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Plant Pest Risk Assessment for Okanagan Specialty Fruits Inc.’s Non-

browning Apple (Malus x domestica) Events GD743 and GS784 
 
A. Introduction 

Okanagan Specialty Fruits Inc. (OSF) has petitioned the Animal and Plant Health Inspection 
Service (APHIS) of the United States Department of Agriculture (USDA) for a determination 
that the genetically engineered (GE) non-browning ArcticTM apple (Malus x domestica) events 
GD743 and GS784 are unlikely to pose a plant pest risk and therefore, are no longer regulated 
articles under the APHIS’ 7 Code of Federal Regulations (CFR) part 340.  This petition was 
assigned the number 10-161-01p, and is hereafter referenced as OSF, 2012.  APHIS administers 
7 CFR part 340 under the authority of the plant pest provisions of the Plant Protection Act (PPA) 
of 20001.  This plant pest risk assessment was conducted to determine if GD743 and GS784 are 
unlikely to pose a plant pest risk.  
 
APHIS regulations in 7 CFR part 340 regulate the introduction (importation, interstate 
movement, or release into the environment) of certain GE organisms and products. A GE 
organism is no longer subject to the plant pest provisions of the PPA or to the regulatory 
requirements of Part 340 when APHIS determines that it is unlikely to pose a plant pest risk. A 
GE organism is considered a regulated article under Part 340 if the donor organism, recipient 
organism, or vector, or vector agent used in engineering the organism belongs to any genera or 
taxa designated in 7 CFR 340.2 and is also considered a plant pest. A GE organism is also 
regulated under 7 CFR part 340 when APHIS has reason to believe that the GE organism may be 
a plant pest or APHIS does not have sufficient information to determine if the GE organism is 
unlikely to pose a plant pest risk.  ArcticTM apple events GD743 (‘Golden Delicious’) and GS784 
(‘Granny Smith’) were produced by Agrobacterium tumefaciens-mediated transformation.  
Portions of the inserted genetic material are derived from plant pest sequences (i.e., 35S 
promoter from Cauliflower Mosaic Virus, and nopaline synthase terminator sequence from A. 
tumefaciens). Therefore, the genetically engineered apple events GD743 and GS784 are 
considered regulated articles under APHIS regulations at 7 CFR part 340.  OSF has conducted 
field releases of GD743 and GS784 as regulated articles under APHIS-authorized permits or 
acknowledged notifications since 2003 (Tables 22 and 23, p. 61, OSF, 2012) in part, to gather 
information to support whether they are unlikely to pose a plant pest risk.  
 
Potential impacts to be addressed in this risk assessment are those that pertain to the use of 
GD743 and GS784 and their progeny in the absence of confinement as compared to the 
unmodified apple cultivars from which GD743 and GS784 were derived. APHIS uses data and 
information submitted by the applicant, in addition to current literature, to assess if GD743 and 
GS784 are unlikely to pose a plant pest risk. If APHIS determines that a GE organism is unlikely 
to pose a plant pest risk, then APHIS has no regulatory authority over that organism under 7CFR 

1 Section 403 (14) of the Plant Protection Act (7USC Sec 7702(14)) defines plant pest as: 
“Plant Pest -  The term “plant pest” means any living stage of any of the following that can directly or indirectly injure, cause damage to, or cause 
disease in any plant or plant product:  (A) A protozoan. (B) A nonhuman animal. (C) A parasitic plant. (D) A bacterium. (E) A fungus. (F) A 
virus or viroid. (G) An infectious agent or other pathogen. (H) Any article similar to or allied with any of the articles specified in the preceding 
subparagraphs.”  
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340.   APHIS regulation 7 CFR 340.6(c) specifies the information needed for consideration in a 
petition for nonregulated status. APHIS will evaluate information submitted by the applicant 
related to plant pest risk characteristics; expression of the gene product, new enzymes, or 
changes to plant metabolism; disease and pest susceptibilities; indirect plant pest effects on other 
agricultural products; changes to agricultural or cultivation practices that may impact diseases 
and pests of plants; effects of the regulated article on nontarget organisms; weediness of the 
regulated article; any impacts on the weediness of any other plant with which it can interbreed; 
and transfer of genetic information to organisms with which it cannot interbreed.   
 
APHIS may also consider information relevant to reviews conducted by other agencies that are 
part of the ‘Coordinated Framework for the Regulation of Biotechnology’ (51 FR 23302, June 
26, 1986).  Under the Coordinated Framework, the oversight of biotechnology-derived plants 
rests with the APHIS, the Food and Drug Administration (FDA), and the Office of Pesticide 
Programs of the U.S. Environmental Protection Agency (EPA).  Depending on its characteristics, 
certain biotechnology-derived products are subjected to review by one or more of these agencies.  
The EPA under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA), regulates the 
distribution, sale, use and testing of pesticidal substances produced in plants and microbes, 
including those pesticides that are produced by an organism through techniques of modern 
biotechnology.  The EPA also sets tolerance limits for residues of pesticides on and in food and 
animal feed, or establishes an exemption from the requirement for a tolerance, under the Federal 
Food, Drug and Cosmetic Act (FFDCA).  GD743 and GS784 apple events are not engineered to 
express substances to protect against plant pests. The FDA under the FFDCA is responsible for 
ensuring the safety and proper labeling of all plant-derived foods and feeds, including those 
developed through modern biotechnology.  To help sponsors of foods and feeds derived from 
genetically engineered crops comply with their obligations, the FDA encourages them to 
participate in its voluntary consultation process (57 FR 22984).  OSF (2012) has indicated that 
they have submitted a food and feed safety and nutritional assessment for events GD743 and 
GS784 on May 30, 2011.  FDA posts information about completed consultations for public 
review via the FDA Completed Consultations on Bioengineered Foods page at 
www.fda.gov/bioconinventory.  Additionally, regulatory submission for GD743 and GS784 has 
been submitted to Health Canada and the Canadian Food Inspection Agency (CFIA) on 
December 7, 2011 (p.16, OSF 2012). 
 
