
NEW YORK FRUIT QUARTERLY .  VOLUME 23  .  NUMBER 2  .  SUMMER 2015 21

Arctic Apples: A Look Back and Forward
Kenong Xu 
Horticulture	Section,	School	of	Integrative	Plant	Science
NYSAES,	Geneva,	NY

 “The US and Canadian Governments 
have approved the deregulation status 
for Arctic Apples after their extensive 
review and assessment, which concluded 
Artic Apples as safe and nutritious as 
conventional apples. The acquisition of 
Okanagan specialty Fruits by Intrexon 
Corporation suggests they believe Arctic 
Apples are likely to be profitable.  This 
article describes what the potential 
opportunities and risks of Arctic Apples 
are should you decide to grow them.”

Arctic Apples are a brand name for a group of non-brown-
ing apples (Figure 1) that are developed through genetic 
engineering by Mr. Neal Carter and his company Okan-

agan Specialty 
Fruits (OSF) in 
British Columbia, 
Canada. In sim-
ple term, Arctic 
Apples are GMO 
apples that do not 
turn brown when 
sliced. Between 
Fe b r u a r y  a n d 
March 2015, Arc-
tic Apples (Arctic 
Golden Delicious 
and Arctic Gran-
ny Smith) were 
officially deregu-
lated by both the 

US and Canadian Governments (URLs 1-3). This means that Arc-
tic Golden Delicious and Arctic Granny Smith can immediately be 
grown and marketed in the US and Canada. Although the fruit of 
Arctic Apples may not be available on the market until 2017, the 
implications of the government approval for Arctic Apples could 
potentially be broad and lasting in future apple production. As 
apple growers, you may wonder if and how Arctic Apples would 
impact the production plan in coming years in your orchard. In 
this article I would like to briefly review how Arctic Apples were 
developed, how OSF’s petition for deregulation of Arctic Apples 
were assessed and approved by the US Government despite op-
position, and what the potential opportunities and risks of Arctic 
Apples are should you decide to grow them.

How Were Arctic Apples Developed?
 Background: Apple fruit usually brown shortly after bitten, 
bruised, or sliced. In biochemistry of plant, apple browning is an 
enzymatic reaction that turns phenols into quinones (Figure 2A), 
which are poised to become polymer compounds of pigment, 
the causal agent of fruit browning. The key enzymes that control 
the reaction are polyphenol oxidases (PPOs). The browning phe-
nomenon often appears unappetizing of consumers, especially 
young kids. It has been considered that browning is primarily 
responsible for the unnecessary waste of apples. Apple browning 
also causes inconvenience for fast food services serving sliced 
apples. For example, to slow down browning, McDonald’s has 
been coating apple slices with calcium ascorbate in its meals de-
spite somewhat affecting flavor. Due to the increasing importance 
of sliced fruit in the fresh apple market, browning is regarded as 
a major drag for more consumption of apples in more places. 
Clearly, there is a need for low- or non-browning apples in places 

where fresh apples are served and/or consumed. It is this need 
that prompted Mr. Neal Carter and OSF to develop Arctic Apples.

 Approach: To develop non-browning apples, OSF took 
a straightfor-
ward approach 
t o  p r o h i b i t 
the enzymatic 
browning reac-
tion by lowering 
the activity of 
PPOs. A ma-
ture and proven 
method in plant 
biotechnology 
that allows ef-
f i c i e n t  a n d 
specif ic gene 
suppression is 
RNA interfer-
i n g  ( R N A i ) . 
RNAi can de-
grade mRNA 
expressed from 
targeted genes, 
m a k i n g  t h e 
mRNA less or 
unavailable for 
enzyme protein 
translation, thus 
indirectly low-
ering the en-
zyme activity. 
Several tech-
n i q u e s  h a v e 
been developed 
for  pract ica l 
a p p l i c a t i o n 
of RNAi. The 
RNAi technique 
that OSF em-

Figure	  1.	  Comparison	  of	  Arc/c	  Apples	  with	  their	  non-‐GMO	  counterparts.	  The	  photo	  shows	  two	  fruit	  a;er	  
sliced:	  the	  le;	  is	  a	  regular	  Granny	  Smith;	  the	  right	  is	  Arc/c	  Granny	  Smith,	  which	  is	  developed	  by	  
Okanagan	  Specialty	  Fruits	  (OSF)	  using	  gene/c	  engineering.	  Note	  that	  although	  the	  regular	  Granny	  Smith	  
turned	  brown,	  the	  Arc/c	  Granny	  Smith	  remained	  non-‐browning.	  Photo	  courtesy	  to	  OSF	  

