Petition for Determination of Nonregulated Status for Roundup
Ready® Canola (Brassica napus)
Line RT73

97-350U

Submitter:

Monsanto Company
700 Chesterfield Parkway North
Chesterfield, MO 63198

July, 1998

Preiared bi:

CONTAINS NO CONFIDENTIAL INFORMATION



Petition for Determination of Nonregulated Status for
Roundup Ready® Canola (Brassica napus) Line RT73

SUMMARY

Monsanto Company submits this Petition for Determination of Nonregulated
Status to the Animal Plant Health Inspection Service (APHIS) for canola
which is tolerant to Roundup® herbicide. This petition requestsa
determination from APHIS that the Roundup Ready® canola line RT73, any
progenies derived from crosses between this line and other:canola varieties,
and any progeny derived from crosses;of this line with transgenic canola
varieties that have also received a determinationof nonregulated status, no
longer be considered regulated articles under regulationsin 7 CFR part 340.

Weed management is a critical component to maximize yields'and retain a
high-quality harvest, free‘of weed seeds:- Theuse of cénola plants containing
the Roundup Ready® gene would enable the farmer to utilize Roundup®
herbicide for effectivé’control of weeds during the'growing season and to take
advantage of this herbicide’s’environmental and safety characteristics.

Roundup Ready® canola lirie RT73, also referred to.as RT73, has been
transformed with the plasmid PV-BNGT04; which contains the
enolpyruvylshikimate-3-phosphate synthase (CP4 EPSPS) gene from
Agrobacterium sp. and g modified glyphosate oxidoreductase (goxv247) gene
based on the goxgene from Ochrobactrum anthropi sp. These genes and the
proteins they produce have been fully characterized. The CP4 EPSPS gene in
RT73 is the same as the gene imparting Roundup tolerance in Roundup
Ready® cottonline\1445and Roundup Ready® soybean line 40-3-2,
previously deregulated by USDA. Canola RT73 is tolerant to Roundup
through the expression:of both the CP4 EPSPS and GOXv247 proteins.
Canola'RT73 has been extensively field tested in Canada, Europe and the
United States‘over the last six years. Testing in the United States was
conducted under USDA permits and notifications (Appendix 1).

Monsanto obtained food, feed and environmental regulatory approvals for
Roundup Ready canola line RT73 in Canada in March, 1995. Commercial
launch of RT73 occurred in 1996 under the trade name Roundup Ready®,
with over 450,000 Canadian acres planted in 1997. Food and environmental
approvals were obtained in Japan in September, 1996. Monsanto also
completed the consultation process with the U.S. Food and Drug
Administration in September, 1995 and obtained a finding of no concern. In



addition, the U.S. EPA granted a tolerance exemption for CP4 EPSPS on
August 2, 1996 and for GOX on October 9, 1997. Monsanto has submitted
(April, 1998), and will obtain, prior to commercial launch in the United
States, a registration from the U.S. EPA for use of Roundup for over-the-top
application on Roundup Ready canola.

Data and information for RT73 transformed with the plasmid vector PV-
BNGTO04 are provided to demonstrate that this canola line and its progeny
are no more likely to become weeds than traditional canola varieties and are
unlikely to increase the weediness potential of any cultivated plant-or native
wild species. In addition, this line does not exhibit plant pathogenic
properties and exhibits no toxicity to non-target organisms, including those
organisms beneficial to agriculture.

Therefore, Monsanto Company requests a determination’ from APHIS that
Roundup Ready canola line RT'73; any progenies-derived from ‘crosses
between this line and other canola yvarieties, and any progeny derived from
crosses of this line with transgenic canola varieties that -havealso received a
determination of nonregulated status, no longer be considered régulated
articles under regulations in 7 CFR part 340.
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5-enolpyruvylshikimate-3-phosphatesynthase
glyphosate oxidoreductase gene/protein from
Achromobacter sp. strain LBAA

a variant of the gox gene

a variant of the GOX protein

left border of T-DNA

oilseed rape

million hectares

phosphoenolpyruvate

polymerase chain reaction

right border of T-DNA
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Phenotype with resistance tospectinomycin and
streptomycin conferred by the.aad gene
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small subunit
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I. RATIONALE FOR THE DEVELOPMENT OF ROUNDUP READY® CANOLA

The use of canola containing Roundup Ready® genes would enable the
farmer to utilize Roundup herbicide for effective control of weeds during the
growing season and to take advantage of this herbicide’s environmental and
safety characteristics. Glyphosate is highly effective against the majority of
annual and perennial grasses and broad-leaved weeds. Glyphosate has
excellent environmental features, such as rapid soil binding (resistance to
leaching) and biodegradation (which decreases persistence), as well as
extremely low toxicity to mammals, birds and fish (Malik et al., 1989). .In
addition, glyphosate is one of the commercially available herbicides classified
by the EPA as Category E (evidence of non-carcinogenicity for humans) (57
FR 8739).

The use of Roundup Ready canola can positively impact current-agronomic
practices in canola by:

¢ Offering the farmer’'a new, wide<spectrum weed control option.
e Allowing the use of an environmentally acceptable herbicide.
¢ Increasing flexibility to treat weeds on an “as‘needed” basis.

o Providing an excellent fit with reduced-tillage systems, which
results in'‘increased soil: moisture; while reducing soil erosion and
fuel use.

¢ Providing cost-effective weed control.

II. THE CANOLA FAMILY

A thorough review of the'taxonomy and biology of the canola family may be
found in the Consensus Document on the biology of Brassica napus L (Oilseed
Rape) in the OECD Series on the Harmonization of Regulatory Oversight in
Biotechnology (OECD, 1997). Information not discussed in the OECD
document concerning the distribution of sexually compatible species in the
U.S. can be found in Sections II.A. and VIL.F. The development of canola
quality rapeseed has also been previously reviewed (Stefansson, 1983).

In the fall of 1990, U.S. production of canola was quite modest: 24,000
hectares or 59,000 acres. By 1997 U.S. production had increased to 289,000
hectares or 715,000 acres (NASS, 1997). Within ten years, the U.S.
production may be as high as 4.5 million hectares/11.1 million acres (Raymer



and Thomas, 1990). The two leading states in canola production are North
Dakota and Montana, with significant production also found in Idaho,
Minnesota and Washington.

A. Genetic Nature of the Amphidiploid B. napus

The origin of the species Brassica napus can be traced to natural crossing
between two diploid species, B. oleracea and B. rapa, growing in close
proximity, followed by spontaneous chromosome doubling of the hybrid.
Amphidiploids, a special case of polyploidy, are formed by mating two species
with different genomes and doubling the chromosome number of the hybrid.
Such a doubled chromosome configuration would be stable at meiosis and
thus allow the new polyploid species to reproduce. Crossing without
chromosome doubling results in sterile'progeny.© Cytological studies of. B.
napus have shown that it contains both the aa'and thecc genome, and'is an
amphidiploid derived from the monogenomic species; B. oleracea (cc'genome)
and B. rapa (aa genome), (Mizushima, 1980; 17, 1935).cSuch-a
crossing/doubling event probably occurred:only once for B. napus, since it has
a discrete center of origin in the Mediterranean area.-Both B. napus and B.
Juncea have the aa B. rapa genome in common (Figure 1)

B. napus is self-compatible and thus; primarily selfpollinating, although
some crossing between individual plants of B. napus.(outcrossing) does occur
under field conditions (Huhn and Rakow,1979; Rakow and Woods, 1987).
The pollen 1s sticky and only transferred physically, through contact between
plants.or by insects. The only cultivated gpecies sexually compatible with B.
napus under field conditionsare other B. napus, B. rapa, and B. juncea.
Several wild mustard species, B. carinata, B. oleracea, Sinapis alba syn B.
hirta and B. tournefortii, require intervention such as emasculation and
manual pollination to produce progeny when crossed with B. napus under
field conditions (QECD, 1997). See section VLF. for additional discussion of
outcrossing potential‘between B. napus and other closely related species.

10



Figure 1. Genome relationships of some economically
important Brassica species. After U (1935).

bbecc
B. carinata |
n=17 f

aa bb
B. juncea
n=18

cC , aa

B. oleracea B. rapa syn.

n=9 campestris
n=10

Table 1. Members of the genus Brassica found in the U.S. which are
sexually’compatible with B. napus under field conditions,
includingthe common names of cultivated and naturalized or
wild forms, (Fribourg et al., 1989; Hortus Third, 1976; Rollins,

1981).
Brassica species cultivated form naturalized or wild form
B. juncea brown mustard Indian mustard
leaf mustard
mustard greens
B. napus canola, wild rape
oilseed rape
B. rapa fodder turnip, field mustard,
turnip rape, wild turnip
canola, rapeseed
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B. Characteristics of the nontransformed cultivar

Roundup Ready canola line RT73 was selected from plants of the well-known
Westar variety of canola (Brassica napus L.) (Klassen et al., 1987). Since
1982, this variety has had a history of safe use in the commercial production
and breeding of canola. Its pedigree has been published along with 6 year
performance data (Klassen et al., 1987). Westar has been a standard, as well
as a source of breeding germplasm for many other registered varieties of
canola. Thus, there are no safety concerns related to the host plant for
Roundup Ready canola line RT'73.

III. AGROBACTERIUM TRANSFORMATION METHOD

The disarmed Agrobacterium tumefaciens plant transformation system was
used to produce Roundup Ready canola line RT73)." This delivery system is
well documented to transfer)and stably integrate T-DNA into'a plant nuclear
chromosome (White, 1989; Howard et al.; 1990). Vector PV-BNGT04 was
mobilized into disarmed A. tumefaciens strain-ABI and selected on
spectinomycin and chloramphenicol. Five to six‘week-old:stem sections from
Westar canola were used as‘explant sources, and were infected with the
Agrobacterium culture. -Following co-culture, Agrobacterium were killed
using a culture media‘containing the appropriate antibiotics. Explants were
later placed on glyphosate selection medium. Developing shoots were excised
from an'Ro plant. The positive shoots were grown to maturity, selfed to
produce seed and the resulting progeny plants were screened for glyphosate
tolerance.

IV. DONOR GENES AND REGULATORY SEQUENCES

A. Plant transformation‘vector, PV-BNGT04

The'plant transformation vector used to produce Roundup Ready canola
RT73was PV-BNGTO04. It is a double border vector, and encodes CP4 EPSPS
and goxv247 genes optimized for plant expression. As described in more
complete detail in Table 2, the sequence between the left and right border
sequences contains the following genetic elements:

Promoter Transit peptide Gence Terminator
P-CMoVb CTP1 goxv247 E9 3’
P-CMoVb CTP2 CP4 EPSPS E9 3
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The plasmid map is shown in Figure 2. All of the clonings performed to
construct plasmid PV-BNGT04 were done in non-pathogenic E. coli strains
derived from E. coli K-12 (E. coli LE392, JM101, and MM294), commonly
used in molecular biology research (Sambrook et al., 1989).

The vector PV-BNGT04 contains well-characterized DNA segments required
for selection and replication of the plasmid in bacteria, as well as a right
border for initiating the region of DNA transferred into plant genomic DNA.
The same constitutive promoter, P-CMoVDb, was used to drive expression of
both the CP4 EPSPS and goxv247 genes. A chloroplast transit peptide (CTP)
was fused upstream of the N-terminus of CP4 EPSPS and goxv247 to
facilitate import of the newly translated protein into'chloroplasts (della-
Cioppa et al., 1987). The Arab-SSU1A/CTP1 (CTP1) is a chloroplasttransit
signal peptide derived from the small subunit of ribulose‘bisphosphate
carboxylase of Arabidopsis thaliana. The CTP1 DNAsequence encodes an
89 amino acid peptide fused to the N-terminus of mature goxv247: The
amino acid sequence of CTP1 contains 2 poténtial Cys-Met (cysteine-
methionine) cleavage sites upstream of the fusion. (The AEPSPS/CTP2
(CTP2), fused to CP4 EPSPS; s the A. .thaliana EPSPS CTP. The CTP2 DNA
sequence encodes a 77-amino acid peptide fused to the N-terminus of mature
CP4 EPSPS. The amino-acid sequence of CTP2 contains.only one Cys-Met
cleavage site at the point of the fusion.

Outside the borders, the vector PV-BNGT04 (Figure 2) contains bacterial
origins ofreplication (ori-V, ori-322) and the aad selectable marker gene that
provides resistance to spectinomycin and streptomycin antibiotics. These
elements were not transferred toccanola RT73. Lastly, well-defined
restriction sites are present in PV-BNGT04 (Figure 2). These sites enable
characterization of the genetic elements in canola RT73.

13



Figure 2. Plasmid Map of PV-BNGT04.

| Hindll 9265

EcoRl 9395

P-CMoVb
Arab-SSU1A/CTP1
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Hindlll 1299

Hindlll 1311

14



Table 2. Summary of the Genetic Elements in Plasmid Vector

PV-BNGT04.

Genetic Element
Right Border

P-CMoVb

Arab-SSUIA/CTP1

goxv247syn

E93

AEPSPS/CTP2

CP4 EPSPS syn

Left Border

ori-V

ori<322

aad (SpclStr)

Function (Reference)

A 25 nucleotide direct repeat that acts as the

initial point of DNA transfer into plant cells,
originally isolated from pTiT37 (Depicker et al., 1982).

The 35S promoter from a modified figwort mosaic virus
(Gowda et al., 1989; Richins ef al., 1987; Sheperd et al.,
1987).

The N-terminal of the small subunit 1A of the ribulose-1,5-
bisphosphate carboxylase chloroplast transit peptide from
Arabidopsis (Timko et al), 1988).

A synthetic glyphosate oxidoreduictase (gox) gene variant
number 247 based on the glyphosate oxidoreductase (gox)

gene isolated chrobactrum/anthropi strai
(Appendix 2, et al., 1994; and Appendix 8,
et al, 1994).

The 3" endf the pea rbcS E9 gene which (provides the
polyadenylation sites for the goxv247 and CP4 EPSPS genes
(Coruzzi et al); 1984; Morelli et al., 1985).

The N-terminal chloroplast'transit peptide sequence from
the:Arabidopsis EPSPS gene(Klee et al., 1987).

The synthetic 5-enolpyruvylshikimate-3-phosphate
synthase (CP4 EPSPS) gene based on the sequence from
Agrobacterium sp.@train CP4 (Padgette et al., 1996;
see;Appendix 4)

Isolated from the octopine Ti plasmid,
pTiAS6, and contains the 25 bp direct repeat
sequence that delimits the DNA transferred
(Barker et al., 1983).

The vegetative origin of replication that
permits plasmid replication in
Agrobacterium. It was originally isolated
from plasmid RK2 (Rogers et al., 1987).

A plasmid replication origin which permits
propagation of DNA in bacterial hosts such
as E. coli. (Sutcliffe, 1979).

The bacterial gene encoding the Tn7 AAD 3’
adenylyltransferase conferring
spectinomycin and streptomycin resistance
to bacterial cells (Fling et al., 1985).
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B. CP4 EPSPS gene

Two genes were introduced into Roundup Ready canola line RT73 that confer
tolerance to glyphosate: CP4 EPSPS and goxv247. The CP4 EPSPS gene,
encoding the protein 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS),
was originally obtained from Agrobacterium sp. strain CP4 and is identical to
the CP4 EPSPS gene in Roundup Ready cotton line 1445 and soybean line
40-3-2 which have received determinations of non-regulated status from
USDA (USDA, 1995; USDA, 1994).

The protein, CP4 EPSPS, coded for by the CP4 EPSPS gene, catalyzes the
reaction of shikimate-3-phosphate (S3P) with phosphoenolpyruvate (PEP)
into 5-enolpyruvylshikimate-3-phosphate (EPSP),‘as do other EPSPSs, a step
in the production of aromatic amino acids via the shikimate pathway
(Herrmann, 1983; Haslam, 1974). . Unlike EPSPSs found in plants, CP4
EPSPS is highly insensitive to inhibition by glyphosate, the active'ingredient
in Roundup® herbicide. The CP4 EPSPS proteinrepresents one of many
different EPSPSs found in nature (Schulzet al.; 1985), is highly tolerant to
inhibition by glyphosate and has high catalytic efficiency, compared to most
EPSPSs (Barry et al., 1992; Padgette'et al.; 1991).

The CP4 EPSPS gene from Agrobacterium sp. strain CP4 has been
completely sequenced and encodes a 47.6 kD protein consisting of a single
polypeptide of 455 amino acids.. The bacterial isolate, CP4, was identified by
the American Type Cultare Collection as an Agrobacterium species. There is
no human or animal pathogenicity known from Agrobacterium species, nor is
the EPSPS gene a determinant of Agrobacterium plant pathogenesis. The
amino acid sequence.of CP4 EPSPS(s given in Figure 3.

The original gene sequence from Agrobacterium was modified to create a
synthetic gene which allows for liigher expression in plants. Bacterial genes,
like those from Agrobacterium; have several features that reduce their ability
to function efficiently in plants. These features include potential
polyadenylation sites‘that are often rich with A+T nucleotides, a higher G+C
nucleotide percentage than that frequently found in dicotyledonous plant
genes; concentrated stretches of G and C nucleotide residues, and codons that
may not be found frequently in dicotylendonous plant genes. This high G+C
nucleotide percentage in the CP4 EPSPS gene from Agrobacterium sp. could
result in the formation of strong hairpin structures that may affect
expression or stability of the RNA. Therefore, a plant-preferred version of
this gene was synthesized and used in vector PV-BNGT04 without affecting
the functional activity of the expressed CP4 EPSPS protein.

16
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Figure 8. Deduced amino acid sequence of CP4 EPSPS.

1 MSHGASSRPA TARKSSGLSG TVRIPGDKSI SHRSFMFGGL ASGETRITGL

51 LEGEDVINTG KAMQAMGARI RKEGDTWIID GVGNGGLLAP EAPLDFGNAA
101 TGCRLTMGLV  GVYDFDSTFI GDASLTKRPM GRVLNPLREM GVQVKSEDGD
161 RLPVTLRGPK  TPTPITYRVP MASAQVKSAV LLAGLNTPGI TTVIEPIMTR

201 DHTEKMLQGF GANLTVETDA DGVRTIRLEG RGKLTGQVID VPGDPSSTAF
251 PLVAALLVPG  SDVTILNVLM NPTRTGLILT LQEMGADIEV “INPRLAGGED
301 VADLRVRSST LKGVTVPEDR APSMIDEYPI { LAVAAAFAEG  ATVMNGLEEL
351 RVKESDRLSA  VANGLKLNGV, DCDEGETSLV VRGRPDGKGL GNASGAAVAT
401 HLDHRIAMSF LVMGLVSENP VITVDDATMIA  TSFPEFMDLMCAGLGAKIELS
451 DTKAA

C. goxv247 gene

A variant of the gox gene, cloned from Ochrobactrum anthropil strain LBAA,
was also inserted to provide-tolerance to glyphosate. The variant gox gene,
goxv247, encodes the glyphosate-metabolizing enzyme glyphosate
oxidoreductase (GOXv247) (Hallas et al., 1988; Barry et al., 1992). The
proteins GOX and the GOXv247 variant of the same enzyme are >99%
identical, differing by -3 amino acids.out of more than 400. The substitution
of the histidine residue at position 334with arginine effects a ten-fold
lowering of the apparent Kn? (appKa) forglyphosate in GOXv247 -.
et al., 1994; see Appendix'3),.and thusenhances the efficiency of glyphosate
degradation. GOX was'isolated from Ochrobactrum anthropi strain LBAA,
and catalyzes the breakdownof glyphosate into aminomethylphosphonic acid
(AMPA) and glyoxylate (et al., 1994; see Appendix 2). This
degradation effectively inactivates the herbicide and enables canola RT73 to
grow when treated with Roundup® herbicide.

Aswith'the CP4 EPSPS gene above, the gox gene sequence from

- Ochrobactrum anthropi was modified to create a synthetic gene which allows

for higher expression in plants. The amino acid sequence of GOXv247 is
compared to that of GOX in Figure 4. It is readily seen that the two are
>99% identical. The differences between the two forms of GOX are shown in
bold in Figure 4.

1 A previous designation was Achromobacter sp. strain LBAA.
2 The Michaelis-Menton constant, K, is a measure of the affinity of a particular substrate
for an enzyme. The lower the Ku, the higher the affinity for the enzyme.
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Figure 4. Amino Acid Sequences of the GOX (lower sequence) and
GOXv247 (top sequence).

