lane 4 = MZHG0JG T3 corn 

Lane 5 = MZHG0JG T4 corn 

Lane 6 = MZHG0JG T5 corn 

Lane 7 = MZHG0JG F1 corn 

Lane 8 = NP2222 corn (negative control) 

Lane 9 = NP2391 corn (negative control) 

Lane 10 = NP2222/NP2391 corn (negative control) 

Lane 11 = 1-copy positive control (NP2222/NP2391 corn + 2.9 pg of backbone-specific fragment 2) 

Lane 12 = 1/7-copy positive control (NP2222/NP2391 corn + 0.41 pg of backbone-specific fragment 2) 

Figure IV-24. Southern blot analysis of MZHG0JG corn with the 2.1-kb plasmid pSYN18857 backbone-

specific probe 2 and restriction enzyme NotI 
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Lane 1 = molecular weight markers 

Lane 2 = MZHG0JG T2 (ear 4) corn 

Lane 3 = MZHG0JG T2 (ear 35) corn 

Lane 4 = MZHG0JG T3 corn 

Lane 5 = MZHG0JG T4 corn 

Lane 6 = MZHG0JG T5 corn 

Lane 7 = MZHG0JG F1 corn 

Lane 8 = NP2222 corn (negative control) 

Lane 9 = NP2391 corn (negative control) 

Lane 10 = NP2222/NP2391 corn (negative control) 

Lane 11 = 1-copy positive control (NP2222/NP2391 corn + 2.9 pg of backbone-specific fragment 2) 

Lane 12 = 1/7-copy positive control (NP2222/NP2391 corn + 0.41 pg of backbone-specific fragment 2) 

Figure IV-25. Southern blot analysis of MZHG0JG corn with the 2.1-kb plasmid pSYN18857 backbone-

specific probe 2 and restriction enzyme AscI + PacI 
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IV.G.5.  Summary of the Genetic Characterization of MZHG0JG Corn  

Genetic characterization studies demonstrated that MZHG0JG corn contains, at a single locus 

within the corn genome, a single copy of each of the following functional elements:  mepsps-02, 

pat-09, FMV-05 enhancer, 35S-05 enhancer, OTP-02 transit peptide, Ubi158-02 promoter, 

TMV-03 enhancer, Ubi158-02 terminator, 35S-19 promoter, and NOS-05-01 terminator.  It does 

not contain any extraneous DNA fragments of these functional elements elsewhere in the 

MZHG0JG corn genome, and it does not contain the plasmid backbone sequence from 

transformation plasmid pSYN18857. 

Nucleotide sequence analysis determined that the MZHG0JG insert consists of the intact T-DNA 

region of pSYN18857.  The results of the Southern blot analyses are consistent with the results 

of the nucleotide sequence analysis. 

Sequence analysis of the MZHG0JG insertion site demonstrated that 22 bp from the corn 

genomic sequence were deleted during the integration of the MZHG0JG insert, and 43 bp of 

DNA were inserted into the integration site:  a 4-bp DNA sequence was present at the junction 

between the MZHG0JG insert and the 5 flanking region, and a 39-bp DNA sequence was 

present at the junction between the MZHG0JG insert and the 3 flanking region.   

BLASTX analyses comparing the corn genomic sequence flanking the MZHG0JG insert with 

sequences in public databases indicated that the insert does not disrupt any known endogenous 

corn gene.  Bioinformatics analysis indicated that no ORFs ≥ 30 amino acids (based on start to 

stop codons) span the junction between the corn genome and the MZHG0JG insert.  

The observed segregation ratios for mepsps-02 and pat-09 in three generations of MZHG0JG 

corn plants were as expected for a gene inherited according to Mendelian principles.  The data 

indicate that the insert is inherited as a single locus in the corn nuclear genome.  These data and 

the results of Southern blot analyses of five generations of MZHG0JG corn indicate that the 

transgenic locus is stably inherited during conventional breeding. 
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Part V.  Absence of Genes that Encode Antibiotic Resistance 

V.A.  Absence of Genes that Encode Antibiotic Resistance in MZHG0JG Corn 

The aminoglycoside adenyltransferase gene (aadA-03) from E. coli transposon Tn7 (similar to 

Accession No. X03043.1 [NCBI 2012]) was a component in the plasmid backbone used to 

generate MZHG0JG corn.  Its presence conferred resistance to streptomycin and spectinomycin, 

and it was used as a bacterial selectable marker.  This gene is located outside of the right and left 

borders of the T-DNA and therefore is not incorporated into the transformed corn genome.  

Part IV.G.3, above, describes the analyses used to confirm the absence of any plasmid backbone 

sequence in MZHG0JG corn. 
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Part VI.  Substances in the Food 

VI.A.  Identity and Characterization of mEPSPS Produced in MZHG0JG corn 

The native 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) from Z. mays is involved in 

the synthesis of aromatic amino acids and is inhibited by glyphosate.  The EPSPS enzymes 

catalyze the synthesis of 5-enolpyruvylshikimate-3-phosphate (EPSP) from shikimate-3-

phosphate (S3P) and phosphoenolpyruvate (PEP) (Figure VI-1).  The mEPSPS produced in 

MZHG0JG corn differs from the native corn EPSPS in that mEPSPS contains two amino acid 

substitutions that were introduced specifically to confer tolerance to the herbicide glyphosate.  