 
B. Development of GD743 and GS784 ArcticTM Apple Events 

Apple has been cultivated in Europe and Asia from ancient times (Janick et al., 1996). Today, the 
United States is one of the top apple producers in the world and as of 2008, ranked second only 
to China (USDA, ERS, 2010a).  Apples are consumed in many forms.  During that same year, 
approximately two-thirds of U.S. apple production was for the fresh market, while the remaining 
was processed into various forms such as, fruit juice, cider, sauce, canned, fresh apple slices, and 
dried fruit products (USDA, ERS, 2010b).  Apple cultivars suitable for the processing market 
should be large in size and depending on the processed product, high in soluble solids, specific 
sugar acid ratio, yellow flesh color, non-browning flesh, and should taste like an “apple” (Janick 
et al., 1996).  Over the past 5 years there has been a substantial increase in retail sales of fresh 
apple slices, part of which can be contributed to the increased use of fresh apple slices in fast 
food establishments and single serve packaging (Boyd, 2011).  The most significant challenge of 
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the fresh apple slice market is minimizing cut surface browning which is a major contributor to 
reduced shelf life of processed fruits (Chiabrando and Giacalone, 2012). Mechanical bruising 
during and after harvesting and processing is the largest contributor to apple fruit loss (Kader, 
1983; Nicolas et al., 1994).  The enzyme responsible for this browning is polyphenol oxidase 
(PPO).  PPO can be found in bacteria, fungi, plants, arthropods, and mammals (Martinez and 
Whitaker, 1995).  In general, PPOs convert o-diphenols to o-quinones utilizing oxygen as the 
second substrate (Figure1).  The reactive quinones polymerize to form brown pigments, 
melanins.  The major phenolics identified in apple fruit are:  quercetin glycosides, chlorogenic 
acid, epicatechin, phloretin glycosides, and procyandin B2 (Lee et al., 2003).  Several phenolics 
serve as substrates for PPO in apple; especially chlorogenic acid (the principle one in mature 
apple fruit), epicatechin, and catechin, however, catechin plays a major role in browning because 
its oxidative product has a higher intensity of color (Murata et al. 1995).   
 

 
Figure 1.  Reaction catalyzed by PPO (also known as catecholase).  Dehydrogenation of o-
diphenol to o-quinone (Nicolas et al., 1994). 
 
Levels of PPO and concentrations of total polyphenols, proanthocyandins (polymers of catechin 
and epicatechin), (+)-catechin, and phloridzin appear to have a strong positive correlation with 
the degree of browning in various apple cultivars (Song et al., 2007). A number of treatments 
have been used to prevent browning of fresh cut apples in effort to increase the shelf life, some 
of which include natural browning inhibitors, salt and chemical treatments, edible coating agents, 
and reduced oxygen atmospheres. One of the most common methods is the application of a 
reducing agent such as ascorbic acid (vitamin C) in combination with calcium chloride (firming 
agent) (Chiabrando and Giacalone, 2012).  OSF has developed ArcticTM apple events GD743 and 
GS784 which exhibit a non-browning phenotype via the suppression of four apple PPO genes.  
These non-browning apples are intended to benefit the fresh cut apple and dehydrated apple 
markets by reducing browning associated with bruising and cutting, eliminating the need for 
chemical treatments to reduce browning of fresh cut apple slices and thereby promoting the 
inclusion of the apple in the fresh cut and prepared produce fruit market (pp. 15-16 in OSF 
2012).   
 
Description of the genetic modifications 
Arctic™ Apple events GD743 and GS784 were produced by using Agrobacterium-mediated 
transformation of apple leaf tissue from the cultivars ‘Golden Delicious’ and ‘Granny Smith’ 
respectively (pp. 34-36 in OSF, 2012). The Agrobacterium tumefaciens strain used during 
transformation was disarmed of DNA sequences within the T-DNA (transfer-DNA), which upon 
integration into the plant genome are normally responsible for the formation of crown gall 
tumors in plants. The disarmed Agrobacterium tumefaciens harbors a binary plasmid vector 
GEN-03 (Figure 2, p. 35 in OSF 2012).  GEN-03 was based on a derivative of the pBIN19 vector 
(Bevan, 1984), pBINPLUS (van Engelen et al., 1995) and contains the polyphenol oxidase 
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(PPO) silencing and the nptII expression cassettes flanked by Agrobacterium tumefaciens T-
DNA borders (Table 5, p. 35 in OSF 2012).  The suppression of PPO in GD743 and GS784 
results in apples that have a non-browning phenotype. 
The first gene cassette consists of three genetic elements:  

• PNOS, nopaline synthase promoter sequence from A. tumefaciens, which directs 
constitutive transcription of the nptII selection marker (Bevan et al., 1983a).  

• nptII, neomycin phosphotransferase type II gene from E. coli Tn5 (Rothstein et al., 1981; 
Bevan, 1984).  This gene provides resistance to the antibiotic kanamycin.  

• TNOS, nopaline synthase terminator sequence from A. tumefaciens. This sequence is 
involved with termination of transcription and polyadenylation. (Depicker et al., 1982; 
Bevan et al., 1983b).  

 
The second gene cassette consists of three genetic elements:  

• PCAMV35s, the duplicated-enhancer 35S cauliflower mosaic virus promoter with 
untranslated translational leader sequence from alfalfa mosaic virus RNA4 designed for 
constitutive high level expression (Datla et al., 1993). This promoter directs transcription 
of the PGAS transgene. 

• PGAS, a chimeric sense suppression transgene from Malus × domestica.  PGAS consists 
of 394 to 457 bp regions of four apple PPO genes (PPO2, GPO3, APO5, and pSR7) in 
tandem that upon transcription is designed to suppress the expression of these four 
members of the apple PPO gene family (Armstrong and Lane, 2009; pp. 31-36 in OSF, 
2012). 

• TNOS, nopaline synthase terminator sequence from A. tumefaciens. This sequence is 
involved with termination of transcription and polyadenylation. (Depicker et al., 1982; 
Bevan et al., 1983b).  
 

The production of the neomycin phosphotransferase type II enzyme in the transformed tissue 
allows apple tissue containing the nptII and PGAS gene expression cassettes to be selected on 
medium containing the antibiotic kanamycin. Expression of nptII confers no other benefit to the 
regenerated transformed apple plant.   
 