1 MAENHKKVGIAGAGIVGVCTALMLQRRGFKVTLIDPNPPGEGASFGNAGC 50

LELELLLL DL LR e
1 MAENHKKVGIAGAGIVGVCTALMLQRRGFKVTLIDPNPPGEGASFGNAGC 50

b1 FNGSSVVPMSMPGNLTSVPKWLLDPMGPLSIRFGYFPTIMPWLIRFLLAG 100

FECCLETTEEE R e b e et e e ey Ll
61 FNGSSVVPMSMPGNLTSVPKWLLDPMGPLSIRFSYFPTIMPWLIRFLLAG 100

101 RPNKVKEQAKALRNLIKSTVPLIKSLAEEADASHLIRHEGHLTVYRGEAD 150

IIIIIIIHIIHIHI!IIIIIIIIIIIIIIIHIIIIIHIIIIIIII
RPNKVKEQAKALRNLIKS LIRHEGHLTVYRGEAD, 150

151 FARDRGGWELRRLNGVRTQILSADALRDFDPNLSHAFTKGILIEENGHTI 200

FELLLEELTT LT LR B T I LR T AT
151 FAKDRGGWELRRLNGVRTQILSADALRDFDPNLSHAFTKGILIEENGHTI 200

201 NPQGLVTLLFRRFIANGGEFVSARVIGFETEGRALKGITTTNGYLAVDAA 250

IIIIIIIIIIIIHIlIIlIIIIIIIIHHIIIIIIIIIIIIIIIIHI
201 NPQGLVTLLFRRFIANGGEFVSARVIGFETEGRALKGITITNGVLAVDAA 250

251 VVAAGAHSK.SLANSLGDDH;LDTERGYHI\"IANPEAAPRIP'ITDASGKFI 300

IIIIIIlIIHIlHIIIlIlIlIH||Il|l||||||II|II|HII|I
1 VVAAGAHSKSLANSLGDDIPLDTERGYHIVIANPEAAPRIPTTDASGKFI 300

301 ATPMEMGLRVAGTVEFAGLTAAPNWKRAHVLYTRARKLLPALAPASSEER 350

LELTDT LRI LE LD A TLBET T e
301 ATPMEMGLRVAGTVEFAGLTAAPNWKRAHVLYTHARKLLPALAPASSEER 850

351 YSKWMGFRPSIPDSLPVIGRATRTPDVIYAFGHGHLGMTGAPMTATLVSE 400

IIIIHHH|II|H|||IHIHlII|II|I|||III|IHI|||HI
351 YSKWMGFRPSIPDSLPVIGRATRTPDVIYAFGHGHLGMTGAPMTATLVSE 400

401 LLAGEKTSIDISPFAPNRFGIGKSKQTGPAS 431

LAV LR L TPELE L i
401 LLAGEKTSIDISPFAPNRFGIGKSKQTGPAS 431

D. Chloroplast Transit Peptides (CTP)

Results from early experiments showed that it was critical to target
glyphosate-tolerant EPSPSs to the chloroplast, the site of aromatic acid
biosynthesis, to obtain the highest levels of in planta tolerance (della-Cioppa
et al., 1987). The CP4 EPSPS gene was engineered for plant expression by
fusing the 5’-end of the CP4 EPSPS gene to the N-terminal chloroplast
transit peptide (CTP) sequence derived from the Arabidopsis EPSPS gene;
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[AEPSPS/CTP2] (Gowda et al., 1989; Richins et al., 1987; Klee et al., 1987).
Likewise, the goxv247 gene was fused to the N-terminal chloroplast transit
peptide sequence of the small subunit 1A ribulose-1,5-bisphosphate
carboxylase gene from Arabidopsis; [Arab-SSU1A/CTP1] (Timko et al., 1988).
The current literature on transit peptides supports a model whereby the CTP
is degraded rapidly and completely by proteases after transport of the
precursor protein has occurred. Thus, after a “pre-" protein (containing the
CTP amino-terminal extension) reaches the chloroplast or plastid stroma, the
CTP is cleaved and degraded (Bartlett et al., 1982) leaving only a “mature”
protein. Therefore, the “mature” (not containing the CTP) CP4 EPSPS and
GOXv247 proteins are the only introduced proteins present in canola RT73.

V. GENETIC ANALYSIS AND AGRONOMIC PERFORMANCE

A. Characterization of Inserted-Genetic’Material Including Insert
Stability

As described in Part I1I-A, Roundup Ready canola‘line RT73 was generated
using Agrobacterium tumefaciens mediated transformation with the plasmid
PV-BNGTO04. This vector (Figure 2) contains two functional segments: the T-
DNA containing the CP4°EPSPS and goxv247 genes bounded by the Right
and Left Borders'and the plasmid backbone ¢ontaining the bacterial origins
of replication and selectable' marker. DNAranalyses were performed to
characterize the inserted DNA in terms of:

¢ insert number{(numberof integrationevents)
e copy number (number-of T-DNA copies at a particular genetic locus)
e insert integrity (gene size, composition and linkage)

The characterization\was performed by PCR and Southern blot analyses on
genomic DNA isolated from the leaf tissue of the control and transgenic
canola generated infield tests from 1992 (Mullis and Faloona, 1987;
Southern, 1975). (A similar glyphosate-tolerant canola line, designated
GT200, was included in the molecular characterization studies which were
conducted, but'this line is not the subject of this petition.

Molecular analyses performed on RT73 demonstrate that only a single copy of
the T-DNA was inserted into the genomic DNA of Westar at a single location
to produce RT73 and that the plasmid backbone sequences, including the
bacterial marker gene aad, were absent from DNA of RT73 (Table 3). PCR
analysis was conducted to demonstrate that the border sequences of the T-
DNA were the endpoints of the DNA insert, as further evidence that only the
T-DNA sequences are present in the DNA of RT73. Southern blot analysis
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performed on DNA from the R, and R, generations showed the same patterns,
demonstrating structural stability of the inserted DNA. Finally, the presence
of the single insert was confirmed by inheritance data showing the
glyphosate tolerance phenotype was inherited as a single dominant
Mendelian trait. Details of these analyses follow.

Table 3. Summary of Genetic Elements Found in Roundup Ready
Canola RT73

Genetic Element Line RT73!
CMoVb
goxv247
CP4 EPSPS
E9 3
aad (Spc/Str)
ori-V -
Number of Loci 1
1 + indicates the genetic elementis present;

- indicates'the genetic.element is notpresent

v+ 4+ ot

1. Insert Number and Copy Number '
Analyses performed onDNA derived from:leayvés of Rs canola RT73 plants
demonstrate that only a single copy of the DNA was inserted into the

-genomicDNA of Westar at a'single location tojproduce Roundup Ready

canola line RT73. Genomic DNA isolated from RT73 leaf tissue and Westar
was digested with Spel; a restriction ‘enzyme that does not cut inside the
plasmid used intransformation. Since Spel does not cut within PV-BNGT04,
the number of bands present inthis Southern blot correspond to the number
of loci where plasmid DNA has been inserted into the plant genomic DNA.
The positive.control on these blots was the transformation vector PV-
BNGTO04 cut with EcoRI.' The resulting blot was probed with 32P-labelled
plasmid PV-BNGT04: Figure 7 shows one very high melecular weight band
in all lanés including the Westar control lane. This band represents cross-
hybridizing sequences found naturally in all canola lines. Blots using intact
transformation vectors containing the plasmid backbone often show some
background hybridization with plant genomic DNA. A second higher
molecular weight band is seen in lane 3 containing RT73. This single
distinctive band in RT73 indicates that the T-DNA integrated at a single
locus in each line. The presence of a single insert was confirmed by
inheritance data showing the glyphosate tolerance phenotype was inherited
as a single dominant Mendelian trait (see below).
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2. Insert Composition and Structure

Only the genetic elements responsible for the glyphosate tolerance proteins
and resultant phenotype were detected in canola line RT73. This insert
(Figure 2, 6) contains the CMoVb promoter, the Arabidopsis small subunit
CTP, the goxv247 variant gene, the pea E9 3' terminator, a second copy of the
CMoVb promoter, the Arabidopsis EPSPS CTP, the CP4 EPSPS gene, and a
second copy of the pea E9 3' terminator.

Genetic Elements

In order to identify the genetic elements present in line RT73, Southern blot
analyses were done. The positive control on these blots was the
transformation vector PV-BNGT04. The negative control was the
untransformed parental line Westar. Genetic element-specific probes for
goxv247, CP4 EPSPS gene, oriV/ori322 region and'the aad gene were utilized
as shown in Table 5 and Figure 6. Plasmid and genomic' DNA was cutwith
EcoRI unless otherwise noted in figure legends. There are6 EcoRI sites
within PV-BNGT04, which all occur between the left and right border
sequences, as illustrated in Figure 6. A'second glyphosate-tolerant canola
line, designated GT200, was)included in.the molecular characterization
studies, but this line is not the subject of this petition.

a. GOXv247 coding sequences: Southern blot andlysis was performed
using genomic DNA extracted from leaf tissue fromvline RT73 and the
parental negative control'line Westar, 'All DNAs were cut with EcoRI. The
blot was probed with a-32P-abelled fragment.containing a full-length copy of
goxv247 (Figure 6, Probé-1).In Figure 8, Panel‘A, a single band of
approximately 1650 bp, the predicted size of goxv247, is observed in lanes 1
and 4 containing PV-BNGT04 and RT738 DNA. The goxv247 band in the
RT73 lane migrates slightly slower than'in the plasmid control lane due to
matrix effects of the’abundant genomic DNA in the RT73 lane. No
hybridizing band‘is observed in'the'negative control lane containing Westar.

c. CP4 EPSPS coding sequences: Southern blot analysis was performed
in a similar manner to that described for goxv247. The blot was probed with
a 32P-labelled fragment containing a full-length copy of CP4 EPSPS (Figure
6, Probe 2). Figure 8, Panel B, shows a band of approximately 1775 bp, the
predicted size of CP4 EPSPS, in line RT73 as well as in the positive control
lane containing PV-BNGT04. The CP4 EPSPS band in the RT73 lane
migrates slightly slower than in the plasmid control lane due to matrix
effects of the abundant genomic DNA in the RT73 lane. No hybridizing band
is observed in the negative control lane containing Westar.

d. Ori-322, ori-V and aad (Str/Spc) sequences: Southern blot analyses
were performed in a similar manner to that described for goxv247. Separate
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blots were prepared for the ori-322 and ori-V region of the backbone and for
the region containing the bacterial marker gene aad. Blots were either
probed with a 32P-labelled fragment containing the bacterial origins of
replication (ori-322 and ori-V') (Figure 6, Probe 3) or fragment containing the
aad (Str/Spc) gene (Figure 6, Probe 4). Figure 9, Panel A, shows a band of
approximately 6400bp in the positive control lane 1 containing PV-BNGT04,
the predicted size of the fragment containing the origin of replication. No
band was observed in lanes 2 and 3 containing Westar and RT73,
respectively. Similarly in Figure 9, Panel B, a single band of approximately
6400kb was apparent in the positive control lane, but no band waswbserved
in either the Westar or RT73 lanes. Therefore, it is concluded that néither
origins of replication nor the bacterial marker gene aad are presentin RT73.

e. Characterization of the right and left borders: Therearetwo DNA
sequences of 25bp each within the plasmid used in the transformation of
RT73 that are defined as the “right border”™and the “left border.” ‘The right
border from Agrobacterium functions as'the initiationsite of the transfer of
the DNA into the plant genomic DNA:." The'left border functions as the
termination site of that transfer. PCR analysis was conductedto
demonstrate that the border sequences of the inserted DNA were the
endpoints of the DNA insert and to provide further evidence that only the T-
DNA sequences are presentin the DNA of RT73.

PCR primers from the region just inside the borders and just outside the
borders (see Figure §) were used with template DNA derived from RT73.
DNA from the Westar variety served as negative control and an appropriate
plasmid vector, PV-BNGTO03 (a plasmid vector identical to PV-BNGT04,
except for the presence of the unmodified gox gene in place of the gox variant
gene goxv247)served as'a positive control.

Right border? The right border (RB) sequence is located from map position
9207 to 9231 (Figure 2). If the T-DNA has been inserted intact into RT73, it
is predicted that a product will be produced with primer #1 plus primer #2
and primer#1 plus primer #3 using RT73 DNA as template since all of these
sequences arélocated within the T-DNA. If the RB delimits the inserted T-
DNA, no product'would be expected with primer #1 and primer #4 with RT73
DNA as template, as primer #4 sequence falls outside the T-DNA. The
primers used in characterization of the right border are illustrated in Figure
5, panel A.

Using PV-BNGTO03 DNA as template, the primers should give products of the
following sizes: 1 + 2 = 343bp; 1 + 3 = 567bp; and 1 + 4 = 683bp. If the

- functionality of the right border has been maintained, no product should be

produced when using RT73 DNA as template with primers 1 + 4. The results
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of the PCR using the above primer combinations with PV-BNGT03, RT73,
GT200 (another Roundup Ready canola line that is not being commercialized
and is not the subject of this petition), and Westar templates, are shown in
Figure 10.

The PV-BNGTO03 template shows products of 343bp, 567bp, and 683bp as
expected. Canola RT73 has a product of 343bp with primers 1 + 2 and a
product of 567bp with primers 1 + 3. RT73 did not yield an amplified product
when primers 1 + 4 were used. No bands were observed in the Westar
control with any of the combinations of the primers. These results.establish
that integration of the plasmid DNA did not proceed outside of the right
border.

Left border: The left border (LB) sequence is located from map position
3994 to 4017 (Figure 2). If the T-DNA has been insertéd intact into RT73, it
is predicted that a product will be'produced‘with primer #5 plus primer #6
and primer #5 plus primer #7 sing RT'73 DNA astemplate, sinice all of these
sequences are located within the T-DNA. If the LBdelimits the inserted T-
DNA, no product would bé-expected with primer #5 and primer#8 with RT73
DNA as template, as primer #8 sequence falls.outside the T-DNA. The
primers used in characterization of the left border areillustrated in Figure 5,
panel B.

Using positive control PV-BNGT03 DNA @s template, the primers should
give products of the following sizes: 5 +6 =252bp; 5 + 7 = 559bp; and 5 + 8 =
661bp. If the functionality.of the left border has been maintained, no product
should be produced when using RT73 DPNAcas template with primers 5 + 8.
The results of the PCR using the above primer combinations PV-BNGT03,
RT73, GT200 (another Roundup Ready canola line that is not being
commercialized and is'not the subject of this petition), and Westar templates,
are shown in Figure 11.

The PV-BNGTO3 template shows products of 252bp, 559bp, and 661bp as
predicted. .Canocla RT73 has a product of 252bp with primers 5 + 6 and a
product of 659bp with primers 5 + 7. RT73 did not yield an amplified product
when primeérs 5+ 8 were used. No bands are observed in the Westar control
withy any of the combinations of the primers. These results establish that

-integration of the plasmid DNA did not proceed outside of the left border.
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Figure 5. Illustration of PCR Primers Used to Characterize the

Right and Left Border Regiqns.

A
CMoVb RB Vector DNA
I ‘ I
primer 1 == <€ primer 2
easmesme 343 bp
primer 1 =—=> € primer 3
oaeammes 567 bp
primer 1 == ' € primer4
not to scale
B
Vector DNA LB E9'3’
) EE 1
primer 6. «==)p &= primer §
cm—— 252 bp
primer 7 o=y & primer5
onsssssemss—— 559 bp
primer g e==p & primer5
not to scale

Solid bars indicate the predicted PCR product size for the primer pair used.
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3. Stability of Inserted DNA

Structural stability of the inserted DNA was determined using Southern blot
analysis performed on DNA from the Rs generation and Rs generation of
canola RT73. DNA from Westar and RT73 from the R3 generation or Rs
generation were digested with EcoRI and probed with either the goxv247 or
CP4 EPSPS coding regions or the E9 3’ gene terminator region. Plasmid PV-
BNGT04 was used as a positive control. Each of the blots exhibited identical
banding patterns in the RT'73 Rs or Rs generation (Figure 12), showing
physical stability of the inserted and surrounding canola genomic DNA.

4. Mendelian Inheritance . .

The physical stability of the genetic insert conferring'resistance toglyphosate
in RT73 is consistent with inheritance data in BC1F2 progeny of crosses
between traditional canola lines and RT73 that consistently segregate 3
tolerant to 1 susceptible. This segregation ratio establishes that the RT73
insert behaves as a single dominant gene that:is inherited in a Mendelian
fashion (Table 4). The glyphosatetolerance phenotype and Mendelian
transmission have been consistént over more than five generations of canola
RT73.

Table 4. Segregation of Glyphosate-Tolerant Canola Obtained in
BC1F2 Crosses Using RT73.

Cross Observed Expected Chi-square.
(X2) value
RT73 x Tolerant 187 |Tolerant 183 0.350
CV1 Susceptible <57 | Susceptible 61
RT73x Tolerant 162 |‘Tolerant 164 0.123
CV2 Susceptible. 0 570"| Susceptible 55
RT73x Tolerant 223:| Tolerant 224 0.005
CV3 Susceptible . &~ 75 | Susceptible 74

Tabular value at one degree of freedom and a five percent level of significance = 3.84
CV1, CV2and CV3 designaté’ non-transgenic canola lines

Summary

As(clearly demonstrated, the only genes present on PV-BNGT04 which are
present in Roundup Ready canola line RT'73 are CP4 EPSPS and goxv247.

No genetic elements from outside of the right and left borders of the T-DNA
were transferred into the genomic DNA of the Roundup Ready canola line
RT73. This conclusion was drawn from the following types of molecular data:
1) the positive detection of fragments containing the CP4 EPSPS and goxv247
genes by Southern analysis; 2) the lack of ori-322 and ori-V signals by
Southern analysis; and 3) the lack of PCR fragments produced using PCR
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primer pairs, one of which is located within the T-DNA and the other located
just beyond either of the right or left border sequences. The stability of the
inserted DNA has been demonstrated both by molecular characterization by
Southern analysis of R3 and Rs generation of RT73 and observation of simple
Mendelian inheritance over many generations.
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Figure 6. Schematic Diagram of PV-BNGT04 Showing the Probes Used in the Molecular
Characterization of Roundup Ready Canola Line RT73.
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—f p-cMovb [[cre] | goxv247syn Il E93 || PCmowb. ||cTP-2f| CP4 EPSPSsyn 1} <<“eoz |
Plant DNA Plant DNA
Probe 1 Probe 2
Expected
Southem band : .
RT73 Ecofll cut 1647 bp 1775 bp >1029 bp
PV-BNGT04 ¥
backbone | orv | ) |.ror'] | or32207] [ See/st ] ]
Probe 3 Probe 4

Expected

Southem band
PV-BNGT04 EcoRl cut

e414

Table 5. Description of Probes Used in Molecular Characterization of Roundup Ready Canola Line
RT73.

Genetic Element Source Probe - Restriction Sites " Size of Probe -

Number s o
goxv247 syn pMON17062 Bglll/Kpnl 1.324 Kb/full-length

CP4 EPSPS syn © |pMON17209 Probe 2 BamHI/Sphl 1.393 Eb/full-length
oriV/ori322 pMON977 Probe 3 Pvul 4.144 Kb/full-length
aad (Spe/Str) pMONG5723 Probe 4 BamHI 1.189 Kb/full-length
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Roundup Ready Canola RT73, USDA-APHIS

Figure 7. Southern Blot of Canola Line RT73 to Determine Number
f\ ' of Loci Integrated.

RI

PV-BNGT04 Eco
Westar Spel
RT73 Spel
GT200 Spel

3.1kb + }

1776b
1647b

1.0kb »

PV-BNGTO04 plasmid DNA (lane 1) was digested with EcoRI. Westar control genomic DNA
(lane 2), RT'73 genomic DNA (lane 3) and GT200 DNA (lane 4) were digested with Spel. Each
lane represents 100 pg plasmid DNA or 5 pg of genomic DNA. The digests were subjected to
electrophoresis in a 0.8% agarose gel and transferred to a nylon membrane. The membrane
r‘\, was probed with a 32P-labelled PV-BNGT04 plasmid DNA and subjected to autoradiography.
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Roundup Ready Canola RT73, USDA-APHIS

Figure 8. Southern Blot Probed for GOXv247 and CP4 EPSPS in
Canola Line RT73.