Figure	2.	A	simplified	process	illustrating	how	OSF	
developed	 	 non-browning	 Arctic	 Apples	
using	 genetic	 engineering.	 (A)	 The	 bio-
chemical	reaction	of	apple	browning.	The	
reaction	 converts	 colorless	 phenols	 into	
pigmented	 quinones	 (in	 polymer	 com-
pound).	The	key	enzyme	that	controls	the	
reaction	 is	 polyphenol	 oxidases	 (PPOs).	
(B)	A	diagram	showing	the	genetic	trans-
formation	 construct	 (GEN-03)	 used	 by	
OSF.	The	DNA	inserted	into	the	apple	ge-
nome	is	the	segment	from	LB	through	RB	
indicated	 by	 the	 red	 dotted	 line.	 Within	
the	DNA	segment	are	the	selectable	mark-
er	gene	nptII	and	the	transgene	PGAS	that	
can	 suppress	 the	 apple	 PPO	 encoding	
genes	in	the	fruit	cells.	Note	that	the	trans-
gene	PGAS	is	derived	from	apple	DNA.	
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non-‐browning	  Arc/c	  Apples	  using	  gene/c	  engineering.	  (A)	  The	  
biochemical	  reac/on	  of	  apple	  browning.	  The	  reac/on	  converts	  
colorless	  phenols	  into	  pigmented	  quinones	  (in	  polymer	  
compound).	  The	  key	  enzyme	  that	  controls	  the	  reac/on	  is	  
polyphenol	  oxidases	  (PPOs).	  (B)	  A	  diagram	  showing	  the	  gene/c	  
transforma/on	  construct	  (GEN-‐03)	  used	  by	  OSF.	  The	  DNA	  
inserted	  into	  the	  apple	  genome	  is	  the	  segment	  from	  LB	  through	  
RB	  indicated	  by	  the	  red	  doVed	  line.	  Within	  the	  DNA	  segment	  
are	  the	  selectable	  marker	  gene	  nptII	  and	  the	  transgene	  PGAS	  
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Figure	1.	Comparison	of	Arctic	Apples	with	their	non-GMO	counterparts.	
The	photo	shows	two	fruit	after	sliced:	the	left	is	a	regular	Granny	
Smith;	 the	 right	 is	 Arctic	 Granny	 Smith,	 which	 is	 developed	 by	
Okanagan	Specialty	Fruits	(OSF)	using	genetic	engineering.	Note	
that	although	the	regular	Granny	Smith	turned	brown,	the	Arctic	
Granny	Smith	remained	non-browning.	Photo	courtesy	to	OSF.
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ployed for developing Arctic Apples is called co-suppression. 
Co-suppression involves transferring a transgene of sequence 
derived from target genes. Over-expressing the transgene will 
in turn lead to degradation of mRNA expressed from both the 
transgene and the target gene(s). 
 In the apple genome, there are four distinct groups of PPO’s 
encoding genes of at least ten members (Carter 2012). The rep-
resentatives of the four groups of genes are PPO2, GPO3, APO5 
and pSR7, or simply PGAS. To suppress the expression of these 
PPO genes, OSF created a transgene comprising four sequences 
derived from PGAS (Figure 2B). Therefore, the transgene PGAS 
is essentially a hybrid gene from apple DNA and cannot be trans-
lated into a protein. However, over-expression of the transgene 
would in turn degrade the mRNA from both the transgene and 
the four representative PPO genes and others they represent, 
resulting in non-browning. 
 In the process of genetic transformation of the transgene 
PGAS into the apple genome, a marker gene called nptII of 
resistance to antibiotic kanamycin was also transferred for the 
convenience of positive selection. However, kanamycin has 
little use in medicine nowadays, and gene nptII exists in many 
soil-borne bacteria and is commonly used in other GMO crops 
showing no evidence of harm to human consumption as well as 
the environment. More importantly, protein NPTII, the products 
of gene nptII were not detectable in mature fruit of Arctic Apples 
(Carter 2012). 
 Testing in fruit quality, resistance to major diseases and 
insect pests, and other horticultural traits showed that there 

Table	1.		Overview	of	USDA-APHIS’	approval	process	for	Arctic	Apples

Date Action Accessible	URLs

June 2010
OSF submitted petition “Petition for determination of nonregulated 
status: Arctic Apple (Malus x domestica) Events GD743 and GS784” to 
APHIS (#10-161-01p)1

