GM Crop Dat abase

GA21 ( MON- @27P1- 9)

Host Organi sm Zea mays ( Mai ze)
Trade Name Roundup Ready®
Trait d yphosat e herbicide tol erance.

M croparticle bonbardnent of plant cells or

Trait I ntroduction tissue

Proposed Use Production for human consunption and |ivestock

f eed.
Pr oduct Devel oper Syngenta Seeds, Inc. (formerly Zeneca Seeds)
I Summary of Regul atory Approval s
Country Food Feed Env Not es
Argentina 2005 2005 1998
Australia 2000
Brazi | 2008 2008 2008
Canada 1999 1998 1998
Chi na 2004 2004
Col onbi a 2012
Eur opean Uni on 2006 2005
Japan 1999 1999 1998
Kor ea 2002 2005
Mexi co 2002 2002
Phi | i ppi nes 2003 2003 2009
Russi a 2007 2007
South Africa 2002 2002
Tai wan 2003
United States 1996 1996 1997
Ur uguay 2011 2011 2011

I ntroduction

The GA21 line of maize (Zea mays L.) was genetically engineered, by

particle acceleration (biolistic) transformation, to be tolerant of

gl yphosate-contai ning herbicides. The isolated endogenous nmaize 5-
enol pyruvyl shi ki mat e- 3- phosphate synthase (EPSSP) gene was nodified
through site-directed nutagenesis, such that its encoded enzyne was
insensitive to inactivation by glyphosate, and inserted into the inbred
AT mai ze vari ety.

d yphosate specifically binds to and inactivates EPSPS, which is
involved in the biosynthesis of the aromatic amno acids tyrosine,
phenyl al anine and tryptophan. This enzynme is present in all plants,
bacteria and fungi, but not in animals, which do not synthesize their
own aromatic amno acids. Thus, EPSPS is normally present in food
derived from plant and mcrobial sources. The nodified maize line
permts farmers to use gl yphosate-containing herbicides, such as Roundup
her bi ci de, for weed control in the cultivation of naize.
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Modi fi cati on Met hod

The GA21 nmmize line was created through biolistic transformation of
enbryogenic maize cells with DNA-coated gold particles and regeneration
of plants by tissue culture on selective nmedium The 3.4 kb DNA
restriction fragnment (Notl digested pDPG434 plasmd DNA) used for
transformati on contained a copy of the EPSPS encoding gene originally
i solated from mai ze and subsequently nodified by in vitro site-directed
nmut agenesis to be insensitive to inactivation by glyphosate. The
expression of the nodified (m-EPSPS encoding gene was controlled in
part by the rice actin pronmoter intron sequences and the NOS 3
term nati on sequence derived from the Ti plasmd of the plant pathogen
Agr obact eri um t umef aci ens.

The nEPSPS encoding gene was fused to an optimzed chloroplast transit
peptide (OTP) to allow subcellular targeting of nEPSPS protein into the
chloroplast, the site of both the shikimte pathway and gl yphosate node-
of -action. The chloroplast transit peptide sequences were derived from
ri bul ose |, 5-bi sphosphat e carboxyl ase oxygenase (RuBi sCo) genes isolated

frommai ze and sunfl ower.
Because a purified fragnent of DNA was used in the transformation, no

extraneous bacterial genes, including antibiotic resistance marker
genes, were transferred. Genes present in the original pDP&434 plasnmd
backbone but not in the Notl restriction fragnent used for

transformation included lacZ, ColEl(ori) and the beta-|actamase encodi ng
bla gene fromE. coli plasm d pBR322.

Characteristics of the Modification

The I ntroduced DNA

Southern blot analysis of genomc DNA from GA21 denonstrated the
integration at a single site on an 18.5 kb DNA restriction fragnent
containing three conplete copies in tandem of the plasm d fragnment used
in the transformation, plus three inconplete copies. The copy at the 5
end of the insert was shown to include a partial rice actin pronoter and
a full length nEPSPS encoding gene with the NOS 3' untranslated region.
Following the three conplete copies is a full length rice actin pronoter



element followed by a partial nEPSPS coding sequence. A rice actin
pronoter elenent is located at the 3' end of the insert. Transcription
of the intact nEPSPS encodi ng gene(s) was determ ned by Northern bl ot
anal ysis of nRNA isolated from GA21.