PV-BNGT04 EcoRI
Westar EcoRI
RT73 EcoRI

GT200 EcoRI

PV-BNGT04 EcoRI
Wester EcoRT
GT200 EcoRI

:
:

777 MWM
MWM w0 O 4 gi1kb
7.1kb » W
SR 31
3.1kb » %
oty _ & & 2
\ - 41.0kb
1.0kb » . ‘
1 ’2 8 4
Panel A Panel B
Probe: GOXv247 ' CP4 EPSPS

PV-BNGT04 plasmid DNA (lane 1), Westar control genomic DNA (lane 2), RT'73 genomic
DNA (lane 3) and GT200 DNA (lane 4) were digested with EcoRI. Each lane represents 100
pg plasmid DNA or 5 pg of genomic DNA. The digests were subjected to electrophoresis in a
0.8% agarose gel and transferred to a nylon membrane. The membrane was probed with 32P-
labelled DNA from the GOX coding region for panel A or 32P-labelled DNA from the CP4
EPSPS coding region for panel B and subjected to autoradiography.
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Roundup Ready Canola RT73, USDA-APHIS

Figure 9. Southern Blot Probed with ori-v and ori-322 or aad

Clannla Tina RTVY72

]
=y
Adl W/ EALAVACA AJSRiAW AWVA § WU

Probe: ori=-322/0Ori-V aad

PV-BNGT04 plasmid DNA (lane 1), Westar control genomic DNA (lane 2), RT73 genomic
DNA (lane 8) and GT200 DNA (lane 4) were digested with EcoRI. Each lane represents 100
pg plasmid DNA or-5'pg of genomic DNA. The digests were subjected to electrophoresis in a
0.8% agarosé gel and transferred to a nylon membrane. The membrane was probed with a
32P-labelled DNA fragment containing ori-322 and Ori-V for panel A or 32P-labelled DNA
from the aad (Spc/Str) coding region for panel B and subjected to autoradiography.
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Roundup Ready Canola RT73, USDA-APHIS

Figure 10. PCR Analysis of the Right Border in Canola Line RT73.
Genomic DNA from Canola Westar control, lines RT73 and RT200 were
analyzed by PCR to determine the integrity of the right border. The positive
control was PV-BNGT03 plasmid DNA which is equivalent to PV-

BNGTO04 in that it contains identical elements including CMoVb promoter
adjacent to the right border and plasmid backbone sequence.

i :
: ;
1oxb B b
. 683bp
o0.51k5._, IR
oq0cs Dt s‘:’;“?’
- 243bp

JOECEO B

£ g
E

Panel B

Panel A

The predicted product sizes are shown below:

Primer 1 + primer 2= 343bp. Primer 1+ primer.3.='567bp. Primer 1 + primer 4 = 683bp.

Panel A: Lanes 1, 2 and 3 have Westar genomic DNA as template. Lanes 4, 5, and 6 have PV-BNGTO03
plasmid DNA for template. Lanes 1 and 4 have primers 1 + 2; lanes 2 and 5 have primers 1 + 3; lanes 3
and 6 have primers 1 +4.

Panel B: Lanes 1,-2,-and 3 have Westar DNAfor template. Lanes 4, 5, and 6 have RT73 genomic DNA as
template. Lanes 7, 8, and 9 have gedomic GT200 DNA as template. Lanes 10, 11, and 12 have PV-
BNGTO03 plasmid DNA as'template. Lanes 1,4, 7, and 10 have primers 1 + 2. Lanes 2, 5, 8, and 11 have
primers 1 #3. Lanes 3,6, 9, and"12 have primers 1 + 4. Faint bands seen in the Westar control (lanes 1, 2,
3 in Panel B) are dueto contamination of this reaction sample with PV-BNGT03 DNA. A second Westar
genomic DNA sample was-used as PCR template to produce the results in Panel A where no amplified
bands are-observed infanes 1, 2 and 3.

Reactions were done in 100yl total volume containing 100pg of each primer, 500ng template DNA (50 ng
plasmid DNA), dNTP’s at 200 uM, 10 units of Taq® Polymerase (Perkin-Elmer Norwalk, CT). The PCR
amplification cycle consisted of 94°C denaturation for 1.5 min, 65°C annealing for 1.5 min., and a 72°C
extension for 1.5 min. The cycle was repeated 24 times. Products were separated on a 3% agarose gel and
visualized by ethidium bromide. The lower bands at the bottom of the gel are unused oligonucleotides.
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Roundup Ready Canola RT73, USDA-APHIS

Figure 11. PCR Analysis of the Left Border in Canola Line RT73.
Genomic DNA from Canola Westar control, lines RT73 and GT200 were
analyzed by PCR to determine the integrity of the left border. The positive
control was PV-BNGTO03 plasmid DNA which is equivalent to PV-

BNGTO04 in that it contains identical elements including E9 3’ adjacent to the
left border and plasmid backbone sequence.

MW Markers

MWM
1.0kb
661bp o N
555bp - < 08kb
252bp o R
< 02kb

3 4 5.6 78 9710 11 12

£ ] Rk
£

The predicted product sizes’are’ shown below:

Primer 5 + primer 6 = 252bp. Primer 5 +primer 7 = 559bp. Primer 5 + primer 8 = 661bp.

Lanes 1, 2, and 3 have PV-BNGTO03 plasmid DNA for template. Lanes 4, 5, and 6 have genomic Westar
control DNA astemplate. Lanes 7,8, and 9 have genomic RT73 DNA as template. Lanes 10, 11, and 12
have genomic)GT200'DNA as template. Lanes 1, 4, 7, and 10 have primers 5 + 6. Lanes 2, 5, 8, and 11
have primers 5 +7. Lanes 3, 6, 9, and 12 have primers 5 + 8. Reactions were done in 100yl total volume
containing 100pg of 'each primer, 500ng template DNA (50 ng plasmid DNA), dNTP’s at 200 M, 10 units
of Tag® Polymerase (Perkin-Elmer Norwalk, CT). The PCR amplification cycle consisted of 94°C
denaturation for 1.5 min, 65°C annealing for 1.5 min., and a 72°C extension for 1.5 min. The cycle was
repeated 24 times. Products were separated on a 3% agarose gel and visualized by ethidium bromide. The
lower bands at the bottom of the gel are unused oligonucleotides.
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Roundup Ready Canola RT73, USDA-APHIS

Figure12.  Southern Blot Analysis of R; and Rs Generation DNA from
(\ Canola Line RT73.

PV-ENGT04 EcoRI
Westar EcoRT
RTI73 R, EcoRI
RIS R, EcoRT

6414bp

8.1kb

1.0kb

Panel A Panel B Panel C
Probe: CP4 EPSPS GOXv247 E93®

PV-BNGT04 plasmid DNA (lane 1), Westar control genomic DNA (lane 2), RT73 Rs genomic
DNA (lane 3) and RT73 Rs genomic DNA (lane 4) were digested with EcoRI. Each lane
represents 100 pg plasmid DNA or 5 pg (10 pg in Panel C) of genomic DNA. The digests were
subjected to electrophoresis in a 0.8% agarose gel and transferred to nylon membranes. The
membranes was probed with a 32P-labelled DNA fragments containing the CP4 EPSPS
coding region for Panel A or 32P-labelled DNA from the gox coding region for Panel B and 32P-
labelled DNA from the E9 3’ region for Panel C and then subjected to autoradiography.
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B. Expression of the Inserted Genes

To thoroughly characterize canola RT73, the levels of CP4 EPSPS and
GOXv247 proteins were determined in leaf and seed tissue from three
Canadian field sites in 1992, in seed at 4 Canadian field sites in 1993 and in
leaf and seed in 6 European (2 each in Belgium, UK and France) field sites in
1995. Expression of the CP4 EPSPS and GOX proteins is constitutive with

. both proteins being detectable at low levels in leaves and seed. Thisis as
expected when using the CMoVb promoter (Sheperd et al., 1987),

Expression levels of CP4 EPSPS and GOXv247 proteins in ¢canola plant
tissues were measured by a validated enzyme linked immunosorbent assay
(ELISA) described below.

CP4 EPSPS ELISA

A double antibody indirect enzyme-linked immunoserbant assay (ELISA) was
developed and validated for detection of CP4 EPSPS.?Levels of CP4 EPSPS
were determined by extrapolation from the logistic curve fit of the purified E.
coli produced CP4 EPSPS standdard curve.” In- brief, 96-well polystyrene
plates were coated with purified goat anti-:CP4 IgG.” Canola tissue samples
were ground inCbuffer and added to the antibody-coated wells alongside a
range of pure/CP4 standards in buffer for quantitation of CP4 in canola seed
extracts or CP4 standards in buffer plus’ Westar leaf extract for quantitation
of CP4<in canola leaf extracts; “Plates were incubated for 4 hours allowing
antigen capture by the surface bound antibodies, The plates were washed
and a second”antibody, rabbit anti-CP4°IgG, was added to the wells and
incubated overnight. . After washing the wells, donkey anti-rabbit IgG
conjugated to alkaline’ phosphatase’ was added to each well. Following
incubation and washing; alkaline phosphatase substrate (pNPP) is added to
each well. Wells;containing CP4 and hence, the goat-rabbit-donkey antibody
sandwich; turn" yellow.” Quantitation of sample CP4 concentration was
accomplished by ‘extrapolation from the logistic curve fit of the CP4 standard
curve (range of 0.09 - 0.75 ng/well). The assay recognizes the native CP4
EPSPS;but had no interference from endogenous EPSPS.

GOX ELISA

A direct double antibody sandwich (DAS) enzyme-linked immunosorbant
assay (ELISA) was developed and validated to adequately quantitate the
levels of GOX proteins. This ELISA uses a purified polyclonal antibody from
goat (goat anti-GOX IgG) immobilized on 96-well plates to complex with
GOX. The initial complex was then captured by a second antibody (goat anti-
GOX-AP IgG) conjugated to alkaline phosphatase (AP). Development of the
AP with pNPP, an AP substrate, yields a soluble yellow product. The optical
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density was monitored using a spectrophotometric plate reader. Levels of
GOX in samples were ultimately determined using the four parameter
logistic equation to fit the standards which were obtained from an E. coli
expression system. The ELISA was validated after running experiments that
addressed extraction efficiency, the overall variability of the assay and the
stability of GOX towards storage in leaf and seed tissue preparations.

In the 1992 trial, analysis of CP4 EPSPS and GOXv247 proteins in leaf
tissue from RT73 gave mean expression levels of 0.034 pg/mg tissue (fresh
weight) and 0.108 ng/mg tissue (fresh weight), respectively (Table 6). There
was no evidence of an increase or decrease in leaf expression of CP4 EPSPS
and GOXv247 over time. Analyses of seed gave mean’levels of CP4 EPSPS
and GOXv247 proteins of 0.049 ng/mg tissue (fresh weight) and 0.154 ng/mg
tissue (fresh weight), respectively. These expression levels are relatively low,
accounting for less than 0.02% and 0.07% of the total protein inthe seed for
CP4 EPSPS and GOXv247, respectively.

The data obtained in 1993 for expression in seed and in-1995 for seed and
leaf was in good agreement with the values:observed in the initial 1992
trials. Seed in 1993 had a range‘of expression for CP4 EPSPS in RT73 of
0.018 to 0.047 ng/mg tissue with a:mean expression of 0.028 ng/mg tissue.
The range of expression'for GOXv247 was 0.108 to0.334 ng/mg tissue, with a
mean expression level of 0.194 ng/mg tissué. Noleaftissue was analyzed for
expression level in the'1993 field trials. In the 1995 European study,
analysis of CP4 EPSPS and GOXv247 proteins in leaf tissue from RT73 gave
mean expression levels of 0.027 pg/mg tissue (fresh weight) and 0.133 pg/mg
tissue (fresh weight), respectively.. Analyses of seed gave mean levels of CP4
EPSPS and GOXv247 proteinsof 0.028 ug/mg tissue (fresh weight) and 0.211
pg/mg tissue (fresh weight), respectively.

No detectable CP4.-EPSPS or GOXv247 was measured in Westar seed tissue
from any of the trails.
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Table 6. CP4 EPSPS and GOXv247 Protein Expression in RT73
Canola Seed

Tissue Type CP4 EPSPS Protein GOXv247 Protein
(ng/mg tissue fwt) (pg/mg tissue fwt)
RT73 1992' 1993* 1995° 1992" 1993* 1995°
Loaf
mean:|  0.034 0.027 0.108 0,133

range:| 0.022-0.037 | n.a' |0.016-0.070/0.071-0.161] n.a’ )| 0082-0.247

ISeed
mean: 0.049 0.028 0.028 0:154 0194 0.211
range:| 0.044-0.051 |0.018-0.047 {0.017-0.037 |0.109-0.203 |0{108-0:334 |0.122-0.313

Westar!
Leaf ND n.a.* ND ND n.a.’ ND
Seed ND ND ND ND ND ND

1Values for leaf and seed samples in 1992 from 3 locations in-Canada. CP4 EPSPS analyses
were done on single sample extracts, n=8 for leaf, n=8 for seed.. GOX‘analyses were done on
single sample extracts, runat two loadings; n=6 for leaf, n=6for seed.

2 Values for seed samples in 1993 from4 locations in Canada. CP4 EPSPS analyses were done
on single sample extracts at two loadings; n=8. GOX analyses were done on single sample
extracts, duplicate runs at twoloadings; n=16.

3 Values for leaf and seed samplesin’' 1995 from’6 locations in Europe. CP4 EPSPS analyses
were done on single sample extracts, run attwoloadings, n=12 for leaf, and single loadings for
seed, n=6 for seed; GOX analyses were done on single sample extracts, run at three loadings,
n=18 for leaf,.and twoloadings for seed; n=12 for-seed.

*In each analysis, Westar samples'were used’as a negative control. Values for Westar samples
were beneath a calculated limit of detection (LOD). The LOD is determined by computing the
mean and the standard deviationfor Westar control wells in ELISA. The LOD is then the
mean plus three standard deviations, ND - not detected.

5n.a. - not available.
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C. Disease and Pest Resistance Characteristics

Roundup Ready canola line RT'73 transformed with the plasmid vector, PV-
BNGTO04, was tested in replicated trials in two years of Canadian field trials
in 1992 and 1993 in 22 locations, as well as US field trials in 1996 and 1997
in 23 locations under notifications acknowledged by the USDA (Appendix 1).
Detailed monitoring for growth and development characteristics and disease
and insect susceptibility of the transformed canola versus nontransgenic
control plants was performed approximately every two weeks during the
growing season. USDA final reports for the trials conducted in 1996 have
been submitted; however, final reports for 1997 field trials will not be
submitted until the required year of observation following planting has been
completed.

Plots of the Roundup Ready canolaline RT'73 . and Westar control plants were
visually checked for the appearance of possibledisease symptoms stich as
spotted leaves, leaf necrosis, stunted or, distorted plants and wilting, which
are indicative of, but not limited to, diseases such as: sclerotinia white mold
(Sclerotinia sclerotiorium), powdery mildew (Erysiphe communis) and
blackleg (Phoma lingum) (Auld et al.,.1989). Detailed quantitative
monitoring of blacklég infestation was conducted, due'to the significance of
this disease in canola. ‘Major insect pests ‘of canola‘monitored were; flea
beetles (Phyllotretra spp.), aphids(Brevicoryne brassicae L. and Liaphis
erysimis) and cabbage ‘seed-pod weevils (Ceutorhynchus assimilis).

Based on the results of the field monitoring program, there were no
significant differences observed in disease or pest resistant characteristics
between canola RT73 and the nontransgenic control (Appendix 7). The
overall blackleg infestation rating for canola RT'73 was 3.95, compared to
4.11 for the control variety, Westar.”This difference of 4.6% was not
statistically significant and falls. within the range of variability of selections
from Westar (1993 Canadian Co-Op tests - Report on Co-Operative
Canola/Rapeseed Test 1993).

D..Compositional Analyses

Monsanto Company has completed consultation with the FDA following their
policy, “Foods Derived from New Plant Varieties” on the food safety of
Roundup Ready canola line RT'73. Studies were carried out to compare the
nutritional constituents of canola seed, refined, deodorized, bleached (RDB)
oil and toasted meal from canola RT73 with seed, RDB oil and toasted meal
from Westar control plants grown, processed and analyzed under the same
conditions. The study demonstrated that canola RT'73 seed and processed
fractions of the seed are not significantly different from the nontransgenic
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control seed and processed fractions. Based on this compositional
information and the criteria provided in the food policy, FDA granted a
finding of “No Concern” for Roundup Ready canola RT73 in September, 1995
(US Food and Drug Administration, 1995).

E. Toxicants

In addition to analyses for nutrients, canola RT73 was monitored for two
antinutritional components: erucic acid in canola oil and glucosinolate
content in canola seed.

Erucic acid is a mono-unsaturated, 22-carbon fatty acid (C22:1) that is a
natural constituent of rapeseed. High erucic acid rapeseed-oil (levels:>2%)
has been shown to have cardiopathic potential in experimental animals
(Dupont et al., 1989). Data obtained’in 1992@and 1993 Canadian field trials
show levels of erucic acid were well below the limits‘allowed for human
consumption. Fatty acid profiles, including déteminations:of erucic acid
levels, were determined using standard methodology (AOAC,1990). The
means and ranges of erucic acid content in canola RT73 were 0.24% (0.1-0.5,
n=7) in 1992 and 0.04% (0-0.1%, n=4).in 1993,

Glucosinolates are derived biosynthetically from amino-acids, with over 100
structural types having been identified (Sorensen;, 1990). Numerous feeding
studies with-high ‘and low glucosinolate varieties of rapeseed in swine, cattle,
poultry and rats have noted a correlation between toxic effects as indicated
by growth performance, reproduction; goitrogenicity, liver hypertrophy and
hemorrage and palatability and the levels of glucosinolates in the meal
(Fenwick, 1989).0In B ’napus and B. rapa’breeding programs and varietal
registration tests, nine unique glucosinolates are closely monitored (Table 7).

Table 7. Commonly Detected Glucosinolates in Canola.

ructure ivial Name
allylglucosinolate sinigrin
but-3-enylglucosinolate gluconapin
2-hydroxybut-3-enylglucosinolates progoitrin
pent~4-enylglucosinolate’ glucobrassicanapin
2-hydroypent-4-enylglucosinolate napoleiferin
4-methylthiobutylglucosinolate glucoerucin
5-methylthiopentylglucosinolate glucoberteroin
4-hydroxyindol-3-ylmethylglucosinolates 4-hydroxyglucobrassicin
Indol-3-ylmethylglucosinolate glucobrassicin

2 The two glucosinolates that account for >70% of the total glucosinolate
content in canola.
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Because of the importance of maintaining canola quality, canola RT73 seed
and toasted meal was analyzed for glucosinolates using standard methods of
the Co-Op Test in both 1992 and 1993 (International Organization for
Standardization, 1992). The analytical method used is included in Appendix
5. Means determined for the total alkyl and indolyl glucosinolates, as
compared to the levels from the nontransgenic Westar controls are shown in
Table 8 for both years. While it is apparent that the average level of alkyl
glucosinolates in canola RT73 is consistently equal to or greater than the
mean value for Westar nontransgenic controls, all individual values-are well
below the 30 pmole/g commercial limit. In addition, statistical analysis of the
data demonstrates that glucosinolate levelsin canola/RT'78 will not exceed
the 30 umole limit at a 95% confidence level. The variation observeddis
typical for canola lines selected from the Westar variety, the parental variety
for Roundup Ready. canola RT73 (Downey opinion-letter in Appendix6). The
levels of alkyl glucosinolates in canola- RT73 are also’well below the harvest
survey values for commercially produced No: 1 Canadian canolain 1992 and
1993 (17 and 14 pmol/g, respectively) (DeClercq et al., 1992, 1993). Thus
there is no meaningful difference in glucosinolate levels between canola RT73
and Westar canola. Furthermore; the levels of the alkyl glucosinolates are
well below the limits-established for the safe use of meal derived from canola
seed as an animal feed.
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Table 8. Glucosinolate Levels in Roundup Ready Canola RT73
from 1992 and 1993 Canadian Field Trials.

pmole/g defatted meal
Mean! Range N
Alkyl
RT73
1992 14.8 10.7-19.8 3
1993 10.6 8.0-12.9 4
Westar
1992 8.8 6.2-11.4 7
1993 8.7 6.7-11.1 4
Indolyl
RT73
1992 10.8 9.2-11.6 3
1993 115 10.9-12.0 4
Westar
1992 114 9.8:13.4 7
1993 116 11.0-12.5 4

1. single samples were prepared and analyzed in quadruplicate in
1992 and triplicate in1993. Replicates were-averaged. The mean
values are an @verage of the means:of replicate analyses of the' same
sample.

