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Abstract

Genetically Modified Crops; A Review

By: Kevin Orpen

Genetically Modified (GM) crops represent both an opportunity and a corgralvesk for

many farmers. Public perceptions have been shaped by a handful of high sixadies which

were circulated by various media groups and activists in the eartyafacommercialization.
While some regions have opted to heavily restrict the production and @& ofops, others

have embraced them openly. As a region heavily invested in agricittumeg Edward Island
regulators, producers, and consumers need to have a solid understanding of bath genet
modification technology and the ramifications of its implementation fowvaaiety of
stakeholders. This paper is intended to provide the historical and evigeotdext necessary to
make informed choices regarding policy development, implementation, arafjimg economic

opportunities.
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Introduction

Genetic modification of living organisms is a hotbed of controversy aroundidid. Rapid
advances in biotechnology and understanding of the genetic code thatupaltefrms of life
has allowed scientists, chemists, and farmers to develop ever more caeqieologies
designed to improve crop and livestock yields, reduce the need twiges antibiotics, and
hormones, and to improve the nutritional value of the food produced. Agriculture, amatfor t
matter, human civilization itself, has progressed in no small part thr@ugsariety of
revolutionary phases which have allowed humans to exploit new food sourcespand éto

new habitats.

The first revolution, coined the Neolithic Revolution, occurred over ten thoysamsl ago when
humans began to domesticate wild plants and animals rather than Bumplsgnd gather them.
This simple act allowed groups of humans to settle in permanent cliile a steady food
supply. Around the world various cultures took local flora and fauna and harnibssed
selectively breeding them for size, hardiness, ease of cultivationgountless other traits. With
greater sources of food available, these groups prospered, forming theuérsivilizations,
exchanging knowledge, crops, livestock, and customs around the world (Alir&mof

Agricultural Developments, 2011).

The western renaissance ushered in the second great revolution, nbeyiogd simple
cultivation to the rapid development of enhanced tools and processes to ingj@lolseand
robustness of crops and livestock. Reduction of labour was the key ddfiaiinguring this
phase, reducing the need for people to manually plant seeds, separatetifibields, and
harvest crops. These developments went hand in hand with the industrial ioavelbich

emphasized factory processes and burgeoning chemical industriedevdlepment of mass

%!



produced chemical fertilizers sparked the next great wave of d@graduéxpansion, drastically
increasing crop yields and opening up the way for the massive farndetreloped during the
20" century. With the expansion of transportation and communications systemsd the
world, farmers at all scales were able to quickly and easily egehseed varieties, cross breed
new strains, and exchange knowledge to improve yields through be#taselisontrol measures,
breeding practices, and better overall nutrition, creating whaty npaople call the Green

Revolution (A Timeline of Agricultural Developments, 2011).

The development of the double-helix model of DNA ushered in massips leamolecular
biology, allowing scientists to study the mechanisms of hereliigctly for the first time. The
implications of biotechnology were massive for agricultural and phautieakindustries. With
advances progressing steadily, it has become possible to t@kefrmen one organism and
incorporate them into another, effectively creating a type of Lammatk@edity rather than
Darwinian in crops and livestock. The implications of such technologiesgh as advances in
the associated fields, often outpace public understanding, acceptaneeloptidn of produst
with a biotechnological origin. The first genetically modified (5kfops were introduced
commercially in 1996 and now represent over 365 million acres of cropland in 2%ie®amid
are cultivated by over 15 million producers (Nayak, Pandey, Ammayappaay&2011; Stuart,

2011).

The implications of genetic modification technology are staggeamd) not without dangers.
Questions of long term safety, human and environmental health, and subtpitytically
accompany the development and deployment of any new geneticaliffjatiaiganism (GMO).
Prince Edward Island (PEI), like most agricultural regions in Canadéharidnited States, lacks

a firm policy on the cultivation of GMOs. It has been argued by stvaePEI should take a



similar approach as Ireland, which announced plans to declare itstiOaReee zone in 2009
(Cowen & Gormley, 2009). Conversely, there are significant benefits in ingo@MO
products, not just from an agricultural standpoint but also in the developmesivahdustries

and economic opportunities. This paper will seek to address the variossogseraised about

the use of GMOs and provide a balanced, unbiased source of information abprdsttzend
cons of genetically modified products and their potential roles ifutig#$.%0$012?-$&87;'()!(7&)$

and aquaculture industries.

@#&)!"$A&+&, &S, #%;+#-$8H+#!,'&))*$9.,,%;#,$%..,-$&-$<B.C#)?$%.. S0} 106 ¥B##!$.%$ 7 )#-$
and regulations regarding uses and labeling. In essence, Health (Geadéically Modified

(GM) Foods and Other Novel Foods, 20#8)7;E#-$&+*$%..,$5&-$<+.C#)?$;%F
1) They are produced from a process not previously used for food
2) They have no history of safe use as a food

3) They have been modified by genetic manipulation (also known asiagiyemodified

foods, GM foods, genetically engineered foods, or biotechnology derived foods)

Canadian regulations pertaining to GMOs are still evolving in responsentumer concerns
and global developments of the technology. These regulations, asswvtletise of several other

major global regions will be explored in the regulatory comparison portion of this paper.

To understand the concerns of consumers and producers regarding the use of GMOs gkbally it
important to review the fundamentals of the technology which has givetorikese products.
Many of the concerns over the technology can be traced back to artissiclerstanding of the

process and complexity involved in creating a GMO.



The first step in creating a GMO is identifying the specifineg®r a desirable trait in a source
organism. This may be the expression of a pest-repellent chemgmleahat allows for greater
frost, salt, or drought tolerance, enhanced nutritional value, more rapid growtldeatifying
an isolating said gene is no easy task when one considers thdtaviesta express between 575
and 5,500 genes, and more complex organisms may express upwards of 100,00Thgemes

& Palladino, 2009). Once a gene is identified, it must be successfalisferred into the

destination organism in such a way that it is expressed in the desired way.

Plant biotechnology has developed significantly in the last 30 yearghanel are several
methods available to incorporate new genetic material into plantfi¢ja2003; Hammond,

McGarvey, & Yusibov, 1999; Srivastava, Gupta, Pati, & Gaur, 2011);
1) Agrobaterium mediated transformation
2) Particle bombardment method
3) Electroportation
4) PEG mediated transformation
5) Silicon carbide fibres

Of these methods, thelgrobaterium mediated transformation and particle bombardment
methods are considered the most common due to their reduced complexity arstidugbs

rates.

Agrobacterium mediated transformation uses a molecularly disarmettribac called
Agrobaterium tumefaciens to infect plant tissues with specific plasmids of geneticenedt

typically containing both a functional gene and marker gene to iedicetctionality and
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metabolic expression. This method produces plant tissues that eXpeedssired gene but
ensuring that the correct tissues express the genes at theéimghand correct levels often
requires several generations of refinement and breeding in the lab tisbs&ability and

consistency of the gene in question. Once stabilized, the transferreid géeetively integrated
into the genome of the plant, creating a functional geneticallyfraddirganism (How to Make
a Genetically Modified Plant, 2003; Srivastava, Gupta, Pati, & Gaur, 20ayakiN Pandey,

Ammayappan, & Ray, 2011) .

2+$1"H$6& 7!, YHSE . OE&T O#+ISOH#!". $I"#HSGB5S$;-$;+-#71#,$C, SRV HE6#) ) # - $ &+ $&S<BH+#S

8(+?$D";"$ER));-!;'&))*$ ;+-#7!1-$ I"#$ 6#))#!-$ " BgBnetic material to specific plant tissues.
These relative ease of use of this technique, combined with higheaeg and gene-copy count
compared to Agrobacterium mediated transformation has made it very popuotarg a
researchers in the last several years and can also be appliethab @alis, reducing the need for
disarmed pathogens to introduce the genetic material. This methadoigreferential over
Agrobacterium mediated transformation as it has been shown that gdyetisgirmed
Agrobacterium cells can persist for several months in transgeamtsplindicating a possible

vector for gene transference (Laudsmann, Graser, Riedel-Preu, & van der Hoven, 1996)

Once a laboratory strain is shown to express the inserted geragcial in a stable, desired
manner the production can be scaled up from the original individualireelthrough asexual

reproduction, backcrossing, or hybridization.

One of the primary fears regarding GMOs involves the transfer of itesged genes into wild
populations through cross fertilization or horizontal gene transfer. In es€eht® and non-
GMO crops could theoretically hybridize, spreading the inserted igematerial into different

populations, including wild populations. While this process has been documetadd (



Topinka, Huffman, Davis, & Good, 2000) and has serious impact on international trade, there are
several proce#s$;+$6)&'#$ #-;8+#,3.$67THCHHIS!";-$-;1(&!;. +H/-#$ . %D -TROH# KKTR S 8#+#-$
by Monsanto (Ali Brac de la Perriere & Seuret, 2000) createstsphaith reduced pollen
viability. Though the pollen may fertilize a non-GMO plant (and wieesa) they are unable to
67.,(‘#$&SC;&E)#S-##, HB/-#$.%$<I1#79;+&!1.7?7$!1#"+.).8*$;-$";8") *Sabveetihg the spread
of GMOs into the wild but is seen by farmers and advocatessaschmonopoly as farmers are
unable to keep seed from one generation to the next and must go teeasurge supplier, i.e.
Monsanto, to acquire seed year after year. For poor and sustenance farmieigh ttast of
annual seed purchase is generally seen as a deterrent and hiasl ieswide-scale black
markets for these GMO products which are more economically desiranienon-GMO crops.
In GMOs lacking terminator technology, the growing seasons maygbiicantly different than
wild counterparts and simple timing, spacing, and reduced interaction sugbeptible
counterparts can be an effective prophylactic measure. Even ieadges escape into the wild,
the acquired trait must convey some type of selective advantage wudegielly natural,
highly competitive conditions. As the genes are generally selemtegecific human needs, it is

rare that they benefit wild varieties of the plant in any meaningful way.

The potential economic opportunity of creating desirable GMO produetstismely alluring

not only for agri-scientists and farmers but for other industries asMaitly GMOs currently in
use express genes which confer resistance to glyphosate he(GER&, 2012), allowing for
more efficient use of herbicides for weed control. Not only does this rékdeaeerall chemical
residue on the plants, but ideally leads to great yields due to cedoogpetition from weeds

and reduced costs in chemical fertilizers, application labor, and fuel Gikex genes increase



resistance to plant viruses, fungal and bacterial pathogens, frost, droughéltac@hditions,
may increase shelf life or delay/accelerate ripening, or dt@ntlae compounds produced by the
plants, such as commercially viable plant oils used in a wide vasfeiydustrial processes
(British Medical Association, 1992; Srivastava, Gupta, Pati, & Gaur, 2011yeAs insertion
and gene stacking technologies improve, more complex changes nsdbdo crops, creating
organisms with enhanced nutritional value, the ability to produce valyddarmaceuticals, or

life-saving vaccines.

Genetic modification technology offers several distinct advantageis conventional breeding,
specifically in terms of the cultivation of desired trait. GM crogdsrafue ecological novelty by
allowing for gene transfer between distinct and widely divergent ghyletic families. Further,
the addition of desirable traits can be done without accumulating pdiemegative or
debilitating trade-offs typically associated with conventional bregdand breeders gain access
to genomic regions that are not Mendelian in nature, providing a much pcbkeof potential

traits that may ultimately be easier to work with (Bartsch, et al., 1996).

Much like pharmaceutical companies, who spend millions on development of blterkibugys,
these agricultural developers are seeking to develop crops whichwidespread appeal and
1*6;'&))*$'.96)#9#+!$#J;-1,+8%$67.,('1B); +#-HP 3. +-&+1.2-$67.,("!;.+3$.%SK.(+BS"#7E;", #$&+,$

RoundUp-Ready herbicide resistant crops is a prime example of this situation.

Additional applications range from bioremediation to the preservation dfrexipecies facing
potential extinction due to disease. Oranges in Florida are under fhweata bacterial
<87##+,+8?7%,,-#&#$D";"$'&+$D;6#$.(1$D".)#$.7"@rown, 2010) and has no known cure
and the global Banana crop, particularly the primarily cultivated g$terile) Cavendish variety

faces a virulent new strain of the pathogen which ended the commerciasthaintbe Gros

Kl



Michel variety in the early 2Dcentury (Koeppel, 2011). While the loss of either of these crop
varieties would be devastating to the produce industry, genetic oaddii may be the way to
save them by providing resistances which have eluded farmers for decadmsweational
breeding. In the case of the American Chestnut tree, which has Bgnbsen wiped out in the
wild by an invasive plant blight, genetic modification may be the waly to save this one-time

cornerstone of eastern American forests (US Forest Service, 2009).

The Questionsand Conerns around @netically Modifed Orgarsms

45"+ #'0&5*67$$"0.()*8,#$0,9"02)*

When genetically modified crops first came into use in 1996 there st#rex great many
unanswered questions about the technology and even less public understandiegwveriee
concerns about the potential health impacts of consuming plants whichssegréhe Bt

(Baillus thuringensis) toxin and questions about environmental impact.