Because the 3'-termnal region of the inserted DNA was truncated after a
rice actin pronoter, there was the potential of creating a chineric open
reading frame (ORF) that included plant DNA sequences. Based on DNA
sequence data, two putative overlapping open reading frames, ORF-1 (97
amno acids) and ORF-2 (19 amno acids) were identified. However,
Northern blot analysis using poly (At) RNA prepared from |eaf tissue of
mai ze line GA21, probed with naize genomc DNA sequence flanking the
insert, denonstrated that there was no detectable RNA transcript of this
regi on.

Cenetic Stability of the Introduced Trait

The stability of the inserted DNA was assessed from Southern blots of
genomic DNA obtained from 5 generations of progeny from successive
backcrossing of the transgenic line. The introduced trait segregated as
a single locus according to Mendelian rules of inheritance.

Expressed Materi al

The deduced anmino acid sequence of the nEPSPS (445 amno acids) was
99.3% identical to that of the wild-type enzyne from mai ze. Western bl ot
anal ysis of GA21 tissue extracts confirmed the expression of a 47.4 kDa
protein, which was the size predicted for full-length nEPSPS protein and
also corresponded to the size of this protein when expressed in
bacterial cells transformed wth a plasmd containing the nEPSPS
encodi ng gene.

The expression of the nEPSPS gene was quantitated by enzyme |inked
i mmunosor bent assay (ELISA) of sanples of forage and grain from plants
at 5 field locations. Pooled grain sanples from 9-16 ears were anal yzed.
The nEPSPS protein was expressed in all tissues of the nodified plant
(roots, stem |leaves and pollen). Levels of nmEPSPS protein in grain
averaged 3.2 + 1.7 w/ fresh weight (fw). Expression of the wld-type
EPSPS in grain was undetectable at all sites. Expression of nEPSPS
protein in forage (entire plant mnus the roots) averaged 118.7 u/g fwt,
ranging from 46.6-210.4 p/g fwt. In forage, the wild type EPSPS was
detected at 4 out of 5 sites but not at |evels high enough to quantify.

Studies to evaluate the activity of the nEPSPS and potential toxicity
were performed on the Dbacterial expressed form of the enzyne.
Escherichia coli were transformed with a plasmd containing the sane
nEPSPS encodi ng gene that was introduced into GA21 nmize. Bridging data
on imunol ogical <cross-reactivity and physiochem cal properties were
provided to denonstrate equivalence between the bacterial and plant
expressed forns of the nEPSPS enzyne. Enzyne kinetics and substrate
specificity analysis denonstrated that the bacterial expressed nEPSPS
had the same substrate specificity as the wild-type maize enzyne.

I Envi ronnent al Safety Consi derati ons

Field Testing

Mai ze line GA21 was field tested from 1994 to 1996 in four U S. states,

Puerto Rico and Canada. Field trial reports indicated that transgenic
GA21 mai ze did not display any abnormal characteristics, did not display
any increased tendancy to weedi ness, and had no observable effect on non-
target organisnms or the general environment. Mize |ine GA21 retained
the agronomc characteristics of its parental inbred |line and differed



only inits tolerance to glyphosate.
Qut cr ossi ng

Since pollen production and viability were unchanged by the genetic
nodi fication resulting in maize line GA21, pollen dispersal by w nd and
outcrossing frequency should be no different than for other naize
varieties. Gene exchange between GA21 and other cultivated nuize
varieties wll be simlar to that which occurs naturally between
cultivated naize varieties at the present tine. In Canada and the United
States, where there are few plant species closely-related to maize in
the wild, the risk of gene flow to other species is renote. Cultivated
mai ze, Zea mays L. subsp. mys, is sexually conpatible wth other

menbers of the genus Zea, and to a nuch |esser degree with nenbers of

the genus Tripsacum None of the sexually conpatible relatives of naize
in Canada or the United States are considered to be weeds in these
countries and it is therefore unlikely that introgression of the nmEPSPS
gene would provide a selective advantage to these popul ations as they
woul d not be routinely subject to herbicide treatnents.

Weedi ness Potenti al

No conpetitive advantage was conferred to maize line GA21, other than
that conferred by resistance to glyphosate herbicide. Resistance to
gl yphosate containing herbicides will not, in itself, render mmize weedy
or invasive of natural habitats since none of the reproductive or growth
characteristics were nodified.