F. AgronomicPerformance

Roundup Ready canola RT73 was evaluated for agronomic performance in US
field trials in1996; 1997 and’1998 (ongoing) under permits or notifications
acknowledged by the USDA-APHIS (Appendix 1), as well as in Canadian
variety trialsin 1992 and 1993.

Typical observations in the Canadian trials included relative emergence,
vegetative growth, flowering time, days to maturity, yield and shattering.
Canola RT73 was determined to be agronomically comparable to Westar and
other nontransgenic commercial varieties (Appendix 7). Germination tests of
seed of canola RT73 and Westar from Roundup treated and untreated 1992
variety trials were conducted at the Agriculture Canada seed quality testing
laboratory in Saskatoon, Saskatchewan. Gérmination percentages were 98%
for RT73 treated with Roundup and 99% for RT73 untreated and Westar,
demonstrating high germination and essentially no difference between
transgenic canola and nontransgenic controls. These findings, along with
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data collected on volunteers observed in the year following RT73 planting
indicate that there is not significant difference in dormancy between canola
RT73 and the parental line, Westar (Appendix 7).

In February 1995 the Western Canadian Canola and Rapeseed
Recommending Committee (WCCRRC) recommended RT73 for conditional
registration on the basis of its suitable agronomic performance under
Canadian conditions. Following this decision, canola RT73 was grown

. commercially in Canada on 50,000 acres in 1996 and 450,000 acres in 1997,
with excellent agronomic performance comparable to other commercial
varieties.

VI. ENVIRONMENTAL CONSEQUENCES OF INTRODUCTION
A. The Herbicide Glyphosate

Glyphosate (N-phosponomethyl-glycine) (CAS Registry #s 1071-83-6, 38641-
94-0), is the active ingredient. in the herbicide’ Roundup®. It is@ non-
selective, foliar-applied; broad-spectrum herbicide with no soil activity.
Glyphosate is highly effective against the majority of annual and perennial-
grass and broad-leaf weeds, “It is widely used because ofits broad-spectrum,
lack of carryover and favorable environmental and safety characteristics.
The primary mode of action of the herbicide is competitive inhibition of 5-
enolpyruvylshikimate-3-phosphate (EPSP synthase), an enzyme in the
shikimate pathway of:amino ac¢id biosynthesis (Steinriicken and Amrhein,
1980). This aromatic-amino acid pathway is not present in mammalian
metabolic pathways (Cole, 1985).” Glyphosate is rapidly bound to the soil,
thus resisting leaching. It is-readily degraded by soil microorganisms which
decreases persistence. ’And it has relatively low toxicity to mammals, birds
and fish (Malik; et.al., 1989)."Thére have been no reports of groundwater
contamination problems with glyphosate (Goldburg et al. 1990). Glyphosate
is classified by the. EPA as Category E (evidence of non-carcinogenicity for
humans) (67 FR 8739).

B. ’Current Uses of Herbicides in Canola

Weed control options in canola are very limited, compared to major row crops
with greater acreage. The most commonly used herbicides in canola are
Treflan, Poast and Assure II. Treflan is a preplant incorporated herbicide
which provides control of many annual grass weeds. Poast and Assure II are
postemergent herbicides which also control many annual grass weeds.
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Many broadleaf and perennial weed species are not controlled by currently-
available herbicides. Difficult weeds that infest canola fields are mustard
species, field pennycress, wild buckwheat, Canada thistle and perennial sow
thistle. As a result, mechanical cultivation or crop rotation is relied upon to
provide control of a significant number of weeds in canola. All of these weeds
can be controlled by Roundup.

C. Agronomic Practices with Roundup Ready Canola

Roundup Ready canola RT73 has been demonstrated to be substantially
equivalent to the parent Westar. It has been and continues to be crossed into
adapted varieties by traditional breeding methods. Roundup Ready canola
RT73 varieties will be grown in the same geographic regions-and with the
same practices as current varieties.

In addition, Roundup Ready canola RT73 offers canola farmers'several new
options. Farmers will have the opportunity to'manage their crop with a
broad-spectrum herbicide that controls'annual @nd pérennial grass and
broadleaf species. This will allow flexibility in timing of field operations and
may allow planting of canola in fields that were previously considered to be

" too weedy. Control of broadleaf weeds ih canola is critical to yield and oil

quality, even when weeds are present at low levels in a‘field. Roundup
provides improved control-of a‘range of broadleaf weeds. Roundup Ready
canola gives the farmer the‘option of direct-seeding or no-till with canola.
This will have a positiveeffect‘'on goil conservation and crop establishment.
In conventional tillage systems; Roundup Ready canola offers the option of
replacing a preplant incorporated herbicide with Roundup, thus reducing
overall tillage. Insome cases, planting can be done earlier because the
grower does not-have to wait for the first flush of weeds before working the
fields. dn areas with warmer summer temperatures, this early planting helps
avoid high teniperatures’during flowering, which can reduce yields.

D. Glyphosate-Tolerant Weeds

Today there exist some 109 herbicide-tolerant weed biotypes, with over half
of themresistant to the triazine family of herbicides (Holt and Le Baron,
1990, Le Baron, 1991; Shaner, 1995). Resistance to herbicides has usually
developed because of the selection pressure exerted by the repeated use of
herbicides with a single target site and a specific mode of action, long residual
activity with the capacity to control weeds year-long, and frequent
applications without rotation to other herbicides or cultural control practices.
Using these criteria and based on current use data, glyphosate is considered
to be a herbicide with a low risk for weed resistance (Benbrook, 1991).
Nonetheless, it has been questioned whether the introduction of crops tolerant
to a specific herbicide, such as glyphosate, may lead to the occurrence of weeds
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resistant to that particular herbicide. This concern is based on the
assumptions that the use of the herbicide will be increased significantly, and
possibly that it will be used repeatedly in the same location. However, other
increases in glyphosate use over previous years have been more significant
than the projected increase associated with the introduction of Roundup Ready
crops in the U.S. Although it cannot be stated that evolution of resistance to
glyphosate will not occur, the development of weed resistance to glyphosate is
considered unlikely because:

1. Weeds and crops are inherently not tolerant to glyphosate, and theélong
history of extensive use of glyphosate has not resulted in resistant weeds:
Glyphosate has been used for over 20 years in various preplant; directed, spot
and postharvest weed management systems with no verified cases of weed
resistance (Holt et al., 1993; Dyer, 1994). A preliminary réport wasrecently
presented that discussed annual ryegrass (Lolium sp.) seeds collected from a
field that, upon germination, demonstrated a rate-related:tolerance’to
glyphosate (Pratley et al. 1996).-This observation merits further
investigation. Insufficient data were reported to define the factors

- contributing to the observed -phenomenon and ‘Monsanto has'entered into a
collaborative research agreement with Charles Sturt Uniyersity of Wagga
Wagga in Australia to further investigatethesé resalts. Since the source of the
‘sensitive’ biotype used by Pratley (Pratley et al., 1996) was from a different
location than the ‘resistant’ biotype their genetic relatedness is unclear and
additional researchto address this question is being initiated.

2. Glyphosate has many unique properties; such‘as its mode of action
(glyphosate is unrelated to triazines and has a differing mode of action from
any other herbicide on the market today), ¢chemical structure, limited
metabolismdn plants; lack of residual activity in the soil and its relatively
quick break down by microorganisms-in the soil (Malik et al., 1989).

3. Selection for glyphosate resistance using whole plant and cell/tissue culture
techniques, including'mutagenesis, was largely unsuccessful, and unlikely to
be duplicated under-normal field conditions. Similarly, the complex genetic
transformations required for the development of glyphosate tolerant crops (e.g.
modified gene; unique promoters, transit peptide, etc.) would be unlikely to be
duplicated in nature to yield glyphosate resistant weeds (Bradshaw et al.,
1997).

E. Weediness of Roundup Ready Canola
B. napus is not a weedy pest in North America, nor is it listed as a weed by
the Weed Science Society of America (1989) or in Weeds of the United States

(Lorenzi and Jeffrey, 1987). B. napus is the only naturalized Brassica that is
not noted as a pestiferous weed by Rollins (1981). No Brassica is noxious
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(Federal Noxious Weed Regulation, 7 CFR 360). B. napus is not listed as a
serious, principal, or common weed in the U.S., Canada, Mexico, or any
European or Asian country with a comparable latitude, i.e. between 25 and
49° north latitude (Holm et al., 1991). Listed as a common weed only in
Finland (60° north latitude) and Kenya (5° north to 5° south latitude), B.
napus is not a serious or principal weed anywhere in the world (Holm et al.,

© 1991).

Numerous experiments have been conducted and observations made in the
extensive field trials conducted worldwide to evaluate the weediness
potential of canola RT'73. The results of field observations have shown that
canola RT73 has no increased potential of becoming aweed relative to
unmodified B. napus (Appendix 7). Data for dormancy, germination,
invasiveness, seed production, pod shattering, overwintering capacity, and
adaptation to stress factors all demonstrate canola RT73 iscequivalent to
Westar, the nontransgenic control.’ In-addition; observations have been
recorded that note no agronomic differerices in’'canola RT73 and Westar
(Section VI.C.).. A slight (approximately 1.day).delay in maturation has been
reported for Roundup Ready canola RT73, which:is ' within.the variation
expected as a selection from Westar. Since B. rapusis not considered a weed
and canola RT73 is substantially equivalentto the nontransgenic control
variety, canola RT73 is'therefore not expected to have s greater weediness
potential.

Brassica napus seed can remain in the soil profile and produce volunteer
plants.in subsequent crop rotations.cMechanical cultivation can reduce the
infestation of volunteer canola plants. In addition, numerous herbicide
options are available for each of themajor'crops in a typical rotation with
canola (See Table 9). The number of RT73 volunteers was no different than
volunteers of the parental line Westar (Appendix 7), and these glyphosate-
tolerant volunteers would be unchanged in their response to existing
management practices (cultivation and/or herbicides).

Table9. Herbicidesregistered for control of Brassica spp. in major
crops (13 CPR Guide, 1997)

Soybeans Classic, Basagran, Blazer, Broadstrike, Canopy, Sencor,
Pursuit, Scepter

Wheat 2,4-D, Banvel, Ally, Amber, Buctril, Cyclone, Assert,
Harmony Extra, Peak and Canvas.

Corn Atrazine, 2,4-D, Banvel, Buctril, Broadstrike, Extrazine,
Marksman, Permit

Cotton Caparol, Harmony, Gramoxone
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F. Vertical Transfer of New Genes

1. Summary of Literature on Outcrossing

The sexual compatibility of Brassica napus with other cultivated species and
wild species has been extensively documented in the literature (see reviews
by Scheffler and Dale, 1994; U.K. Department of the Environment, 1994) and
in applications to market genetically modified canola (Plant Genetic Systems,
1994; Calgene, 1994).

The results of sexual compatibility studies have demonstrated thatcrosses
between B. napus and other species occur with varyingdegrees of difficulty.
It should be noted that there are reports of hybridization under open
pollination conditions between fully fertile B. napus parents with only two
species, B. rapa (syn. B. campestris) and B. juncea (Scheffler and Dale, 1994).
When male-sterile B. napus parents'are used; hybrid formation with
Hirschfeldia incana (syn. B. adpreéssa) and Raphanus raphanistrum has been
reported at low frequencies (Eber et al., 1994)" Underartificial conditions,
including manual crosses and ovary culture'techniques, additional
interspecific hybrids have'been produced; but have beén shownto be low in
fitness and often sterile. The interspécific crosses are more successful when
B. napus is used as the female parént and when the species have at least one
genome in common (Renard-et al. 1993; OECD,"1997; Scheffler and Dale,
1994).

While crosses with.wild species have been demonstrated, the probability of
introgression of a’gene intowild or weedy populations depends upon the
ability of hybrids tosurvive and reproduce., Hybrids of B. napus and wild
relatives are generally-unfit and not expected to survive in wild populations.
This conclusion’is summarized in-the review by Scheffler and Dale (1994),
“Ingeneral, the fertility of F1 hybrids was low, and male sterility was
common. ‘The fertility of hybrid plants was increased in some cases when the
chromosome number was doubled. Increase in the chromosome number can
occur.spontaneously,either in the F1 hybrid or in later generations, but can
lead to decreased as'well as increased fertility. Progeny have been generated
in some cases by using the F1 plant as the female parent, and backcrossing to
oneof its parental types. When one of the parents was diploid, progeny were
often‘obtained only when B. napus was used as the female parent in the
backcross. Because of this unilateral incompatibility, which has been reported
for both the initial interspecific hybridization and subsequent generations,
flow of genes is most likely to be from related species into B. napus and not
the reverse. After several generations of backcrossing under controlled
conditions, plants resembling the recurrent backcross parent were obtained
from an F1 hybrid between B. napus and B. rapa. This indicates that, in
theory, it might be possible to produce a hybrid plant capable of surviving (at
least under agronomic cultural conditions). However, for a plant to reach this
stage, the two parental species would have to flower at the same time and be
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close enough for pollen transfer to occur. Seeds would have to be produced
that are capable of germinating and producing a plant with sufficient fertility
to produce progeny. If backcrossing was required to produce the progeny, then
a suitable parent would have to be available, and flowering at the same time
as the F1 plant. While the possibility can never be discounted, the evidence
indicates that it would be a rare occurrence.”

This conclusion on the likelihood of hybrid establishment would not be
impacted by the presence of a transgene(s), such as those present in canola
line RT73.

All of the Brassica species currently present in North America have been
introduced. Those species that are weedy'either escaped from-cultivation or
were introduced into fields as seed contaminants.” The distribution-within
the United States and weed status of species which are sexually compatible
with B. napus are described in Table 10. Inaddition, a surveyof the
distribution of Brassica species within the primarycanola growing regions of
the United States has been conducted (AgrEvo, 1997). The results of these
surveys indicate that B. napus is grown in areas where sexually compatible
Brassica weeds may be present. However, transfer of the glyphosate
tolerance trait to sexually compatible’plant species will'only result in a
selective advantage for these species if they are freated with glyphosate in
managed or semi-managed-environments.” Since these wWeedy Brassica
species can be effectively controlled by other means;such as by herbicides
other than glyphosate and cultivation, the glyphosate tolerance trait, if
transferred would offermo selective advantage to'related species.
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Table 10. Members of the Genus Brassica and Some Wild Relatives Found in the
Continental United States.
Status as a weed in the U.S. is denoted by S (serious), P (principal), C (common), or X
(present, weed status unknown) after Holm et al., (1991). Species denoted by R are
considered pestiferous weeds by Rollins (1981). Those denoted by LJ are considered weeds
by Lorenzi and Jeffrey (1987). Those considered weeds by the Weed Science Society of
America (1989) are indicated by WS. B. oleracea and B. carinata are not considered to be

naturalized.
Weed  Common name of
Species status  naturalized form Distribution of naturalized form
Brassica elongata R none roadside weed of eastern Nevada
B. juncea X,R, WS | Chinese Mustard sparse, but widespread’'throughout
Indian Mustard temperate North Afherica; .occurs in
) cultivated and disturbed areas
B. napus none rape sporadic in-temperate North America,
waste places
B. nigra C,R,LJ, |blackmustard widespread in temperate North
WS America; especially common in the
Central“Valley of California, sporadic
in the more northerly areas of the
continent
B. rapa X, R, L), \{ field mustard common and widespread throughout
syn. campestris WS bird’s rape temperate North America, occurs in
cultivated-and disturbed areas
B. tournefortii R wild turnip roadsides and old fields of the
Southwest
Diplotaxis muralis X, R, WS }sand rocket widely scattered, waste places,
roadsides, abandoned land, heavily
grazed grassland, beaches
Hirschfeldia incana X, R, WS- | shortpod.mustard roadsides, ditch banks and waste areas
syn. B. adpressa Mediterrancanymustard | of California and Nevada
Raphanus raphanistrum-| C,;-R, L), | wildradish; jointed widely distributed, especially in the
WS charlock castern North America and in the
Central Valley of California
Sinapis alba X, R, WS |white mustard widespread but sporadic in North
syn. B. hirta America, abundant in some localities
Sinapisarvensis syn P,R,LJ, |wild mustard abundant throughout the temperate
B, kaber WS charlock agricultural areas of North America,
especially in newly disturbed areas

2. Crossing with Other Brassica napus Varieties

Brassica napus is principally a self-pollinating crop which is also able to cross
with other plants of the same species. Pollen movement is by means of wind
and insects, mainly bees. Wind is not a particularly effective means of cross-
pollination, as B. napus pollen is fairly heavy and sticky and cannot travel
more than a few yards without insect pollinators (Downey and Rébbelen,
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1989). Literature information concerning the frequency of intraspecific
outcrossing (Becker et al., 1992; Bing et al., 1991; Downey et al., 1991;
Downey, 1992; Kapteijns, 1993; Chevre et al., 1992; Kerlan et al., 1992; Metz
et al., 1997) is variable in its conclusions, which reflects the fact that
pollinator activity, planting density, genotype, weather and distance have an
impact on outcrossing (Scheffler and Dale, 1994). Values have been reported
as high as 30% (Rakow and Woods, 1987; Downey, 1992; Bing et al., 1991).

Numerous pollen dispersal studies using B. napus have been conducted
within the framework of the European Commission’s Biotechnology Action
Program (BAP)3, and BRIDGE* program, and the United Kingdom’s
PROSAMOS project. Experiments were small to medium scale, and employed
a transgenic pollen source (marked with.a'markergene) and measured the
frequency of transfer of the marker gene to surrounding (non-transgenic)
canola plants. Results from the PROSAMO project, emiploying a9 meter
diameter circle of transgenic rape‘in a-one hectare field, demonstrated that
the frequency of outcrossing decreased from 5% at Zero'distance down to
0.0003% at 47 meters distance (Schefiler ef al.,1993).” Earlier studies, using
a 3m diameter circle of transgenic ¢anola within a 100m diameter circle of
canola also demonstrated that outcrossing frequency decreased from 1.56% at
3 meters distance, to’non-detectable at 24 and 48 meter distances (Scheffler
et al., 1993; Dale ef al.,1991; De Greef, 1991), The results from the BRIDGE
project, using male sterile canola as’'the pollen trap, confirmed that
outcrossing frequencies to other OSR plants islikely to be minimal.

It can bé concluded that B. napus pollen dispersal is mainly short distance
dispersal, although dispersal may occur over greater distances at a very low
frequency. Perhaps most importantly, transgenic B. napus lines do not
exhibit any greater rates of outcrossing than non-transgenic lines (Downey,
1992).

Canola quality B napus can also cross with other types of cultivated B.
napus, including rapeseed, fodder rape and rutabaga. Rapeseed can be
further divided into.industrial or high erucic acid rapeseed (HEAR) and
canola, the principle difference being the levels of erucic fatty acid content.
Both fodder rape and rutabaga are very minor crops in the United States and
are harvested before seed is set. Therefore, the probability of introgression

3 Biotechnology Action Program (1985-1990) - supported by the Directorate for Science,
Research and Development (DGXII) of the Commission of the European Communities.

¢ Biotechnology Research for Innovation, Development and Growth in Europe (1990-1993)
- supported by the Directorate for Science, Research and Development (DGXII) of the
Commission of the European Communities.

> Planned Release of Selected and Modified Organisms (1991-1993) - supported by a
consortium of the U.K Dept. of Trade and Industry, the U.K Agriculture and Food Research
Council, and industrial members.
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from Roundup Ready canola RT'73 into fodder rape or rutabaga is very low.
Gene introgression from canola into high erucic acid rapeseed (HEAR) can be
deterred using standard agronomic practices for production of that crop. For
example, it has always been necessary to isolate B. napus canola fields from
fields of high erucic acid rapeseed (HEAR) to prevent the canola from
producing higher than acceptable levels of erucic acid. The precautions taken
for this potential outcrossing should also be successful in preventing the bulk
of gene transfer between the two crops.

3. Crossing with Brassica rapa

Brassica napus is an amphidiploid derived from hybridization between the
diploid species B. rapa and B. oleraceae. The AA genome of B. napts was
derived from B. rapa. B. napus and B. rapa are known to be sexually
compatible under open pollination conditions (Bing et al.,<1991; Downey, et
al., 1991).