The peptide sequence of the mEPSPS produced in MZHG0JG corn was confirmed to encode a 

47.4-kD protein consisting of a single polypeptide of 445 amino acids.  The amino acid 

homology between the mEPSPS produced in MZHG0JG corn and native EPSPS from corn is 

greater than 99.6%.  Therefore, these proteins are expected to be and functionally equivalent 

except for their affinity to glyphosate. 

Figure VI-1. The reaction catalyzed by mEPSPS 

The mEPSPS enzyme has significantly lower affinity for glyphosate than native corn EPSPS.  

When corn plants are treated with glyphosate, the endogenous EPSPS is inhibited, preventing 

synthesis of aromatic amino acids and leading to plant death.  When corn plants producing 

mEPSPS are treated with glyphosate, the endogenous EPSPS is inhibited by glyphosate; 

however, mEPSPS is not inhibited, allowing synthesis of aromatic amino acids to continue and 

the plants to survive the herbicide treatment.   

VI.A.1.  Deduced Amino Acid Sequence Alignment of mEPSPS 

Event GA21 corn was first introduced to the market in 1998.  The mEPSPS produced in 

MZHG0JG corn (SYN-∅∅∅JG-2) is identical to the mEPSPS produced in GA21 corn (OECD 

identifier MON-∅∅∅21-9).  The nucleotide sequences of the mepsps-02 in MZHG0JG corn 

encoding mEPSPS and the mepsps in GA21 corn encoding mEPSPS were confirmed by 

nucleotide sequencing of the inserts.  The deduced amino acid sequence of mEPSPS in 

MZHG0JG corn and GA21 corn is identical (as shown in Figure VI-2).  
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Translation of Event GA21 mepsps            (1) MAGAEEIVLQPIKEISGTVKLPGSK 

Translation of Event MZHG0JG mepsps-02      (1) MAGAEEIVLQPIKEISGTVKLPGSK 

 

Translation of Event GA21 mepsps           (26) SLSNRILLLAALSEGTTVVDNLLNS 

Translation of Event MZHG0JG mepsps-02     (26) SLSNRILLLAALSEGTTVVDNLLNS 

 

Translation of Event GA21 mepsps           (51) EDVHYMLGALRTLGLSVEADKAAKR 

Translation of Event MZHG0JG mepsps-02     (51) EDVHYMLGALRTLGLSVEADKAAKR 

 

Translation of Event GA21 mepsps           (76) AVVVGCGGKFPVEDAKEEVQLFLGN 

Translation of Event MZHG0JG mepsps-02     (76) AVVVGCGGKFPVEDAKEEVQLFLGN 

 

Translation of Event GA21 mepsps          (101) AGIAMRSLTAAVTAAGGNATYVLDG 

Translation of Event MZHG0JG mepsps-02    (101) AGIAMRSLTAAVTAAGGNATYVLDG 

 

Translation of Event GA21 mepsps          (126) VPRMRERPIGDLVVGLKQLGADVDC 

Translation of Event MZHG0JG mepsps-02    (126) VPRMRERPIGDLVVGLKQLGADVDC 

 

Translation of Event GA21 mepsps          (151) FLGTDCPPVRVNGIGGLPGGKVKLS 

Translation of Event MZHG0JG mepsps-02    (151) FLGTDCPPVRVNGIGGLPGGKVKLS 

 

Translation of Event GA21 mepsps          (176) GSISSQYLSALLMAAPLALGDVEIE 

Translation of Event MZHG0JG mepsps-02    (176) GSISSQYLSALLMAAPLALGDVEIE 

 

Translation of Event GA21 mepsps          (201) IIDKLISIPYVEMTLRLMERFGVKA 

Translation of Event MZHG0JG mepsps-02    (201) IIDKLISIPYVEMTLRLMERFGVKA 

 

Translation of Event GA21 mepsps          (226) EHSDSWDRFYIKGGQKYKSPKNAYV 

Translation of Event MZHG0JG mepsps-02    (226) EHSDSWDRFYIKGGQKYKSPKNAYV 

 

Translation of Event GA21 mepsps          (251) EGDASSASYFLAGAAITGGTVTVEG 

Translation of Event MZHG0JG mepsps-02    (251) EGDASSASYFLAGAAITGGTVTVEG 

 

Translation of Event GA21 mepsps          (276) CGTTSLQGDVKFAEVLEMMGAKVTW 

Translation of Event MZHG0JG mepsps-02    (276) CGTTSLQGDVKFAEVLEMMGAKVTW 

 

Translation of Event GA21 mepsps          (301) TETSVTVTGPPREPFGRKHLKAIDV 

Translation of Event MZHG0JG mepsps-02    (301) TETSVTVTGPPREPFGRKHLKAIDV 

 