NA

February 23, 
2012 Deemed the Petition complete http://www.aphis.usda.gov/brs/aphisdocs/10_16101p.pdf

July 13, 2012 Notified the petition availability and opened a 60-day period (ended on 
September 11, 2012) for public comments http://www.aphis.usda.gov/brs/fedregister/BRS_20120713h.pdf

August 2013 Completed Draft Plant Pest Risk Assessment (PPRA) on Arctic Apples http://www.aphis.usda.gov/brs/aphisdocs/10_16101p_dpra.pdf

August 2013 Completed Draft Environmental Assessment (EA) on Arctic Apples http://www.aphis.usda.gov/brs/aphisdocs/10_16101p_dea.pdf

November 8, 
2013

Notified the availability of the Draft Plant Pest Risk Assessment and Draft 
Environmental Assessment and opened a 30-day period (ended on 
December 9, 2013) for public comments

http://www.aphis.usda.gov/brs/fedregister/BRS_20131108.pdf

December 
31, 2013

Opened another 30-day period (ending on January 30, 2014) for public 
comments on the Draft Plant Pest Risk Assessment and Draft Environ-
mental Assessment

http://www.aphis.usda.gov/brs/fedregister/BRS_20131231.pdf

May 2014 Completed Final Environmental Assessment on Arctic Apples http://www.aphis.usda.gov/brs/aphisdocs/10_16101p_fea.pdf

May 2014 Completed Final Plant Pest Risk Assessment on Arctic Apples http://www.aphis.usda.gov/brs/aphisdocs/10_16101p_fpra.pdf

May 28, 2014 Completed document Finding of No Significant Impact (FONSI) and 
Response to Comments http://www.aphis.usda.gov/brs/aphisdocs/10_16101p_fonsi.pdf

May 29, 2014 Completed document Determination of the Nonregulated Status for 
Arctic Apples http://www.aphis.usda.gov/brs/aphisdocs/10_16101p_det.pdf

February 13, 
2015

Made a Stakeholder Announcement of APHIS’ decision to deregulate 
Arctic Apples

http://www.aphis.usda.gov/stakeholders/downloads/2015/
SA_arctic_apples.pdf (also URL1)

February 18, 
2015 Published APHIS’ Decision to deregulate Arctic Apples http://www.aphis.usda.gov/brs/fedregister/BRS_20150218.pdf

February 
2015

Published a document of Questions & Answers regarding deregulation 
of Arctic Apples

http://www.aphis.usda.gov/publications/biotechnology/2015/
faq_arctic_apples.pdf

1GD743: Arctic Golden Delicious; GS784: Arctic Granny Smith.

were no significant difference between Arctic Apples and their 
non-GMO counterparts (Carter 2012). For more information 
about Arctic Apples, please refer to one of my previous articles 
published with New York Fruit Quarterly (Xu 2013).
 In brief, non-browning Arctic Apples differ from their non-
GMO counterparts by two genes, the transgene PGAS and the 
selectable marker gene nptII. The transgene PGAS is a hybrid 
gene derived from apple DNA and does not produce a protein. 
The selectable marker gene nptII produces non-detectable pro-
tein in mature fruit of Arctic Apples. 