While gene transfer from B. napus to B. rapa is known to occurunder
controlled conditions, the likelihood of natural introgression of genes from B.
napus is lower. When B, napus is used as the male parent, many of the seeds
produced are non-viable, and in the progeny, both pollen‘fertility and yields
are significantly reduced (Binget al., 1991; Salam’and Downey, 1978;
Scheffler and Dale; 1994). The F1 hybrids’have an intermediate chromosome
number between B napus and B. rapa-and‘Salam and Downey (1978)
reported that the interspecific progeny would:quickly revert to B. napus,
being the higher chromosome number parent, unless the hybrid is ‘
backcressed to Borape.  In-addition, the progeny of the F1 plants backcrossed
to B. rapa exhibited low fertility and high seedling mortality, making them
less competitive than plants with genotypes closer to B. napus. Sheffler and
Dale (1994) also reported that after several generations of backcrossing
under ¢ontrolled conditions, plants resembling the recurrent backcross parent
were obtained from interspecific-hybrids between B. napus and B. rapa
(Nwantkiti, 1971; Shiga, 1970), but natural barriers were likely to make this
a rare event under natural conditions. A recent study (Mikkelsen et al.,
1996) has reported the spontaneous development of fertile hybrids between
herbicide-tolerant B. napus and B. rapa by interspecific backcrossing under
field conditions( The field conditions used were not representative of normal
agricultural practices, as the weedy B. rapa plant were sown at a high
density which would not normally exist. Hybrids were then replanted into
the same fields to facilitate the generation of stable, backcrossed hybrids.
This work and others support the conclusion that hybrids between B. rapa
and cultivated B. napus are possible under field conditions. Any such
progeny are easily controlled with cultivation and the use of presently
registered herbicides.
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4. Crossing with Brassica juncea

Brassica juncea is a tetraploid containing genomes A and B. Successful
hybridization has been reported under experimental field conditions using
mixed stands of B. napus and B. juncea (Bing et al., 1991). Using B. napus
as the male parent, hybrid seeds were produced at a frequency of 4.7% of the
seeds produced on the B. juncea plants. The F1 progeny produced low seed
sets (from O to 25 seeds per plant) (Bing et al., 1991). In further studies
employing herbicide resistance markers in B. napus, hybrid seed production
frequencies on B. juncea were reported as 0.3% and 0.1% in the two years of
field trials, and fertility of the hybrids was low (Bing et al., 1991).

There have been numerous reports of hybrids being produced by manual
crosses, although seed production is very genotype-dependent (Heyn,1977;
Roy, 1980). Pollen viability of the F1 hybrid plants is generally low (less
than 10% (Bing et al.,1991), and fertility of the hybridsis usually less than
10% (Bing et al.,1991; Heyn, 1977; Roy, 1980). :In experiments whére F1
plants were open pollinated or -backerossed toB. nepus many of the progeny
were found to be largely infertile; although some were highly fertile. F1
plants which were fertile were reported to preferentially revertto the B.
napus form (Roy, 1980)." The reciprocal cross toB. junce@ was'not performed
(Roy, 1980).

Hybridization of B. juncea with B, rapus is‘expected.to be lower frequency
than with B.7apa, since the latter is self<incompatible, whereas B. juncea
self-pollinates around thé time of flowering; The data for cross compatibility
between B. juncea and B. napus dlso show that hybrids are obtained under
controlled conditions to a lesser degree'than the B. rapa x B. napus cross
(Downey et al., 1991; Kerlan et.al., 1992; Bing et al., 1991).

6. Crossing with Other Brassica‘and Related Species

Brassica nigra

Although B. napus (AACC) and B. nigra (BB) have no genomes in common,
hybridization istheoretically possible because of the homology between the B
and C genomeés (Mizushima, 1950). The production of hybrids under field
conditions has.been unsuccessful (Bing, 1991; Baranger et al., 1992). With
mahnual crosses interspecific hybrids were able to be produced, usually when
B. napus was used as the female parent, but the hybrid seed and backcrossed
progeny exhibited low fertility or sterility and reduced survival
characteristics (Scheffler and Dale, 1994).

Other mechanisms involving bridging crosses through B. rapa and B. juncea
were also considered as possible means of gene introgression from B. napus to
B. nigra (Downey et al., 1991; Downey, 1992). There are no reports of hybrid
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seed production between B. rapa and the weedy species B. rtigra when B.
rapa is used as pollinator. The reverse cross under controlled conditions
produced seed at very low frequency (1 per 2000 pollinations) and the F;
plants were much easier to backcross to B. rapa (Bing, 1991). Therefore,
gene flow is more likely from B. nigra to B. rapa than the reverse, which is
considered unlikely.

Crosses between B. juncea and B. nigra have been successful at low
frequency, particularly if B. juncea is used as the seed (female) parent (Bing,
1991). Open pollination of the F1 progeny and backcrossing to B. juricea
produced plants with low fertility. Backcrossing was easier with'B. juncea
than with B. nigra, and the high chromosome numbers of the hybrid progeny
suggest that the offspring of this interspecific cross-are likely to revert to the
cultivated amphidiploid species (Bing;1991).

Brassica oleracea ‘

B. oleracea is the other progenitor of B. napus‘andhasthe C genome in

- common with B. napus. Naturakhybridization with B. oleracea, however, has
not been reported (Scheffler and Dale, 1994).> Even with artificial techniques,
hybridizations are very difficult to achieve (Ayotte et al.,”1987; Chiang et al.,
1977; Honma and Summers, 1976; U, 1935), and-have been more successful
when B. napus was used as the seed (female) parent’'(Kerlan et al., 1992).
When B. napus‘was used as the male parent hybrid progeny have been able
to be produced but pollen fertility was reduced, and F2 seeds exhibited
reduced survival characteristics (Robbelen,:1966). It is unlikely, therefore,
that interspecifichybrids with B. oleracea will-occur under open pollination
conditions.

Brassica carinata

B. carinata is an amphidiploid.containing genomes B and C, presumably
resulting from a cross between B.‘nigra and B. oleracea. Hybrid seeds have
been produced by manual crosses with B. napus, more successfully when B.
napus was used as the female parent. Fertility and seed production were
generally low (Scheffler and Dale, 1994; Roy, 1980; Nishiyama et al., 1991).

Hirschfeldia incana

Hybrids between B. napus and Hirschfeldia incana have previously been
unsuccessful; however, Chevre et al. (1992) and Lefol (1993) reported
obtaining hybrids by planting male-sterile B. napus and fully fertile H.
incana in adjacent rows in a field trial and allowing open pollination. A
small number of hybrid seeds were produced, and the F1 plants from these
exhibited varying degrees of infertility, but some seeds were produced when
the hybrids were backcrossed to H. incana.
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Raphanus raphanistrum

Manual hybridizations with Raphanus species have generally been
unsuccessful (Scheffler and Dale, 1994). Kerlan et al. (1992) attempted
reciprocal manual pollinations between Raphanus raphanistrum and B.
napus, but failed to obtain any viable F1 hybrids after making 200 manual
pollinations. Cytological examination of pollen tube growth showed that R.
raphanistrum pollen tubes did not penetrate the B. napus styles. Chevre et
al. (1992) and Lefol (1993) reported obtaining hybrid seed in a field trial
similar to that described for H. incanca, with adjacent rows of R.
raphanistrum and male-sterile B. napus. Pollen fertility of the F1hybrids
ranged from 0% to 30%. Backcross progeny were produced by open
pollination when the F1 was used as the female parent (Eberet al..1994).

More recently, Chévre et al. (1997) reported thatintrogression was possible
between male sterile herbicide-tolerant B. napus and R. raphanistrizm under
field conditions. The conditions used were not typical for-agricultural
settings as crossing was facilitated by planting and maintaining high
densities of the weed species R. raphanistrum Hence pollenload was high
and crossing was forced by uséof male sterile material. The authors
concluded that successful hybridization and gene introgression would be rare
under normal agricultural conditions. (Chévre et al., 1997).

Sinapis species

No hybrids between B.-napus and Sirapis species have been produced under
field conditions, and interspecifichybrid production under artificial
conditions has also proven to be extremely difficult. Heyn (1977) reported
hybridization with 8. alba, but itwas not demonstrated that the F, or
backcrossed‘progeny were fertile. . Attempts to produce hybrids with S.
arvensis have been unsuccessful underfield conditions (Bing, 1991; Lefol
1993; Lefol et al:y1991). Successful crosses have only been reported using
artificial techniques and employing B. napus as the female parent. The
hybrid progeny dre always sterile or produce very low seed sets (Bing, 1991;
Mizushima, 1950; Inomata; 1988).

Bridging crosses through B. rapa and B. juncea to S. arvensis have also been
considered: Gene flow from B. rapa to S. arvensis has been shown to be very
unlikely, since reciprocal crosses under controlled conditions failed to produce
any seed (Bing, 1991; Hinata et al., 1974). Hybrids between B. juncea and S.
arvensis were only successful when B. juncea was used as the seed parent
and the progeny were poorly fertile. Gene flow from B. juncea to S. arvensis
is considered to be highly unlikely.
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6. Summary on Outcrossing

Hybridization with B. napus under natural conditions has been demonstrated
with the closely related species B. rapa (syn. campestris) and B. juncea.
Hybridization has also been demonstrated with other related species using
artificial conditions, but it is considered unlikely that natural hybridization
with these species can occur. In the event that hybrids between RT73 canola
and other Brassica species did occur, current management practices would be
effective in controlling these plants.

G. Horizontal Transfer of New Genes

As stated in the USDA’s Interpretive Ruling on Calgene, Inc:, Petition for
Determination of Regulatory Status (FR 57, No:202, pp..47608-47616,
October 19, 1992), “There is no published evidence for the existence of any
mechanism, other than sexual crossing” by which genes can be transferred
from a plant to other organisms. ' Evidence presented in'the Calgene petition
and supplementary information‘and summarized in the: FR Notice suggests
that, based on limited DNA homologies; transferfromplant to
microorganisms may have occurred in evolutionary time’over many
millennia. Even if sach transfer were to take’place, transfer of an EPSPS
gene to a microbe would not-pose any plant pest risk. Based on these
considerations, transfer to microbes or.other living species in nature is
extremely unlikely and of no significant consequence from a plant pest point
of view.

VII. ADVERSE CONSEQUENCES OF.INTRODUCTION

Monsanto Company knows of no unfavorable results or observations
associated with' Roundup’ Ready.canola RT73 that would result in adverse
consequences of introduction. Therefore, on the basis of the substantial
potential benefits to the‘grower, the environment and the consumer,
.Monsanto requests that Roundup Ready canola RT73 and progeny derived
from traditional breeding no longer be regulated under 7 CFR part 340.6.
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Appendix 1. LIST AND STATUS OF USDA NOTIFICATIONS FOR
ROUNDUP READY CANOLA RT73
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FIELD TRIAL LOCATION&;)R GT CANOLA LINE #RT73

USDA# |MONSANTO # LOCATION OF TRIAL COUNTY STATUS
95-279-01R [05-226PR K-F Seeds, 4307 Fifield Road, Brawley, CA imperial Complete*
96-045-01R |96-018PR Diamond Valley-Road, Dutton, MT" Teton Complete*

Route #1, Box 148, Ritzville, WA Adams Complete*

475 Road 1 SW, Waterville, WA Douglas Complete*

HC 2, Box 84, Plaza, ND Mountrail Complete*
96-061-02R |96-034PR 3 miles south of Minot, ND on U.S. Hwy 83 on the west side Ward Complete*

3 miles east of Langdon, MD and 1/2 mile south on Hwy5 Cavalier Complete*
96-211-01R [06-135PR K-F Seeds, 4307 Fifield Road, Brawiey, CA Imperial Complete*
96-274-01R {96-170PR H&H Seed Company, P. O. Box 1688, Yuma, AZ Yuma Complete*
97-022-01R [97-035PR Qualls Agrlcultural Lab, Ephrata, WA Grant Complete*

AgroTech Incorporated, Velva, ND McHenry Complete*

Miller Research, Inc., Rupert, ID Blaine Complete*
97-024-01R [97-038PR Hallock Township Kittson Trial cancelled

Red LakeFalls, MN Red Lake Trial cancelled

K. B. Farming, Conrad, MT) - Pondera Complete*

Westemn Tﬂangle Agricultural Research Center, Conrad, MT Pondera Complete*

Cut Bank, MT Glacier . Trial cancelled

Northem Agricuftural R Research Center, Harvre, MT Hill Complete*

Kay-Jay Agricultural Services, Fargo, ND Bames Complete*

Raymond Township Cass Complete*

|Farmers Union.Oil il Company, Cando, ND Towner Complete*

NW 1/4, Sect 29, Township 140 N, Range 105 Golden Valley Complete*

Hazelton; ND Edmonds Complete*

North Central Research Experiment Center, Minot, ND Ward Complete*

Williston Research Experiment Station, Williston, ND Willlams Complete*

Garfield, WA -© Garfield Trial cancelled

Colfax, WA Whitman Destroyed June '97

Ricks College, Rexburg, ID Madison‘ Complete*

*Final Report Submitted
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FIELD TRIAL LOCATIONS ..)R GT CANOLA LINE #RT73

USDA# |MONSANTO # LOE\"T‘ION OF TRIAL l COUNTY STATUS

97-254-02N {97-259XR H&H Seed, Yuma, AZ Yuma Trial in proces§

K-F Seed, Brawley, CA Imperial Trial in process

97-254-04N |97-260XR K-F Seed, Brawley, CA imperial Trial in process

TI—324»06N 97-323XR ___|K-F Seeds, Brawley, CA Imperial Tﬂal in process
97-309-03N 197-332XR University of Georgla, Griffin, GA Spalding F;Iant in Spring '98

Page 2
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Monsanto

Monsanto Company
700 Chesterfield Parkway North
St. Louis, Missouri 63198

erone: S

February 16, 1998

o S

Biotechnology and Scientific Services
4700 River Road, Unit 147
Riverdale, Maryland 20737-1237

Subject:-Submission-of Final Reports
Dear [N

Enclosed are the final reports on the following field tests‘of Roundup Ready™ Canola.

USDA Permit # Monsanto#
95-279-01R 95-226PR.
96-045-01R . 96-018PR:
96-061-02R ) 96-034PR
96-211-01R 96-135PR
96-274-01R 96<170PR
97-022-01R 97-035PR

97-024-01R 97-038PR
These experiments are completed and we are submitting the final reports required by regulation.

Should you have any questions concerning these reports, please feel free to contact me at

Regulatory Compliance Coordinator
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1995 CANOLA FIELD RELEASE
USDA # 95-279-01R/MONS # 95-226PR
FINAL REPORT

Monsanto Company

The purpose of this trial was seed propagation.

Imperial County, CA

Field Monitoring for Disease Susceptibility: Common diseases to canola are
alternaria, blackleg and sclerotinia and‘none of these diseases were detected
in the crop.

Field Monitoring for Insect Susceptibility: . The transgenic plants did not have

a higher incidence of non-target insect species than the non-fransgenic plants.

Field Monitoring for Plant’Growth. Characteristics: The yields of regular -
open pollinated varieties averaged close to 40:bushels per acre. There was
average standability’and the variety was easy to‘swathvand harvest. The
variety was.anchored well-in the swath so plants were unable to blow and get
into irrigation canals. There‘was evengenmination and no stress to the plants
during growing season.

Field Monitoring for Weediness Characteristics: Roundup® gave extremely
good coritrol of the weeds;in the crop.
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1996 CANOLA FIELD RELEASE
USDA # 96-045-01R/MONS # 96-018PR
FINAL REPORT

Monsanto Company

The purpose of the trial was to demonstrate field tolerance of selected

glyphosate tolerant lines with various rates of glyphosate.

State County

MT Teton
WA Adam
WA Douglas
ND Mountrail

Individual Site Information

Teton County, MT

Field Monitoring for Disease Susceptibility; The trarisgenic plants did not
have a higher incidence of disease than the non-transgenic plants. The trial
was monitored May’3, June 18, and July 15, 1996.

Field Monitoring for Insect Susceptibility:' The transQenic plants did not
have a higher incidence of non-target inisect species than the non-transgenic
plants. .Fhe trial was monitored May 3, June 18, and July 15, 1996.

Field Monitoring for Plant Growth Characteristics: There were no
differences in‘the general appearance and growth of the transgenic and non-
transgenic plants. The trial was monitored May 3, June 18, and July 15,
1996.

Field Monitoring for Weediness Characteristics: Germination of transgenic
plants was not different from the non-transgenic plants. The trial was
monitored May 3, June 18, and July 15, 1996.
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Mountrail County, ND

Field Monitoring for Disease Susceptibility: The transgenic plants did not

have a higher incidence of disease than the non-transgenic plants. The trial
was monitored June 12, July 3, July 31, August 28, September 25, October
23 and November 20, 1996.

Field Monitoring for Insect Susceptibility: The transgenic plants did not
have a higher incidence of non-target insect species than the non<transgenic
plants. The trial was monitored June 12, July 3, July31, August 28;
September 25, October 23 and November 20, 1996:

Field Monitoring for Plant Growth .Characteristics: There were-no
differences in the general appearance and‘growth of the transgenic and non-
transgenic plants. The trial was monitoredJune‘12, July 3, July 31, August
28, September 25, October23.and November 20, 1996;

Field Monitoring for'Weediness Characteristics: “Germination of transgenic
plants was not different from the non-transgenic plants: The trial was
monitored June 12,July 3, July 31; August28, September 25, October 23
and November 20, 1996. '

Adams County; WA

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease .than the non-transgenic plants.

Field Monitoring for Insect Susceptibility: The transgenic plants did not
have a higherincidence of non-target insect species than the non-transgenic
plants.

Field Monitoring for Plant Growth Characteristics: There were no
differences in the general appearance and growth of the transgenic and non-
transgenic plants.

Field Monitoring for Weediness Characteristics: Germination of transgenic
plants was not different from the non-transgenic plants.
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Douglas County, WA

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants.

Field Monitoring for Insect Susceptibility: The transgenic plants did not
have a higher incidence of non-target insect species than the non-transgenic
plants.

Field Monitoring for Plant Growth Characteristics:’ There wére 1o
differences in the general appearance and growth of the transgenic and non-
transgenic plants.

Field Monitoring for Weediness Characteristics:-“Germination of transgenic
plants was not different from the non-transgenic plants;
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1996 CANOLA FIELD RELEASE
USDA # 96-061-02R/MONS # 96-034PR
FINAL REPORT

Monsanto Company

The purpose of this trial was to confirm in-house research data by increasing
seed volume to evaluate polymer characteristics and composition.

State County

ND Ward
ND Cavalier
Individual Site Information
Ward Countv, ND

Field Monitoring for Disease -Susceptibility:. The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants.

Field Monitoring for Insect Susceptibility: The transgenic plants did not have
a higher incidence of non-target insect species:than the non-transgenic plants.

Field Monitoring for Plant Growth Characteristics: There were no differences
in the general appearance and growth of the transgenic and non-transgenic
plants.

Field Monitoring for Weedinéss Characteristics: Germination of transgenic
plants was not different from the non-transgenic plants.
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(‘\ Cavalier County, ND

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants.

Field Monitoring for Insect Susceptibility: The transgenic plants did not have
a higher incidence of non-target insect species than the non-transgenic plants.

Field Monitoring for Plant Growth Characteristics: There were no differénces
in the general appearance and growth of the transgenic and non-transgenic
plants.

Field Monitoring for Weediness Characteristics:< Germination-of transgenic
plants was not different from the non-transgenic plants:
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1996 CANOLA FIELD RELEASE
USDA # 96-211-01R/MON # 96-135PR
FINAL REPORT

Monsanto Company

The purpose of this trial was seed propagation.

State ‘County Planting Date Harvest Date

CA Imperial October 18,1996 April'17,:1997

Imperial County, CA

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenicplants. The trial
was monitored November 20, 1996, January 5, February 15, @and March 10,
1997.

Field Monitoring for Insect Susceptibility:> The transgenic plants did not
have a higher incidence of non-target insect species than the non-transgenic
plants. The trial was monitored November 20; 1996, January 5, February
15, and March 40, 1997,

Field Monitoring for Plant Growth Characteristics: There were no
differences in the general appearance and growth of the transgenic and non-
transgenic plants. The trial was monitored November 20, 1996, January 5,
February 15, and March10, 1997.