Translation of Event GA21 mepsps          (326) NMNKMPDVAMTLAVVALFADGPTAI 

Translation of Event MZHG0JG mepsps-02    (326) NMNKMPDVAMTLAVVALFADGPTAI 

 

Translation of Event GA21 mepsps          (351) RDVASWRVKETERMVAIRTELTKLG 

Translation of Event MZHG0JG mepsps-02    (351) RDVASWRVKETERMVAIRTELTKLG 

 

Translation of Event GA21 mepsps          (376) ASVEEGPDYCIITPPEKLNVTAIDT 

Translation of Event MZHG0JG mepsps-02    (376) ASVEEGPDYCIITPPEKLNVTAIDT 

 

Translation of Event GA21 mepsps          (401) YDDHRMAMAFSLAACAEVPVTIRDP 

Translation of Event MZHG0JG mepsps-02    (401) YDDHRMAMAFSLAACAEVPVTIRDP 

 

Translation of Event GA21 mepsps          (426) GCTRKTFPDYFDVLSTFVKN- 

Translation of Event MZHG0JG mepsps-02    (426) GCTRKTFPDYFDVLSTFVKN- 

Figure VI-2. Alignment of the deduced amino acid sequence for mEPSPS encoded by mepsps in 

GA21 corn and mepsps-02 in MZHG0JG corn 
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VI.A.2.  Peptide Mass Coverage Analysis of mEPSPS Produced in MZHG0JG Corn 

Peptide mass coverage analysis was used to determine the identity of purified mEPSPS from 

MZHG0JG corn extract by liquid chromatography–tandem mass spectrometry (LC-MS/MS) 

using an Ultra-Performance Liquid Chromatography system.  

The collective analysis of the three proteolytic digests of the purified mEPSPS preparation from 

MZHG0JG corn extract yielded coverage of 88% of the total predicted mEPSPS amino acid 

sequence.  Evidence for 52%, 70%, and 40% of mEPSPS protein amino acid sequence was 

obtained for trypsin, chymotrypsin, and endoproteinase Asp-N, respectively.  The sequence 

coverage map is shown in Figure VI-3. 

1   AGAEEIVLQPIKEISGTVKLPGSKSLSNRILLLAALSEGT  40 

41  TVVDNLLNSEDVHYMLGALRTLGLSVEADKAAKRAVVVGC  80 

81  GGKFPVEDAKEEVQLFLGNAGIAMRSLTAAVTAAGGNATY  120 

121 VLDGVPRMRERPIGDLVVGLKQLGADVDCFLGTDCPPVRV  160 

161 NGIGGLPGGKVKLSGSISSQYLSALLMAAPLALGDVEIEI  200 

201 IDKLISIPYVEMTLRLMERFGVKAEHSDSWDRFYIKGGQK  240 

241 YKSPKNAYVEGDASSASYFLAGAAITGGTVTVEGCGTTSL  280 

281 QGDVKFAEVLEMMGAKVTWTETSVTVTGPPREPFGRKHLK  320 

321 AIDVNMNKMPDVAMTLAVVALFADGPTAIRDVASWRVKET  360 

361 ERMVAIRTELTKLGASVEEGPDYCIITPPEKLNVTAIDTY  400 

401 DDHRMAMAFSLAACAEVPVTIRDPGCTRKTFPDYFDVLST  440 

441 FVKN                                      444 

Trypsin-detected 

Chymotrypsin-detected 

Endoproteinase Asp-N-detected 

Italics indicate amino acids not identified. 

Figure VI-3. Amino acid sequence identified for mEPSPS from MZHG0JG corn by peptide mass 

coverage analysis  

VI.A.3.  Immunoreactivity and Molecular Weight of mEPSPS Produced in MZHG0JG Corn 

Western blot analysis demonstrated that the apparent molecular weight of mEPSPS produced in 

MZHG0JG corn was consistent with the predicted molecular weight of 47.4 kDa, and the protein 

cross-reacted with mEPSPS-specific antibody (as shown in Figure VI-4).   
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V.B.2.  Peptide Mass Coverage Analysis of PAT Produced in MZHG0JG Corn  

Peptide mass coverage analysis was used to determine the identity of the purified PAT 

preparation from MZHG0JG corn extract by LC-MS/MS using an Ultra-Performance Liquid 

Chromatography system. 

The collective analysis of the three proteolytic digests of the purified PAT preparation from 

MZHG0JG corn extract resulted in coverage of 90% of the total predicted PAT amino acid 

sequence.  Evidence for 52%, 74%, and 45% of the PAT protein amino acid sequence was 

obtained for trypsin, chymotrypsin, and endoproteinase Asp-N, respectively.  The sequence 

coverage map is shown in Figure VI-8.  

1   MSPERRPVEIRPATAADMAAVCDIVNHYIETSTVNFRTEP 40 

41  QTPQEWIDDLERLQDRYPWLVAEVEGVVAGIAYAGPWKAR 80 

81  NAYDWTVESTVYVSHRHQRLGLGSTLYTHLLKSMEAQGFK 120 

121 SVVAVIGLPNDPSVRLHEALGYTARGTLRAAGYKHGGWHD 160 

161 VGFWQRDFELPAPPRPVRPVTQI                  183 

 

Trypsin-detected 

Chymotrypsin-detected 

Endoproteinase Asp-N-detected 

Italics indicate amino acids not identified. 