Due to the lack of sequence similarity between the four PPO genes targeted for suppression (with 
the exception of APO5 and GPO3) (Table 3 and 4, p. 34 in OSF, 2012) it was necessary to 
design the PGAS PPO suppression transgene with sequences from all four PPO genes. None of 
the four PPO genes alone shared 100% homology over regions of 22 bp with all four of the PPO 
genes.  This level of homology has been suggested to be necessary for effective gene targeting 
and silencing using RNA interference (RNAi) because the longer double stranded RNA (dsRNA) 
produced from the suppression transcript is processed into small interfering RNAs (siRNAs) that 
are 21-23 nucleotides in length that in turn direct the cleavage of the target mRNA through 
sequence complementarity (Sharp, 2001). The suppression of PPO results in apples with a non-
browning phenotype. 
 
OSF provided evidence demonstrating: 

• The A. tumefaciens strain EHA105 that was used to transform ‘Golden Delicious’ and 
‘Granny Smith’ is a nonpathogenic strain of Agrobacterium that contains a disarmed Ti 
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plasmid devoid of functional sequences capable of inducing tumor formation in plants 
(Hood et al., 1993);   

• The final product does not contain backbone sequences corresponding to the gene for 
NptIII outside of the T-DNA borders (OSF, 2012, Figure 4, p. 40) from the 
transformation vector, GEN03 (OSF, 2012, Figure 6, p.43); 

• The genome of ‘Golden Delicious’ (GD743) contains two copies of GEN03 inserted at 
two separate loci, and the genome of ‘Granny Smith’ (GS784) contains 4 copies of 
GEN03 inserted at four separate loci (OSF, 2012, Figure 5, p.42, and analysis p. 41); and 
multiple insertions at a single site in the form of tandem or inverted repeats was ruled out 
for the GS784 event (OSF, 2012, pp. 44-47); 

• Inheritance of the GEN03 silencing construct was confirmed by Polymerase Chain 
Reaction (PCR) analysis of the linked nptII gene and Enzyme-Linked Immunosorbent 
Assay (ELISA) analysis of the expressed NPTII protein demonstrating the Mendelian 
inheritance of nptII/NPTII from seed or plant material generated from seed (OSF, 2012, 
Table 11, p.48).  The results were consistent with segregation ratios expected for two 
unlinked insertion sites in GD743 and four unlinked insertion sites in GS784. 

• Clonal stability of the GEN03 silencing construct in the apple genome was confirmed by 
PCR and ELISA analysis of nptII/NPTII present in apple leaf tissue that was clonally 
propagated (OSF, 2012, Table 12 and 13, p.49 and 50).  Unlike most annual crops, apple 
trees are vegetatively propagated by grafting a fruit-producing scion onto a rootstock; 
therefore each vegetatively propagated apple tree scion is a genetically identical clone, 
and little or no genetic variability is expected.  Evaluation of the clonal stability of 
vegetatively propagated apple tree scions is important for determining gene stability 
from year to year and graft to graft (OSF, 2012; Janick et al., 1996).  

 
 

C. Expression of the Gene Product and Changes to Plant Metabolism  

APHIS assessed whether changes in plant metabolism or composition in GD743 and GS784 are 
likely to alter plant pest risk.  The assessment encompasses a consideration of the expressed 
PGAS sense silencing RNA and its effect on plant metabolism, and an evaluation of whether 
GD743 and GS784 are nutritionally equivalent to the cultivars from which they were derived, 
GD and GS, as well as published nutritional data for apple (NDB09003) provided by the USDA 
(2009). The NDB09003 reference standard is based on analytical data for ‘Red Delicious’, 
‘Golden Delicious’, ‘Gala’, ‘Granny Smith’, and ‘Fuji’ raw apples with the skin.  Phenolics are 
the primary substrates of PPO enzymatic activity.  The main apple phenolics (quercetin 
glycosides, chlorogenic acid, epicatechin, phloretin glycosides, and procyandin B2) exhibit 
antioxidant capacity (Lee et al., 2003); and therefore, silencing of PPO in apple may contribute 
to the retention or increase of these compounds.  Host plant quality (including such components 
as carbon, nitrogen, amino acid sources, trace elements, and defensive metabolites) is known to 
affect herbivore performance and fecundity; and higher-trophic level interactions, such as the 
performance of predators and parasitoids, may also be affected (Awmack and Leather 2002).  
Similarly a vast array of secondary metabolites in plants is known to provide defense against 
microbes (Dixon, 2001).  Thus APHIS assessed whether changes in host plant quality could have 
the potential to affect GD743 and GS784’s performance against pest and disease.   
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Systemic induction of PPO gene expression has been studied in response to injury, herbivory, 
fungal pathogens, and bacterial pathogens in one or more of the following species:  tomato, 
poplar, and tobacco (Thipyapong and Steffens, 1997; Thipyapong et al., 2004; Thipyapong et al., 
2007; Constabel and Ryan, 1998; Barbehenn et al., 2007; Wang and Constabel, 2004).  More 
specifically, tomato plants that over expressed PPO were more resistant to Pseudomonas 
syringae and to insect pests of tomato, such as common cutworm (Spodoptera litura), cotton 
bollworm (Helicoverpa armigera) and beet army worm (Spodoptera exigua). However, in the 
case of antisense PPO-suppressed tomato, susceptibility to these pathogens and pests was 
increased as evidenced by increase bacterial growth and lesion numbers, higher larvae growth 
rates and foliage consumption (Thipyapong et al., 2004; Thipyapong et al., 2007). To date, 
steady state levels of PPO have not been correlated with scab (Kolodziejczyk et al., 2010) or fire 
blight resistance (Korba et al., 2008; Sobiczewski et al., 2006). Increased expression of certain 
members of the PPO gene family and increased PPO enzymatic activity have however been 
demonstrated in various apple tissues upon wounding (Boss et al., 1995; Kim et al., 2001).   
 