Field Monitoring for Weediness Characteristics: Germination of transgenic
plants was in no'way different from non-transgenic plants. The trial was
sprayed with Roundup® in November killing less than four percent of the
plants. The trial was monitored November 20, 1996, January 5, February
15, and March 10, 1997.
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1996 CANOLA FIELD RELEASE
USDA 96-274-01R/MONS # 96-170PR
FINAL REPORT

Monsanto Company

The purpose of this trial was seed propagation.

State  County
AZ Yuma

Yuma County, MT

Field Monitoring for Disease Susceptibility:” The transgenic plants'did not
have a higher incidence of disease than the non-transgenic plants.

Field Monitoring for Insect Susceptibility: The transgenic plants did not have
a higher incidence of non-target’insect species than the non-transgenic plants.

Field Monitoring for Plant Growth-Characteristics: There were no differences
in the general appearance and growth‘of the transgenic and non-transgenic
plants.

Field Monitoring for Weediness Characteristics: Germination of transgenic
plants was not-different from the non-transgenic plants.
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1997 CANOLA FIELD RELEASE
USDA # 97-022-01R/MONS # 97-035PR
FINAL REPORT

Monsanto Company

The purpose of this trial was to supply data on the glyphosate residue levels
that will likely result in or on canola raw agricultural commodities as a result
of the application of Roundup Ultra herbicide according'to label directions for
current use plus the topical applications afforded by and use of Roundup
Ready™ canola plants.

State County Planting Date Haryest Date
WA Grant May 13,:1997 August 25, 1997
ND McHenry May 14, 1997 August:21, 1997
ID Blaine May-13, 1997 August’16,:1997

Individual Site Information

Grant County, WA

Field Monitoring for Disease Susceptibility: . The transgenic plants did not
have a higher incidenceof disease than the non-transgenic plants. The trial
was monitored June 9, July 2 and August22, 1997.

Field Monitoring for Insect Susceptibility: The transgenic plants did not have
a higher incidence of non-target insect species than the non-transgenic plants.
The trial was monitoredJune 9, July 2 and August 22, 1997.

Field Monitoring for Plant Growth Characteristics: There were no differences
in the general appearance and growth of the transgenic and non-transgenic
plants. All plants were normal and vigorous. The trial was monitored June 9,
July 2 and August 22, 1997.

Field Monitoring for Weediness Characteristics: Germination of transgenic
plants was not different from the non-transgenic plants. Germination was
normal. The trial was monitored June 9, July 2 and August 22, 1997.
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McHenry County, ND

Field Monitoring for Disease Susceptibility: The transgenic plants did not .
have a higher incidence of disease than the non-transgenic plants. The trial
was monitored May 26, June 19, July 15, and August 21, 1997.

Field Monitoring for Insect Susceptibility: The transgenic plants did not have
a higher incidence of non-target insect species than the non-transgenic plants.
The trial was monitored May 26, June 19, July 15, and August 21, 1997.

Field Monitoring for Plant Growth Characteristics: There were nodifferences
in the general appearance and growth of the transgenic and-fion-transgenic
plants. The trial was monitored May:26, June 19, July 15, and August'21,
1997.

Field Monitoring for Weediness Characteristics; -Germination of transgenic
plants was not different from the non-transgenic plants. The trial was
monitored May 26, June’19;July 15, and August 21,°1997.
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Blaine, ID

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants. The trial
was monitored June 9, July 11, August 9, and August 19, 1997.

Field Monitoring for Insect Susceptibility: The transgenic plants did not have
a higher incidence of non-target insect species than the non-transgenic plants.
The trial was monitored June 9, July 11, August 9, and August 19, 1997

Field Monitoring for Plant Growth Characteristics: There were differences in
the general appearance and growth of the transgenic and non-transgetiic
plants. Monitoring June 9, 1997 revealed 35% speckling-of leaves'in the
transgenic lines. Monitoring August 19,1997 revealed that 100%.of the
transgenic plants were shorter. Seed yield was good. . The trial was
monitored June 9, July 11, August 9, and August 19,1997.

Field Monitoring for Weediness Characteristics: Germination of transgenic
plants was slightly different from the non-transgenic plants. Monitoring
August 19, 1997 revealed more‘weeds in‘the non-trangenic plants. The trial
was monitored June9,. July 11, August'9, and August 19, 1997.
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1997 CANOLA FIELD RELEASE
USDA # 97-024-01R/MONS # 97-038PR
FINAL REPORT

Monsanto Company

These were efficacy studies trials and demo trials.

State County Planting Date Harvest Date
ID Rexburg 5/15/97 8/25/97
MN Kittson Cancelled

MN Red Lake Cancelled

MT Pondera 5/7/97 8/27/97
MT Pondera . 5/9/97 9/8/97
MT Glacier Cancelled

MT Hill 5/6/97 7/10/97
ND Barnes 5/17/97 8/18/97
ND Cass 5129197 9/23/97
ND Towner 5/24/97 7/31/97
ND Golden Valley ~ 5/13/97 8/22/97
ND Edmonds 519197 8/22/97
ND Ward 5/9197 8/19/97
ND Williams 5712197 8/22/97
WA Garfield Cancelled

WA Whitman 4/16/97 6/19/97
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Individual Site Information

Pondera County, MT

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants. There
were no diseases during this trial. Plants looked normal and healthy. Trials
were monitored June 9, July 2, August 12, and September 8, 1997.

Field Monitoring for Insect Susceptibility: . The transgenic plants did not
have a higher incidence of non-target insect speci€s than the’non-transgenic
plants. Insects were not a problem. Trials weré monitored June 9, July 2,
August 12, and September 8, 1997.

Field Monitoring for Plant Growth Characteristics: . There were no
differences in the general appearance and growth of transgenic.and non-
transgenic plants. Plants grew and looked normal. - Trials were monitored
June 9, July 2, August 12,’and September 81997

Field Monitoring for Weediness Characteristics:. Germination of transgenic
plants was not different from non-transgeniciplants. Plants germinated and
grew normally. Trials were monitored June 9;July 2, August 12, and
September 8, 1997. '
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Pondera County, MT

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants. 0-5% of
the transgenic plants experienced Black leg while 5-100% of the non-
transgenic plants experienced Black leg. Trials were monitored May 15,
June 15, July 7, August 12, 1997.

Field Monitoring for Insect Susceptibility: The transgenic plants did not
have a higher incidence of non-target insect species than the non-transgenic
plants. Trials were monitored May 15, June'15, July'7, August 12,°1997.

Field Monitoring for Plant Growth Characteristics:-There were no
differences in the general appearance and growth of transgenic-andnon-
transgenic plants. Trials were monitored May 15, June15, July 7, August
12, 1997.

Field Monitoring for Weediness Charactefistics: Germination of transgenic
plants was not different from non-transgeni¢ plants. - Trials were monitored
May 15, June 15, July 7, August 12,,1997.

Hill County, M'T

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants. Trials
were monitored June'6 and July 7,.1997.

Field Moriitoring for Insect Susceptibility: The trénsgenic plants did not
have a higher'incidence of non-target insect species than the non-transgenic
plants. Trials were-monitored June 6 and July 7, 1997.

Field Monitoring for Plant Growth Characteﬁstics: There were no
differences in the general appearance and growth of transgenic and non-
transgenic plants. Trials were monitored June 6 and July 7, 1997.

Field Monitoring for Weediness Characteristics: Germination of transgenic

plants was not different from non-transgenic plants. Trials were monitored
June 6 and July 7, 1997.
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Barnes County, ND

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants. Trials
were monitored June 7, June 14, June 20, July 1, July 10, and August S,
1997.

Field Monitoring for Insect Susceptibility: The transgenic plants did not
have a higher incidence of non-target insect species than the non-transgenic
plants. Trials were monitored June 7, June 14, June 20, July 1, July 10, and
August 5, 1997.

Field Monitoring for Plant Growth Characteristics; “There were no
differences in the general appearance and growth of transgenic-andqion-
transgenic plants. Monitoring July.1,°1997 revealed that Blister Beetles
were in 10% of the transgeni¢ plants while.0% weredin the non-trangenic
plants. Trials were monitored June 7; June 14, June 20; July 1, July 10, and
August 5, 1997.

Field Monitoring for Weediness Characteristics: . Germination of transgenic
plants was not different from ‘non-transgenic plants; ‘Trials were monitored
June 7, June14, June 20, July 1, July 10, and August 5, 1997.

83



~

Roundup Ready Canola RT73, USDA-APHIS

Cass County, ND

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants.
Monitoring occurred June 18, July 11, August 12 and September 4, 1997.

Field Monitoring for Insect Susceptibility: The transgenic plants did not
have a higher incidence of non-target insect species than the non-transgenic
plants. Monitoring occurred June 18, July 11, August 12 and September4,
1997.

Field Monitoring for Plant Growth Characteristics: There.were :no
differences in the general appearance‘and growth of transgenic and non-
transgenic plants. Monitoring occurredJune 18, July-11, August 12 'and
September 4, 1997.

Field Monitoring for Weediness Characteristics: Germination of transgenic
plants was not different from non-transgenic plantsc Monitoring occurred
June 18, July 11, August12 and September. 4, 1997.

Towner County, ND

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease thanthe non-transgenic plants. Trials
were monitored June 17, July 15°and July 23, 1997.

Field Menitoring for Insect’'Susceptibility: The transgenic plants did not
have a higher incidence of non-target insect species than the non-transgenic
plants. Trials were monitored June 17, July 15 and July 23, 1997.

Field Monitoring for Plant Growth Characteristics: There were no
differences in the-general appearance and growth of transgenic and non-
transgenic plants. Trials were monitored June 17, July 15 and July 23,
1997.

Field Monitoring for Weediness Characteristics: Germination of transgenic
plants was not different from non-transgenic plants. Trials were monitored
June 17, July 15 and July 23, 1997.
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Golden Valley, ND

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants. No
diseases were present in either crop. Trials were monitored June 17, June
27, July 23, and August 22, 1997.

Field Monitoring for Insect Susceptibility: The transgenic plants did not
have a higher incidence of non-target insect species than the non-transgenic
plants. Trials were monitored June 17, June 27, July 23;'and August 22,
1997.

Field Monitoring for Plant Growth Characteristics: -There were ng
differences in the general appearance and growth'of transgenic-and mon-
transgenic plants. Trials were monitored June 17, June 27, July 23, and
August 22, 1997.

Field Monitoring for Weediness Characteristics:” Germination’ of transgenic
plants was not different from non-transgenic’plants. -Trials were monitored
June 17, June 27, July.23, and August 22,,1997.
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- Edmonds County, ND

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants.
Monitoring occurred June 14, June 23, July 23, and August 22, 1997.

Field Monitoring for Insect Susceptibility: The transgenic plants did not
have a higher incidence of non-target insect species than the non-transgenic
plants. Monitoring occurred June 14, June 23, July 23, and August 22,
1997.

Field Monitoring for Plant Growth Characteristics:  There were no
differences in the general appearance and growth of transgenic and non-
transgenic plants. Monitoring occurred June 14, June 23, July 23, and
August 22, 1997,

Field Monitoring for Weediness Characteristics: Germination of transgenic
plants was not different from non<transgenic plants. Monitoring occurred
June 14, June 23, July 23,and August 22,"1997.
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Ward County, ND

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants. Disease
was not present on either plants. Monitoring occurred June 16, July 14, and
August 19, 1997.

Field Monitoring for Insect Susceptibility: The transgenic plants did not
have a higher incidence of non-target insect species than the non-trafisgenic
plants. One hundred percent of both plants experienced flea beetlé pressure.
Monitoring occurred June 16, July 14, and August 19,1997.

Field Monitoring for Plant Growth Characteristics: -There were no
differences in the general appearance and growth'of transgenic-and non-
transgenic plants. Monitoring occurred June .16, July 14, and August 19,
1997.

Field Monitoring for Weediness Characteristics:  Germination of transgenic
plants was not different from non-transgenic’plants. Monitoring occurred
June 16, July 14, and August'19,1997.
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Williams County, ND

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants. Disease
was not present in either plants. Monitoring occurred June 3, June 27, July
28, and August 22, 1997.

Field Monitoring for Insect Susceptibility: The transgenic plants did not
have a higher incidence of non-target insect species than the non-trarsgenic
plants. One hundred percent of both groups experienced moderate flea
beetle pressure. Monitoring occurred June 3;-June 27, July 28,-and August
22, 1997.

Field Monitoring for Plant Growth Characteristics:” There were no
differences in the general appearance and growth of transgenic and non-
transgenic plants. Monitoringoccurred June'3, June 27, July 28, and
August 22, 1997.

Field Monitoring for Weediness Characteristics: Germination of transgenic
plants was not different from non-transgenic plants. Monitoring occurred
June 3, June 27, July28, and August 22,1997.
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Whitman County, WA

Field Monitoring for Disease Susceptibility: The transgenic plants did not
have a higher incidence of disease than the non-transgenic plants.
Monitoring occurred June 18, 1997.

Field Monitoring for Insect Susceptibility: The transgenic plants did not
have a higher incidence of non-target insect species than the non-transgenic
plants. Monitoring occurred June 18, 1997.

Field Monitoring for Plant Growth Characteristics: There were no
differences in the general appearance andgrowth of transgenic and non-
transgenic plants. Monitoring occurred June 18,'1997.

Field Monitoring for Weediness Characteristics:” Germination of transgenic

plants was not different from non-fransgenic'plants. Monitoring occurred
June 13, 1997.
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Appendix 2. Study Summary: Cloning and expression in Escherichia
coli of the glyphosate-to-aminomethylphosphonic acid
degrading activity from Achromobacter sp. strain LBAA.

MSL-13245 Abstract
Date: May 9, 1994

Title: Cloning and expression in Escherichia coli of the glyphosate-to-
aminomethylphosphonic acid degrading activity from Achromobacter sp. strain LBAA.

Abstract: The conversion of glyphosate t0 aminomethylphosphonic-acid (AMPA) and
glyoxylate is the primary route for the degradation’of glyphosate, the active ingredient of
the herbicide Roundup®, in soils and-other environments: Little-is known ‘about the
protein(s) involved in this conversion:and there have been no reports of cell-free
conversion of glyphosate-to-AMPA, “Using a genetic approachyin which recombinant
clones were identified by the-ability off AMPA-degrading E.coli touse glyphosate as a P
source, we have cloned the coding region responsible for this activity.’ The activity is
encoded by a soluble 45 kD protein.
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Appendix 3. Study Summary: Isolation and characterization of a
variant of the enzyme glyphosate oxidoreductase with
improved kinetic properties.

MSL-13246 Abstract
Date: May 9, 1994

Title: Isolation and characterization of a variant of the enzyme glyphosate
oxidoreductase with improved kinetic properties.

Abstract: The enzyme glyphosate oxidoreductase (GOX) carries-out the conversion of
the herbicide glyphosate to aminomethyl phosphonate and glyoxylate. This step is the
primary route for the degradation'of glyphosate in the soil and othér environments. The
gene for GOX has been cloned from ‘Achromobacter sp. strain EBAA and‘expressed in E.
coli. The cloned enzyme shows. activity on-only.a very few substrates, primarily
glyphosate and iminodiagetic acid. To increase-our tinderstanding of the enzyme and its
activity, the gox gene was mutagenized and screened for the production of variants with
improved enzyme-activity. One variant,.containing five nucleotide differences that result
in three amino changes, wds characterized in‘detail.  The appKm for both substrates has
been reduced approximately 10-fold. The improvements‘in'enzyme activity are all
attributable to one of the changed amino acids and the effect of different substitutions at
this position on the €nzyme activity and kinetics has/been investigated.
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Appendix 4. Study Summary: Purification, Cloning and
Characterization of a Highly Glyphosate-tolerant 5-
Enolpyruvylshikimate-3-phosphate Synthase from
Agrobacterium sp. strain CP4

MSL-12738 Abstract
Date: 10/9/93

TITLE
Purification, Cloning and Characterization of a Highly Glyphosate-tolerant 5-
Enolpyruvylshikimate-3-phosphate Synthase from Agrobacterium sp. strain CP4

AUTHORS

ABSTRACT

5-Enolpyruvyl-shikimate-3-phosphate synthase (EPSPS),@n enzyme ‘of the shikimate
pathway for aromaticcamino-acid biosynthesis in plants.and microorganisms, is the
biological target enzyme of glyphosate, the active ingredient of Roundup® herbicide.
Expression in plantaof glyphosate-tolerant EPSPSs has proven to be an effective
mechanism for conferring glyphosate-tolerance to crop plants. We now wish to report the
purification, cloning and expression inE. coli of EPSPS from Agrobacterium sp. strain
CP4 (CP4 EPSPS). Based on'steady-state kinetic analysis, CP4 EPSPS exhibits very
high-level glyphosate.tolerance (appKi{glyphosate]=2.7mM), while retaining a very low
appKn(PEP) (12 yM), comparable to that of wild-type plant EPSPSs. CP4 EPSPS has
the highest appK; (glyphosate)/appKq(PEP) ratio, 227, of any EPSPS described to date,
while:the appK(S3P) is’approximatelyl uM. CP4 EPSPS has approximately 50-60%
similarity to previously described EPSPSs, and numerous active site residues are

conserved relative to other EPSPSs. The kinetic data collected supports the use of the
CP4 EPSPS gene obtained herein for the development of glyphosate-tolerant crops.
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Appendix 5. GLUCOSINOLATE ANALYSIS METHODOLOGY

ISO Determination of glucosinolates
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Foreword

SO (the Internalional Organization for Elandardizalion) is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing Inlernationaf Standards Is normally carried out through ISO
technical commillees. Esch member body Interesled in (@) subject for
which a technical commiltee has been established has the right o be
represented on that commiliee. Internationst organizetions, govern-
mental and non-governmentat, in lialson with 1SO, &lso take partiin the
work. ISO collsborates closely with the International Electrotechnical
Commilssion (IEC) on all malters of electrolechalca! standardization.

Oraft laternational Standards adopled by the technlcal commiltees are
clirculated lo the member bodies for voling. Publicalion’ s an)linters
natlonat Standard requires gpproval by at least 75 % (of the member
bodies casting 8 vole. .

inlernationa! Slandard ISO 91679 was prepared by Techalcal Comemittee
ISO/TC 34, Agricultural food products, Sub-Commitiee’ SC 2. Oleaginous
seeds and fruils. :

ISO 9167 conslsts of the Cfollowing. pars, “under the ‘general title
Rapeseced — Determination‘of glucosinolales ¢content.

— Part 1: Method using high-performance liquid chromslography
— Part 2: Method using X-ray fuorescence speclromelry
Annex A of this part of ISO 8167 is for Information only.
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INTERNATIONAL STANDARD

ISO 9167-1:1992(E)

Rapeseed — Determination of glucosinolates content —

Part 1: .

Method using high-performance liquid'chromatography

1 Scope

This part of 1ISO 8167 specifies a method for the
determination of the content of the different-gluco-
sinolates In rapeseeds (colzs)  using high-
performance liquid chromatography.

NOYES

1 This method does not dotermine glucosinolates which
are eubstiluted en the glucoss molecule, bulthess com-
pounds are of lillle Imporlancein commercial rapeseed.

2 A rapid method for the delermindlion ot'ptuco:lnotates
content using X-ray fluorescence spectrometry‘ls the
tubject of ISO 81672

2 Normative references

The following standards’ confaln provisions which,
through reference I this dext, eonslifyle“provisions
of this part-of 1SO-0167.-At the lime of publication,
the editions lndicaled were valid. All standards are
subject (o reviston,and parties 10 agreements based
on {his pari-of ISO 9167 sre encouraged to invesli-
gate the possibllily of applying the most recent edl-
tions of the standards indiceled below. Members of
1£C and 1SO malntaln reglsters of currently vafid 1a-
ternational Standards. :

ISO €64:1990, Oilseeds -~ Reduclion of Iabo'rau':r,y
sample fo fest sample.

1SO 665:1977, Ollseeds —~ Determination of molsture
and volatile matler content.

1SO 3696:1987, Waer for enalyfical laboratory use —
Specification and test methods.
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3 Principle

Extraction of glucosinoctates by methanot, then puri-
fication- snd enzymatle -desuifatation on lon.
exchange resing, Determination using
reversed-phagse chigh-performance liquid chro-
matography (HPLC) with efution gradient and ulira-
violet deteclion,

4 Reagents
Use only reagents of recognized analytical grade,

unless otherwise specified, and water complying
with grade 2 of ISO 3696, .