Figure VI-8. Amino acid sequence identified for PAT from MZHG0JG corn by peptide mass coverage analysis 

VI.B.3.  Immunoreactivity and Molecular Weight of PAT Produced in MZHG0JG Corn 

Western blot analysis demonstrated that the apparent molecular weight of PAT in MZHG0JG 

corn was consistent with the predicted molecular weight of 20.5 kDa, and the protein cross-

reacted with the PAT-specific antibody (as shown in Figure VI-9).   
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Because of the ubiquitous occurrence of EPSPS and PAT proteins in microorganisms and plants 

(ILSI 2011a,b), it is likely that small amounts of EPSPS and PAT from various sources have 

always been present in the food and feed supply.  Humans have a long history of dietary 

exposure to EPSPS and PAT from the endogenous proteomes of microorganisms and certain 

plant species and their presence in many commercially available transgenic crop plants, 

including corn, cotton, and soybean.  No adverse effects associated with intake of EPSPS or PAT 

have been reported.  

As demonstrated in Part V, the  proteins mEPSPS and PAT produced in MZHG0JG corn are 

identical to the mEPSPS and PAT that have been present in commercial corn products that 

contain GA21 corn and Bt11 corn.  Variants of EPSPS (the mutated form encoded by genes from 

either A. tumefaciens strain CP4 or corn) and PAT (encoded by either pat or a similar gene, bar) 

have been extensively studied over the years and several publications demonstrating their safety 

are available, including peer reviewed journal articles, and regulatory agency approvals and 

technical reports.  

The following references on GA21 corn and Bt11 corn are of particular relevance to this 

application as they refer to the safety of the mEPSPS and PAT proteins, including Syngenta 

generated data.     

 U.S. Environmental Protection Agency permanent exemption from food tolerances for 

EPSPS and PAT (US EPA 2007a and US EPA 2007b, respectively).  Based on review of 

toxicity and exposure data, the EPA concluded that EPSPS and PAT are safe at any level 

and can therefore be exempt from setting tolerances for food safety.   

 The European Food Safety Authority (EFSA) opinion on GA21 corn (EFSA 2007).  Based 

on data provided by Syngenta, this report concluded that GA21 corn and derived products 

are unlikely to have any adverse effect on human and animal health in the context of the 

intended uses. 

 The Organisation for Economic Co-operation and Development (OECD) consensus 

document on genes that confer  tolerance to glyphosate and glufosinate-ammonium (OECD 

1999a and OECD 1999b, respectively). These reports support the conclusions that EPSPS 

and PAT lack oral toxicity and allergenicity.   

 A comprehensive characterization and safety assessment of the PAT protein is available in 

a 2005 article published in Regulatory Toxicology and Pharmacology (Hérouet et al. 

2005), which concludes that PAT proteins are safe in human and animal feed. 

Biotechnology-derived corn products that produce EPSPS and PAT have been available to 

farmers and in the food and feed supply for almost two decades.  According to a survey by the 

United States Department of Agriculture National Agricultural Statistics Service, approximately 

91 million acres of corn were planted in the United States in 2014, of which 93% was 

biotechnology-derived (USDA 2015).  Most of the biotechnology-derived corn currently grown 

in the United States and Canada consists of transgenic varieties that are glyphosate and/or 

glufosinate-ammonium tolerant.  Therefore, variants of EPSPS and PAT occur in numerous 

commercial transgenic corn varieties.  There are no scientific reports of concern about EPSPS, 
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mEPSPS, or PAT as they exist in commercially available transgenic food crops.  A list of 

transgenic crops containing EPSPS and/or PAT proteins is shown in Appendix A. 

VI.F.  Conclusions on the Characterization and Safety of mEPSPS and PAT Produced in 

MZHG0JG Corn 

The safety of mEPSPS and PAT have been thoroughly assessed by Syngenta.  Numerous 

regulatory agencies globally have assessed the safety of these proteins in the context of GA21 

corn and Bt11 corn.  The conclusions of safety of mEPSPS and PAT are supported by the 

following: 

 Genetic characterization demonstrates that  mEPSPS and PAT produced in  MZHG0JG 

are identical to mEPSPS and PAT produced in GA21 corn and Bt11 corn, respectively. 

 mEPSPS and PAT have been safely used and consumed in commercial transgenic crops for 

almost two decades. 

 Both proteins have a very specific and well-characterized mode of action and are 

ubiquitous in nature. 

 Given the low levels of mEPSPS and PAT in MZHG0JG kernels, dietary exposure can be 

considered minimal. 

 No adverse effects associated with intake of EPSPS or PAT have been reported.  