GD743 AND GS784 are genetically engineered with a silencing construct designed to reduce the 
expression of four apple PPO genes: PPO2, GPO3, APO5, and pSR7 (OSF, 2012); therefore, the 
gene product is a chimeric, sense-silencing RNA rather than a functional protein or new enzyme.   
 
PPO enzymatic activity studies and controlled bruising studies were conducted to determine the 
level of PPO enzymatic activity in GD743 and GS784 relative to their un-transformed 
counterparts ‘Golden Delicious’ (GD) and ‘Granny Smith’ (GS) (OSF, 2012, Tables 12-21, p 51-
59).  PPO enzymatic activity studies were conducted on unwounded leaf tissue (tissue culture, 
greenhouse, and field leaves) and fruit tissue (immature and mature fruit).  The controlled 
bruising experiments were used to further verify a reduction in PPO activity.  In these 
experiments, the level of fruit bruising was reported qualitatively by visual inspection and 
quantitatively with a Chromo Meter and reported as “change in lightness” or “total change in 
color” following manual bruising of mature fruit of GD743, GD, GS784, and GS at two different 
temperatures, either directly out of cold storage (2°C) or at 18°C (2 hrs following removal from 
cold storage).   
 
OSF has provided evidence demonstrating that, 

• Overall, PPO activity was reduced by 76% or more in GD743 and GS784 leaf tissue with 
the highest reduction in GD743 and GS784 greenhouse leaves (93%) (OSF, 2012, Tables 
14, 15, 16, p.51-52); 

• For immature and mature fruit of GD743, PPO enzymatic activity was reduced by more 
than 90%.  PPO activity was reduced by 90% in GS784 mature fruit; however, PPO 
activity for GS784 immature fruit was not determined due to limited sample availability 
(OSF, 2012, Tables 17, 18, p.53-54).    

• Visual bruising of GD743 and GS784 mature fruit was undetectable whereas, visual 
observation of bruising in GD and GS was detectable.  Quantitative results for GD743 
and GS784 indicated that there was a statistically significant difference in the change in 
lightness (delta L) or the change in color (delta E) in the mechanically bruised area as 
compared to the GD and GS non-transformed controls regardless of the fruit temperature 
at the time of the bruising (OSF, 2012, Tables 19, 20, 21, p.57-59). 
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• Photographic images of bruised, sliced, or juiced fruit of GD743 and GS784 and their 
respective controls (Figures 14, 15, and 16, respectively, pp. 115-117 in Appendix 1 of 
OSF 2012) also demonstrate reduced browning or changes in color for the transgenic 
lines and support the quantitative data.  

 
 
The only new functional protein/enzyme produced by the inserted transgenic material is the 
selectable marker NPTII.  The production of this enzyme is used solely for the purposes of 
selecting apple tissue containing the nptII and PGAS gene expression cassettes on medium 
containing the antibiotic kanamycin. NPTII protein was not found to accumulate in mature fruit 
of GD743 and GS784 (levels were within the same range found in nontransgenic controls) 
(Table 41, p. 92 of OSF2012). 
 
Detailed compositional and nutritional comparisons of GD743 and GS784 and the conventional 
apple fruit controls GD and GS were conducted on a limited number of composite samples 
collected from New York and Washington States in 2009. GD and GD743 samples were 
harvested one month prior to the GS and GS784 samples and stored at 2°C as harvesting dates 
can vary depending on the cultivars and environmental conditions (Kupferman, 1992; 
Kupferman, 1994).   The primary nutrients in apple are sugar, dietary fiber, potassium, phenolic 
antioxidants and, to a lesser extent, vitamin C. Apple events GD743 and GS784 and their 
respective controls (GD and GS) were analyzed for fat, protein, moisture, ash, carbohydrates, 
calories, sugar profile, dietary fiber, potassium, Vitamin C, total phenolics and water-soluble 
oxygen radical absorbance capacity (ORAC) (OSF, 2012, Tables 28 and 29 p.82-83).  
 
The compositional analyses confirmed the following 

• A statistically significant cultivar effect was observed for GD and GS. GS had higher 
moisture (OSF, 2012, Table 30, p.84), protein (OSF, 2012, Table 31, p.85), potassium 
(OSF, 2012, Table 36, p.87), and fiber (OSF, 2012, Table 34, p.86) content and lower 
carbohydrate (OSF, 2012, Table 32, p.85), calorie (OSF, 2012, Table 33, p.86), and sugar 
(OSF, 2012, Table 35, p.87) content than GD.  

• A statistically significant field effect was observed for the New York and Washington 
Field Trials.  The Washington field trials produced apples with higher moisture content 
(OSF, 2012, Table 30, p.84) and lower protein (OSF, 2012, Table 31, p.85), carbohydrate 
(OSF, 2012, Table 32, p.85), calories (OSF, 2012, Table 33, p.86), sugar (OSF, 2012, 
Table 35, p.87) and dietary fiber (OSF, 2012, Table 34, p.86) than apples produced at the 
New York field trial. 

• No statistically significant effect was observed for ArcticTM apple events GD743 and 
GS784 for protein, moisture, carbohydrates, calories, sugar profile, dietary fiber, or 
potassium (as per the OSF 2012 Tables 30-36, p.84-87) or for fat (below the reporting 
limit) (OSF 2012 Tables 28 and 29, p.82-83). 

• A statistically significant effect was observed for ArcticTM apple events GD743 and 
GS784 and for the New York and Washington field trials for Vitamin C (OSF, 2012, 
Table 39, p.90), ORAC (OSF, 2012, Table 37, p.89), and total phenolics (OSF, 2012, 
Table 38, p.89). GD743 and GS784 had higher Vitamin C, ORAC and total phenolics as 
compared to the GD and GS controls. However, the values for GD743 and GS784 fell 
within or close to the range for apple, raw with skin standard (NDB09003) provided by 
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the USDA (2009); whereas, the values for GD and GS were outside of this range.  These 
observed effects appeared to be greater in the New York field trial. 
 