44 Mathanol, HPLC grade. 70 % (V/V) solution.
4.2 .So:dlum acetale, 0,02 mot/l at pH 40,

4.3 SGodium acefate, 0,2 t'nol[l solulion.

4.4 Imldazole formate, 6 mol/l solulion.

Dissolve 204 g of Imidazole In 113 m! of formic acid

in 8 SO0 m! one-mark volumelric flask. Make up to
the mark with water.

" 45 Internal standard, use either sinlgrin mono-

hydrate (polassium allylglucosinotate monchydrate,
M, = 415,49) (see 4.5.1) or, for rapeseed (cultivated
or self-propagated} In which sinlgrin Is present na-
turally, glucotropacolin (benzylglucosinolate, pot-
essium salt, M, = 447.52) (see 4.5.2).

For rapeseed with a low glucosinolale content
(< 20 pm/g), reduce the Inlerna!l standard concen-
tration (1 mmolfl to I mmolfi) in 4.5.1 and 4.5.2.1 .
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{,—@lnlgﬂn monohydrate

€511 Sinlgrin monohydrate, § molff solution.

Dissolve 207,7 mg of potassium sllylglucosinolate
monohydrale In water in s 100 mi one-mark
ecolumetric flask Make up to the mark with waler.

The solution thus prepsred m3ay be slored In a
relrigeralor at epproximately 4 *C for up 10 & week
orin @ freezer gt — 18 *C for a longer peridd.

€.8.1.2 Sinlgrin monohydrate, 20 mmol/t solution.

Dissolve 831,0 mg of potassium allylglucosinolate
monohydrale In waler In ¢ 100ml one-mark
volumelric flask. Make up to the mark with water.

The solution thus prepared may be stored in a
refrigerator at epproximately 4 *C for up lo & week
o la & freezer at — 18 °C for a longer period.

.

$.5.1.3 Purlty check

Joe one or more of the following three tests:

f'\c analysis using the method specified ia this
of ISO 8167;

- analysis of the intact sinigrin by HPLC (fon-palr
techinique): :

- analysis of the desulfaled and silylated sinlgrin
by gas chromatography.

‘or each test, the. chromatogram shali gshow only
e major peak representing at least 88.%; of the
tsl peak area. :

sonflirm the purily by determining the quantity.'of
flucose released afler hydrolysls (with myrosinase
thioglucoside glucohydrolase, EC 3.2.3.1). Measure
he giucose by erizymalic means,.The vse of s
ommercially avallable test it facilitates the deler-
nlnation. Take Into gccount any free glucose pres-
nl; this Is determined in the-sameway ba? without
1ddition of myrosinase. The molar'concentration of
Hucose measured gshould-be at least 88 % of the
nolar concentration of the sinigrin solution tested.

4.5.2 Glucotropaeolin

NOTE3 Glucotropaeclin Is cometimes difficult to sep-
arate from other nalural minor glucosinolates.

4521 Glucotropacolln, § mmot/i sotution.

Dlssolve 2318 mg of glucolropaeolin in water in &
100 ml volumetric flask. Make up to the mark with
water. .

4.6.2.2 Gilucolropaeolin, 20 mmolfi golution.

* Dissolve 895.0 mg of glucotropaeolin In water in“a

'100 m! vofumetric flask. Make up to the mark with
waler.

4.5.23 Purfty check

Check the purily In accordance with the-procedure
described)in 4.5.1.3. - \

4624 Responsa (actor

Verify that the response.factors of glucotropaeolin,
In comparison with sinigrin, .correspond {o those Ia-
dicated\In 9.2,

4.6 Moblle phases

4.6 Eluant Arwater, purified by passing il through
ah’ aclivated charcoal ceartridge (e.g. Norganic
Millipore* . system)or water of equivalent purity.

4.6.2. Eluant) B: acelonltrlle,. HPLC grade,
20 % (V[ V) solution It purified waler. The concen-
trati:n m3sy be modified in relation lo the column
used.

4.7 lon-exchange resin, use elther 4.7.1 or €,7.2,
471 DEAE Sepharose CL-687 guspension, avall-

sble.commerclally roady for use, or an equivalent
product.

4.7.2 DEAE Sephadex A25" suspension, prepared

as (ollow_s.

Mix 10 g of DEAE Sephadex A25 resin (or an equiv-
alent resin) in excess 2 mol/l acetic acld solution.
Leave to sellle. Add 2 mol/l acetic acld unlill the
volume of the liquid Is equal to twice the volume of
the sediment.

Norganic Millipsre system is an axample of a suitable product available commarcially. This Information Is given for the
nce of users of this part of 1ISO §167 and does not constilute an endorsement by ISO of this product.

. Sepharose and Sephadex sre examples of suitable products avallable commercially. This information ig given for
ha convenlence of users of this part of ISO §167 and does not constitute an endorsement by ISO of thasa products.
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4.8 Sullatase, Helix pomatia type Hi (EC 3.1.6.9),
having an eclivity of greater than 0,5 unlte of activity
per millilitre of purifled sultatase solution.

Purify, test and dilute the sulfatase In accordance
wilh the method described in 4.8.1to 4.8.4.

4.8.1 Pceparation of lon-exchange columns

Cul five Pasteur plpettes (5.8) 7 cm above the neck
gnd place a glass wool plug (5.8) in the neck. Place
the pipefles vertlcally on @ stand snd 8dd lo each a
sufficlent quantily of lon-exchange resin ({7) such
that, once the water has dralned off, a volume of
S00 ! of resin (s oblalned. -

Pour 1 m! of the Imldazole formate solution {(¢.4} Into
coch plpetie. and rinse twice with {1 ml portions of
wiater.

48.2 Purification

Weigh, fo the nearest 0,1 mg, 25 mg of Hellx pamatia
type Hf (4.8), dissolve &t fn 25 ml of waler and
transfer 500 u! of {his solution to each of the columns

prepared In 4.8.1. Wash each cofuma with ¢S mief -

waler and discard the efluent. Then-add 1.5 miof
the sodium acetatle solution (4.3) snd. collect the
eluates from the five columans. in a test tube:

Concentrale the eluates by, fillralion using a
Millipore PTGC 11K25% tmmersion filler walll ap-
proximalely 100 ut of liquld remalins (suffatasé with
& molar mass In excess of § 000 s nol removed).
Add 2.5 m! of waler and concentrate once ‘more. by
filtration until approximately 100 ythol liguld remalas:
Dilute to 2.5 ml with water and store the purified
gulfatase in g freezer at ~ 13.°C in'smati@mounts In
order 1o allow defrosling-of the“amount necessary
for Immediate use.

4.8.3 Tesl of-the sullatase sctivlly

4.6.3.1 Praparation of a)0,15 mmol/l sinigrn zol. -

ution, bufferod topH 68. .
Prepare three sotutions Jn succession o5 lollows:

8) transfer 1 ml of acelic acld to 8 500 m! one-mark
volumelric'flask and-make up o the mark with
waler; . .

'b) transfer § m! of ethylene diamine to a §00 m!
one-mark volumetric flask and make up fo the
mark w[lh waler;

c) mix 73 ml of solution a) with 40 m! of solution b)
and adjust the mixture to pH §8 using solution
a) or solution b) as appropriate.

1SO 9167-1:1892(€)

Pour 3 ml of the § mmolfl sinigrin solution (4.5.1.9)
inlo a 100 m! one-mark volumetrle flask and make
up to the mark wilh solution c).

4.0.3.2 Test of acvity

Using a pipelle, transfer 2 m! of the buflered sinigrin
solulion (€.8.3.1) into the reference snd measuring
cells of the spectrometer {5.3) adjusted 1o a wave-
length of 228 nm with a cell temperature of 30 *C.
Al ime £ w0, 8dd 50 il of purified sulfalase (4.8.2) to
the measuring cefl and immediately swilch on the
recorder, Stop the recorder when the gbsorbance
no longer varies (4,). plot the tangent to the polnt
¢=0 and measure s gradient 84/4L

The activity ‘of the sulfatase (i.e. the production of

{1 micromole of desulfated-sinigrin per milnute ot

30 °C end pH 6.8), expressed In unils of activity per
millilitre of sulfatase solution,ds equal to

84S, VG, 1000 oo
) Mx&x €0 x 30
where

84/Ac¢ 1s the gradient of the fangent lo the
point ‘1 =0, dn absorbance units per

minule;

4 is thecvolyume,-in lit(es.‘of (he reacling
medivm (l.e. 2,05 x 10°° 1);

.Y {approximately’ 1 500 Imol” “em™") is

the difference belween the molar ex-
linction coefliclents of sinigrin and of
desullosinigrin at 228 am. t.e.

Ar & =t

k
where

A, is the difference between the
absorbance al equilibrivm of
the desullated sinigrin and the
absorbance sf time 1 =0;

{ 1s the path length of the cell, in
centimetres (lLe. 1 cm);

¢ s the concentration of desul-
fated sinigrin 81 equilibrium, in
moles per filre, le, :

0,15 x 10”3 x 0,05 x 2
2,05
= 1,39 x 10 molAt
0.85 Is the yleld 8! equilibrium

of the desullatation of the
sinigrin.

3) Miliipore PTGC (1K2S5 Is an example of & sutable product avallable commerciafly. This information Is given for the
convenlence of users of this part of ISO 9167 and doet not constitule an endarsement by 1ISO of (his product.
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aalively, the activity of the sulfatase may be
d using the following simplified formula,
ae gaetivity ts given by the exprassion

AA x 8,7
AtA,

~

8.4 Dllution

Jslag a plpelte, transfer 1 m! of purified sullatase’

4.8.2) to a 10 ml one-mark volumelric flask. Make
sp to the mark with water and mix.

divide the solution Into small quantities snd store In
*eezer at = (8 °C.

6 Apparatus

Usual laboratory epparatus and, In particular, the
fotlowing.

64 High-performance fiquld chromatograph, sull-
able for obtalning en elution gradient and controf of
the temperature of the column. al 30 °C, connected

to an vitraviolet deteclor permilling measurements:

to be made et's wavelength of 229 nm.

6.2 Chromatography column for HPLC, type Cig.0r
Cq. of particle size less than or equal to § um, for
ampled

.,.{ hrosorb RP18 column, < S pm (180 mm x
4,6 mm)

Spherisorb 0DS2 column, <5 pum (250-mm x
4 mm; 250 mm xS mm) .

Hovapak C18 column, 4 pm (150 mm,x & mm)

Lichrospher RP8 column, < HpumO125.mm x
4 mm) '

Nucleosli C18 column, < S um (200 mm X 4-mm)

The performance of lhe column should be‘checked
regularly, preferably using a reférence sample of

colza desulfoglucosinolate®, Ia-particular, the col- -

umn shall not degrade 4-hydroxygiucobrassicin, an
Iimportant but relatively unsi;ble glucosinolate.

New columns shall bie subjected to preliminary con-
ditloning In accordance wilh the manufacturer’s in-
structions g0 that reproduclble resulls can be
obtained.

5.3 Double-beam gpectromeler, capable of operat-
ing In the ultraviolet reglen of the speclrum, and at
a conlrolled temperature of 30 °C, equipped with

- quartz cells of path tength f cm and a recording

system.

s.&4 Microgrinder, for example 8 coffee miil.

6.5 Centrifuge, sullable for use with the tubes
(5.6), capable of obtalning’s cenlrifugal acceteration
of 5 000g.

§.6 Polypropylens lubas, of € ml capacily.

5.7 Waterdbath or other healing 'apparatus. capable
of maintalining & temperature of'75 °C £ 1 *C,

8.8 Glass wool

§9 Pasteur pfpettc:. 150 mm long, and-a sultable
stand,or any other appropriate apparalus,

6. Sampling

Sampling- thould have been cartled out la accord-
gnce wilh 1SO 542, X

i targe ‘aon-oleaginous forelgn bodies have been
separated belore the reduction of the laboratory
samp':’e. gllowance shall be madeé for this In the cal-
culation: .

- ) Preparation of the test sample

Reduce dte laboratory sample in accordance with
1SO 664, :

it-the seeds have a molsture and volalile matier
conlent In excess of 10 % (m/m), dry them using a
current of alr el approximately 45 *C.

The cimpurities level is generally 2 % (m)im). f
sinfgrin Is found. (n the sample, carry out the tost on
pure seed end analyse the Impurities ceparalely,

Determine the molsture and volatile matler coritenl
of the test sample in accordance with 1SO 66S..

I the seeds have been trealed, wash them with
dichloromelhane.

Grind the seeds (n the microgrinder (5.4) for 20 s.
Mix the meal and then grind for 8 further § s.

[ examples given are gultsble products avallable commerclally, This information {s given for the convenience of
/ s of this part of ISO 8167 and does not constitute an endorsement by ISO of these products.

8; Reference samples of colza desutfoglucosinolate may be obtained from the Community Reference Bureaw.
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8 Procedure

6.1 Test portion
Label two tubes (6.6) A and B and transfer 200 myg,

welghed 10 the nearest 0,1 mg, of the prepared test
sample (clause 7) lo each tube,

8.2 Extraction of glucosinolates

8.24 Place the tubes in the water-bath or other'

heallng sapparatus (5.7) set at 75 °C and leave for
{ min. Add 2 mt of bolling methano! solution-(4.1)
and then immediately add

- to tube A, 20011 of § uin\o!ll Interna! slandard
sotutlon (4.5.1.1), and ‘

— 10 tube B, 200 ut of 20 mmolji internal standard
solution (4.5.1.2). . . .

6.22 Conlinue heating gt 75 °C flor-a {urlher
10 min, shaking the lubes st regular Intervals. Mix
the contents of each tube snd then cealrifuge gl an
acceleration of §000g for Smin.  Transfer the
supernatant liquld from each tube to'two other ubes
(5.6) fabelled A’ and B°.

8.2.3 Add to the two tubes conlalning the solld
residue 2 m! of bolling methano! solulion {(4,1) and
reheatl for 10 min‘in the waler-bath-or other healiag
apparalus (5:7) set a8t 75 °C, shaking the tubes at
regutar Inlervats.

Centrifuge for 3 minend then add the supernatant
tiquld from the ‘two( tubes lo. the respective
supernatant liqulds retained in 8.2.2.

8.24 Adjust the volume ofthe comblned exiracts
to approximately § ml with'water and mix.

These extracts may be keplfor 2 weeks if stored In
the dark [n alfreezer at <18 *C.

8.3 Prepacationof lon‘exchange columns

Cut the required number of Pasteur plpeltes (5.9),
f.e. one plpetle per combined exiract, so as o leave
a volume of 1,2 m! above the neck and place & glass
wool plug (5.8) in the neck of each pipelie. Place the
plpetles verticalfy on a stand.

Transfer 0.5 m! of g well-mixed suspensﬁan of fon-
exchange resin (4.7) lo each pipetle and allow to
seftle. ‘

Rinse the pipelies with 2 ml of the Imidazole formate
(4.4) and lhen twice with 1 m! portions of water.
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8.4 Purification and desulfatation

80.4.1 Carry ouf the operalions glven In 8.4.2to 8.4.6
for each comblned exiract.

64.2 Transfer 1 m! of the extract (6.2.4) to a pre-
pared column (8.3} without disturbing the resin sur-
face and allow fo draln. Add two 1 ml portions of the
sodium acelate bufler (4.2), gllowing the buffer to
drain afler each addition.

8.43 Add to the column 75l of diluted purified
sulfatase solution (£.8.4). Leave 10 act overnight at
amblent temperature.

8.44 Place a tube (5.7)-underthe cotumn o collect
the eluate.

Elute (the desulloglucosinoiate”’ oblalned with two
1 miportions of \water, allowing the waler to drain
after each additlon; '

8.4.5 Mix the eluate well: If not used Immediately

for chromategraphy, the eluate may be storad in the
datkin alreezerat — 18 *Clor up to 1 week.

8.6. CBlank test

IFrequired {see 8.3), carry oul 8 blank test using the
some procedure on m (est portion taken from the

‘sgme.test eample, but omilling the sinigrin Internal

standard solution In order lo detect and quantify any
sinigrin present in the tes! portion,

8.6 “Chromatography

8.6, Ad]usiment of the apparatus

Adjusl the chromatograph (o give:
8 flow-rale of the moblle phase (4.8), depending
on the nature of the column (see 8.6.2). of gen-
erally of the order of 1 mi/min,
8 column (5.2) temperulure of 30 °C, and '

8 detectlion wdvelengfh of 228 nm.

8.6.2 Analysls

Opersling In accordance with the Instructions for the
apparatus, Inject Inlo the chromalograph no! more
than 60 pi of the desulfoglucosinolate solullon ob-
talned in 8.44.

Use an elution gradien! appropriate (o the column
employed.

NOTES
4 Tha following elution gudiet'\t: sre glven ac examples.
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f‘ssorb RP18 column, € § um (150 mm x 4,6 mm)

“m pace 100 % of eluant A (4.6.1) for 1 min

~ apply a linesr elution gradient over 20 min until
0 % of eluant A and 100 % of eluant B (4.6.2) are
oblained . . .

- apply @ finear elution gradient over S min until
100 % of eluant A and 0 % of eluant B sra ob.
talnad :

- péu 100 % of eluanl A for § min to estabiich
equitibdum . ‘

' ﬂch_mspher RP8 column, € § km (125 mm x 4 mm)
— pags 100 % of etuant A for 2 min 30 ¢

— apply & linear elution gradient over 18 min until
0 % of eluant A and 100 % of eluant 8 are ob-
tained

- psss 100 % of efvant B for § min

- aggl{,l tinear elution gradient over 2 min until
t 4 of eluant A and 0 % of eluant 8 are ob-
tained . .

‘- pass 100 % of eluate A for § min to establich
. equilibrivm '

radient profiles may be modiGed (o givaoptimum
-~ ng according o the columns vsed.

16.3 Examination of chromatograms

‘ake into account only those peaks having eh area
reater than 1 % of the gsum lots! of the peak sreas.

‘he order of elution of the peaks with aype Grs
olumd and a sultable elution gradient {see the ex-
imples given In 8.6.2) is generally as showein fig-
et . :

) Expresslion of results .

l.'1 Calculation of the content of each
flucoginotlate

he content of eachiglucosinolate, éxpressed An
nicromoles per gram of dry matter of the produet,
s equal lo

Aq ol K x 100
A, m 0 10~w
vhere

Aq s the peak area, In Integrator units, corre-
(\ sponding to desuifoglucosinoiate;

Is the peak area, in integrator units, corre-
sponding to desulfosinigrin;

K, s the response faclor of desullo-
glucosinolate (9.2);

m |5 the mass, In grams, of the test poction;

a is the quanlity, in micromoles, of Internal
standard added lo the lube In 8.2;

w s the molsture and volatile maller conlent,
expressed as a percentage by mass, of the
test sample. ’

it it Is deslred o express the result relative to a
specified molsture and volstile maller conlen! w,
[e.0. w, =9 % (m/m)], multiply the result oblatned
for dry matter (as sbove) by
100~ w,
100

6.2 Response factors

The following response faclors shall be edopled.
NOTE 6..“ These respoase faclors have been déetermined
oxperimentally aad have been(fixed by corcensus be.

twaén the varlous laboratordes whotock part In the test;
they may need ta be revised in dye course:

1 Desulloglucolberin 107
2. \Desuylfoprogoltrin 1,09
3 Desulfoepl-progoitrin 104
4 “Oesulfosinigria : 100
§ Desulifoglucoraphanin 1.07
6. Desulfogluconapolelferin 1,00
7 Desulfoglucoalyssin 1,07
8 CDesulfogluconapin 111
¢ Desullo-4-hydraxyglucobrassicin 0,20
10~ Desulloglucobrassicanapin 115
11 Desulfoglucotropaeoiin, 085
12~ Desutfoglucobrassicin 0,29
13 Desulfogluconasturlin 0,95
14 Desulfo-4-methoxyglucobrassicin . 025
15 Desulloglucobrassiin 0.20
16 Other desvlfoglucosinolates 1.00

9.3 Calculation of the total glucosinolate
content

The tolal glucosinolate conlent, expressed In micro-
moles per gram of dry matier of the product, Is equal
to the sum of the contents of each glucosinolate (the
cotresponding peak arez of which is greater than
1 % of the sum 1otal of lhe peak greas).