In 1999 several papers were published which brought the GMO controverdyam@in stream
o, &HS$ L"#*$ "&C#$ "&,$ -;8+;%;'&+!$ )&-!;+8% ;96&"'$ .+$ I"#$ 8#-#HHL&)H 6%B =3M?-:$
international policy, and the structure of GMO research. One of the nsdgewf these from a
public perception standpoint was a paper published in Nature by Coeselirchr John E.
Losey regarding the interaction between Monarch butterflies and the pdéesea@ by GMO

maize which expressed the Bt toXlrosey, Raynor, & Carter, 1999)

The paper described a lab study which indicated that Monarch larvak wdrisumed pollen
from Bt maize that had been dusted on milkweed leaves subsequedttihough Losey had

urged caution in the interpretation of his results in subsequent press coederdre media




latched on to the notion of a charismatic species such as the MonateHlI§8 being potentially

wiped out by GM crops.

What ensued was no less than a public relations nightmare for ce@spgaoducing GMOs
(specifically Monsanto, who produced the specific maize crop in questioh) prtests,
boycotts, and calls for embargoes of these crops around the world. i#hgfisccommunity
scrambled to respond but to perform the necessary studies to verifytertref results required

1 OH$&+ $:1$D&+21$(+1;) SNOOPS!"&I$()|:6)H$6&6HT-SDHTHEE (E);-"#,$1.$'.+ 7&, | (BB-#*2-$ 7#-

The main stated drawbacks, acknowledged by Losey, were that thiesamzes were small and
performed in the lab, not iH#$+&!(7&)$#+C;7.+9#+IHS1%%#';,CH)*:$Q.-#*?-3-1(,*$-;96)*$-".D#,$
that Bt toxin, a known insecticide, was toxic to specific by-stander insegespehen expressed

in pollen. Other studies (Wraight, Zangeri, Carroll, & Berenbaum, 2000; Si&I&#ars, 2001,
Trewavas & Leaver, 20015howed that though the result was not unexpected, it was also not
likely to occur in the field. Several key points were brought up demomgfridie weaknesses in

Q.-#*?- methodology including the following:

I The pollen density necessary to negatively affect Monarch larvaeely ever achieved
in the open environment. This was confirmed both in studies of natural envirenament

in the laboratory as well

I The period in which Monarch larvae occur and are feeding on milkweed leasegry
little overlap with the period in which Bt maize is actively shaddpollen, reducing the

exposure time frame

I Milkweed is not a preferred food supply of Monarch larvae and only a portidimeof

larvae is consuming this species in, or near, active maize cultivation




I Other butterfly and moth species showed no evidence of elevatedytaxiartortality in

real-world experiments

These studies, along with several others, showed that laboratamyg festthese effects failed to
take into account the complex interactions of @2a1),$&87;'()!(7&)$ &';C;1*$ &+,$!"&!$ Q.-#*?-$

6&6HTSTHOTH-#+1# PEIQFAXP-H#+&T;.$;+31#79-$.%$#+C; 7. +9#+1&)$; +1#7&';.+H

Interestingly enough, Trewavas & Leaver (2001) also showed thiatomly were general
populations of Monarch butterflies not adversely affected by Bt crops in b89%heir

populations increased by 30% during that time frame, likely due toetheced overall use of
pesticides in GMO maize crops, which represented nearly 50% dfShmaize harvest that

year.

Much like the controversial Monarch paper, the editors of the Lancet pubasbaper by Arpad
Pusztai (Ewen & Pusztai, 1999) which was rapidly adopted and spreadibstr@am media.
R"#7#&-$Q.-#*2-$6&64#7$"&,$-(88#-1# $!"&IS&+.1"#T$-6#" #-S BR(SH#H ;. +&))*$"& 794, SE*S
GMO cultivation, the Pusztai paper, and preceding television intervewgested that GMOs

were directly impacting the health of organisms consuming these foods.

2+30(-S!&;?-$6&6#7:3&$87.(63.%$ 7&!-SD#HT7#$ %o#,$ &S ,;#1$.%$ 6.!&! MR )6, H+EIMO
varieties, and those individuals consuming the GMO varieties showestistdly significant
impacts on their growth, immune response, and effects on the tissihes afigestive systems.
Subsequent interviews with the reviewers raises speculation thaighmaloresearch paper had
been rejected by referee committees due to small size, questiianding the equality of control

and experimental feeds, differences in sample batches of rats, a@clgmethodology. The

%C



paper itself was never published by the results were published thesr sldmitted to the lancet

by Pusztai in 1999.

Q;1#$Q.-#*?-$3.+&7"$7#-()!-:$!"#3BiC took only the basic interpretation of the results; GMOs
were toxic to rats. The Royal Society shot back within weeks RHdwal Society, 1999) to
counter the claims made by Pusztai, pointing out that the quesggasding sample size,
source, controls, equality, and methodology were so significant that thlés read no actual

bearing on the safety of GMO crops.

Among the more direct concerns of genetic modification is the riskrofdunting a gene into an
78&+;-9$1"&!IS 7#-()!-$;+$ "#P 'TH&!;.+$ .%$ +#D$ &))#78#+-$ " 8EF IOUGEH®! "#S$ . +-(9#7-?$
health. Companies developing GMO crops actively test for allerdensg development and

while the public rarely hears about productid!"&!$,.+?!$9&I#$;!$!.$9&71#!:$!"#7#$D&-$&3$";8"$

profile incidence in 1996, during the initial launches of commercial GMO crops.

The sources of novel genes are typically other plants or animals \Wwhigh a beneficial,
typically single-gene trait which may be exploitable in aedéht crop. In 1996 Pioneer Hi-Bred
was a GMO soybean variety being developed utilizing a Brazijené that expressed a seed
coat protein (Nordlee, Taylor, Townsend, Thomas, & Bush, 1996). This proteimt@aded to
add to the nutritional value of animal feed to allow for more rapid growtbwadr cost. This
particular crop was not intended for human consumption and animal tests hadethcho
allergic reaction in the livestock tested. When tested as a halleagen however, there was a
measurable reaction and product development was shelved for this crety.véhe risk of

allergen development and allergen transfer in GMOs is summed up in the following quote:
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1"#$% & B()*++,%-&$,% HH# 0% *++-$1'2(2% 3'++% (-++ 5 OV $-$4"7% 2% (8%
Praeins are wha cause allergic reactions and vitually every gene trarsfer in

crops results in some pratein prodlction. Genetic engineeing will bring préeins

into food crops nat just from known sources of common albrgens, like peanus,

shellfish and dairy but from plarts of all kinds, bacteria and virges, whase

potential alkrgenicity is largely urcommon or urknown Futhermore, there are

no fool-prod ways to determine whether a gien praen will be an alérgen, short
#.%(-2(2%'68#+&'61%2-$)5% .$#5% '6/'&'/)*+2%*++-$1'7% (#% (4-PDlEK Y0 9S#(-'68:

2001)

The Pioneer Hi-Bred case is an interesting example because uddalof Brazil nuts which have

also been documented as hardy allergens, capable of persisting tabolioally active form

through various tissues post-consumption, including reproductive systems (Bdred, C
Nagendran, Warner, & Hayman, 20028+&)$#!$&)?-$%;+,;+8-$-".D#,$!"&!$47&S;)$+(1$ &))#78#+$
6714 +-$ +.15 .+)*S 6H#7-;-1#,$ +$ "H#$ ' +-(9#T?-$ |;-- (#-$ E(1$ DHTHS 6&--# B +EES %.79:$ C:&$
reproductive fluids between sexual partners, triggering an adverse reacti@nrnon-consumer

partner. The persistence of the allergens in Brazil nuts through thstielkgand excretory

systems in humans suggests that some species may be more daagesousces of genetic

materials in terms of potential risk.

Genetic modification technology poses a single fundamental theed@suinost significant risk;
Genetic contamination is utterly irreversible (Ali Brac de la iPar& Seuret, 2000). This
single, simple statement sums up one of the most pervasive fearsgebetitally modified

organisms and their use in modern agriculture. Critics see the pgteniidiended release of
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novel genes into wild varieties of crop species as the initiplistéhe creation of super weeds
capable of outcompeting domestic crops and forcing farmers to use ingr@amsounts of
pesticides and herbicides. The flow of genetic material between \@opties also has
196);'&!;. 45 ;+$"#$ <-1&';+875.%%$+.CH)$!7&;!-$;+$=3M$'7.6-:$ + &L HFE:HBS -6#' #-$D;!"$

multiple GMO characteristics.

Public perception and understanding is again the root cause of concern tathengeneral
consumer population. The ability for GMO plants to hybridize with non-headstrains, related
crops, and wild relatives is neither new nor unexpected (British Medicadchstion, 1992;
Ellstrand, 2003). However, many factors must come together simultdynémugene transfer to
actually occur, and many of these variables can be controlled atagpenanagement level to
prevent incidences of cross contamination. Having accurate informatiardiregy development
cycles, pollination and flowering periods, and overall sexual compatibilitocal wild varieties

can help minimize risks of cross contamination (Dale & Scheffler, 199@xher, proper

rotation of crop varieties and the use of buffer zones, methods which have traditionallydzeen us

to prevent unwanted crosses of crop varieties and reduce crop-spectccpasbe used
effectively to reduce cross breeding with non-GMO species. Evem wross fertilization does
occur, there is no certainty of fertility in the offspring, nor obsity of the novel gene (Dale &

Scheffler, 1996).

1:4-$-% '2% 1-6-$*+% *1$--5-6(% (4*(% 7-6()$'-2% #.% <$--/'610% 7*$$M0 #)(% 3'(
gradually ioreasing undbrstanding hae nat yielded plars capabé of causing
envirormental danage. The fact that even today conventional plan brealing
entails gene trarsfers far more indiscriminate and umatain than the prease

splicing now pesgble through emmbinart DNAtednique does suggestthat such
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SH['TH(#62% *$-% )6+'=-+,% (#% (4$#3% )9% )B69$-/'7(*<+ % 4*>*$/#)2% 9$#/)7(28:

(British Medical Association, 1992)

In 1998, there was a high profile incidence of cross contamination involMih@ Ganola in
Alberta Canada. Volunteers @rassca naps (canola) were identified in a field that were
resistant to several applications of glyphosate based herbicide.€ldhenfiquestion had been
planted with a strain of GMB. napts that was resistant to both glufosinate and imidazolinone
herbicides in 1997 and was adjacent to a field that had been growing glgpressstants.

napts

Subsequent testing of the volunteer samples indicated a mix danesis, with a combination
glufosinate/glyphosate resistance being most common, and others shosviriginations

including resistance to glyphosate and imazethapyr/imidazolinone. @eddirsgs from the 924
screened volunteers also showed stacked resistance to all 3 afoveettierbicides that GM
canola strains were designed to be resistant to. DNA extractidnaaalysis confirmed
suspicions that the multi-resistant volunteers were mature hybsdiimg from pollen transfer

rather than seed movement from nearby fields.

The impact of this type of genetic transfer was significant it tamola, despite being a
cultivated cropjs also recognized as one of the 20 most common weed plants inaAlie¢afs.
Cultivated canola propagates easily and the seeds can persistdridreteveral years, sprouting
even when other crops are being cultivated and requires weed-contegissdhat differ from
conventional weeds (Keeler, Turner, & Bollick, 1996; Squire, Burn, & Crawford, 18@¥X)ng
acquired multiple resistances in a very short time, these particulanteers of B. napts

suggested, in a real world environment, that genes could rapidly dpegadd the field and
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result in weeds possessing resistances to the herbicides designethliat them. Figure 1
provides a detailed view of how GM crops can interact with related ,cvajas relatives, and

other GMOs in a real-world environment.

What is apparent in hindsight in this situation is the way the crops wplemented. Growing

related strains in both close physical and temporal proximity wakisg the deck in favor of

cross contamination. The varieties were closely related and had kigsl sempatibility, had

N.-H#)*STH) &, S<DHH, 2$C&T #:#-$:+$").-#$67.J;9; 1% $&+,$" &, FRBGE ) $! 7&;1-$D;!"$-1&'1;+8%
potential (Stewart Jr., 2004). The fact that a multiple-herbicide aasibybrid occurred is no

surprise considering the guidelines to minimize cross-pollination mentiorgwpsly (Dale &

Scheffler, 1996; Nottingham, 2BF$ 1))-!17&+,:$ NOOTF$ =)#++:3 NOO>F$ 4.UL.C;V:$ 2-&W#C:$ 07;

X#Y#HC,V:$@.WI&:$Z$G.S#H:SNOPO]

Another early GMO scare occurred in 2001, when a paper was published in dNdtuliag the
&66&T7#H+!$ " +1&9;+&!;.+$ .%$ 3#J;". ?#fl Dnaize crop with GMO varieties (Quist & Chapela,
2001). Like with Losey (1999) and Ewen & Pusztai (1999), the media reacted quicklyread s
stories of the imminent downfall of maize via contamination by Gké@Deties. Controversy
followed this article, including a pair of severe critiques in the pagdsature and a highly
(+(-(&)$ <1,;1.77-$ B.1#2$ D";"'$ #--#+1:&))*$ D; ", 7#D$ -(66.7!$ %.7$ "HEETH)(1$ %.79&))*$

retracting it (Kleinman, Kinchy, & Handelsman, 2005).