The sample preparation methodology for compositional testing of ArcticTM apple events GD743 
and GS784 and respective controls deviated from the sample preparation methodology used for 
the NDB09003 USDA standard.  ArcticTM apple events GD743 and GS784 fruit and their 
controls were pre-sliced, placed on ice and shipped to the laboratory for testing. A period of up 
to24 hours passed prior to the apple slices being tested. While the ArcticTM apple events GD743 
and GS784 fruit have reduced PPO expression the controls do not and therefore the controls had 
some PPO-driven browning prior to compositional testing. Phenols and Vitamin C are substrates 
for the PPO-driven browning reaction and were most likely partially consumed during the 24 
hour period of time between slicing/shipping and testing.  
 
In summary, GD743 and GS784 apple fruit are nutritionally equivalent to their respective 
controls GD and GS and fall within or close to the range for NDB09003 USDA standard 
(USDA, 2009).  Differences in Vitamin C, ORAC and total phenolics were observed between 
GD743 and GS784 and their respective controls (GD and GS), and these compounds have had 
varying impacts on pests and diseases in other plant species (Awmack and Leathers, 2002; 
Goggin et al., 2010; Mukherjee et al., 2010).  However levels of vitamin C, ORAC and total 
phenolics fall within or close to the range for the USDA standard NDB09003; therefore APHIS 
concludes that GD743 and GS784 ArcticTM apple fruit pose no more of a plant pest risk from 
gene silencing, new gene products, or changes to plant metabolism or composition than 
conventional apple fruit. Moreover, the resulting elevated Vitamin C content and increased total 
phenolics after slicing contributes to an increase in chemical compounds with antioxidant 
capacity for the GD743 and GS784 events as these compounds would be retained in fresh apple 
slices for a longer period of time than in GD and GS.   
 
 
D. Potential Impacts of Genetic Modifications on Disease and Pest 

Susceptibilities  

APHIS assessed whether GD743 and GS784 apples are likely to have significantly increased 
disease and pest susceptibility.  This assessment encompasses a thorough consideration of 
introduced traits, their impact on agronomic traits and plant composition, and quantitative and/or 
observational data on pest and disease responses.  Important changes are those which would (1) 
affect not only the new GE crop, but that would also result in significant introduction or spread 
of a damaging pest or disease to other plants; and/or (2) result in the introduction, spread, and/or 
creation of a new disease or (3) result in a significant exacerbation of a pest or disease for which 
APHIS has a control program.  Any increase in pest or disease susceptibility should be evaluated 
with respect to the context of currently cultivated varieties, the intensity of the impact and the 
ability to manage the pest or disease.  
 
Plant Protection and Quarantine (PPQ) is an APHIS program that safeguards agriculture and 
natural resources from the entry, establishment, and spread of animal and plant pests and noxious 
weeds into the United States of America; and supports trade and exports of U.S. agricultural 
products.  PPQ responds to many new introductions of plant pests to eradicate, suppress, or 
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contain them through various programs in cooperation with state departments of agriculture and 
other government agencies.  These may be emergency or longer term domestic programs that 
target a specific pest.  A variety of insect, plant disease, mollusk, or weed programs exist (USDA 
APHIS, 2013).  Currently, the Light Brown Apple Moth (LBAM) and the Japanese Beetle are 
two insect management programs in place that have potential implications for apple.  While 
Japanese Beetle is quite widespread, the LBAM in the United States is restricted to only a few 
counties in California where eradication efforts are ongoing (USDA APHIS, 2011).   
 
The apple orchard is a highly managed environment which incorporates integrated pest 
management (IPM) strategies.  IPM programs are tailored to specific areas of the country; 
however, nearly every IPM program specifically addresses the most common diseases of apple:  
apple scab, fire blight, and powdery mildew as well as the most common insect pests of apple 
which include codling moth, aphids, mites, and tentiform leaf miners (MacHardy, 2000; 
McCamant, 2007; Beckerman, 2006).  While viral diseases can infect apple, primarily through 
the use of infected grafting wood, the use of certified budwood programs has had a significant 
impact on reducing the spread of viral disease of apple (WSU, 2010).   
 
OSF used qualitative or quantitative techniques (OSF, 2012,  Appendix 3, p.141-163) to measure 
field trials for damage due to diseases (apple scab, powdery mildew, fire blight, leaf spot, post-
harvest fruit rot), insect pests (aphids, mites, Japanese beetle, Codling Moth, Tentiform Leaf 
Miner, Campylomma bug), and two other conditions that affect apple, Burr Knot and russet.  
Data were collected on pest and disease damage for field trials in New York and Washington 
State in one or more of the following years: 2003, 2004, 2005, 2008, 2009 and 2010.  
 
OSF collected data for the following fungal diseases of apple with the most causal agent for each 
disease included in parentheses:  apple scab (Venturia inaequalis), powdery mildew 
(Podosphara leucotricha), leaf spot (Alternaria mali or Botryosphaeria obtusa), and black 
(Botryosphaeria obtusa) and tan (Colletotrichum spp.) post-harvest rot.   
 
No incidences of apple scab were observed at either the Washington or New York field trial.  
This was most likely due to the routine fungicide application used to control powdery mildew in 
susceptible cultivars such as GD and GS.  No statistically significant differences in the incidence 
of powdery mildew, leaf spot, or post-harvest tan rot on GD743 and GS784 compared to their 
respective controls GD and GS were observed.  A significant difference in the incidence of black 
rot on GD compared to GD743 (GD>GD743) fruit collected from the 2005 New York field trial 
in June of 2009 was observed.  However, in December of 2010, no statistically significant 
difference was observed for the same field trial.   
 