Cultivated maize is unlikely to establish in non-cropped habitats and
there have been no reports of namize surviving as a weed. In agriculture,
mai ze volunteers are not uncommon but are easily controlled by
nmechani cal neans or by using herbicides that are not based on gl yphosate
as appropriate. Zea mays is not invasive and is a weak conpetitor wth
very limted seed dispersal

Secondary and Non- Target Adverse Effects

Anal ysis of GA21 mai ze determ ned that no toxic conponents were present
in concentrations significantly different from the Ilevels in non-
transgenic mmi ze. The expression of nEPSPS in maize line GA21 was not
expected to pose a risk since this protein was nearly (99.3% identical
to the endogenous maize EPSPS. Field observations of nmize |ine GA21
revealed no negative effects on nontarget organisnms. These results
conbined with the lack of known toxicity of EPSPS suggested that the
NEPSPS protein had no deleterious effects on organisns recognized as
beneficial to agriculture (e.g., earthworns, honey bees) or on other
organi sns, including any species recognized as threatened or endangered
in Canada and the United States.

| npact on Biodiversity

Mai ze line GA21 has no novel phenotypic characteristics that would
extend its use beyond the current geographic range of maize production
Since the risk of outcrossing wwth wld relatives in Canada and the
United States is renote, it was determned that the risk of transferring
genetic traits from GA21 to species in unnanaged environnments was not a
signi ficant concern.

O her Consi derati ons

Consi deration was nmade as to whether the introduction of crops tolerant
to glyphosate would result in a significant increase in the use of the



herbicide, and lead to the evolution of glyphosate resistant weeds. It
was determned that the risk of increasing the selection of glyphosate
tol erant weeds was |low and could be mtigated through the use of other
approved herbicides with a node of action dissimlar to glyphosate. It
was concluded that there was unlikely to be any significant adverse
i mpact on agricultural practices associated with the use of the GA21
mai ze |ine.

IFood and/ or Feed Safety Considerations

D etary Exposure

As GA21 mmize was intended primarily for use in livestock feed, the
| evel of dietary exposure to the nEPSPS protein was predicted to be very
low. The mgjor human food uses for nmize are extensively processed
starch and oil fractions prepared by wet or dry mlling procedures and
products include corn syrup and corn oil, neither containing protein.
Human exposure to the nodified protein fromwhole grain corn in the diet
was considered to be very low due both to its |ow abundance in the
protein fraction of the grain and to the proportionately | ow percentage
of protein in the kernel, conpared with the major starch conponent.
Overall, the dietary exposure of consuners in Canada and the United
States to grain from GA21 nmize was anticipated to be the sanme as for
other lines of comercially available field corn.

Nutritional Data

Maize line GA21 and non-transforned control lines were grown at five
different locations in 1996. Several sanples of both forage material and
grains were collected and analyzed. Forage was analyzed for proximte
conposition: ash, calcium carbohydrates, fibre [acid detergent fibre
(ADF) and neutral detergent fibre (NDF)] noisture, and phosphorus,
protein, and fat. Gains were analyzed for ©protein, fat, ash,
carbohydrate (calculated), fibre (ADF and NDF), amno acid and fatty
acid conposition, calcium and phosphorus. Conplenentary analyses were
conducted on trace elements, trypsin inhibitors, phytic acid and Vitamn
E. There were no significant differences in nutrient conposition between
GA21 and commercial nmize varieties in either the grain or forage
mat eri al .

The data assessed from animal feeding studies clearly denonstrated the
nutritional equivalence of grain from GA21 to isogenic material, on the
basis of growh performance and body conposition of broiler chickens
recei ving GA21 nmi ze conpared to isogenic grain for 40 days.

Toxicity



Because the am no acid sequence of the nEPSPS was 99.3% identical wth
the sequence of the wild-type enzynme the amno acid substitutions were
not predicted to result in an increased potential for toxicity.
Furthernmore, the am no acid sequence of the inserted nmEPSPS enzyne was
conpared to that of known protein toxins listed in the PIR Sw ssProt,
EMBL and GenBank genetic databases. Based on these conputer searches the
nEPSPS protein did not show honologies with known toxins and was judged
not to have any potential for human toxicity.

The two putative open reading franes (ORFs) identified proximal to the
nEPSPS insert were both derived from maize sequences and assessed for
potential toxicity. Northern blot analysis of poly(A+) RNA from GA21 and
control lines denonstrated that transcription of these ORFs did not
occur in maize |line GA21. Sequence analysis indicated no honologies with
known toxins or allergens.