However, recent research (Pi—eyro-Nelson, et al., 2009) supports the notioithadftGM
9&;SH$"&CHS ;+,##,$-67#&,$ +.$!"#$D;),$ <) &+, 7&'#?$ 9&;S#S C& U #IHAS-FoPBH . $"&-$
banned the use of GMOs since 1998 to protect these traditional vafi2sikksn, 2008) the

implication is significant, suggesting that the genes have spapatly, likely through the use of
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GM seed purchased either unknowingly (unlabeled) or illicitly (blaekket). It should be noted
that one of the key conclusions of Quist (2001) is not examined methgesearch, and remains
an important unanswered question. It still remains to be seen whether tnengenetic
contamination of landrace maize, now a measurable fact, is thé oésiérile hybridization
events or if the transgenes in question have been successfully irdegratethe landrace

varieties and are spreading through those populations.

Some fears regarding the consumption of GMO products revolve around the potential

transmission of the transgenes from one organism to another through coosumpére are
fears that transgenes from feed could cause cancers and othersdiselasestock, and the

humans, if the genes are passed through the various levels of the food chain.

While there is some evidence to suggest that genetic matanapass through the digestive
system (Doerfler, et al., 1996; Zhang, et al., 2012), these lenelwiaiscule, representing less
than 0.1% of non-degraded DNA measurable in various organ systefmms Wwaurs of
consumption. Though this has potential bearing on issues related rigemiltéty it does not

indicate a serious risk of gene transfer via consumption.

Similarly, a recent study (Swiatkiewicz, et al., 2011) speclfic@xamined the use of
glyphosate-resistant and Bt-expressing GMOs in swine feed and fbahdwhile transgene
fragments were found in the stomach and intestinal system, tiagseeints consisted of ondy
few hundred base-pairs at most, not close enough to the 3,500 base-pairglgphlsate-
resistance gene or the 1,800 for Bt to actually express a functionainpr®imilar studies in
bovine and poultry feeding trials have yielded similar results, stromglicating that the

transmission of genes via consumption is an unwarranted fear.
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However, in 2011 a Chinese team of researchers made an unexpected dissgaeling the
persistence and activity of microRNAs in mammalian serum (Zhangl.,e2012). The key
findings from this team indicated that certain plant miRNAs, tylyici9-24 nucleotide non-
coding RNAs, were identified in serum of mammal test subjectscanltl have only been
EI&+#,$5.7&)):$1"7.(8"$ " +-(96!;.+$.%$ I"#$ .7;8;+&!;+8%$ 6)&+!-HS R WS S K21 . #$ %.7$
proteins, and thus are unlikely to trigger any allergic reactions, #eanehers identified a
specific miRNA which bound to a human/mouse LDL receptor protein mRNA, tmghihe
expression of the associated protein in the liver, and reducing thef naeoval of LDL from
the mouse plasma. In short, the plant miRNA had the ability to adfecé regulation and
expression in the host, affecting the!?-$ 6"*-;.).8*H$ L";-$ %;+,;+8% ;-$ +.!I";+8% -".7!$ .%$
remarkable and has huge implications for researchers in a varietglds, fincluding those
focusing on GMOs. At this time, the findings are extremely new butldHmeeuwatched closely
in the coming years to both advance the benefits of GM technologysmtbatentify potential

problems.

L"#$;+-#7!;,.+35.9%5&$%. 7#;8+$8#+#$;+!. $&$6) & +!?-$8#+.9#F;-$&+F; {MILI6:, :HP &S &

carries riskO#?7#3.+)*$E#8; ++;+8%|.$7#'.8+;S#,$&-$6.1#+!,&)$67.E)#9-HSL "#$#9#78;+8%$%;#),$.%0$
epigenetics looks to find the effects caused by gene interactions outside of the genbras, s

the activity of miRNAs described earlier. There is concern that the balliségion of genes

into plant cells may carry unknown gene fragments into the genome with unpredictalige effec
including possible allergenic or long term metabolic effects (Filipecki epkzy, 2006). As

our understanding of epigenetics increases we will have to remain vigilant for si@lgpos

epigenetic effects GM crops may produce.
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Genetic contamination is not the only form of contamination that farhmers had to worry
about. Due to the Intellectual Property issues and patents on GMO crops;sfaaow have to
seed directly with seed supplies obtained from their providers on an drasis| rather than

keeping seed year after year (Brunk & Coward, 2009).

In Canada, these issues have led to a couple of large, precadtng cases regarding

Intellectual Property rights and the uses of GMO seeds.

Monsanto Canada Inc. brought legal action against Saskatchewan canola facjm&cRmeiser

after a Monsanto investigational team found GM crops growing on Schm&is&#+,$D;!".(I$
legal permission. Schmeiser argued that the contamination wasstlieof neighbouring fields
LHE&9;+&!+88",-$'7.6$ &+,$"#$ (), +?IS EHS "#),$ T#-6.+- E)#S %.7$ "&IHS R"#+$ .+ W P.&B#,$ D;
patent violation accusation, Schmeiser refused both an out-of-court settleand non-
disclosue agreement which would have kept the case from the public eye ahdathmarties

went to trial. Monsanto Canada Inc. won at not only the trial level, batadpeal and in the
Supreme Court of Canada in 2004, with the courts agreeing with Monsanfchmeiser had
knowingly '()!;C&'#,$=3M$'&+.)&$D;!".(1$)#8&)$6#79;--;.+$&+,$!"&!$ 3. +-&+!. 2H368. %5 !"&!$
strain of canola made SchmeR&'7.63 !"#;7$ )#8&)$ ;+!#))#'1(&)$ 67.6#7*HS @ .DHCHT:$ -;+'#$ +.$
profits could be directly attributed to the specific transgene activity, Monsasoet entitled to

the profits of the crop.
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Hoffman and Beaudin were organic canola farmers in Quebec who broughadégal against
Monsanto for the loss of access to the European market for organi@ carblthe loss of

opportunity to continue growing organic canola in the face of genetic contamirssi@s.i

Whereas Schmeis&78(#,$!"&!$"#$".(),+?!SE#S$"#),$ 7#-6.€-#8) contamination of his crops
from an outside source, Hoffman and Beaudin argued that Monsanto, and othgerGdi€ing
companies, should be held responsible for the wandering genes in their pwdicbtdiad the
potential to contaminate other crops and block access to certain sndnkbbth cases, the key
&78(9#+!1$%7.95!"#$87.DH7-$ D& PA$9*$%&() 128D )#$ 7#'.8+;S;+8$!"&!I$" +18&9;+&!;.+$".(),$

occur.

The courts again sided with Monsanto, ruling that it was not a civilemgétat Hoffman and
Beaudin were raising and that at question were regulatory ancbemeéntal concerns. Though
Hoffman and Beaudin sought leave to appeal their case before the Supoemef Canada
their requestD&-$ 7#W#'1#,$ .+$ I"#$ 87.(+,-$ "&!$ "#;7$ '&-#3$ ,;,+?!$ -&!;-%itBaitn

requirements.

The results of these two cases are often used by anti-GM@stcto illustrate a perceived bias
in favor of big business by government and regulatory officials. The pogsitfilpopulation
contamination of non-GMO crops becomes very important when looking a traahave
sought to exclude GMO cultivation as there can be tremendous econopeécti Many
observers agreed with Hoffman and Beaudin that there was a tangpiblen@dc loss from the
closing of the European market to Canadian canola due to GMO coniamirtébwever, the
rapid adoption of GMO crops has altered the landscape significantliyaandhe vast majority

of crops grown in the US and Canada are GMO varieties (USA: In 2010, geastically
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modified crops once again, 2010; Fernandez-Cornejo, 2011). Figure 2 illusteatgowth of
several crop varieties in the US since 1996 and more detailed informatiobecfound in

Appendix A.

Similar to gene transfer, the development of resistances inipegis unexpected given enough
time and exposure. The development of GMO crops to combat specifiayilesisvitably lead

to pests that are resistant to certain treatments, meaning gbatateers continually have to be
developing new treatments to keep pests at bay. This however is noke uoi genetically
modified crops and even traditional crops have long been caught betweemshaee between

pests and crops.

After a decade of GMO usage, most indications suggested thstanes to Bt toxin was
progressing slower than expected, suggesting that even the fmstagen varieties would
continue to be effective against a wide variety of insect pektn{3on, 2007). However, more
recent studies are showing that the pests are starting to devestgnes against crops utilizing

Bt toxin. Western Corn Rootworms in four northeastern lowa fields havdogederesistance
traits to the Bt toxin used in several varieties of Monsanto GMen@ilman, Monsanto corn
plant losing bug resistance, 20H%) @.D#C#7:$ I"#$ '&(-#$ "#$ T#-;-1&+'#$ #CH#).69#+!$ D&-+?!$
attributed to the use of Bt directly, but to the repeated growingsytla single variety of GM
maize. This repeated monoculture led quickly to resistance develogmenteventing the
population die-off normally permitted by rotating cro@s$!";-$ D&*:$!"#$=3%$'7.63;!-#)%$ ;-+?!$
necessarily to blame, but poor implementation of the crop can be codsttierenitigating

factor.
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Other researchers have claimed that the use of GM crops has opethedpgpential for pest
replacements to occur. Greenpeace Germany (Then, 2010) commissiomeyl ansit postulated
that the use of GM crops provided other pests an opportunity to expandatige into areas
formerly occupied by competitors, turning them from minor nuisances andniajr pests.
However, in the case of western bean cutworm (Hutchison, Hunt, HeffgySteilcher, & Rice,
2011), researchers countered the findings Greenpeace laid out and sudgetsté was a
broader range of factors, including ecological, climate, and agronomicticosdithat led to
changes in the range of this specific pest. They also countereubtions that the western bean
'(ID.79$D&-$&+$<(+|+.D+2$6#-1$67;.7$1.$=38'();C&!;. +:$&+,$+.1#,$"QEBBFE WL +8#5.%$!";-$
species has changed, itshaeen downgraded as a pest as there have been fewer incidents of
breakouts on a national level. The biggest fault found by Hutchison etsltive lack of

empirical field data provided by Greenpeace Germany to support their claims.

No rew tedinologycomes without risk and GM plas hawe proved to be comparabé to

conventionalcrops in terms of safety. (Stewart Jr., 2004)

The safety of GMOs as a consumer product is one of the key questised by advocates,
critics, and researchers alike. The existing literature surrounding vastadges and heated
opinion pieces on all sides raise valid concerns, both in the short tedongrtédrm implications

of genetically engineering our existing food supply.

The previous section looked at the various high profile cases which foaivgpod or bad,
-"&6#,$9("$.%$!"#$6(E);'$.6;+,.+$7#8&7,;+8$=3M$!#"+.).8*$&+,$!"#$,96); SHBt-"#P<-1&!(-$
\(.7$, #-+21$.%1#+$9&I#$ " #&,); +#-$.7$-D&*$6(E);'$.6;+;.+:SE(1$D"#+$D#S BNB& e have

to consider that in 15 short years, global agriculture has changedcsigtiyfi In the United
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States and Canada, GM crops represent the vast majority of @doeaggveral key consumer
crops (see Figure 2) (USA: In 2010, more genetically modified crops omae, 2910), and

globally, over 75% of the soybean grown is GM in origin (Goyal, 2011).

The statistics regarding GM product consumption are equally surprisingaioy people and,
when considering potential long term questions, may be a little mamedibturbing. As early as
1999, after just 3 years of commercial growing, GM products could be found in 75% of
processed food products on Canadian store shelves, representing nearly 30,088 (ffoddc
Fight, 1999). When we consider that GM crops represented only 20-30 of the, s@bean,

and canola crops at that time, this number is truly staggering. Giaeprbduction now exceeds
80% of domestic production for these crops, it is not unreasonable to spdcatgbeocessed

foods containing GM products represent any product not explicitly labeled GMO-free.

In Canada GMO products are considered by Health Canada to be eguivatenventional
crops a&,$#J;-;+8% 7#8()&!;.+-$,.+?!$'&))$ %.7$ 9&+ Jabétidg of products with ingredients
originating from GM crops, though there is a framework in place sp#rcific guidelines for
voluntary labeling of foods that are (and are not) products of geneiiteenigg (CFIA, 201Q)
Only products being exported to countries requifadd-origin labels are mandated to be labeled

as containing GMOs (Stewart Jr., 2004).

The United States looks at GMOs as befAfE-1&+!;&))*$#\(;C&)#+!?3$1.$".+C#4l; crops and

%&))$ (+H#7$ <=#HYT&Y 8+:S#,$ 5-$ 1&%#?$ "=K5|[$ )&E#H):+8% &+,$ T#HB()&!.+-H$ /+):I#$
conventional crops however, GMOs typically undergo significant safetingebefore ever
THE"+83!"#$%;#),:$)#1$&). +#S!"#$' . +-(9#7?{Pahke®H, 2002; Cockburn, 2002). Toxicity and
(common) allergenicity testing are performed on all new productdevelopment to meet

regulatory standards in several countries, and often exceed the stateehregts. As of 2002,
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over 50 varieties of GM crops were approved for commercialization in vaatsof the world
and in 2012, that number has increased to 144, all of which have been testedctorshort
term health implications and have been shown to be safe for consumpdokb(rn, 2002;
CERA, 2012). Though the results of testing are generally not publishée loyanufacturers of
GM crops, it is in the interest of no company to bring a harmful produittet market and risk

the safety of the consumer base (Stewart Jr., 2004).