OSF collected data at both the Washington and New York field trials for fire blight, which is 
caused by the bacterial pathogen Erwinia amylovora.  No incidences of fire blight were reported 
for the New York field trial.  Between May 2005 and September 2007, thirteen incidences of fire 
blight were detected in the Washington 2003 and 2004 field sites.  Of the thirteen affected trees, 
only two GD743 trees were affected, and the remaining affected trees were other GEN03 events 
in various backgrounds and the GD control.  No incidences of fire blight were reported for GS or 
GS784.   
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OSF collected data for the following insect pests:  aphids, Woolly Apple Aphid (Eriosoma 
lanigerum), Green Apple Aphid (Aphis pomi), mites (Tetranychus McDanieli, Tetranychus urtica,  
Aculus schlechtendal), Japanese beetle (Popillia japonica),Codling moth (Lapeyresia pomonella), 
Campylomma bug (Campylomma verbasci), and Tentiform Leaf Miner (Phyllonorycter 
blancardella).  Both the Washington and New York field trials were monitored for mites.  No 
incidences of mites were observed for the New York field trial, and only a single incidence of 
mites was observed for the Washington field trial in 2009. This observation did not include any 
events subject to this petition or their respective controls.  Codling moth damage was not 
observed for the New York field trial in the 2010-2011 growing season.  Although codling moth 
damage was reported for the Washington field trials, no significant difference in the incidence of 
codling moth on GD743 and GS784 and their respective controls were observed.  A general 
observation of aphid incidence was recorded for the New York field trial.  No difference was 
observed between GD743 and GD or GS784 and GS.  For the Washington field trials, 
observations of Woolly Apple Aphid and Green Apple Aphid were recorded.  No significant 
difference between GD743 and GD or GS784 and GS were observed.  Japanese beetle incidence 
was observed for the New York field trial only, and no significant difference was observed 
between GD743 and GD or GS784 and GS.  A significant difference in the incidence of 
Tentiform Leaf Miner (TLM) between GS784 and GS was observed in 2005 at the Washington 
field trial with a higher incidence of TLM being observed on GS784.  Incidences of 
Campylomma Bug were not detected at the New York field trial.  Campylomma Bug was 
detected in the Washington 2004 and 2008 field blocks in May of 2010; however, a significant 
difference in Campylomma Bug incidence was observed in the 2004 block, but not in the 2008 
block, with the incidence of Campylomma Bug being higher in the GD control than in the 
GD743 event. 
 
OSF collected data on two conditions affecting apple, Burr Knot and Russet.   Burr Knot is a 
condition where knot like structures occur where adventitious shoots are trying to form.  The 
exact cause of Burr Knot is unknown, but Burr Knot can predispose the apple tree to secondary 
infections or infestations (Roos, 2005).  The incidence of Burr Knot was not influenced by the 
incorporation of the GEN03 transgene for the New York field trial, and Burr Knot was 
considered a normal condition for the Washington field trial. Apple russeting results in a brown, 
corky net-like condition on apple skin, and can be caused by a number of factors such as 
environmental conditions, pesticide use, and various microbes (du Toit et al., 2012; Brown, 
1998).  Russet appeared to be influenced by the incorporation of the GEN03 transgene with a 
higher incidence of Russet observed in GD versus GD743 in the 2004 block of the Washington 
State field trial in 2010 but not in the 2008 field block.  No difference in the incidence of Russet 
at the New York State field trial was observed in 2010.   
 
OSF’s pest and disease field data and post-harvest rot data (OSF 2012, Appendix 3, p. 141-163, 
Tables 53-65) indicate that in a highly managed orchard environment GD743 and GS784’s non-
browning phenotype did not increase the pest and disease incidences on GD743 and GS784, with 
the exception of the slight increase in incidence of Tentiform Leaf Miner in GS784 compared to 
GS; therefore, GD743 and GS784 are expected to be no more susceptible to the same plant 
pathogens and insect pests as their conventional apple cultivars GD and GS.  It therefore follows 
that there should be no indirect plant pest effects on other agricultural products that are grown or 
stored in proximity to GD743 and GS784  
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E. Potential Impacts on Nontarget Organisms (Including those Beneficial to 
Agriculture) 

GD743 and GS784 ArcticTM apple are not engineered for pest resistance, thus there are no 
‘target’ species, and thus no ‘nontarget’ species either.  APHIS assessed whether exposure or 
consumption of GD743 and GS784 ArcticTM apple would have an adverse effect on beneficial 
species or wildlife associated with apple.   
 
As discussed earlier, GD743 and GS784 are similar in nutritional and compositional analysis to 
their untransformed counter parts GD and GS except for the changes in the total phenolics and 
vitamin C. GD743 and GD784 apples are engineered to silence PPO gene expression and 
therefore do not express a PPO protein.  The four apple PPO genes targeted for suppression lack 
significant sequence similarity to each other (with the exception of APO5 and GPO3) to design a 
single RNA sense silencing transgene capable of silencing all four genes. The PGAS transgene 
contains sequences unique to each individual transgene indicating that sense silencing of apple 
PPO genes requires a specific level of sequence similarity.  RNAi mediated gene suppression 
generally requires sequence homology of at least 90% between the silencing construct and the 
target sequence to be successful and even  higher degrees of homology over 21-23 nucleotide 
stretches (Sharp 2001).  It is not likely that the PGAS transgene would contribute to PPO 
silencing in other non-target organisms such as pollinators or herbivores whose PPO sequences 
are expected to be even more divergent than those in apple. The only functional protein 
expressed as a result of the genetic engineering of GD743 and GS784 is the NPTII protein which 
confers kanamycin resistance.  This antibiotic resistance allows for the selection of apple tissue 
containing the nptII and PGAS gene expression cassettes on medium containing the antibiotic 
kanamycin. Expression of nptII confers no other benefit to the regenerated transformed apple 
plant.  NPTII is a common protein found in genetically engineered plants that have been widely 
planted across the U.S. and in other countries. No issues related to health or environmental safety 
have been noted to date (APHIS petitions 04-317-01p, 04-264-01p, 01-137-01p, 01-206-02p, 01-
206-01p, 95-352-01p, 96-051-01p, 95-045-01p, 94-308-01p) (USDA-APHIS, 2012). Therefore, 
APHIS has determined the presence of the nptII gene will have no significant environmental 
impacts.   
  
OSF submitted food and feed safety data and nutritional assessment of GD743 and GS784 apple 
fruit to FDA on May 30, 2011, as well as, a regulatory submission for GD743 and GS784 to 
Health Canada and the Canadian Food Inspection Agency (CFIA) on December 7, 2011 (p.16, 
OSF 2012). Based on the nutritional composition data and lack of toxicity and allergenicity of 
nptII gene products, APHIS concludes that consumption of GD743 and GS784 plant or plant 
products by mammals and other nontarget organisms is unlikely to cause any adverse impact on 
their survival and reproduction. 
 