The weight of evidence from the data presented in this application, a history of safe use either 

through their presence in transgenic crops or abundance in nature, and the weight of evidence in 

the publicly available literature on the safety of mEPSPS and PAT proteins for consumption, 

demonstrate that the mEPSPS and PAT proteins present in MZHG0JG corn present no risk of 

harm to humans or livestock that consume corn products.  Additional safety assessments of these 

proteins are not warranted for this application; however, a summary of laboratory studies, 

including the full study reports, conducted by Syngenta to assess the potential toxicity and 

allergenicity of mEPSPS and PAT are provided in Appendix B. 
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Part VII.  Absence of Other Novel Substances Produced as a Result of the Genetic 

Modification. 

MZHG0JG corn produces the intended proteins mEPSPS and PAT.  The two genes expressed in 

MZHG0JG corn, mepsps-02 and pat-09, are functional as intended, suggesting there is no gene 

silencing due to the expression of either transgene.  These proteins are identical to the transgenic 

proteins produced in other approved biotechnology-derived products, which have been 

commercially available for almost two decades and have a history of safe use.    

No other novel metabolites were identified or expected as a result of the genetic modification.  

Specifically, no new herbicide metabolites are expected from spraying MZHG0JG corn with 

glyphosate or glufosinate-ammonium herbicides.  The herbicide metabolic profiles resulting 

from the transgenic protein–herbicide interaction in corn have been established for mEPSPS and 

PAT through a significant history of use.  Corn grown in the United States (and exported to 

many countries, including Australia, New Zealand, and Canada) has primarily consisted of 

transgenic varieties that are glyphosate and/or glufosinate-ammonium tolerant for a number of 

years. 
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The component levels were converted to equivalent units of dry weight based on the moisture 

content of each sample.  All compositional analyses were conducted according to methods 

published and approved by AOAC International, or were other industry-standard methods, or 

were based on literature references and developed and validated by the analytical laboratory. 

VIII.B.  Data Analysis 

The mean levels of each component across locations were computed.  The data for each 

quantifiable component were subjected to analysis of variance (ANOVA) using the following 

mixed model: 

Yijk = U + Ti + Lj + B(L)jk + LTij + eijk 

In this model, Yijk is the observed response for entry i at location j block k, U is the overall mean, 

Ti is the entry effect, Lj is the location effect, B(L)jk is the effect of block within location, LTij is 

the location-by-entry interaction effect, and eijk is the residual error.  Entry was regarded as a 

fixed effect, while the effects of location, block within location, and location-by-entry interaction 

were regarded as random.  In the across-location ANOVA, only the control and test entries were 

included, to avoid inflation of the residual error by any interaction that may have been present 

between location and the reference varieties. 

For each component, t-tests were used to assess the statistical significance of the comparison of 

interest (MZHG0JG vs. control).  Significance was based on an alpha level of 0.05, and 

denominator degrees of freedom were determined by the Kenward-Roger method (Kenward and 

Roger 1997).  The standard error of the mean (SEM) was also determined for each component.   

In cases where some or all values for a component were below the limit of quantitation and 

substitution of the LOQ was not appropriate because of the number or distribution of 

substitutions required, calculation of the mean and ANOVA could not be performed, and only 

the range is reported. 

The across-location means for the components of MZHG0JG corn were also compared 

nonstatistically with the ranges of component levels from the nontransgenic corn reference 

varieties and with the ranges for conventional corn published in the International Life Sciences 

Institute (ILSI) Crop Composition Database (ILSI 2014).   

VIII.C.  Compositional Analysis Results 

Sections VIII.C.1 and VIII.C.2 describe the compositional analysis results for MZHG0JG corn 

forage and grain and compare them with the results for the nontransgenic, near-isogenic control 

corn, as well as the reference-variety and ILSI database ranges.  The conclusions from the 

compositional analysis are presented in Section VIII.C.3. 

VIII.C.1.  Forage 

Across-location statistics for proximate and mineral composition of corn forage are shown in 

Table VIII-5.  In statistical comparisons between MZHG0JG corn and the nontransgenic control 

corn, no significant differences were observed in the levels of moisture, protein, fat, ash, ADF, 

NDF, or calcium.  The level of carbohydrates was significantly higher in MZHG0JG corn than in 

the control corn, and the level of phosphorus was significantly lower. 
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In both MZHG0JG corn and the nontransgenic control corn, the mean levels of all proximates 

and minerals were within the ranges for the reference varieties and the ranges reported in the 

ILSI database. 
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VIII.C.2.  Grain 

VIII.C.2.a.  Proximates, Starch, Minerals, and Vitamins 

Across-location statistics for proximate and starch components of corn grain are shown in 

Table VIII-6.  In statistical comparisons between MZHG0JG corn and the nontransgenic control 

corn, no significant differences were observed in the levels of protein, fat, ash, carbohydrates, 

ADF, TDF, or starch.  The level of NDF was significantly lower in MZHG0JG corn than in the 

control corn.  Moisture levels were adjusted by drying, either mechanically or in the field, and 

therefore were not compared statistically.  

Across-location statistics for mineral components of corn grain are shown in Table VIII-7.  In 

statistical comparisons between MZHG0JG corn and the nontransgenic control corn, no 

significant differences were observed in the levels of calcium, magnesium, manganese, 

phosphorus, potassium, or zinc.  The levels of copper and iron were significantly lower in 

MZHG0JG corn than in the control corn.  For selenium and sodium, levels below the LOQ for 

all corn varieties precluded calculation of the means and statistical comparisons across locations. 