In the past several years, literature has been coming out ragdinining the impact of GMOs
on human health, environmental health, and economic health (Domingo & Bord@d4ia
The T#+,$"&-$ E##+$1.$ &$ 87TH&IHTS E&)&+'#$ E#ID##+$ D"&!$ DIETIRY BRIFB<, $ <&+!;7$
GMO, where historically the bulk of the published literature was fetusn the potential
negative impact. To date, there is no smoking gun that GMOs have t@v@eaggact. Some
comparative studies regarding GM crops, such as rice, have shown the Gt} varbe

nutritionally and functionally identical to their conventional varietiesn@i& Xiao, 2010).

The most compelling evidence for safety may in fact be the sheemgobf production and
consumption of GM products in the last 15 years. In 2002, 5 years after |dcleyops
represented over 300 million cumulative acres of crop production and overid8 tntlividual
plants, and growth in the past ten years dwarfs those numbers (Cockburn, 2008t 3r.,
2004). There are still questions on the long term impact of GMO consumptid some groups
claim that there are causal relationships between GM consumptioa aadety of maladies
which occur after long term consumption and exposure (Dean & Armstrong, 2008e The
groups have called for regulators to issue moratoriums on GMO productibmare research
and data is available on the long term safety, even going s@ far suggest that physicians

actively discourage patients from consuming GMO products.
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GMO crops undoubtedly have risks involved with their development, cultivation, andelong
usage, but our understanding of the defined risk and relative risks of theseisctapgely
undeveloped. Gaining public acceptance is key to the successful iempégion of GMO
cultivation and a large part of this is risk education/ To maintainigtroist, it must be shown
that while two products of biotechnology may share the same riskgaarnda stigma in the
eyes of consumers, the relative risks compared to conventional cropsemasbgnized as well

(Nielson, 2003; Gregory, Flynn, & Slovic, 2001; Beringer, 1999; Borch & Rasmussen, 2000).

In short, we must consider several key points when assessing the dfa@MO crops for

production and commercialization:

' Conventioal breeding shuffles thousands of genes randomly and with largely

unpredictable results, necessitating years of careful breeding,i@gldmdck crossing,

and balancing negative traits with favorable

I Transgenes are tested extensively for safety in animal feed ahdrfam consumption
before reaching commercialization, whereas conveatiorops typically undergo no

testing whatsoever

I Single gene insertions, while potentially introducing highly novelstiraite unlikely to
radically disrupt an ecosystem as they rarely offer a compebinlegical advantage

under natural conditions, merely an economic advantage to farmers

I Crop management practices which have been effective for conventiopalare equally

effective when used with GMOs to reduce the risk of resistance development

I GMOs with pest- or herbicide-resistance mean a reduction inpibleation of these

chemicals, reducing human exposure and subsequent health complications
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I GMOs exist as potential sources of genetic pollution but are onlgtibet in a long line
of sources. Botanic gardens, ornamental plants, golf courses, and invasige gfilant
represent potential sources of foreign genes from related plant famiheeh may
occasionally hybridise with domestic varieties, resulting in offigpnivhich possess
potentially unpredictable traits. With no controls or regulations in pi@cenonitoring
these sources pose as great a risk of significant, unpredictable gmiktion in wild

reservoir species.

Thus, if GMOs can be considered safe by these definitions, why deghkations pertaining to

the growth, distribution, use, and labeling of GMOs vary so widely around the world?

International GM O &ulatiors

The various controversies and opposing evidences as illustrated earlietsoavelged to shape
the formation of GMO regulations internationally since the first cornrakzed crops in 1996.
Some regions, such as the European Union, have established highlyivestigulations in an
effort to keep the spread of GMOs in check and meet the needs of consumers. Adrteachtf
the spectrum is the United States, which leaves the market faropemneto the presence of GM
crops and has not experienced the same type of consumer backlasloesuhasl in Europe.
Canada, as we will explore in greater depth, finds itself in alengtdund representing elements
of both systems. In figure 3 we can see the extent of comntgmialvn GMO crops globally,
which demonstrates the marked difference between the Americas lagd nodjor regions

(Wikimedia Commons, 2006).

The first commercial introductions of GM crops internationally startetlaan of events which

rippled through various regions and stakeholder groups. In the European Union, controversies
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emerged quickly and were spread through the consumer population with frightas@gAs
detailed earlier, the Monarch-Bt Maize controversy (Losey, RayadCarter, 1999) and the
Pusztai affair (Ewen & Pusztai, 1999) were highly influential in formmblic opinion
regarding GMOs despite their acknowledged shortcomings in methodology asttbmpigle
results. With growing consumer concern over these findings as wélé agsidespread criticism

of the handling Bovine Spongiform Encephalopathy (BSE) crisis (Franks, B&Bauer &
Meins, 2003), lobby groups throughout the nations of the EU pushed for a moratoritm on t
approval of any new GMO crops in 1999 (Genetically Modified Foods: a primer, 2004; Binanci

Times, 2006). The moratorium timeline and players are detailed as following:

' June 1999 France and Greece (along with Denmark, Luxemburg, and lateuBeégid
Austria) lead the movement calling for an immediate moratorium on G&ND

approvals

I January 2000 European Commission regulates additives and flavouring: Any final

product containing DNA or proteins of GMO origin must be labeled as such

I July 2000 _ EU environment ministers agree to support the de facto moratorium until

proposals regarding labeling and traceability of GMOs are presented

I July 2001 European Commission presents proposals for the labeling and trdcing o

GMO products

I October 2002_ The 1991 legislation regarding the approval process for GMOs is
repealed by updated directive. The new directive includes newbgtsiep approvals
process for GMOs/GMO-containing products as well as new rulesdiaeg labeling and

traceability of GMO products
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July 2003_ EU adopts new policies on GMO food and feed labeling, effective April
2004. New regulations require any food/feed products containing 0.9% or greater GMO

content to be labeled as such

' New guidelines issued by European Commission regarding the sepashtion

GMO crops from conventional crops to prevent spread of transgenes

August 2003 United States, along with Canada and Argentina, take theiragges to
the World Trade Organization (WTO), arguing that the EU de fawboatorium on

GMOs is not only illegal but without sufficient scientific merit

October 2003 to April 2004 EU food safety committee, European Commission, EU
ministers, and EU environment experts debate proposal to authorize the ampbidtl
maize (Syngenta) and NK603 maize (Monsanto). Discussion ends in deadtbeknasv

regulations come into effect April 2004

May 2004 _ With new labeling and traceability rules in effect, European Conmniss

approves the import @t-11 maize, effectively ending the de facto moratorium

October 2004 Second GMO product, NK603 maize, is also approved after meeting new

regulatory standards

March 2005 European Food Safety Authority (EFSA) approves Pioneer Hi-Bred 1507

maize as safe to grow
May 2005 1']5$&667.C#-$]*8#+!&?-$4l1 asalso safe to grow

January 2006 European Commission approves three additional Monsanto GMO maize

types including MON863/MON810 hybrid variety
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' November 2006 WTO declares that the de facto moratorium was indeed in aplafi
international trade agreements and mandated an immediate endd (Watle
Organization, 2006). However, since the de facto moratorium had been ended ity 2004 b
"#$ 1(7.6#&+$ A.99;--;.+?-$ &667.C&)-$ .%%$ +#03 78oducts, this decision had little

effect other than setting precedent

The ending of the moratorium in 2004 and WTO decision in 2006 were baget lan the
implementation of labeling and traceability regulations which aresidered amongst the most
stringent in the world. The European Food Safety Authority has been thengedrganization
in terms of policy and regulation pertaining to GMOs in Europe 2064 and hears petitions
from member states who wish to declare themselves GMO free. B&expean Union
countries are largely GMO-free (see Figure 4), including Franceed®8r Poland, ltaly,
Switzerland, and Hungary. Nations and internal regions can petitioBRBA to be labeled
officially as GMO free but the requirements for this designatiorstiregent (EFSA, 2010A). In
9.-1$'&-#-$I"#S6#!; |, +-BE&THS THWH'1#,$ . +BI"#$87.(+,-$!"&I$ I'4IBETHS; . +-a+&!;.+-$"&CH+?!$
provided sufficient evidence to show that the use of GM crops is harmagriculture or the
consumer. Several petitions from Hungary (EFSA, 2008A), Greece (EFSA, 20088)ia
(EFSA, 2008C), and Portugal (EFSA, 2010B) have been rejected on these gemthdsany

more petitions are currently pending decision.

The core tenets of the European Union regulations can be summaridetioas (EFSA,

2010A; EFSA, 2010C; EFSA, 2011B):

I GMOs must undergo risk assessment which includes compositional, agrpreordi

phenotypic data from field trials



I Experimental design of field trials must meet a minimum standdmthwincludes
conventional commercial varieties to provide reliable estimation ofralatariability.
Natural variability should be used to specify equivalence limits fM4O& when

compared to conventional varieties

I Conventional/commercial varieties should be subject to the samegtestiGMOs to

determine accurate field ranges of natural variation

' Any product containing greater than 0.9% GMO DNA, GMO Protein, or Gidfved

end product must be labeled as containing GMO products and traceable to the source

Further, to increase transparency in the application and approvalprifee&SFA has recently
published a guidance document which assists parties looking to produces @#tn the

European Union with the approval and regulatory process (EFSA, 2011A).

The regulatory situation in the United States is drasticallierdifit than that of the European
Union. The primary governing bodies regarding GMOs are the Food & Drugnfsdration
(FDA) and the US Department of Agriculture (USDA). The key divergenttgistween US and
1/$7#8()&!;.+-$;-3".DS!"#$5=3%'7.6-3& 7#3'&#8.7;S#, HIR"#7#&-B"#3$1/$' . +-; #FBE6HJ<+#D?$
T$<+.CH)?2$%..,~$"#$ S ; #+1;%;#-$1"#9$ &-$ -(E-1&+!;&))*$ #\(;C)#EB+$48)$'7.6-$ &+,$
uses the US-exclusive designation of Generally Recognized agy@R#AS) (FDA, 1997) to
bring the products to market. Interestingly, under existing US regugtproducts containing
GMOs cannot be labele®$<.78&+;'?$.7$<9&,#$D;!"$.78&+;'$"67 (M{ENVOy, 2012) even if

the GMOs are raised organically.

GM



L"#$ G52-$=K5]$+.1:%;'&!; +$67.87&9$;-$#t--#+1:8))*$&SDE&*$Y ABGRA'S, #CH).6#7-$!.$-#)%
affirm that their products are GRAS, backed up with sufficient researcbrifirm safety and
equivalence. Self-affirmation of GRAS status is enough to get the grodube market but the
"G5%'&+$,;-\(&);%*$ &$67.,(1?-$ =K5]$ -1&!(-$ ;%% I"#$ -(66.7!;+8% T#:#BH0 H,$ ; +-(%%0;"; #+HS
R"#+$ "#$ "G5$ 7#C;#D-$ I"#$ =K5]$ )&;9:$ &$ -1&!(-$ .%$ <B.$ A.99#+! 78 &6 F# which

o+ GIHE-BIHS GES'&-$+.$&, .1 +&)$" &) H+BH-$.+$I"H#$67., (17-$=K5]$-1&FER\, 1997).

L"#$ "G5$ ,.#-+?1$ TH\(;7#$ &+*$ -6#',%;'$ )&E#);+8% %.7$ =K5]$ 67.,(-:BMFBZ,('-HS$
Producers may choose to voluntarily label their products as GMO but aregoated to do so
by any US federal regulation unless specific health claimsma@e. Products intended for

export to countries with labeling regulations are labeled as such (FDA, 1997).

It should be noted that the US Supreme Court has also played ag&GMO policy, recently
CHT!(7+;+83&SNOOLSESE&+$.+$3.+-&+!.?-$=3$ &) %&) %&$ &+,$)#&C;+8% %6, HEHBSEOT £R) S . #'
US Department of Agriculture. In 2011, the USDA granted approval to [&\laa determining
it to be as safe as conventional varieties (Brahic, 2011). GM SugaCbigeation has also had
a turbulent history in the US courts, having been approved by the USB@0Hand then being
banned by the US Supreme Court in 2010 under the reasoning that the opgiwaiab had
been illegal (Gillam, 2010). However, only 3 months later, the USDA againitfeinthe
cultivation of GM sugar beets by farmers under new restrictions to prewsntpotential
interruption in the domestic sugar supply which would have had severe inoplscéor US food
producers (Kilman & Tomson, 2011). This suggests that US regulationgilarery much
evolving and that the courts may play a strong role in future, though may beiduen to

protect the domestic food supply.
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Canada has taken a middle-ground stance compared to the US andojpeaB Union. Like the

EU, there are more stringent requirements for testing, and GMO foodpexifically defined as

<+.C#)?$%..,$67.,(""by Health Canada (Health Canada, 2005; Office of the Auditor General of

Canada, 2004). However, like the US, Canada does not mandate labelifOobIGGMO-
containing products, instead opting for voluntary labeling by the producessuttie product
poses significant health/safety risks or has been compositioredlyged, at which point the

product would fall under the federal Foods and Drugs Act for labeling (CFIA, 2010).

The process developed by Health Canada (2005) to get a GMO approveshddaCtakes
approximately 7-10 years, including development and safety testimyebefproduct reaches

- (OHTS-"H)CH-HS5))$=3M$67.,(1-S &THS ' +-; #T#,$ <+.CH) 7S E*S @#&)!"SBNES B &NDS (+,#7$

the rules pertaining.$ <+.C#)?$ %..,$ 67.,('!-H$ 2+3$ "#$ '&-#$ .%$ =3$ '7.6-:$ I"#P A&+&,;&+$ ..