 
F. Potential for Enhanced Weediness of GD743 and GS784 ArcticTM Apple  

Apple is a highly domesticated fruit tree species, and cultivated varieties of apple in the U.S. are 
not listed as weeds (Muenscher, 1980) or as Federal noxious weeds (7 CFR part 360; USDA 
NRCS, 2010).  Baker (1974) described a set of ideal characteristics of weeds. Apple, although 
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not classified as a weed, does possess a few of the characteristics described by Baker (1974) and 
Hancock and Hokanson (2001) such as high seed output, seed production in many habitats, and 
short and distant seed dispersal.  Reichard and Hamilton (1997) developed a model specifically 
directed toward addressing the invasiveness of trees. Many of the characteristics considered in 
this assessment overlap with those suggested by Baker (1974) and Hancock and Hokanson 
(2001). However, additional characteristics such as native range, invades elsewhere, polyploidy, 
fruiting season, length of fruiting period, seed size, and leaf  longevity were considered in 
Reichard and Hamilton’s tree model.  Hancock et al. (2003) describe apple as having compatible 
wild relatives, an intermediate number of weediness traits and capable of escaping and persisting 
in the environment.  In the context of the genetically engineered trait introduced, non-browning, 
GD743 and GS784 are not likely to become weedier than their non-GE counterparts GD and GS.  
 
Phenotypic and agronomic characteristics of GD743 and GS784 were evaluated in a comparative 
manner to their respective controls (GD and GS) for both the New York (NY) and Washington 
(WA) State field trials over a period of two years (OSF, 2012, Tables 24 and 25, Figure 9, p.65-
66).  These assessments included tree height (NY only), trunk cross sectional area, flower 
clusters (NY only), and fruit number at harvest. Based upon the data collected for the New York 
and Washington State field trials over a period of two years, OSF (2012) has indicated that 
GD743 and GS784 are phenotypically and agronomically similar to GD and GS.  Together with 
the disease and pest resistance data described in the ‘Potential Impacts of Genetic Modifications 
on Disease and Pest Susceptibilities’ section of this document these findings support the 
conclusion that GD743 and GS784 are no more likely to be a weed compared to conventional 
apple.  
 
 
G. Potential Impacts on the Weediness of Any Other Plants with which 

GD743 and GS784 ArcticTM Apple Can Interbreed   

Gene flow from crops to wild relatives is thought to have the potential to enhance the weediness 
of wild relatives, as observed in rice, sorghum, sunflower and a few other crops (Ellstrand et al., 
1999).   Malus sieversii is considered to be the wild progenitor of the cultivated apple (Richards 
et al., 2009).   Apple (Malus x domestica), as we know it today, is a predominantly outcrossing 
species and is likely the result of countless interspecific crosses.  There are over 25 apple species 
and several Malus crab apple species in the U.S.; however, only crab apples are native to this 
country (USDA NRCS, 2012).  Crab apples native to the U.S. include Malus angustifolia 
(southern crab apple), Malus coronaria (sweet crab apple), Malus fusca (Oregon crab apple), and 
Malus ioensis (prairie crab apple) (Little, 1979).  Both native crab apple species and cultivated 
apples may vary in their chromosome numbers (polyploidy) (Luby, 2003). 
 
Apple trees undergo a juvenile phase; a phase in which the trees do not produce flowers. The 
juvenile phase of apple can range from three to ten years and is dependent on the cultivar and 
cultural practices (Janick et al., 1996).  Mature apple trees produce an abundance of flowers of 
which only approximately seven percent of the flowers are necessary for commercial apple 
production.  In order to produce quality fruit of sufficient size, apple growers typically thin apple 
blossoms through chemical or mechanical means (Hehnen et al., 2012).   In general, apples 
produce ten seeds per fruit; however, some cultivars are capable of producing more (Janick et al., 
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1996).  Apple seeds can be produced through hybridization or asexual seed reproduction 
(apomixis) (Kron and Husband, 2009).  Additionally, apple seeds require stratification (cold 
storage for a minimum length of time, usually 6-14 weeks) for germination to occur (Janick et 
al., 1996). Apple is a predominantly out-crossing species and is dependent upon insects for 
pollination. Apples are primarily pollinated by honeybees, but other insect pollinators including 
bumblebees and Osmia bees, as well as some other wild bee species, contribute to apple 
pollination (Park et al. 2012).  There is potential for GD743 and GS784 to naturally outcross or 
hybridize with other cultivated apple varieties or native crab apples or crab apple cultivars with 
which they have overlapping flowering times (Fitzgerald, 2005; Wilson, 2009).  Interspecific 
hybrids of M. domestica x M. coronaria (M. x platycarpa) have been documented in Eastern 
North America (Luby, 2003; Kron and Husband, 2009).  However, GE pollen from GD743 or 
GS784 that pollinates other apple varieties will only move the transgene into the seed of the non-
GE apple variety as the apple fruit is comprised of maternal tissue only and therefore would not 
contain the transgene. Furthermore only a portion of the seeds produced by an apple pollinated 
with GE pollen would carry the transgene.  Apples are not true to seed and are typically 
produced through the vegetative propagation of shoots and grafting onto rootstock.  Gene flow 
and introgression between GD743 and GS784 and apples in a natural environment is possible 
albeit dependent upon complex genetic and ecological interactions (Kron and Husband, 2009).   
 
As noted in the previous section, ‘Potential of GD743 and GS784 to be a Weed’, the GD743 and 
GS784 do not exhibit characteristics that would cause them to be more weedy than GD or GS.  
GD 743 and GS784 were also observed to be no more resistant to pest and diseases of apple 
compared to GD and GS under highly managed orchard conditions (with the possible exception 
of the relatively minor pest, Tentiform Leaf Miner, for GD784). Therefore, the introduced gene 
cassettes (PGAS and nptII) are not likely to increase weediness or fitness in wild relatives of 
apple.   Therefore, APHIS has determined that any adverse consequences of gene flow from 
GD743 and GS784 to wild or weedy species of apple in the U.S. are unlikely. 
 