Across-location statistics for vitamin components of corn grain are shown in Table VII-8.  In 

statistical comparisons between MZHG0JG corn and the nontransgenic control corn, no 

significant differences were observed in the levels of vitamins B1, B2, B3, or B9.  The level of 

vitamin A (β-carotene) was significantly higher in MZHG0JG corn than in the control corn, and 

the levels of vitamins B6 (pyridoxine) and E (-tocopherol) were significantly lower.   

In both MZHG0JG corn and the nontransgenic control corn, the mean levels of all proximates, 

starch, minerals, and vitamins were within the ranges for the reference varieties and the ranges 

reported in the ILSI database. 
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VIII.C.2.b.  Amino Acids, Fatty Acids, Secondary Metabolites, and Anti-nutrients 

Across-location statistics for amino acid components of corn grain are shown in Table VIII-9.  In 

statistical comparisons between MZHG0JG corn and the nontransgenic control corn, no 

significant differences were observed in the levels of 15 amino acids.  The levels of aspartic acid, 

arginine, and tryptophan were significantly lower in MZHG0JG corn than in the control corn. 

The across-location statistics for the ten quantifiable fatty acids in corn grain are shown in 

Table VIII-10.  In statistical comparisons between MZHG0JG corn and the nontransgenic 

control corn, no significant differences were observed in the proportions of 16:0 palmitic, 16:1 

palmitoleic, 18:0 stearic, 18:1 oleic, 18:2 linoleic, 20:0 arachidic, 20:1 eicosenoic, or 22:0 

behenic acid.  The proportions of 17:0 heptadecanoic and 18:3 linolenic acid were significantly 

higher in MZHG0JG corn than in the control corn. 

The levels of twelve fatty acids were below the LOQ in all replicates at all locations and could 

not be analyzed; these included 8:0 caprylic, 10:0 capric, 12:0 lauric, 14:0 myristic, 14:1 

myristoleic, 15:0 pentadecanoic, 15:1 pentadecenoic, 17:1 heptadecenoic, 18:3 gamma linolenic, 

20:2 eicosadienoic, 20:3 eicosatrienoic, and 20:4 arachidonic acids. 

Across-location statistics for secondary metabolite and anti-nutrient components of corn grain 

are shown in Table VIII-11.  In statistical comparisons between MZHG0JG corn and the 

nontransgenic control corn, no significant differences were observed in the levels of ferulic acid, 

inositol, phytic acid, raffinose, or trypsin inhibitor.  The level of p-coumaric acid was 

significantly higher in MZHG0JG corn than in the control corn.  For furfural, levels below the 

LOQ precluded calculation of the means and statistical comparisons across locations.  

In both MZHG0JG corn and the nontransgenic control corn, the mean levels of all amino acids 

and quantifiable fatty acids were within the ranges for the reference varieties and the ranges 

reported in the ILSI database. 

In both MZHG0JG corn and the nontransgenic control corn, the mean levels of ferulic acid were 

above the range for the reference varieties, but were within the range reported in the ILSI 

database.  The mean levels of all other quantifiable secondary metabolites and anti-nutrients 

were within the ranges for the reference varieties and the ranges reported in the ILSI database.
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VIII.C.3.  Conclusions from Compositional Analysis  

In the compositional assessment of MZHG0JG corn forage and grain, the levels of the majority 

of nutritional components did not differ significantly between MZHG0JG corn and 

nontransgenic, near-isogenic control corn.   

Across-location mean levels of all quantifiable components except ferulic acid were within the 

ranges observed in the nontransgenic commercial corn reference varieties grown in the same 

field trials.  The levels of ferulic acid did not differ significantly between the MZHG0JG and 

nontransgenic control corn.  The across-location mean levels of all components of MZHG0JG 

corn were within the ranges published in the ILSI Crop Composition Database.  

These results indicate that the levels of the majority of nutritional components did not differ 

between MZHG0JG corn and near-isogenic, nontransgenic control corn, and that those levels 

that did differ fell within ranges considered to be normal for conventional corn.  Based on the 

conclusions from the compositional analysis, there no reason to perform any additional 

nutritional impact studies.  
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Appendix A.  Transgenic Crops Approved for Use Globally that Contain EPSPS and 

PAT Proteins 

This appendix contains all biotechnology-derived traits containing transgenic EPSPS and PAT 

proteins with the potential to currently be in commerce.  Companies listed are only those that 

contribute to biotradestatus.com.  BCS = Bayer CropScience, Dow = Dow AgroSciences LLC. 

Product commercial names may vary by region, the list of products and approving countries may 

be incomplete, and therefore, this list may not be comprehensive.  
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Appendix B.  Summary of Safety Studies for mEPSPS and PAT  

Because of the long history of safe use of food products containing EPSPS and PAT and the 

extensive evaluations already conducted on these proteins, additional safety assessments of these 

proteins is not warranted.  Nonetheless, the following additional information on the protein 

safety, as well as corresponding study reports, are provided as supplemental data.  