Inspection Agency (CFIA) is responsible for examining Plants with Noxeits (PNTs) with
the Biosafety Office responsible for environmental safety assessrardtthe Feeds Section

deals with livestock feed safety and efficacy assessmentslddesaifety information must be

provided on prospective GMO products, including comparison data with conventional

counterparts, assessment for new toxins, allergenic testing, pofentimintended side-effects,
and key nutrients and toxicants. Health Canada can request additional fidorfrem the
producer at any point if the provided information does not meet standardsrevitwers have
additional questions. Once the data has been approved, a summatyorepioe findings is
submitted to the food directorate who has the final approval authorityhelfdirectorate
&667.CH#-:$ &S HIH#7$.%$ <B.SMEWH!,.+7$;-$67.C; #,$.$ I"#$ 67.,(#7$ &+.B CD)DHD"S

Canada website where it can be reviewed by any member of the public.
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Q;1#$!I"#31/:BA&+E&, &?-STH\(; T#IH+!-$%.7F,#!&; ) #,$-&Yo# ! *$ & --#--9#+|-S&&H . £ 185 &%0.79&! ;. +$
is designed to prevent health and safety crises originating ifodkdesupply and to ensure that
GMO products are functionally the same (or superior) to conventiona.dfopdamentally, the
regulations in the EU and Canada differ the most in the labeling rewgnte of the source of
GMOs and the ability to trace the origin of GMOs and GMO derpegtiucts through the

production process.

A&+&,&?-$9.7T#$ #1&;)#,$6.); *$&+,$1#-1,+8S TH\(; 7#9#+1-$%. 7$=3VH$ |, BdH%B(-$%7.9%.(7$/]$
neighbors but also protect Canadian interests in the long term if mioigest risk assessment

policies were to be implemented on a wider scale in future (Montpetit & Garon, 2004).

The labeling of GMO products is one of the most contentious aspeG®IOf policy globally.
Consumer perceptions have been skewed to the negative by early contraretdtas drives a
consumer demand for GMO labeling. However, GMO producers are wanbeinig their
products as GMOs due to potential market backlash based on negative gp&ooscabout the
products. In Europe for instance, GMO labeling is very much a catabr 22dducers (Bernauer
& Meins, 2003). When products are labeled as containing GMO derived praalttoigst non-
governmental organizations (NGOSs) lobby to have said products removedg fttrem off the
9&71#!$-;,96)*$%.73$"&C;+8$ &$=3%$.7;8;+H$ 2%$ !"#$ 67.,(‘#7-$ , HBBES)-&9#$B=M-3$!"&!$
protest the presence of labeled GMOs attack the producer fogftilitabel and the producer
may face legal consequences for failing to meet EU labekgglations. Unsurprisingly, in
regions where GMO labeling is voluntary, most producers decline to disclose thestati®for

fear of their product being forced off the market.
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Cultural differences also play a significant part in the decisiandndate labels. Unlike the EU,
consumers in both the US and Canada have demonstrated less conddrprivdGets and have
a typically higher level of trust in regulatory bodies (Bernauer &8le2003). Due to the higher
level of disengagement from the issue in North America, the most actoast NGOs have had
difficulty in gaining the same level of political and grass-rootsugrice as they have had in

regions like the European Union, reducing their effect.

There is also an economic cost involved with labeling that must ntikiea lightly (Franks,
1999; Rucker, 2011). Implementing and enforcing strict safety and labegatations increases

the cost of producing GM crops, potentially to the point where it mdgnger be cost effective

to attempt to grow them as a crop. With consumer confidence in safietypotential risk
assessments already low due to misunderstandings between scamtify assessments, and
the frequent employment of moral issues regarding GMOs by NG@spumer consumption of
labeled GMO foods goes down sharply, despite any economic benefit tbpsemay present or
health benefits they may offer. If the opposition is strong enough, GMOsbmayanned
completely, removing any economic benefit of these crops from the iedlcom a producer
standpoint, labels have a different connotation, particularly in the dSCanada (Genetically
Modified Foods: a primer, 2004; Brunk & Coward, 2009). Labels in North Americdesigned

to convey information about nutritional information and specific benefits/risks of a product to the
LH-(OHTHSS-$I"#S6 7H#-#+'HIN TSRE-#+H#[$.7$=3M-$;+$&$67.,('!$, #-+ BHEMSHW T, & $!"#+$
labelingis not appropriate. While labels do provide consumers with ability to choosleigis
which may or may not contain GMOs, they can also provide the impnesgia warning that
GMOs are something a consumer shdagdconcerned about, regardless of safety assurances and

previous testing. Since producers would have to demonstrate segregatigredfents to label
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them correctly, the costs of production would increase and be passedhe consumer, further
reducing the marketability of the product. Lastly, there aretmumssabout where the line is
drawn on ingredients. For instance, Canola oil produced by conventional cropsmecally

indistinguishable from GMO canola oil; would producers of all canola oié la label their

67.,('1-$&-$<3&*$".+1&;+$=3M?8nply because they cannot distinguish the oil as GMO-derived

or not?

Despite the economic costs, the ability of the consumer to have tlee fwoehoose is extremely

important and is the chief argument in favor of labeling by various lstéders (Genetically

Modified Foods: a primer, 2004; Brunk & Coward, 2009; Al-jebreen, 2010; Lewis, INewe

Herron, & Nawabu, 2010). Preventing the consumers from knowing what thegraeming is
seen by some groups as functionally treating people as guinewifhgssufficient long-term
safety details and there have been calls by various groups tarardediate moratoriums in the
US on commercialization of any new GMOs and to have doctors advisatpao avoid any

GMO products until the health concerns can be fully explored (Dean & Armstrong, 2009).

One could easily argue that regulators are caught in the nufldie ideological battle between
industrial producers and activist NGOs, with both sides lobbying fieesed having significant
sway in policy development, despite each group representing the miobgbnsumers. The
increased influence of NGOs in Europe due to public outrage on a varieontsf (Bernauer &
Meins, 2003) has allowed these groups to successfully campaign ggaidster coalitions.
However, there is also evidence to suggest that the regulatoryssict the EU have become
less evidence based and less democratic in recent years, due to dénflpofluence of these
NGOs (University of Edinburgh, 2011). This influence on EU policy has a tritkden effect in

such a way that other, less developed regions who may benefit fromd@vicas resist these
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technologies for fear that they would be exclude@ccess to the European Market for their
goods. If these NGOs represent a vocal minority, then the spéetfis, often more ideological
and moral-based, of these groups is represented disproportionately. Aledynalie producer
groups and agrichem companies which produce the GM products have substaauticibli
resources and influence with various governmental groups and can flex this &ftoehave
more favorable regulations passed, leading to potential abuses ystd@m and a breakdown of

governmental oversight (Ali Brac de la Perriere & Seuret, 2000).

12(%*%('5-% 34-6%*6%'6 7$-*2'61%6)5<-$%#.06 9-#0+-%*$-06 +'&'61% B %) BA1*§Ib *6/% 7+

threatens crops, the system that regulaes G M food sources ougft to bewme more based

#6%-&'1-67-%*6/%+-22%2)<@-7 (Y% (HY%(4-%'6..+)-6 7-%o#. YoO#+'("7*++,%5H# (' &*(-/%ABC2:

Joyce TatqUniersity of Edinburgh2011)

1+/*:,(%&)G*45"*A$%, #2*

Despite the controversies and unknowns that genetically modified orgameigrasent, there can
be no denying that they also have a tremendous economic impacthe=@raducers that
embrace GMO cultivation there are reduced costs stemming frducee fuel costs, reduced
chemical treatment costs, and even less manual labor. Sewdfas @lso have significantly
higher yields per acre than their conventional counterparts and tolalpge dollar cost is
higher, making GMOs more attractive to both small and large gecatlucers (Thomson, 2007).
Alternatively, producers who choose to grow conventional crops have accesakietsmn
Europe and Asia that are currently blocked to GMO producers, providing whth a market

with reduced competition.
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Many stakeholders believe that Prince Edward Island sits at agadsswhen it comes to a
decision regarding GMO cultivation; should we issue a moratorium on GM®atidn, seek
out markets that want GMO-free products or should we activelywatdtiGMO crops? As an
island, Prince Edward Island enjoys a form of agricultural isolatiomibioh affords us a degree
of safety from potential outside contamination while also containingropr varieties with little
risk of cross-contamination to neighboring regions. Producers of both GMO anchtonak
crops face issues with competition, market restrictions, and internatiawi@. We have an
opportunity to learn from other regions that have faced similar choicesetavhat decisions

were made and the impact of those decisions.

Q;1#$07;+'#$1,D&7,$2-)&+, $@&DE&;?;$"&-$&$-17.+83$&87;'() [ &&)HE &S+ H-9&))$6&7!$.%0$!"#$
climate which allows year-round growing of several crops. Over 7,006 faeTe operating on

I"#$ C&7;.(-$;-)&+,-$ .%$ @&D&;?;$ ;+$ NOOb:$ D;I"$ #.+.9;'$ 67.,('l;.+$ 7T#67#-#+!; 13$€H00$ 9
(USDA, 2007).];+#$!"#$)&(+"$.%$=3M-$;+$ Peef:$9&+*$87.(6-$"&CH#$ 6(-"#,$%.7$ @&D&;?;$!.$
remain GMO free. As a biodiversity hotspot, and highly isolated envieni, the argument has
been made that the risk of GMO contamination is too high, particulatty the unanswered
guestions in terms of transgene spread and long term impact. Olipthg#:$ @&D&;?;$ &)-.$
represents a boon for GMO developers and other researchers, possessing leosoifertor a

wide variety of crops, and a climate that permits crop cultivation Sksva year. As of 2008,
@E&D&;?;$;-$7#'.8+;S#,3&-35.+#$.%$!"#$=3M$".!I-6.1-$&7.(+,$!"#S Z.19;$, 965 7#-8i& due to

these important factors, hosting over 2,230 field trials for a wide range & Gbps including

corn, soybeans, cotton, potatoes, wheat, alfalfa, beets, rice, safflowegrghdm, more than

any other US state (Boyd, 2068) @&D&;?;$ &)-.$ "&,$ &+$ #'.+.9;'$ +##,$ %.7$ +#D$ '7.6-$ D;!"$
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increased competition for sugar and pineapple coming from developing couwntics can
produce these crops at lower cost (Boyd, 2008). The development of thesacropgst others
"&-$ 7T#C;1&):S#,$ "#$ @&D&;?;$ &87;'()(7&)$ -#'1.7$ D";"$ %&'BFISSETUNH-$ %7.9% )#--$
#I6H+-CHSB7.,(HT-HSKHH+)*$67.,(H7-$:+S@&DE&;2:$"&CHS& " #CH SROOBAV I 7THH +$
0&6&+?-$ &667.C&)$ .%$ @&DE&;;&+$ =3M$ <7&;+E.DPSy6&BRAS The impact of this
agreement is two-fold: this GMO papaya variety represents thebimgech and diredis-
consumer GMO food product to be approved by Japanese regulators after oveard ®@fy
regulatory applications, and this crop is intended to revitalize the tobylalpaya industry in
@&D&;?;$D";"$ D&-$ #C&-1&# S E*$ 7;+8-6.1$ - #&#$ ;+$ PeefHE BIB)EST;, (1;.+$ 6#&I1:$
Hawaiian papayas represented $15 million in exports, a humber whdctirbpped to only $2
9:));. +$&UIHTSI"H#$'.))&6-#HS (71"#T7:$8;CH+$0&6&+?-$";-| F+ M BEIMS67.,(1-$ &+, $1"#$
196):#,$67.,(15\(&);*$ &+, $-&Y0#!*$1":-$&667.C&)$;96);:#-:$ @ &DIBR %585 %; + $O&+*$+#D$

markets for this particular GMO variety.

Countries throughout Europe have been on the front lines of the GMO debatehsirfost
crops were launched in 1996. Ireland, not a member of the European Union, haslbadrihe

of creatingits own policies regarding GMO cultivation.

L"#$9.-1$:96.71&+!$, #CH).69#+1-$;+$27#) &+, 2-$6.); 1 #-$"QCHSE#H# LIS HOYEP. %6 $*#&7-$D;1"$
the debate coming to a head amid the economic crises which haveedhgaetcountry. After

the 2009 elections, the newly formed collation government respdrflgd$ C.!#7-?$'&))-$%.7$
action on GMOs (Cowen & Gormley, 2009). The head of the newly form&d government,
Brian Cowen, publically announced that Ireland would go GMO-free, thus blopkaaigiction,

import, and use of GMO-derived products in Ireland. This move was mefgrétt approval
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from consumers and environmental groups, and was seen economically gstlatvhaish

producers would have an economic advantage, giving them access to GMQetkesteadtets.

After only 2 years the Irish agricultural minister, Brendan Srmithgde a simple statement to the
media in a press release which ended the push for a GMO-free Irelaitd, (3011). In short,
the difficulties in moving to an entirely GM®ee system became insurmountable. There were
difficulties in getting GMO-free feed imported from outside producdrs; dost of certified
GMO-free materials was sharply higher, and the continuing diffisultiethe Irish economy
made these increased costs unsustainable. Further, the end Of i@ &orium on GMO crops
reduced the nearby-market potential for any potential Irish cer@iglD-Free products. The
Irish government decided instead to work with the EU on importing approved GM orakisig

it easier for farmers to get access to feed that was labgedpmiately, and to continue to give

consumers (and producers) in Ireland the choice.