Bacteri al - expressed nEPSPS was further evaluated for acute oral toxicity
in a |aboratory aninmal feeding trial. The test protein was adm ni stered
by a single oral gavage to ten nale and ten female CD-1 mce at doses
corresponding to 3.7, 11.8 and 45.6 ng/kg. The highest dose of 45.6 ng
nEPSPS/ kg body weight was clained to be at |east 500-fold higher than
the likely human exposure. A <control group of ten mce/sex was
adm nistered only the carrier substance, at the sane delivery volunme as
the test substance. An additional control group of ten mce/sex was
adm ni stered bovine serum albumin (BSA) in the sane carrier substance at
the highest target dose (45.6 ng/kg). At defined stages throughout the
duration of the study, «clinical observations were perforned for
nortality and signs of toxicity, and body weights and food consunption
nmeasured. At the termnation of the study (day 13-14), aninmals were
sacrificed, examned for gross pathology and nunmerous tissues were
col l ected and saved.

It was concluded that there was no evidence of toxicity in mce
followng a single oral dose of 45.6 ng/kg nEPSPS protein. The results
of the study showed no statistically significant differences in group
mean body wei ghts, cumul ative weight gains or food consunption in either
males or females at any level of either the BSA control or test
material, when conpared with the respective carrier control group. Al
animals survived to the end of the study, and there were no clinical
signs observed that could be related to the test material.

Al'lergenicity

The wild-type nmaize EPSPS enzyne has not been associated with any
allergic effects, nor is its amno acid sequence honologous with any
known protein allergens. The near conplete identity (99.3% between the
amno acid sequences of the nEPSPS and wild-type EPSPS enzynes was
expected to ensure a lack of allergenicity of the novel protein. The
amno acid sequence of the inserted nEPSPS enzyne was conpared to a
dat abase of 219 known allergens and gliadin sequences constructed from
public domain databases. There were no significant sequence simlarities
di scovered between nEPSPS and known allergens and gliadins. Data
presented al so showed that the protein was not glycosylated, a property
coomon to many allergens. Also, unlike comon allergens the mEPSPS
protein was present at very low levels (Unlike known protein allergens,
the nEPSPS was rapidly degraded by acid and/or enzymatic hydrol ysis when
exposed to sinulated gastric or intestinal fluids. EPSPS isolated from
| eaves of GA21 maize, including nEPSPS (70% of activity), was rapidly
degraded in vitro in artificial human gastric and intestinal fluids. The
results of these experinents denonstrated that the nEPSPS protein was no
| onger detectable after 15 seconds in the gastric system and within one



mnute in the intestinal system

Toget her these results strongly supported the conclusion that naize |ine
GA21 expressing nEPSPS did not pose any greater risk than conventiona
mai ze, With respect to potential allergenicity.

ILi nks to Further |Information

Australia New Zeal and Food Authority

Draft Ri sk Analysis Report: Application A362, Food Derived From

d yphosate Tol erant Corn, GA21 (http://cera-

gnt.org/fil es/ceral GrCr opDat abase/ docs/ decdocs/ 01- 290- 058. pdf)

[ PDF Size: 238. 81K bytes]

Final R sk Analysis Report: Application A362, food from gl yphosate
tolerant corn line GA21. (http://cera-

gnt.org/fil es/ceral GrCr opDat abase/ docs/ decdocs/ 01-290- 059. pdf)

[ PDF Size: 263. 47K byt es]

Com ss? T?ni ca Naci onal de Bi osseguran? - CINBio (Brazil)

Ri sk Assessnent of Herbicide Tol erant Maize (GA21) (http://cera-
gnt.org/files/ceral GrCr opDat abase/ docs/ decdocs/ 09- 060- 004. pdf)
[ PDF Size: 509. 80K byt es]

Eur opean Conmi ssi on

COW SSI ON DECI SI ON of 13 January 2006 authorising the placing on
the market of foods and food ingredients produced fromgenetically
nodi fi ed Roundup Ready mai ze |ine GA21 as novel foods or novel food
i ngredi ents under Regul ation (EC) No 258/ 97 of the European
Parlianment and of the Council. (http://cera-

gnt.org/fil es/ceral GrCr opDat abase/ docs/ decdocs/ 06-286-011. pdf)

[ PDF Size: 44. 16K bytes]

COW SSI ON DECI SI ON of 28 March 2008 aut horising the placing on the
mar ket of products containing, consisting of, or produced from
genetically nodified miize GA21 MON-@1-9) pursuant to Regul ation
(EC) No 1829/ 2003 of the European Parlianent and of the Counci
(http://cera-gnt.org/files/ceral GrCropDat abase/ docs/ decdocs/ 08- 094-
001. pdf)