B.1.  Equivalence of Microbially Produced and Plant-Produced Proteins  

A series of analytical methods were used to characterize the mEPSPS and PAT proteins 

produced in MZHG0JG corn and to demonstrate that mEPSPS and PAT test substances 

produced from recombinant Escherichia coli were suitable surrogates for use in food and feed 

safety studies.  The use of microbially produced proteins was necessary because protein safety 

studies require large amounts of protein, and it was infeasible to extract the plant-produced 

protein in quantities sufficient for all studies.  

The identities of the plant-produced and microbially produced mEPSPS and PAT proteins were 

confirmed by apparent molecular weight, immunoreactivity, peptide mass mapping or intact 

mass analysis, N-terminal and C-terminal amino acid sequence analyses, enzymatic activity, and 

glycosylation status.  The mEPSPS present in the microbially produced test substance 

(production batches GA21-0104 and MEPSPS-0113) was identical to that produced in 

MZHG0JG corn.  The production method for the two microbial mEPSPS production batches was 

identical.  The PAT present in the microbially produced test substance (production batch PAT-

0109) was identical to that produced in MZHG0JG maize. 

The results verified the identities of the plant-produced and microbially produced mEPSPS and 

PAT proteins, supporting the conclusion that the mEPSPS and PAT proteins produced in 

MZHG0JG maize and in recombinant E. coli were biochemically and functionally equivalent.  

Therefore, the microbially produced test substances containing mEPSPS or PAT were suitable 

surrogates for mEPSPS or PAT in MZHG0JG corn, respectively, and were appropriate for use in 

studies supporting the safety of MZHG0JG corn.   

B.2.  Assessment of Allergenic Potential of mEPSPS and PAT 

Although virtually all food allergens are proteins, only a few of the many proteins found in foods 

are allergenic, and the probability that a novel protein will become a food allergen is small.  

Because there is no single definitive test to predict food allergenicity in humans, a weight-of-

evidence approach was used to assess the potential allergenicity of mEPSPS and PAT.  This 

approach is consistent with the recommendations of the Codex Alimentarius Commission 

(2009).  The following types of characterization data were considered for mEPSPS and PAT in 

the weight-of-evidence assessment: 

 source organism 

 amino acid sequence similarity to known allergenic proteins 

 susceptibility to digestive enzymes 

 susceptibility to heat inactivation 

 glycosylation status 
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 relative abundance in the commodity crop 

 history of safe use 

Together, this evidence indicates that mEPSPS and PAT are unlikely to be allergenic.  The 

source organism, glycosylation status, expression, and history of safe use of these proteins are 

discussed elsewhere in this document.  Numerous studies on the digestive fate of both mEPSPS 

and PAT all show rapid degradation in simulated digestion models, and exposure of mEPSPS 

and PAT to high temperatures, such as those reached during cooking or food processing, has 

been shown to destroy the function and/or structure of these proteins.  Studies conducted by 

Syngenta confirm these conclusions and are provided below for reference.   

B.2.a.  Digestive Fate of mEPSPS and PAT Produced in MZHG0JG 

The susceptibility of microbially produced mEPSPS and PAT to proteolytic degradation was 

evaluated in simulated mammalian gastric fluid (SGF) containing pepsin and in simulated 

mammalian intenstinal fluid (SIF) containing pancreatin.  The products of the digestion were 

analyzed via sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis (PAGE) and 

western blot analysis.  The SGF digestibility studies were performed at 37ºC over a 60-minute 

time course, and the SIF digestibility studies were performed at 37ºC over a 48-hour time course. 

The mEPSPS protein degraded rapidly upon exposure to SGF.  Intact mEPSPS was readily 

digested in SGF in less than one minute, as assessed by SDS-PAGE and western blot analyses.  

No immunoreactive mEPSPS-derived fragments were observed by western blot analysis after 

incubation in SGF for 5 minutes.  The mEPSPS protein was also readily digested in SIF, as 

assessed by SDS-PAGE.  No intact mEPSPS protein (with a molecular weight of 47.5 kD) or 

mEPSPS-derived fragments were detected by western blot analysis after incubation in SIF for 10 

minutes.  

PAT also degraded rapidly upon exposure to SGF.  Intact PAT was readily digested in SGF in 

less than one minute, as assessed by SDS-PAGE and western blot analyses.  No immunoreactive 

PAT-derived fragments were observed by western blot analysis after incubation in SGF for one 

minute.  Intact PAT (with a molecular weight of approximately 20.5 kDa) was degraded in less 

than 5 minutes of incubation in SIF.  A protein band with a molecular weight of approximately 

16 kDa, most likely representing a degradation product of PAT, was observed by western blot 

analysis after incubation in SIF for 1 and 2 minutes.  However, after 5 minutes of incubation in 

SIF, this band was no longer visible.  

The results of these experiments support the conclusion that mEPSPS and PAT will be readily 

degraded in the mammalian digestive tract. 