As a microcosm of the EU situation, Ireland quickly discovereddbapite being GMO free,
they received little to no competitive advantage when comparedotugers like the US

(Bernauer & Meins, 2003), where most crops contain GMOs.

L"#$ @&D&;?;$ &+,$ 27#)&+,$#I&96)#-$ & 7#$ Dased8scenarios which show the difficulties
and competing pressures which must be considered when making decisionsgeGaids.

Romania on the other hand gives us a different perspective.

Upon joining the EU in 2007, the cultivation of GM soy became illeg&omania as per EU
regulations (Eco Ruralis, 2010) despite having been grown in Romania foaghgeveral years.
In 2006, prior to the ban, soybean represented 199,000 hectares of production in Romania

137,000 of which were GMO. As one of the few regions in Europe where soghsduction is



economical, this represented significant impact for Romanian prodt@eizhi'.;(:$Qlzureanu,
Ah7'(:$ ]j9E.!;+:$ B#87#&:$ Z$ Kh,('&+:$ NQRPpwever, with the ban on GMO soybeans,
farmers did not switch to conventional varieties in response. Instead theasogrop was
largely abandoned in Romania due to cheaper competition from overseasilgayrtthe GMO
varieties which made up the majority of exports from the major prosiug@h!7hi'.;(:$
QhS(7#&+(:$AN7";(:$]j9E.!;+:$ B#87#&:$ Z$ Kh,('&+:$ NDPRE last several years, there has
been mounting pressure on the Romanian government to allow the resump@ih safybean
'O0LC&LAS LS T#H-LTHS " -$-#1.7?2-3C;1&);1*S &+,3 |+ THE-#S "# B B#I%. 798&+'#S$ . %P %0&T79#7-:$

particularly in the western region of Romania.

The ban on certain GMO crops in Romania also faces difficulty fromtigec@ntamination
threatening to erode the GMO-free position. In neighboring Serbia GMQ@entas been
detected in consumer food products at levels of 0.1%-0.9% (just below theaddee).9%
level). Though a moratorium on GMO maize has existed in Serbia for yeans, this crop still
persists via undisclosed cultivation and contamination of conventional cragsli§N&

Vujakovic, 2011).

The above examples are admittedly a small cross c2&0$!"#$=3MS<E&!N#?7$8.;+8$.+$&7.(+,$
the world, ranging from municipal restrictions to national legisteti However, the lessons we
can take from them are fairly consistent; GMOs represent a potarigsue with serious
#.+.9,'$;96&'-H$2+$@&DE&;?;$=3M-$7#6 7#-#+!$'7.6-$!. $ 7#6) & #HEI& -8 # SE*S, - #&-#$&+,$
have significantly offset the economic meltdown resulting from theagsd of the Hawaiian
sugar, pineapple, and papaya crops. In Ireland, elected officials madegw@né a genuine

effort to address concerns of consumers who spoke out against GMOs.nd tHee@ sweeping
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declaration and move to purge GMO products ended poorly. With no widelyevigist-GMO
plan, the return to conventional crop production and import was unsustainable in thiershort
and affected a vast number of industries beyond agriculture. In Romanidlyptiss most
striking example, farmers largely abandoned a viable crop rather than grow convér@anese
it was no longer economical compared to GM varieties, directly in appo$o assurances and
beliefs during the EU moratorium that GM-free zones would enjoy ecansuccess compared
to GMO growers due to the enhanced demand for GM-free resources (And@edsmkson,

2003).

While GMOs may be a polarizing issue for consumers and prodticersnderlying motivation

is and truly always has been economics. Economic pressuresiveffechimic biological
67H#--(TH#-$ &+,$ 'THEHS &+$ &)9.-I$ G&TD;+:&+$ -#H)#'|;.+$ -#\(#H+H#HS OF. FR3D2-:$ %&79$
production was effectively organic due to the lack of broad-spectrungtieéfechemical
fertilizers, herbicides, and pesticides (Stewart Jr., 2004). The emergemmustrial farming
D&-$";8")*$ ,;-7(61;CH#$ 1.$1"-$ <I7&,;1;.+&)?$ -*-1#9$ &+,$ 7&;-#,$ &$.0% )% ' +#7+-$D";"$
persist to this day, from chemical contamination, food chain disruptions, arcteigon of
resistant pests and weeds. Despite these issues, 70 years ofahthrsting has had a major
impact and the selection process has shown which process was ormmeally fit; in the US,
only 0.3% of vegetable production is certified organic (Stewart Jr., 2004) anchad&anly

6.8% of farms reported organic production (Statistics Canada, 2006).

The emergence of chemical, or industrial, farming in the first dfathe 20" century was a
massive disruption to agronomic systems which had been largely undhfandeindreds, and
even thousands of years, and was most comparable to the emergengatmin systems which

permitted the first large scale farms in antiquity. Y. +)*$&$%#D$-".7!$,#'& #- . $D#?C#$' . O#$!.$
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another great turning point for agriculture, which represents just as muouainoversy:
biotechnology. The emergence of DNA manipulation technologies introducgdoke new
agronomic ecosystem in which agribusinesses can compete. It ithisonew landscape that we
must address the issues at hand and explore our potential paths. Bbh®uothe specific strain

of GMO, it is about the technology and how we adapt to the new ecosystem.

:0%#&"*@-H'0-*B2('#-)**6%,$"&5*17$70™*

As a technology, DNA manipulation is still in its infancy, represgnhuge potential but with

limited understanding of the long term implications and consequencean Ibec argued that
selective breeding is little more than a time consuming, slopethad of bioengineering,

selecting traits desirable to humans and incorporating them in othdorifes. However, the

critical difference between selective breeding and DNA manipulas the source of the trait.
With DNA manipulation we can now take a gene-trait from an um@lapecies, sometimes
belonging to entirely different kingdoms of life, and incorporate thosts glaectly into a host

species. This has a huge benefit for agricultural researchers looknuptporate specific traits.

Traditionally, they would have to identify a related species wighdesired trait and backcross it

into the cultivar line, wait for a spontaneous mutation, or attemgtirtaulate the appearance of
mutations by stressing the cultivar with UV radiation, viral and dv&dt vectors, or other
treatments which could have mutagenic effects on the genome. Unforturlaésly methods
may Yyield the generation of negative traits as well as posiMale people look at the end
products of biotechnology, the GMO for instance, there is a huge amountkgfrdaand work
which must be done first to create such a product. Identifyingtiisgland extracting the gene-

trait, then incorporating it into a new host in a stable, consistentevpires years of research,
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testing, and refinement. These secondary economic environments sarearal important

consideration when looking at GMO policy.

Throughout this paper we have examined the known risks of GMOs and assbociat
biotechnologies, and the impact that activist groups have had on pulsisc paeception. We
have examined the literature published by both pro- and anti-GMO grough whesent
evidence to support their respective causes. The purpose of this paper isseéot pa
comprehensive background and understanding not just of the technology amdtiliesrefits
and risks, but of the wide variety of factors both domestic and internatitneth affect overall

GMO policy.

Before examining the role of GMOs on Prince Edward Island, it istkegummarize the core

elements presented thus far:

I Transgenes will escape into the wild and genetic contaminatioeversible. This is not
a disputed or surprising fact to any researcher developing geneticatlified crops.
Unless a crop can be 100% sterilized before growing to maturity, there is lzatigiehes
will spread to related species. However, there are accepted melhealdy in place to
reduce the occurrence of transgenic contamination events with vatiesl and the vast
majority of existing documented occurrences have been the rekyttoor crop
management. Further, the genetic dangers of GM plants on the envitcaint&rge are
significantly lower than those posed by invasive species, botanicngar®el ornamental
plants which act as reservoirs for thousands of potentially undesirable geme-trait

I GM derived food products are safe to eat. This statement, thought bokture, is
fundamentally true. Though there are still serious concerns about the romganel

cumulative impact on the human food chain of GM crop production and consampti
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particularly those that express pesticides, there is no conclusiveputathle evidence
that GM products currently approved for commercialization are subdiyamitierent

from their conventional counterparts. There are no documented accounts of new,
unknown allergens, no documented accounts of new diseasasy documented cases
%% <#&!"$ E*$ =3M?HS$ L"#$ -"##73$ C.)(9#$ .%Ber8bt products consumed without
incident in North America, and beyond, are testament to the fundamentgl fateese
products. The recent discovery of miRNA persistence through the food chaimadke
some interesting new questions and may have shed light on potentsdoiitetand
epigenetic risks and benefits posed by genetic modification of the food supply.
Economically, GM crops offer advantages over conventional crop varietresseT
benefits become more pronounced for larger scale farmers who invest heavily i
chemical treatments, fuel, and labor costs. Small scale and sustdaamers are less

likely to see these benefits but may derive benefits from GME3gned to be pest or

weather resistant, or which have enhanced nutritional benefits.

Although the cultivation and production of GM crops remains controversial foe,sim@ fact
remains that GMOs have fundamentally replaced conventional crop vanetieay areas. As
demonstrated earlier the vast majority, typically 85-90%, of crop types glaiite GMO straiis

available are indeed GMO in nature. On Prince Edward Island, the maybnmtedia focus
regarding GMO technology has been on the potential presence andbti&dg® salmon by the
company Agua-Bount$ D;!"$!"#$ 9#,:&$ ,(EE;+8% "#$67.,("'$ < 7&+I#+%GNP animals pose
different benefits, risks and concerns than GM crops and tend to be more diséoto their

novel characteristics and the psychological delineation many peoplen the differences
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between plants and animals. While GM salmon is seen by malpg sowatershed event, the
appropriate groundwork for effective GM regulation policy begins wheis rieeded most

heavily; in agriculture.

On Prince Edward Island it should come as no surprise that we follogathe global trend
regarding GM crops. While specific cultivation data on GM crops is noewmtly collected, the
PEI Department of Agriculture was able to provide some basicdated statistics to gauge
GMO adoption on PEI (D. Pauly, personal communication, January 30, 2012pslinsated
that roughly 65-70% of the non-edible soybean crop grown on PEI is of @M@ and over
90% of the corn crop is GMO derived as well, primarily Bt strairemdla, one of the most
prevalent GMO crops worldwide, is still largely conventional on Rfth Island growers

specifically targeting markets which want GMO free canola, rieguih less than 10% of the

current Canola crop grown on PEI being GMO in origin. Potato production is currently over 99%

conventional in origin with McCain Foods being GMO free since 1999 (McEagus Inc.,
2011) and Cavendish farms having shelved GMO strains after testing chability to export
the product to the EU and the largest potato consumer in North Amglegzonalds, choosing
to go GMO free for all of their french fry supplies (Council of Canadia@$1). Sugar beets are
a growing crop on PEI due to their potential use in bioenergy productiorrepnelsent a
potentially large source of GM crops for the island, though as of thiggy only a few test

plots are currently in production (Armstrong, 2011).

There are groups who publically state that PEI should strive to becdm feee and adopt
organic farming practices across the board. Unfortunately, the presieGdé@ crops on PEI at
this point, and the irreversible nature of potential contamination riskesieat PEI is unlikely

to every be truly GMO free, even if all cultivation were halted edrately. The greatest current
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risk to PEI farmers is likely canola growers trying to remain Gi&@ to meet the needs of their
buyers. With even a small portion of the overall PEI canola crop hav@éig@ origin, there is a

potential for contamination resulting in the potential loss of market opportunity.

From an economical standpoint, going GMO free has not proven to havegaifigant benefit
to producers, and they have historically not enjoyed any perceived divepatlvantage over
GM varieties, even in areas where labeling GM crops is mandatoeyEU is the best example
of this, with most nations having restrictive regulations over the lasyears and recently
relaxing these rules. EU farmers growing conventional crops found dittle economic benefit
in cultivating conventional strains due to the small market for Bpaity GMO-free products
(Bernauer & Meins, 2003). With most regions around the world having few, iregylations
regarding GMO crops, the economic driver has ended up being cost. Withdedste for pest
and weed management, GMO crops are able to provide lower cost pandniotentially enjoy
higher yields as well, further increasing profitability. For evexgion with GMO restrictions,

there are a great many more perfectly willing to pay a lower price for @iMQucts.

While the province PEI may have missed out on the opportunity to désklfeGMO free, the
evidence available suggests that attempts to go GMO free areéaumsike in the long term and
pose greater economic risks compared to the benefits. However, thisaloescessarily mean
PEI regulators can maintain the current status quo either. Therma@easing calls from
consumers for greater transparency in the food industry to enhancéetiyeasd security of the

food supply.

The sheer volume of data regarding GM technology and the assaws&tednd benefits can be

overwhelming. For every point made by one camp, there is compdbitagpresented by the
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opposing viewpoint which either disputes or offsets it. The size of Ehedticultural industry
and relative adoption rates of GM crop cultivation give us the opportundseaite a framework
that could be applied in other regions for responsible GMO cultivatiorewhgpecting the
needs of both consumers and producers. If we accept that GMO cultigatioh going away,
then we can begin to look at ways to address the fears of consumerspratdeting the

economic interests of producers and other supporting industries.