[ PDF Size: 48.43K byt es]

Eur opean Commi ssion Scientific Conmttee on Food

Qpinion of the Scientific Conmttee on Food on the safety assessnent
of the genetically nodified maize |line GA21, with tolerance to the
her bi ci de gl yphosate (expressed on 27 February 2002) (http://cera-
gnt.org/files/ceral GrCr opDat abase/ docs/ decdocs/ 06- 031- 001. pdf)

[ PDF Size: 231. 79K byt es]

Eur opean Comm ssion Scientific Conmttee on Plants

Opi nion of the Scientific Commttee on Plants on the subm ssion for
pl aci ng on the market of genetically nodified nmaize (Zea mays) line
GA21 with tolerance to gl yphosate herbicide notified by Mnsanto
(Notification C/ES/98/01) (http://cera-

gnt.org/fil es/ceral GrCr opDat abase/ docs/ decdocs/ 2001093- a. pdf)



[ PDF Size: 38.85K bytes]
Eur opean Conmi ssion: Community Regi ster of GV Food and Feed

Notification of the placing on the Conmunity Register of MON- @1-09.
(http://cera-gnt.org/files/ceral GrCropDat abase/ docs/ decdocs/ 06- 286-
012. pdf)

[ PDF Size: 17.59K byt es]

Japanese Biosafety C earing House, Mnistry of Environnent

Qutline of the biological diversity risk assessnment report: Type 1
use approval for GA21 (http://cera-

gnt.org/fil es/ceral GrCr opDat abase/ docs/ decdocs/ 06-291- 009. pdf)

[ PDF Size: 102. 84K byt es]

M ni sterio de Sal ud Protecci on Soci al

Resol uci 6n Nunero 0001692 de 2012 (http://cera-
gnt.org/files/ceral GrCr opDat abase/ docs/ decdocs/ 12-217-004. pdf)
[ PDF Size: 423.59K bytes]

Monsant o Conpany

Product safety description (http://cera-
gnt.org/fil es/ceral GrCr opDat abase/ docs/ decdocs/ 02- 269- 006. pdf)
[ PDF Size: 221. 65K byt es]

O fice of Food Biotechnol ogy, Heal th Canada

NOVEL FOOD | NFORMATI ON - FOOD Bl OTECHNOLOGY GLYPHOSATE TOLERANT
CORN, GA21 (http://cera-

gnct.org/fil es/ceral GrCr opDat abase/ docs/ decdocs/ of b- 099- 133- a. pdf)
[ PDF Size: 47.93K byt es]

Phi | i ppi nes Departnent of Agriculture, Bureau of Plant Industry

Determ nation of the Safety of Minsanto's Corn GA 21 (Herbicide

Tol erant Corn) for Direct Use as Food, Feed and for Processing
(http://cera-gnt.org/files/ceral GrCropDat abase/ docs/ decdocs/ 09- 131-
004. pdf)

[ PDF Size: 29.63K bytes]

Secretaria de Agricultura, Ganaderia, Pesca y Alinentos: Republica
Argentina

Noticias de |la SAGPyA: La SAGPyA autorizo el uso de maiz GA21
(http://cera-gnt.org/files/ceral GrCropDat abase/ docs/ decdocs/ 05-291-
003. pdf)

[ PDF Size: 79.56K bytes]

U S. Departnent of Agriculture, Aninmal and Plant Heal th I nspection
Service

Petition for Determ nation of Nonregulated Status for Roundup Ready
Corn Line GA21 (CBI-deleted) (http://cera-



gnct.org/fil es/ceral GrCr opDat abase/ docs/ decdocs/ 04- 225- 008. pdf)
[ PDF Size: 3.91M bytes]

US Food and Drug Admi nistration

Menmorandumto file concerning gl yphosate herbicide-tol erant maize
line GA21. (http://cera-

gnt.org/fil es/ceral GrCr opDat abase/ docs/ decdocs/ bnf M)51. pdf)

[ PDF Size: 194.59K bytes]

USDA- APHI S Envi ronnent al Assessnent

DETERM NATI ON OF NONREGULATED STATUS FOR GLYPHOSATE- TOLERANT CORN
LI NE GA21 (http://cera-

gnt.org/fil es/ceral GrCr opDat abase/ docs/ decdocs/ 01-290- 061. pdf)

[ PDF Size: 55.97K bytes]