 
H. Potential Changes to Agriculture or Cultivation Practices 

APHIS considered whether there are likely to be significant changes to agricultural practices 
associated with cultivation of GD743 and GS784 apple, and if so are they likely to significantly 
exacerbate plant diseases or pests, especially those for which APHIS has a control program.  
Non-browning apple is the first GE crop that employs RNA silencing of PPO.   No changes in 
cultivation or management practices such as propagation, planting times, irrigation, or pesticide 
use are anticipated with the introduction of non-browning GD743 and GS784 apple, which is 
comparable to other currently available ‘Golden Delicious’ and ‘Granny Smith’ apple varieties in 
agronomic, ecological, and most compositional characteristics as mentioned earlier in this 
document.  The slight differences in pest susceptibility (OSF 2012, Table 27, p. 80) would not be 
sufficient enough to warrant a change in pest management practices. According to OSF, GD743 
and GS784 apples are initially intended for the fresh cut apple slice market and eventually the 
fresh apple market, providing an alternative to the currently available ‘Golden Delicious’ and 
‘Granny Smith’ apple varieties.  Because GD743 and GS784 apples have similar agronomic 
characteristics to GD and GS, no change in general cultivation practices are anticipated.   
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I. Potential Impacts from Transfer of Genetic Information to Organisms 
with which GD743 and GS784 Arctic™ Apple Cannot Interbreed   

Since 1940, horizontal gene transfer (HGT) between unrelated organisms has been one of the 
most intensively studied fields, and has gained extra attention with the environmental release of 
transgenic plants (Dröge et al., 1998).  HGT has been implicated as a major contributor to the 
spread of antibiotic resistance amongst pathogenic bacteria and the emergence of increased 
virulence in bacteria, eukaryotes, and viruses; and has contributed to major transitions in 
evolution.  Gene exchange has been documented between unrelated organisms for nearly all 
types of genes (Gogarten et al. 2002).  For example, Yoshida et al. (2010), through a 
comparative genomics analysis, implicated HGT for the presence of a similar genetic sequence 
between the parasitic plant purple witchweed (Striga hermonthica) and sorghum (Sorghum 
bicolor).   
 
APHIS examined the potential for the new genetic material inserted into GD743 and GS784 to 
be horizontally transferred to other organisms without sexual reproduction and whether such an 
event could lead directly or indirectly to disease, damage, injury or harm to plants.  The GD743 
and GS784 contain two noncoding sequences and one coding sequence from bacteria.  
Horizontal gene transfer and expression of DNA from a plant species to other bacterial species is 
unlikely to occur based on the following observations.  Although there are many opportunities 
for plants to directly interact with fungi, bacteria, and parasitic plants (e.g. as commensals, 
symbionts, parasites, pathogens, decomposers, or in the guts of herbivores), so far there are no 
reports of significant horizontal gene transfer between sexually incompatible or evolutionarily 
distant organisms (Keese, 2008).  Accumulated evidence show that there are universal gene-
transfer barriers, regardless of whether transfer occurs among closely or distantly related 
organisms (Koonin et al., 2001; Wood et al., 2001; Kaneko et al., 2002; Brown, 2003; Sorek et 
al., 2007).  Many genomes (or parts thereof) have been sequenced from bacteria that are closely 
associated with plants including Agrobacterium and Rhizobium (Kaneko et al., 2002; Wood et 
al., 2001).  There is no evidence that these organisms contain genes derived from plants.  In 
cases where review of sequence data implied that horizontal gene transfer occurred, these events 
are inferred to occur on an evolutionary time scale on the order of millions of years (Koonin et 
al., 2001; Brown, 2003), which is also the case with the recent report about of HGT between 
purple witchweed and sorghum.  According to Yoshida et al. (2010), the incorporation of a 
specific genetic sequence occurred between purple witchweed and sorghum prior to the 
speciation of purple witchweed (S. hermonthica), a parasitic plant of monocots, and cowpea 
witchweed (S. gesnerioides), a parasitic plant of dicots.  In other words, HGT is an extremely 
rare event, with the majority of these events occurring over millions of years.  
 
FDA has evaluated HGT related to the use of antibiotic resistance marker genes, and concluded 
that the likelihood of transfer of antibiotic resistance genes from plant genomes to 
microorganisms in the gastrointestinal tract of humans or animals, or in the environment, is 
remote (FDA, 1998).   
 
APHIS also considered whether horizontal transfer of genetic material inserted into GD743 and 
GS784 to plant viruses was likely to occur and would lead to the creation or selection of a more 
virulent plant pathogen through recombination with other plant viruses. This issue has been 
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considered before by other science review panels and government regulatory bodies (Keese 
2008). The only virus sequences contained within GD748 and GS784 are the duplicated-
enhancer 35S cauliflower mosaic virus promoter with the untranslated translational leader 
sequence from alfalfa mosaic virus RNA4. Regulatory elements such as promoters and 
terminators have not been implicated in viral recombination.  
 
Therefore APHIS concludes that HGT is unlikely to occur from GD743 and GS784 to 
microorganisms, viruses or parasitic plants, and thus no significant plant pest risk is expected 
from HGT. 
 
 
J. Conclusion 

APHIS has reviewed the information submitted by the petitioner and conducted a plant pest risk 
assessment on GD743 and GS784 ArcticTM  apples compared to the unmodified apple varieties 
from which they were derived.  Due to the lack of plant pest risk from the transformation process 
and inserted genetic material; the lack of plant pest risk from the expression of the NPTII protein 
and suppression of  endogenous PPOs, and the resulting effects on metabolites and composition;  
the lack of observed atypical responses to disease or plant pests in the field; the lack of increased 
weediness characteristics of GD743 and GS784 ArcticTM apples; the lack of changes in 
agricultural practices that could impact plant pests and diseases; the lack of deleterious effects on 
non-targets or beneficial organisms in the agro-ecosystem; and the unlikely potential for 
horizontal gene transfer to occur and result in a plant pest risk; APHIS concludes that GD743 
and GS784 ArcticTM apples are unlikely to pose a plant pest risk.  
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