How Were Arctic Apples Assessed and Approved by the 
US Government Despite Opposition?
 Three federal agencies have the legal authorities to regulate 
GMO crops: USDA Animal and Plant Health Inspection Service 
(APHIS), the Food and Drug Administration (FDA), and the 
Environmental Protection Agency (EPA). In this particular case, 
APHIS is the primary reviewing agency although FDA also con-
ducted a review. But EPA has no review authority as Arctic Apples 
do not show any properties of pesticides, nor cause a change in 
use of registered herbicides. Below is a brief description about 
how APHIS assessed OSF’s petition for Arctic Apples:
 Overall, APHIS took at least three years to approve the 
deregulated status for Arctic Apples. The timeline for its major 
steps and actions is listed in Table 1. It shows that OSF submitted 
its petition to APHIS for deregulation of Arctic Apples in June 
2010. But the petition was deemed complete by APHIS as late 
as in February 2012. This suggested that OSF was likely asked 
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for more data or clarification for the petition after initial sub-
mission. In July 2012, APHIS made the petition available online 
and opened a 60-day period (ended on September 11, 2012) for 
public comments while assessing the petition. During this com-
ment period, APHIS received a total of 72,745 comments. Major 
concerns that were raised by these comments include marketing 
and economic impacts; cross-pollination; and health, nutrition, 
and food safety. 
 Based on its assessment of the petition and the public com-
ments received, APHIS drafted two documents in August 2013: 
1) draft environmental assessment (EA) and 2) draft plant pest 
risk assessment (PPRA). On November 8, 2013, these two docu-
ments were made available online for public comments, which 
were announced through the Federal Register by the agency 
(Table 1). The comment period initially lasted for 30 days (end-
ing on December 9, 2013) and then reopened on December 31, 
2013 for another 30 days ending on January 30, 2014. However, 
comments received from December 10, 2013 through December 
31, 2013 were also considered. In sum, APHIS received 105,971 
comments on the two draft assessments (EA and PPRA) during 
this comment period from November 8, 2013 through January 
30, 2014. The majority of the comments voiced general distrust 
on GMOs, opposing any APHIS’ approval of GMOs. Issues and 
concerns raised by these comments were similar to those raised 
during the comment period from July 13, 2012 through Septem-
ber 11, 2012.
 In May 2014, APHIS revised the draft EA and PPRA and 
made them final (Table 1). The final EA, an 83-page document, 
detailed how APHIS considered opposing views and reviewed 
all data submitted by both proponents and opponents of Arctic 
Apples. The final PPRA, a 23-page document, explained how 
APHIS reviewed the information regarding the plant pest risk of 
Arctic Apples provided by OSF and others. The final EA and PPRA 
are the two key documents for APHIS to reach its conclusion of 
finding of no significant impact (FONSI) of Arctic Apples in its 
decision document entitled National Environmental Policy Act 
Decision and Finding of No Significant Impact (Table 1). In the 
decision document, APHIS also responded in detail to the public 
comments, which were generalized under 21 issues.
 The announcement of APHIS’ decision to approve the de-
regulated status for Arctic Apple was first made through a letter 
to Stakeholder on 13 February 2015, and then by a formal notice 
published with the Federal Register on 18 February 2015. APHIS 
also prepared a document to address frequently asked questions 
about Arctic Apples as well as its approval process (Table 1). 
 On March 20, 2015, about a month after APHIS announced its 
decision in favor of deregulation of Arctic Apples, FDA also con-
cluded its review of OSF’s petition and stated that Arctic Apples 
are as safe and nutritious as conventional apples (URL2). On the 
same date, Health Canada and the Canadian Food Inspection 
Agency (CFIA) representing the Government of Canada similarly 
determined that the Arctic Apples are as safe for humans, live-
stock and the environment as conventional apples (URL3). These 
concurrent announcements suggested that the reviews of Arctic 
Apples by the US and Canadian Governments were conducted 
independently as well as in coordination.

What are the potential opportunities and risks of Arctic 
Apples should you grow them?
 APHIS approval of Arctic Apples was reported widely by 