While GMO cultivation is commonplace on PEI, the fact that no goverhiagency collects
statistics or specific data on GMO cultivation is understandabbuece of concern for many.
With no way to trace incidents of genetic contamination, the eimiihastry for specific crop
types is put at risk. Further, farmers cultivating GMO varieties haveerifiable way to ensure
they are not exposing their crops to neighboring GMO or conventional straingver, public

declaration of which fields are and are not GMO based opens up the pyssililiop sabotage
in either direction. The most common scenario would be activist-extredastaging crops or
equipment belonging to producers actively cultivating GM crops. Altewigt similar groups

or even competitors could target GMO-free producers, covertly contémgirtheir plots with

GMO-based seeds to trigger tests designed to identify GMO cropsprifducer is declaring
their product GMO free and it tests positive for them, the entire @opbe rejected outright,
potentially crippling the producer. Enforcing buffer zones is also diffin that crop types must
be proven conventional or GMO and in violation of distance buffer regulatorstoring and

coordinating every crop grown by Island farmers could prove costly and unaiperttte at an

effective pace.
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Finding the appropriate balance between consumer and producer needkyis and the

following recommendations should be seen only as a starting point in the discussion.

1) The provincial and federal government should be actively gathering annusticstat
regarding GMO cultivation to track growing trends and identify potential are&skof r

2) The collected data should not be made publically available beyond grossng
statistics on a provincial level for each strain

3) The data must be traceable back to the source producer to ensure thas sburce
contamination can be traced back to the source and to coordinate more eféenting

strategies

Globally the labeling policies vary drastically but it is re&singly evident that appropriate
labeling is important to many consumers. As we explored earlierslaedy@esent a catch 22 for
many producers due to the pressures put on by anti-GMO groups worldwithee US and
Canada GMO labeling is voluntary and rarely implemented due to epterc of the label as a
warning. The costs involved with labeling extend to ingredient and s@agregation as well,
and these costs are eventually passed onto consumers. Given the adaptbiMtcrops and
their associated usage patrticularly in North America, it mayngdr be economically feasible
to initiate labeling for GMO products. Alternatively, if we tagiticknowledge that the vast
majority of processed products contain at least one GM crop variety, thkeonus shifts to
produds which seek to declare themselves GMO free, already a premium nichetsiarkar to
organic products and commanding a higher price than conventional products. I ument
regulate the labeling of Organic products and those products witifisgezalth claims. As

these products represent a market minority, we can extend thepelayeto products wanting
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to declare themselves GMO free, requiring certification and ¢gstin the products. An
comparable example already exists in the candy market. Aladbstndy bars currently in
A&+E&,&P"&CHEE&SP-9&))$D&T7+;+8:$5!%6;'&))*$.+$!"#SE&L'|$. %3B! "#$ 8L HBBHBFKSAMBL52BS$
B/L]$MK$LK5AL]$M $B/L]?HS$](E-#\(#+!)*: S DHS "QCHSE##+$' +,1;.+#, 5! $ 861 1"&1$'&+,*$
bars likely contain nuts and thus, those with nut allergies are condito@@did these products.
However, candy products which are nut free typically advertise thatssprominently on the
front of the package with a seal which may differ from companypmeopany but states the same
thing; these products are nut free. These nut free products are mallyypold at a premium

cost but do represent a niche market, targeting consumers who lack a viabégiadte

To label products which may contain GMO products effectively represeneffort addressing
over 75% of processed foods on Canadian shelves, but regulating the labeliMOefiree
products instead gives the producers better access to the premingmmaicket. PEI could offer

&SHT!;%;#, $<=3UT#H#?S #-;8+&!;.+$%.7$67.,('-SE#;+8%-.),3) r&pyhrted to other markets.

Being an island, PEI enjoys a relative isolation from contatmimassues, both in sources
arriving on the island and sources leaving the island. This affordseuspportunity to act as a
testing ground for new GMO products as well. The agriculture indostiPEl has been steadily
shrinking for (Statistics Canada, 2009) and by embracing alternativesiayebe able to

maintain our agricultural heritage while simultaneously distinguishimgettes as a region on

the forefront of technological innovation.

Beyond creating and testing new varieties of crops with cultivatiimarecements, we could
explore pharmacological crops, functional food varieties, bio-energy crops, e e

bioremediation crops. The development of such products may take years bugenepre



completely untapped industries and new markets, allowing PEI bistadhups huge firdis-

market potentials.

As GMO technology matures and improves, there will be ever-inogeasquirements for
testing and identification of GMO products to ensure the safetyidfpsaducts and to reduce
contamination risk. GMO development has outpaced the development of adézpiatg
technologies and this is an industry with explosive growth potential d&heand for low cost,
high speed testing of products for GMO traits will continue to groth e industry and will
allow producers to assure their buyers of the status of products. Fuutttetests will make it
possible to quickly identify incidents of contamination in the wild, mgkit easier to trace

contamination to the source and enhance growing procedures to reduce future incidents.

8, #&(72% #*

While genetic modification of crops and animals remains a hot buttoa fer many, we must
accept that this technology is now a given part of our lives. THerityaof processed food
products contain one or more GMO ingredients and even staunchly antir€ditids such as
Europe and Japan have warmed up to these products in recent yearghgvaibee still a lot of
unanswered questions regarding the long term implications of this teggnalur ability to

reverse course to conventional crop varieties has fundamentally vanished.

The history of disruptive technological innovation has not been pretty andffesn met with
unexpected consequences. In just the past 200 years the industrial revahmide deld
responsible for the increased rates of climate change and eablpgilution. The development
of chemical fertilizers and pesticides has had broad effects dhfsgyipushing species towards

extinction and destroying entire ecosystems. Unlike with mangriuat analogues however, we
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recognize the potential issues with GMO crops at the beginning andobawemore cautious
with their implementation as a whole. Going forward we must contimwtosely monitor the
implications of this technology to prevent ecological and healdsttaphes which may not be
evident in the short term. However, GMO technology represents the hftagriculture and

biotechnology in general and the potential benefits greatly outweigh the known risks.

PEI must move forward and has the chance to be recognized as aolessonsible GMO
stewardship in Canada if we act quickly and decisively. AsiegissMO technology patents
have already begun to expire (Monsanto, 2011) this industry is going to droan a

unprecedented rate, representing a very narrow window of opportunity to act effectively
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Abbreviatiors Used

BSE

Bt
CFIA
DNA
EFSA
EU
FDA
GM
GMO(s)
GRAS
LDL
MiRNA
NGO(s)
PEI
PNTs
RNA
US(A)
USDA

WTO

Bovine Spongiform Enchephalopathy
Baillus thuringginsis

Canadian Food Inspection Agency
Deoxyribonucleic Acid

European Food Safety Authority
European Union

Food and Drug Administration
Genetically Modified

Genetically Modified Organism(s)
Generally Recognized As Safe

Low Density Lipoprotein (AKA Bad Cholesterol)
Micro RNA

Non-Governmental Organization(s)
Prince Edward Island

Plants with Novel Traits

Ribonucleic Acid

United States (of America)

United States Department of Agriculture

World Trade Organization
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Figue2: Growth in adoption ofuetically engineeed crops continues in the US (Fernandez-Corrgjo, 2011)

Growth in adoption of genetically engineered crops continues in the U.5.

Percent of planted acres
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Data for each crop category include varieties with both HT and Bt (stacked) traits.
Sources: 1996-1999 data are from Fernandez-Cornejo and McBride (2002). Data for 2000-11 are
available in the ERS data product, Adogption of Genetically Engineered Crops in the U.S., tables 1-3.
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= The five countries producing more than 95% of commercialized GMO
L] Other country producing commercialized GMO.

= o Only experimental crops.
Figure 3: World GM O Production 2005 (Wikimedia Commons, 2006)
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Figue4: GMO-feezoresin Eurog (GMO-FeeEurop, 2010)
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Appendix A: @netically Engieeaed crop varetiesby US Stag, 2000-2011

Geneticallyengineaed (G E)orn vareties by Staé and Unigéd Staes, 2000-2011

Insed-resistant (Bt) only

Stae 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Percant of all corn planed
lllinois 13 12] 18] 23] 26] 25] 24| 19 13] 10] 15] 14
Indiana 7 6 7 8 1] 1 13] 12 7 7 7 7
lowa 23| 25| 31| 33| 36| 35| 32| 22 16| 14| 15| 13
Kansas 25| 26| 25| 25| 25| 23| 23| 25| 25| 24| 22| 28
Michigan 8 8 12 18 15] 15| 16| 19 15] 13] 11| 1
Minnesota 28| 25| 29| 31| 35| 33] 28] 26 19] 23] 18] 16
Missouri 20| 23] 27| 32| 32| 37| 38| 30| 27| 23] 15| 27
Nebraska 24| 24| 34| 38| 41| 39| 37| 31| 27| 26| 22| 15
North Dakota 1/ 21 29 29 24 22 22 26
Ohio 6 7 6 6 8 9 8 9 12] 15| 13| 24
South Dakota 35] 30| 33] 34| 28] 30| 20| 16 7 6 6 7
Texas 1/ 21| 27| 22| 20| 21| 18] 22
Wisconsin 13 11| 15| 21| 22| 22| 22 19 14| 13| 13| 18
Other States 2/ 10] 11| 14| 17 19] 19| 20| 20| 20] 20| 21| 20
U.S. 18 18] 22| 25| 27| 26| 25| =21 17| 17| 16| 16
Herbicide-tolerant only
Stae 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Percant of all corn planed
lllinois 3 3 3 4 5 6 12 15 15] 15] 15| 17
Indiana 4 6 6 7 8 11 15| 17 16| 17| 20| 22
lowa 5 6 7 8 10] 14| 14| 19 15| 15| 14| 16
Kansas 7 11| 15| 17| 24| 30| 33| 36| 30| 29| 28] 22
Michigan 4 7 8 14| 14| 20| 18] 22| 24| 20| 25| 24
Minnesota 7 7 11 15 17| 22| 29| 32| 29| 24| 28] 29
Missouri 6 8 6 9 13| 12 14| 19| 21| 17| 19| 22
Nebraska 8 8 9 11 13| 18] 24| 23| 24| 23] 24| 26
North Dakota 1/ 39| 34| 37| 34| 30| 34| 32
Ohio 3 4 3 3 4 7 13| 12 17| 17| 22| 13
South Dakota 11 14| 23] 24| 30| 31| 32| 34| 30| 25| 29| 25
Texas 1/ 42| 37| 37| 31| 30| 27| 24
Wisconsin 4 6 9 9 14| 18] 18] 23| 26| 27| 29| 27
Other States 2/ 6 8 12 17| 21| 19| 25| 33] 32| 30| 30| 30
U.S. 6 7 9 11 14| 17| 21| 24| 23] 22| 23] 23
Stacked gene varieties
Stae 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Percait of all corn planed
lllinois 1 1 1 1 2 5 19] 40] 2] s9] s2] 5
Indiana * * * 1 2 4 12] 30| 55| 55| 56| 56
lowa 2 1 3 4 8 11 18] 37| 53] 57| 61| 61
Kansas 1 1 2 5 5 10] 12| 21| 35| 38| 40| 42
Michigan * 2 2 3 4 5 10 19 33 42 44 52




Minnesota 2 4 4 7 11| 11| 16| 28| 40| 41| 46| 48
Missouri 2 1 2 1 4 6 7 13| 22| 37| 45| 36
Nebraska 2 2 4 5 6 12| 15| 25| 35| 42| 45| 52
North Dakota 1/ 15| 20| 22| 31| 41| 37| 39
Ohio * * * * 1 2 5 20| 37| 35| 36| 37
South Dakota 2 3 10] 17| 21| 22| 34| 43| s8] 65| 60| 64
Texas 1/ 9 13| 20| 27| 33| 40| 4
Wisconsin 1 1 2 2 2 6 10 22 35 37 38 41
Other States 2/ 1 1 2 2 6 6 10 14| 22| 28] 31| 36
U.S. 1 1 2 4 6 9 15| 28| 40| 46| 47| 49
All GE vaHies
Stae 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Percait of all corn planed
lllinois 17] 16| 22| 28] 33| 36| 55| 74| 80| 84| 82| 86
Indiana 11] 12| 13| 16| 21| 26| 40| 9| 78] 79| 83| 85
lowa 30| 32| 41| 45| s4| 60| 64| 78] 84| 86| 90| 90
Kansas 33| 38| 43| 47| s4| 63| 68| 82| 90| 91| 90| 92
Michigan 12] 17| 22| 35| 33| 40| 44| 60| 72| 75| 80| 87
Minnesota 37| 36| 44| s3] 63| 66| 73| 86| 88| 83| 92| 93
Missouri 28| 32| 34| 42| 49| s5| 9| 62| 70| 77| 79| 85
Nebraska 34| 34| 46| 52| eo| 69| 76| 79| 86| 91| 91| 93
North Dakota 1/ 75| 83| 88| 89| 93] 93] o7
Ohio 9 11 9 9 13| 18] 26| 41| es| 67| 71| 74
South Dakota 48| 47| 66| 75| 79| 83| 8| 93] 95| 96| 95| 96
Texas 1/ 72| 77| 79| 78| 84| 85| 88
Wisconsin 18] 18| 26| 32| 38| 46| 50| 64| 75| 77| 80| 86
Other States 2/ 17| 20| 27| 36| 46| 44| 55| 67| 74| 78] 82| 86
U.S. 25| 26| 34| 40| 47| 52| 61| 73] 80| 85| 86| 88

* Less than 1 percent.
1/ Estimates published individually beginning ir080
2/ Includes all other States in the corn estimating progra

Sources:
2000-2001.:

u.S.