B.2.b.  Heat Stability of mEPSPS and PAT 

The immunoreactivity (or ability to bind specific antibodies) of microbially produced mEPSPS 

and PAT proteins exposed to various temperatures (4°C, 25°C, 37°C, 65°C, and 95°C) for 30 

minutes was measured via enzyme-linked immunosorbent assay (ELISA). 

Temperatures of 25ºC and 37ºC had little effect on mEPSPS immunoreactivity.  Following 

temperature treatment of mEPSPS at 65ºC and 95°C, its immunoreactivity was below the LOD 
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for the ELISA.  The immunoreactivity of PAT decreased with increasing temperature from 25°C 

to 37°C to 65°C.  After incubation at 95°C, the immunoreactivity of PAT was below the LOD.  

The results of these experiments support the conclusion that both mEPSPS and PAT are stable 

for at least 30 minutes upon heating to 37°C.  mEPSPS is unstable upon heating at temperature 

65°C and above, whereas PAT is completely unstable at 95°C. 

B.2.c.  Amino Acid Similarity to Known or Putative Allergens 

To determine whether mEPSPS or PAT showed biologically relevant amino acid sequence 

similarity to known or putative allergens, two different searches were performed against the 

Food Allergy Research and Resource Program Protein Allergen Protein Database (FARRP 

2015), which contained 1897 nonredundant sequences of known and putative allergens.  A full-

length sequence search with the FASTA algorithm (Pearson and Lipman 1988) and a separate 

search for exact matches of eight or more contiguous amino acids were used to compare the 

mEPSPS and PAT amino acid sequences with each of the known or putative allergen sequences.  

In the FASTA search, no sequence similarity greater than 35% shared identity over 80 or more 

amino acids was observed between the mEPSPS or PAT amino acid sequence and any sequence 

in the FARRP database.  In the exact match search, no alignments of eight or more contiguous 

amino acids were found between the mEPSPS or PAT amino acid sequence and any sequence in 

the FARRP database.  Together, these results support the conclusion that mEPSPS and PAT 

share no biologically relevant amino acid sequence similarity to known or putative protein 

allergens.  

B.2.d.  Conclusions on the Allergenic Potential of mEPSPS and PAT 

The weight of evidence indicates that mEPSPS and PAT are unlikely to be food allergens, 

because they are derived from source organisms that contains no known allergens, they are not 

significantly similar in amino acid sequence to known allergens, and they are not glycosylated 

(as discussed in Sections VI.A.4 and VI.B.4).  Furthermore, exposure to mEPSPS and PAT from 

MZHG0JG corn grain will be low (as discussed in Section VI.C).  Both mEPSPS and PAT are 

rapidly degraded in simulated mammalian gastric and intestinal fluids and are heat labile.  

Together, this evidence indicates that mEPSPS and PAT are unlikely to be allergenic and that no 

significant dietary exposure to mEPSPS and PAT enzymatic activity would occur in humans or 

other mammals via consumption of MZHG0JG corn.  

B.3  Assessment of the Toxicity of mEPSPS and PAT 

The potential toxicity of mEPSPS and PAT in MZHG0JG corn were evaluated through an 

extensive bioinformatic search to determine whether mEPSPS or PAT had significant sequence 

similarity to proteins identified as known or putative toxins.   

The Basic Local Alignment Search Tool for Proteins (BLASTP) program (Altschul et al. 1997) 

was used to compare the mEPSPS and PAT amino acid sequences with all entries in the NCBI 

Entrez Protein Database (NCBI 2015).  This analysis addressed two questions:  (1) whether any 

protein(s) in the database had a high degree of sequence similarity to the mEPSPS or PAT amino 

acid sequence and (2) whether any proteins demonstrating a high degree of sequence similarity 

to the mEPSPS or PAT amino acid sequence were known or putative toxins.   
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The BLASTP searches were performed with the default parameters, and the threshold for 

statistical significance of E-values (a measure of the probability that matches between sequences 

occurred by chance) was established by analysis of searches using randomly shuffled versions of 

the mEPSPS and PAT amino acid sequences.  The threshold E-values were <1  10
-05

 for 

mEPSPS and <1x10
-5

 for PAT.   

For both proteins, the 1000 most similar alignments with proteins in the NCBI database all had 

E-values below the threshold E-values and were evaluated for biological relevance.  For 

mEPSPS, 986 of these proteins were categorized as “EPSPS/EPSPS-like,” belonging to the same 

class of protein as mEPSPS.  For PAT, approximately 90% of the proteins were other members 

of the acetyltransferase class of enzymes.  None of the matching proteins for either mEPSPS or 

PAT corresponded to known or putative toxins.  

BLASTP analyses were also conducted with the Syngenta Toxin Database, a separate database 

of known toxin sequences. No significant alignments (to indicate the potential to act as a toxin) 

were observed when mEPSPS or PAT were compared with any entries in the Syngenta Toxin 

Database.   

The results of both database comparisons confirm that mEPSPS and PAT do not share significant 

sequence similarity with other known or putative protein toxins.  

B.4.  Conclusions 

The weight of evidence from these additional Syngenta studies supports the conclusion that the 

mEPSPS and PAT proteins are unlikely to be toxins or allergens. 
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