numerous websites and by main stream media such as CNN and 
New York Times. The approval also fueled the already heated 
debate on the food safety and environmental impact of GMOs. 
For example, Katherine Paul, associate director of the Organic 
Consumers Association, quickly ran an article “USDA Approves 
‘Untested, Inherently Risky’ GMO Apple” on 14 February 2015 
to denounce the APHIS’s approval (URL4). On an episode “Dr. 
Oz Explains Genetically Modified Apples” of Dr. Oz’s show aired 
on 10 March 2015 (URL5), Mr. Neal Carter was questioned and 
criticized for his effort to develop Arctic Apples. This episode 
attracted a heavy critique for Dr. Oz’s attack on GMOs in a 
Slate Magazine article “Low-Hanging Fruit: Dr. Oz sows seeds of 
mistrust on genetic engineering” on 10 April 2015 (URL6). The 
authors of this article are Henry Miller (a physician and a fellow 
at Stanford University’s Hoover Institution who served as the 
founding director of the Office of Biotechnology at the Food and 
Drug Administration) and Kavin Senapathy (a science advocate 
from a genomics company in Wisconsin that doesn’t develop GE 
foods). 
 The apple industry remains opposed to Arctic Apples due 
to concerns of a possible market backlash, a risk caused by the 
anti-GMO movement. However, its stance against Arctic Apples 
appeared to be softening. For example, the US Apple Associa-
tion (URL7), which supports “consumer choice in the apples and 
apple products they select”, indicates that USApple trusts “the 
marketplace will tell if there is a demand for Arctic Apples.” The 
most important development related to Arctic Apples is that OSF 
has now been acquired by Intrexon Corporation, an American 
synthetic biology company for $41 million (URL8). This occurred 
only one week after the APHIS’ announcement of deregulation 
of Arctic Apples, suggesting Intrexon is convinced that Arctic 
Apples will be profitable.
 The information Intrexon used to justify its move to takeover 
OSF is unknown. But it is clear that Arctic Apples are directly 
geared for the convenience of consumption and for the reduction 
of waste in food service, making them way different from many 
other GMO crops, such as GMO corn and soybeans that are 
mostly intended to benefit production. Since the non-browning 
trait is genetically engineered to appeal to consumers, OSF has 
no intention to hide the GMO identity of Arctic Apples. They will 
be clearly labeled as Arctic Apples to allow consumers’ ability to 
select. Based on its own marketing survey, OSF is confident in 
that many consumers will consciously buy Arctic Apples for the 
non-browning characteristic. A notable fact is that Arctic Apples 
were approved by FDA alongside Simplot Innate Potato (URL9), 
which was genetically modified using potato genes to also benefit 
consumers (by reducing black spots when peeled and by lowering 
levels of acrylamide, a potential carcinogen when fried deeply). 
The FDA’s simultaneous approval of two different GMO food 
crops attempting to directly benefit consumers strongly hints a 
new trend of upcoming new biotech food crops. 
 The primary market targeted by Arctic Apples in the initial 
phase is the fresh-cut apple slice services. In an interview with 
NPR conducted in January 2014 (URL10), Mr. Neal Carter said 
“right now, to make fresh-cut apple slices and put them in the 
bag, 35 or 40 percent of the cost is the antioxidant treatment. 
So you could make a fresh-cut apple slice 30 percent cheaper (if 
using Arctic Apples).” OSF sees “Arctic Apples replacing regular 
apples at the retail level” and expects a return of $120 million in 
10 years after commercialization in its petition to APHIS (Table 
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URL3: http://www.hc-sc.gc.ca/fn-an/gmf-agm/appro/arcappsci-
eng.php

URL4: https://www.organicconsumers.org/blog/usda-approves-
%E2%80%98untested-inherently-risky%E2%80%99-gmo-
apple

URL5: http://www.doctoroz.com/episode/non-browning-gmo-
apple-it-safe

URL6: http://www.slate.com/articles/technology/future_
tense/2015/04/arctic_apple_safety_dr_oz_sows_seeds_of_
mistrust_on_gmos.html

URL7: http://usapple.org/index.php?option=com_content&vie
w=article&id=172&itemid=268

URL8: http://www.reuters.com/article/2015/02/27/intrexon-
acquires-idUSnPn9VW7BR+9b+PRN20150227URL9: 
http://www.simplotplantsciences.com/

URL10: http://www.npr.org/blogs/thesalt/2014/01/08/2607 
82518/this-gmo-apple-wont-brown-will-that-sour-the-
fruits-image

URL11: http://www.capitalpress.com/Orchards/20150213/usda-
approves-gm-apples-developed-in-canada

URL12: http://www.freshfruitportal.com/2015/04/06/arctic-ap-
ple-developer-eyes-all-north-american-market-segments/

Xu K (2013) An overview of Arctic Apples: basic facts and char-
acteristics. New York Fruit Quarterly 21:8-10
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1). OSF’s move to production appears to be on its full swing. 
Based on what Mr. Carter said in a recent report from Capital 
Press, about 20,000 Arctic apple trees will be planted in spring 
2015 and more trees are to be budded for 2016 delivery and 
for commercial availability in the spring of 2017 (URL11). In 
addition, OSF has eyed the market of Arctic Apples in Mexico 
(URL12). 
 In summary, non-browning Arctic Apples were developed by 
OSF using genetic engineering. Compared with their non-GMO 
counterparts, Arctic Apples have two more genes. The first is 
the transgene PGAS derived from apple DNA responsible for 
non-browning. The second is the selectable marker gene ntpII 
producing non-detectable protein in mature fruit. The US and 
Canadian Governments have approved the deregulation status 
for Arctic Apples after their extensive review and assessment, 
which concluded Artic Apples as safe and nutritious as conven-
tional apples. The acquisition of OSF by Intrexon suggests Arctic 
Apples are more likely to be profitable although risks exist on 
the market. 
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