Dept.

of Agriculture, National Agritwhl Statistics Service (NASS), Acreage

. June 29, 2001

2001-2002:

u.S.

Dept.

of Agriculture, National Agritwhl Statistics Service (NASS), Acreage

. June 28, 2002

2002-2003:

u.S.

Dept.

of Agriculture, National Agritwhl Statistics Service (NASS), Acreage

. June 30, 2003

2003-2004:

u.S.

Dept.

of Agriculture, National Agrituhl Statistics Service (NASS), Acreage

. June 30, 2004

2004-2005:

u.S.

Dept.

of Agriculture, National Agritwhbl Statistics Service (NASS), Acreage

. June 30, 2005

2005-2006:

u.S.

Dept.

of Agriculture, National Agritwhl Statistics Service (NASS), Acreage

. June 30, 2006

2006-2007:

u.S.

Dept.

of Agriculture, National Agritwhl Statistics Service (NASS), Acreage

. June 29, 2007

2007-2008:

u.S.

Dept.

of Agriculture, National Agritwhl Statistics Service (NASS), Acreage

. June 30, 2008

2008-2009:

u.S.

Dept.

of Agriculture, National Agritwhl Statistics Service (NASS), Acreage

. June 30, 2009

2009-2010:

u.S.

Dept.

of Agriculture, National Agritwhl Statistics Service (NASS), Acreage

. June 30, 2010

2010-2011:

U.S.

Dept.

of Agriculture, National Agritwhl Statistics Service (NASS), Acreage

. June 30, 2011




Geneticallyengineeed (G E) uplandotton varéties by Staé and Unigd Stats, 2000-2011

Insed-resistant (Bt) only

Stae 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Percant of all uplandtotton plared
Alabama 1/ 10] 10] 10 18] 13] 11] 18
Arkansas 33| 21| 27| 24| 34| 42| 28] 32| 30| 28] 20| 18
California 3 11 6 9 6 8 9 4 7 8 19 9
Georgia 18 13 8 14| 13| 29| 19| 17 19] 20| 20| 18
Louisiana 37] 30| 27] 30| 26| =21 13| 17 19] 20| 19| 26
Mississippi 29 10| 19 15 16| 14 7 16 19| 14| 12| 15
Missouri 1/ 20| 32 13 12| 18] 22 22
North Carolina 11 9 14 16 18 17 19 13 19 15 14 10
Tennessee 1/ 13 16 10 10 7 8 9
Texas 7 8 7 8 10] 14| 18] 16 16] 15| 13| 18
Other States 2/ 17 18] 19 18] 22| 18| 21| 27| 22| 24| 24| 21
U.S. 15] 13| 13| 14| 16| 18] 18] 17 18] 17] 15| 17

Herbicide-tolerant only

Stae 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Percent of all uplandtotton planed
Alabama 1/ 28 25 25 15 18 7 4
Arkansas 23| 20| 37| 25 15] 12] 21 16 4 5 2 7
California 17| 27| 26| 27| 39| 40| 40| 51| 45| s4| 56| 46
Georgia 32| 43| 55| 32| 23] 11 13| 10 5 7 8 6
Louisiana 13 14 9 15 7 10] 13| 11 6 10 3 6
Mississippi 13 15 22 16 23 23 22 19 13 16 9 7
Missouri 1/ 50| 40| 63| 68| 20| 47| 47
North Carolina 20| 37| 27| 29| 27| 24| 19| 16 14| 13 7 7
Tennessee 1/ 8 10 17 14 10 8 6
Texas 33| 35| 40| 39| 40| 35| 34| 36| 31| 31| 27| 19
Other States 2/ 21| 33| 35| 32| 24| 24| 24| 20| 20| 17| 16| 16
U.S. 26| 32| 36| 32| 30| 27| 26| 28| 23] 23| 20| 15

Stacked gene varkties

Stae 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Percant of all uplandbotton plarned
Alabama 1/ 54| 60| 60| 65| 60| 76| 75
Arkansas 14| 28| 26| 46| 45| 42| 45| 47| 64| 64| 76| 73
California 4 2 1 3 7 5 8 6 8 11 8 25
Georgia 32] 29| 30| 47| s8] 55| 64| e8] 73| 70| 69| 72
Louisiana 30| 47| 49| 48| 60| 64| 68| 68| 73] 63| 73] 65
Mississippi 36| 61| 47| 61| s8] 59| 69| 62| 66| 63| 68 76
Missouri 1/ 16] 25| 23] 19| s1| 29| 29

North Carolina

36 38 45 48 46 54 60 64 62 68 76 79

Tennessee 1/

75 67 71 73 80 82 83

Texas

6 6 4 6 8 14 18 28 31 35 51 49

Other States 2/

36 33 32 38 45 46 45 42 48 49 52 57

U.S.

20 24 22 27 30 34 39 42 45 48 58 58

All GE vaHies

Stae

2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011

Percant of all uplandbotton planed

Alabama 1/

| | | | | 92| 95| 95| 98] 91| 94| o7




Arkansas 70 78 90 95 94 96 94 95 98 97 98 98
California 24 40 33 39 52 53 57 61 60 73 83 80
Georgia 82 85 93 93 94 95 96 95 97 97 97 96
Louisiana 80 91 85 91 93 95 94 96 98 93 95 97
Mississippi 78 86 88 92 97 96 98 97 98 93 89 98
Missouri 1/ 95 97 99 99 98 98 98
North Carolina 76 84 86 93 91 95 98 93 95 96 97 96
Tennessee 1/ 96 93 98 97 97 98 98
Texas 46 49 51 53 58 63 70 80 78 81 91 86
Other States 2/ 74 84 86 88 91 88 90 89 90 90 92 94
u.S. 61 69 71 73 76 79 83 87 86 88 93 90

1/ Estimates published individually beginning ir080
2/ Includes all other States in the upland cotton esiitg program.

Sources:

2000-2001: U.S.

Dept.

of Agriculture, National Agrituhl Statistics Service (NASS), Acreage.

June 29, 2001

2001-2002: U.S.

Dept.

of Agriculture, National Agrituhl Statistics Service (NASS), Acreage.

June 28, 2002

2002-2003: U.S.

Dept.

of Agriculture, National Agrituhl Statistics Service (NASS), Acreage.

June 30, 2003

2003-2004: U.S.

Dept.

of Agriculture, National Agrituhl Statistics Service (NASS), Acreage.

June 30, 2004

2004-2005: U.S.

Dept.

of Agriculture, National Agrituhl Statistics Service (NASS), Acreage.

June 30, 2005

2005-2006: U.S.

Dept.

of Agriculture, National Agrittwbl Statistics Service (NASS), Acreage.

June 30, 2006

2006-2007: U.S.

Dept.

of Agriculture, National Agritwhl Statistics Service (NASS), Acreage.

June 29, 2007

2007-2008: U.S.

Dept.

of Agriculture, National Agricwhl Statistics Service (NASS), Acreage.

June 30, 2008

2008-2009: U.S.

Dept.

of Agriculture, National Agrituhl Statistics Service (NASS), Acreage.

June 30, 2009

2009-2010: U.S.

Dept.

of Agriculture, National Agrituhl Statistics Service (NASS), Acreage.

June 30, 2010

2010-2011: U.S.

Dept.

of Agriculture, National Agrituhl Statistics Service (NASS), Acreage.

June 30,2011




Geneticallyengineaed (G Esoybean varéties by Staéand Unigéd Staes, 2000-2011

Herbicide-tolerant only
Stae 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Percant of all soybears plarted
Arkansas 43] 60| 8] 84] 92] 92| 92| 92] 94| 94| 98] 95
lllinois 44| 64| 71| 77| 81| 81| 87| 8| 87| 90| 89| o2
Indiana 63| 78] 83| 8| 87| 89| 92| 94| 96| 94| 95| 96
lowa 50| 73] 75| 84| 89| 91| 91| 94| 95| 94| 96| o7
Kansas 66| 80| 83| 87| 87| 90| 85| 92| 95| 94| 95| 96
Michigan 50| 59| 72| 73] 75| 76| 81| 87| 84| 83| 85| o1
Minnesota 46| 63| 71| 79| 82| 83| 88| 92| 91| 92 93] 95
Mississippi 48| 63| 80| 89| 93| 96| 96| 96| 97| o4 98| 98
Missouri 62| 69| 72| 83| 87| 89| 93] 91| 92| 89| 94| o1
Nebraska 72| 76| 85| 86| 92| 91| 90| 96| 97| 96| 94| o7
North Dakota 22| 49| 61| 74| 82| 89| 90| 92| 94| 94| 04| 04
Ohio 48| 64| 73| 74| 76| 77| 82| 87| 89| 83| 86| 85
South Dakota 68| 80| 89| 91| 95| 95| 93] 97| 97| 98| 98| o8
Wisconsin 51 63| 78| 84| 82| 84| 85| 88| 90| 85| 88 01
Other States 1/ 54| 64| 70| 76| 82| 84| 86| 86| 87| 87| 90| 92
U.S. 54| e8| 75| 81| 85| 87| 89| 01| 92| 91| 93] o4
All GE vagies
Stae 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Percait of all soybears plarted
Arkansas 43] 60| e8] 84] 92| 92| 92| 92| 94| o4 98] 95
lllinois 44| 64| 71| 77| 81| 81| 87| 8| 87| 90| 89| o2
Indiana 63| 78| 83| 88| 87| 89| 92| 94| 96| 94| 95| 96
lowa 50| 73| 75| 84| 89| 91| 91| 94| 95| 94| 96| o7
Kansas 66| 80| 83| 87| 87| 90| 85| 92| 95| 94| 95| 96
Michigan 50| 59| 72| 73] 75| 76| 81| 87| 84| 83| 85| o1
Minnesota 46| 63| 71| 79| 82| 83| 88| 92| 91| 92 93] 95
Mississippi 48| 63| 80| 89| 93| 96| 96| 96| 97| o4 98| 98
Missouri 62| 69| 72| 83| 87| 89| 93] 91| 92| 89| 94| o1
Nebraska 72| 76| 85| 86| 92| 91| 90| 96| 97| 96| 94| o7
North Dakota 22| 49| 61| 74| 82| 89| 90| 92| 94| 94| 04| 04
Ohio 48| 64| 73| 74| 76| 77| 82| 87| 89| 83| 86| 85
South Dakota 68| 80| 89| 84| 95| 95| 93] 97| 97| 98| 98| o8
Wisconsin 51| 63| 78] 84| 82| 84| 85| 88| 90| 85| 88 01
Other States 1/ 54| 64| 70| 76| 82| 84| 86| 86| 87| 87| 90| 92
U.S. 54| e8| 75| 81| 85| 87| 89| o1 92| 91| 93] o4

Soybeans only have herbicide-tolerant GE varieties.
1/ Includes all other States in the soybean estimatiogram.

Sources:

2000-2001: U.S.

Dept. of Agriculture,

National Agricwhl Statistics Service (NASS), Acreage.

2001-2002: U.S.

Dept. of Agriculture,

National Agricwhl Statistics Service (NASS), Acreage.

2002-2003: U.S.

Dept. of Agriculture,

National Agricwhl Statistics Service (NASS), Acreage.

2003-2004: U.S.

Dept. of Agriculture,

National Agriwhl Statistics Service (NASS), Acreage.

2004-2005: U.S.

Dept. of Agriculture,

National Agriwhl Statistics Service (NASS), Acreage.

2005-2006: U.S.

Dept. of Agriculture,

National Agritwhl Statistics Service (NASS), Acreage.

2006-2007: U.S.

Dept. of Agriculture,

National Agriwhl Statistics Service (NASS), Acreage.

June 29, 2001
June 28, 2002
June 30, 2003
June 30, 2004
June 30, 2005
June 30, 2006
June 29, 2007




2007-2008: U.S. Dept. of Agriculture, National Agrittubl Statistics Service (NASS), Acreage. June 30, 2008
2008-2009: U.S. Dept. of Agriculture, National Agrittubl Statistics Service (NASS), Acreage. June 30, 2009
2009-2010: U.S. Dept. of Agriculture, National Agrituwhl Statistics Service (NASS), Acreage. June 30, 2010
2010-2011: U.S. Dept. of Agriculture, National Agrituwhl Statistics Service (NASS), Acreage. June 30, 2011




Appendix B: Global plantieg@f bioed crops (millions of hedares)

Country 2008 2009 % Chang
United States 62.5 64 +2.4%
Brazil 15.8 21.4 +35.4%
Argentina 21 21.3 +1.4%
India 7.6 8.4 +10.5%
Canada 7.6 8.2 +7.9%
China 3.8 3.7 -2.6%
Paraguay 2.7 2.2 -18.5%
South Africa 1.8 2.1 +16.7%
Uruguay 0.7 0.8 +14.3%
Bolivia 0.6 0.8 +33.3%
Philippines 0.4 0.5 +25.0%
Australia 0.2 0.2 -
Burkina Faso 0.1 0.1 -
Spain 0.1 0.1 -
Mexico 0.1 0.1 -

Ten Countries with less than 100,000 hectares of GMO cultivation:

Chile

Columbia
Honduras
Czech Republic
Portugal
Romania
Poland

Costa Rica
Egypt

Slovakia

(Reuters, 2010)
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