If the difflerence belween the (otal glucosinolate
conlent results using both concentrations satisty the
requirements for repeafabliity (see 10.2), there s no
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Sample : seed | oced | sead | seed
A B c D
Humber of 1aborato-
det retalned after k1) 11 <] 3
1 elimlnaling outliers o
HMean glucosinofate

contamination of the Internal standard. In this case
take as the result the arilhmetic mean of the two
determinations.

10 Preclston

10.1 Results of Inter-laboratory test

An Inter-laborcatory les\. carried out at the Inter-
national level In 1988, In which 11 laboratories par-
ticipated, each of which carried out two

determinations on each sample, gave the statistical

resufts (evalvated In accordance with ISO §725)
shown In table 1. :

Table § — Statistical results of interdaboratory test
Rapa. | Repe-| Rape-| Rape:

content (smol/g dry 206 | 149 49 256
malter)

Standard daviation of .
repeatabllity. s, A 0.6 03 0.8

Coefficient of vari- ‘
ation of repeatabllity 8.6 % |44 % 16T %33 %

Repeatability, 2,835, 49 1.7 09 24

Standard deviation of
reproduciblity. s 36| 2% |18 foaa

Coefliclent of varl.
ation of reproduc- 1T% 1 160% | IV% 184 %
ibllity

Reproducibifity, 2.83s¢:f 860 240 | 1@ | 68
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10.2 Repeatabliity

The sbsolule difference between two Independent
single fest resulls, obtained using the same method
on dentical test material In the same faboratory by
the same operator using the same equipment within
& short intervat of time, should not be greater than
2 umolfg for glucosinolale confents less than
20 umol/g. and 4 pumolfg for glucosinolate contents
within the range 20 umol/g to 3§ pmol/g.

10.3 Reproductbliity

The absolute difference betwaen iwo single test re-
sults, obtained using the same melhod on denlical
1es1 materiatl.in different laboratories with different
operators using different equipment, should not te
greater-than ‘dumblfg. for glucosinolate contents
fess than 20 umolfg, and ¢ umolfg for glucosinolate
conlents within-the range 20 pmoljg 1o 35 pmol/g.

11 Teset roport

The test report shall specify the method used and
the resull oblatned. it shall glso mention all operat-
Ing detalls not specified in this part of ISO 9167, or
regarded as oplional, logether with detalls of any
incidents which may have influenced the resull.

The test report shall include all Information necess-
ary for the complele identification of the sample.
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Figure 1 — Example of a typlcal chromatogram
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-Annex A
(informative)

Bibllography
[1] 1SO §42:1990, Oliseeds — Sampling.

(2] 1SO 5725:1986, Precision of lest methods — Delermination of repeatabllity and reproducibility for a gtan-
dard test method by inter{aboralory lests. )
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Appendix 6. GLUCOSINOLATE EXPERT OPINION LETTER

_Agriculture and Agri-Food Canada
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Agriculture Canada

202 /-y rltore and Agriculture et i
G\?h Agei-Food Canada - agro-alimentaire Canada Resear'Ch Station
107 Science Place

Research Direction générale
Branch de la rechgrche %:;katoon Sask. 0xX2
FAX:

April 15, 1994

onsanto culture Co.,
700 Chesterfield Village Parloway
Chesterfield, Missouri 63198

FaX: I
Dear[Ji}:

RE: Glucosinolate values of the Canola

I have reviewed your data withm an , and we note that
 pretty well all the quality parameters for the transgenic lines 0 and RT 78 fall within
(”\ the range of values recorded for untransformed Westar. However, there appeared to be a

tendency for RT 200 and RT 73 to have glightly higher ‘valués for the alkyl glucosinolates
(averaging 2 to 2.5 p moles per gram of oil free meal higher when averaged over all {rials.)
In our opinion, this'is a very minor déviation and one which would be expected when single
gvlants are selected from the heterozygous plantpopulation that constitutes the cultivar

estar. ' ‘

In the late 19807, Mmade gingle plant selections to try and select out
of Westar; lines tha e genetic up to produce no more than 1 or 2 t moles/g
alkyl glucosinolates. It hastaken some time to locate these data, but they indicate that in
the low alkyl year (unselected Westar 10.8 ¢ moles ) of 1991, they were able to identify  __
single plant lines from Westar that were genetically stable at 6.7  moles. Since all the high
glucosinolate plants were discarded in the selection process we can not say for certain what
the upper Ievel of the glucosinolate range within single plants of Westar would be. However,
given our knowledge of biological systems, we can confidently predict that there would be
plants within Westar that would produce at least 4 g moles/g more than the Westar
average. We feel very confident in this conclusion, since the evaluation test with low
glucosinolate lines was a six rep field test with glucosinolate values determined for each line
in all six reps.

It is unfortunate that Monsanto happened to choose plants for transformation that had
genotypes capable of producing very slightly more alkyl glucosinolates than the average of
the genotypes that make up Westar.

‘ : (L2
Canada. Recycled Paper I.f’.apier recyclé

022640434
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There is also agreement among canola researchers here, that an increase of 1 to 2 it moles
in the range of about 6 to 16 1 moles is insignificant as to the quality of the product from
such strains, particularly since in no test did the lines approach the maximum acceptable
value of 20 i moles per gram oil free meal.

I hope you find this information useful.
Yours trul

Research Scientist

022700334
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Appendix 7. WEEDINESS POTENTIAL STUDIES
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Roundup Ready Canola RT73, USDA-APHIS

Weediness Assessment of Roundup Ready Canola RT73

The parental variety Westar is a spring oil seed rape (OSR) or canola variety best
suited to Canadian environments. Therefore comparisons between RT73 and the
parental variety Westar have been conducted mainly in Canada, since it is the most
appropriate environment for the establishment of substantial equivalence. In
February 1995 the Western Canadian Canola and Rapeseed Recommending
Committee (WCCRRC) recommended RT73 for conditional registration on the basis of
its suitable agronomic performance under Canadian conditions. Extensive studies
have also been conducted with RT73 and its progeny in Europe and the United States
to confirm the conclusion of substantial equivalence under Canadian conditions. On
the basis of observations made in all of the tests environments, there were no
phenotypic differences, except for tolerancé to Roundup, between Westar and RT73.
This conclusion is supported by data? demonstrating that there.are also no
compositional differences.

The following section describes data and information related to the biology of RT73
which demonstrates that RT73 is’ substantially?equivalent to“its non-modified
counterpart in all relevant parameters.

Measurements and observations xecorded from 1992 to 1994 were used to compare
RT73 and non-modified canola varieties in-commerciallysignificant properties, except
for tolerance to Roundup® herbicide. o Every test was’conducted such that a direct
comparison to the control, Westar, grown side-by-side at each field site was made.

RT73 was selected from, a single seed ofcithe Westar genotype, and it is certain that
RT73 inherited only a portion of the genetic-variability of the parental variety (See
expert letter in Appendix)6). . “Therefore, additional data was also collected from
multiple sites in order to more_ accurately reflect the range of values (variability)
expected for-the parental genotype and allow for a reliable comparison with values for
RT73.

A.. Modes and/or rate of reproduction

i. Flowering period:

Extensive observations'recorded by cooperators in 1992, 1993 and 1994 Canadian field
trials indicate that the-flowering period of RT73 is typical of a variety selected from
Westar.” As'is the case for the parental variety, RT73 flowers from the end of June
through the month of July across the Canadian prairies. Thus, there is no significant
change in the flowering period of RT73 compared to Westar.

Under northern European conditions in the 1993 and 1994 field seasons flowering of
RT73 and Westar also occurred simultaneously, in the period end-May to mid-June.
When RT73 was hybridized and backcrossed with winter OSR varieties, the flowering
dates of the progeny (mid-April) were also typical for winter OSR under European
conditions.
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ii. Pollen production and pollen viability:

As a means of determining pollen production and viability for RT73, yields of both
RT73 and the parental variety Westar were measured in 1992 and 1993. Based on
these results (see Table A6 below for 1993 data), it is concluded that there is no
detectable difference in pollen production and viability of RT73 compared to the
Westar grown at the same locations.

iii. Self compatibility:

Westar and RT73, like all Brassica napus varieties, are self compatible. The program
to develop RT73 used this property to generate homozygous plants with the
glyphosate tolerance genes. Self-pollination of Ry and Ry RT73 plants gave Ro and

Rg seed, respectively, which were shown to be homozygous for the glyphosate

tolerance phenotype. RT73 has been shown by segregation and‘molecular analyses to
have a single insert and single copies of the CP4 EPSPS and gox genes:“Furthermore,’
traditional breeding programs designed to introduce the:glyphosate tolerance genes
into other varieties of B. napus have been (successful.  Based on these facts, we
conclude that there are unlikely to be any differenceés between RT73 and Westar in
self compatibility.

tv. Time from seeding to maturity:

Data from the 1993 Canadian trigals indicate that RT73 is on average approximately 1
day later in maturation when compared t0 Westar:, This result is consistent with the
fact that RT73 is a selection from‘a single geed of Westar (see above in this Section).
Table A5 summarizes the‘maturity'data froma range of Canadian environments. No
delays in maturity' have been noted.in European .trials, and the conclusion of no
substantial difference has been confirmed'in European trials from 1992 to 1994.

v. seed production:

The information provided inTable A6 isfrom the 1993 Canadian Co-Op Test and is an
average of dataTrecovered from 21 diverse test sites. The average yield of 2,000 kg/ha
for the cultivar Westar is not-atypical(because values from some test sites were very
low. (This variation.in’ performance from test site to site is a result of local weather,
soil; disease and pest conditions. dt'is important to note that these trials are managed
under “weed free” conditions, but Roundup was not applied to the plots.

These'data’show a slightly lower yield from RT73 versus Westar which was attributed
to & poor seed source for RT73 from a winter nursery in Chile. Seed of RT73 was
bulked’ in -Chile-over the winter of 1992 and 1993. To meet deadlines for Co-Op
introduction; this seed was harvested earlier than considered optimal. Consequently,
the slight yield reduction in the 1993 Co-Op was attributed to the slightly immature
seed. Private data from 1992 shows no yield reduction in RT73 relative to Westar.
Yield data from Western Canada from 73 side-by-side comparisons of RT73 to other
commercial varieties showed a 2.1 bu/ac yield increase for RT73.

Yield trials conducted in Belgium in 1993 and 1994 also demonstrated that under

representative European conditions there were no substantial differences in yield
between RT'73 and Westar.

111



Roundup Ready Canola RT73, USDA-APHIS

Table A5. Days to Maturity from the 1998 Canadian Co-Op Test.

Location Strain or Cultivar
(days)
RT73 Westar
Lacombe 120 119
Scott ‘ 112 110
Durban 107 108
Melfort 114 113
Winnipeg 98 97
Fort Saskatchewan 116 119
Olds 129 126
Yorkton 107 105
Rosebank 99 98
High Level 119 119
Portage la Prairie 94 94
Brandon 102 o) 102
Fort Vermilion 113 111
Saskatoon 112 110
Average ‘ 110.% 109.4

B. Dissemination

i. Outcrossing frequency within species:

There is no-a priori gcientific. basisto believe that the outcrossing frequency from
RT73 to-otherB. napus varieties will be'different to that of Westar. The glyphosate
tolerance phenotype has been successfully transferred to other B. napus varieties of
canola using traditional backecrossing procedures as a part of the breeding programs of
several canola seed companies to.develop RT73. Based also on the fact that the pollen
production and pollén viability (as measured by yield and germination of progeny) and
self compatibility” are unchanged by the genetic modification, the outcrossing
frequency'within species s unlikely to be different for RT73 when compared to Westar
(See SectionIV.F.2).
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Table A6. Seed Yield for Test Lines in 1993 Canadian Co-Op Trial.

(Values are 100X kg/ha)

Location Strain or Cultivar
RT78' Westar
Lacombe 29.56 30.56
Loon Lake 12.8 16.9
Westock 31.8 31.6
Olds 16.8 17.0
High Level 13.9 12.1
Fort Vermilion 15.2 17.5
Average Short Season Zone 20.0 20.9
Scott ‘ N 18.7 20.8
Lashburn 21.4 22.0
Durban 2007 20.0
Melfort 20.7 16.6
Fort Salk. 29.2 33.8
Kelsey 20.5 22.5
Alexandra 37.8 41.56
Yorkton 13.7 13.8
Saskaton 23.3 24.0
Average Mid Season Zone 22.9 23.9
Thornhill 8.1 7.5
Winnipeg 7.2 9.0
Rosebank 18.8 15.1
Portage 11.9 14.8
Brandon 11.8 18.3
Average Long Season Zone 11.6 12.9

! . Seed of RT73 was bulked'in Chile over the winter of 1992 and 1993. To meet deadlines for
Co-Op introduction; this seed was-harvested earlier than considered optimal. Consequently,
the slight yield reduction in the 1993 Co-Op was attributed to the slightly immature seed.

ii. Silique shattering and dispersal:

The loss)and local dispersal of seed by shattering of mature seed pods is a well known
characteristic of canola. Agronomic practices like swathing are routinely used to limit
the loss of seed before harvest, however it is inevitable that some seed is lost. The
degree of loss to shattering is largely dependent on environmental factors that
influence the degree of pod maturity, the degree of moisture present, and physical
disturbance of the material prior to harvest.

Brassica seeds do not have any special or specific adaptations to facilitate wide-spread
dispersal (they do not blow in the wind or stick to animal fur) so the shattered seed
will remain in close proximity to the original site. Since it is accepted that a high
proportion of the mature shattered seed can remain viable and will germinate
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subsequent to harvest, the degree of shattering can be assessed by counting the
volunteers in the subsequent years. It is equally important to note that the
volunteers in the subsequent field season result from not only shattering, but also
spillage and other mechanisms of seed loss at harvest. Thus, counting volunteers
overestimates shattering, but addresses the main issue of potential invasiveness.

Defined test sites which had contained RT73 in 1992 or 1993 were planted in the
following year with wheat, barley, barley/rye mixture, occasionally alfalfa and/or left
fallow. As expected in the year immediately following a test, some volunteers were
observed at some test locations. The numbers of volunteers was highly variable, but
no reproducible differences were found upon comparison of RT73 and .the Westar
control. Furthermore, no differences were evident between plots of RT73 which had
been treated and untreated with Roundup herbicide. ~The data obtained from some
selected Canadian test sites is shown below’in TableA7.

Table A7. Volunteer Canola Counts Taken in 1993‘on 1992 Trial Sites.

(Values are plants/m2)

Location Westar RT%8 (untréated)’ RT73 (treated)®
Minto® 10* 12* 13*
Melfort’ 67® ok b
Saskatoon®* nodata 292" 388"
Saskatoon*® 168" 209* no data

1 Untreated indicates that Roundup herbicide was not applied to these plants.

2 . 'Preated indicdtes that Roundup herbicide was applied to these plots at the 2 to
6 leaf stage at a rate of 0.45 kg a.iZha.

8  Statistical significance for a listed location were determined using Duncan's
Multiple Range Test P=0.05. Values followed by the same letter are not
significantly different.

4 ‘pata from plots of a tolerance'trial conducted in 1992. No data were available
for Westar.

5 Dpatafrom plots.of a variety. trial conducted in 1992. No data were available for
treated RT73:

Although'the simple statistical analysis of data at the Melfort site suggest that there
was a significant difference in the shattering of Westar when compared with the
transgenic materials, it was noted that the Westar control plot was somewhat more
mature, which may have resulted in the higher loss of shattered seed. The numbers
of volunteers at Saskatoon were much larger because of adverse weather conditions
during the harvest period. Although poor weather conditions increased seed loss to
shattering and variability of the data obtained, no significant differences were
observed between the treatments. Volunteers were monitored in 1994 at five sites,
and the results are given in Table AS8.
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Table A8. Average Volunteer Counts Taken on 1993 Canola Plots in 1994.

(Values are plants/mz)
Location Westar RT73 RT73
(untreated)! (treated)®

Minto™* 571.2*° 1063.2° 188.4°
Lethbridge™ 119.2 125.0° 129.0°
Melfort™* 67.6*° 85.6" 34.8°

Scott™® 166.8* 155.3%° 152.5°
Saskatoon™’ 863.6" 804.2° 832.2°
Average’ 357.7° 446.6" 267.4*

1 Untreated indicates that Roundup herbicide was not applied‘to these plants.

2 Treated indicates that Roundup herbicide was\applied to these plots.at'the 2 to 6 Jeaf stage at a
rate of 0.45 kg active ingredient/ha.

3 Statistical significance for a listed location were determined using Duncan’s Multiple Range

Test P=0.05. Values followed by the same letter are not siguificantly different:

Counts were taken from 0.25 m” plot.

Counts were taken from 0.1 m®‘plots;

Counts were taken from 0.5:m? plots.

Counts were taken from 0.35 m>plots:

~N A h

Based on two years of monitoring, the 'evidence.shows no difference between Westar
and RT73 in its shattering properties. The variability noted at the Minto site (Table
A8) was attributed to'the topography of thé plots. The untreated RT73 plot was on
a hill where the snow melted sooner,; the soil warmed faster, and the largest flush of
volunteers was obseryed (1063.2 plants/m®)." The Westar plot was located midslope
and had more counts (571.2 plants/m”) than the treated RT73 plots which were in a
depression (188.4 “plants/m®). ..‘Most -importantly, the average values from all
locations showed no statistical differences.

A direct measure of seed loss toshattering was also conducted at Minto and Melfort
test sites in 1993. ‘At both locations, shattering was evaluated by placing catch pans
in plots at the same 'time as(the OSR began to ripen. The results of this test
expressed as’a percent-of Westar are given in Table A9.
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(Values are expressed as % Westar control)

Location Westar - RT73 RT73
(untreated) (treated)?
Minto® 100* 110* 85°
Melfort’ 100° 53 66°

I Untreated indicates that Roundup herbicide was not applied to these plants.

2 Treated indicates that Roundup herbicide was applied to these plots at the 2 to 6 leaf stage at a
rate of 0.45 kg a.i./ha.

3 ANOVA statistical analysis was performed indicating no significant difference.at each
location as indicated by the letter following the value.

Analysis of variance (ANOVA) of data generated by catching seed that fell prior to
harvest did not reveal any significant differences. The results for-Melfort were
variable due to a heavy snowfall and high winds prior to harvest-and the uneven
maturity of the different test plots at this location. This may also refléct the slight
maturity difference between Westar-and RT73.(See section A.iv).

On the basis of these results, it can be conclitided that there arée no differences
between RT73 and Westar with respect to silique-shattering and dispersal. This
conclusion has been confirmed during the monitoring of Eurgpean trials, where no
differences have been noted inthe levels of regrowth of RT73 and Westar following
the harvesting of the trials.

C. Survivability

i. Germination rate;

Germination tests of seed of Westar and RT73 from Roundup treated and untreated
1992 variety trials - were conducted at the Agriculture Canada seed quality testing
laboratory in Sasgkatoon. The results (Table A10) of these tests show that all the
seed samples:(demonstrated high rates of germination and no differences were
observed between the RT73 and Westar. These findings also support the conclusion
of no differences in dormancy between RT73 and Westar (see below in this Section).

Table A10. Germination Test of Seed from 1992 Trials.

Canola Cultivar or Line Percent Germination
Westar 99 %
RT73 (untreated)’ 99 %
RT73 (treated)” 98 %

1 Untreated indicates that Roundup herbicide was not applied to these plants.
2 Treated indicates that Roundup herbicide was applied to these plots at the 2 to 6 leaf stage at a
rate of 0.45 kg a.i./ha.
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A more extensive study of germination was conducted by Monsanto Canada in 1994.
Known weights of seed from RT73 and four other B. napus varieties (Westar, AC
Excel, Legend, and Cyclone) were planted at four locations in replicated plots or
single rows. Westar seed was 1992 pedigree, while seed of the four other non-
modified varieties was obtained from a more recent pool of seed used for the 1994
Canadian Co-Op Tests. The number of plants which emerged were counted, and all
values were normalized on a per square meter basis for comparison and analysis.
Noted in this test was consistently poor germination of the Westar canola seed
(Table Al1l), which was older seed that had been stored at room temperature. All
other materials showed good germination across all locations proving that RT73 is a
typical B. napus variety as measured by germination (Table A11).

Table A11. Germination Test in 1994 of RT73 Compared with Five B. napus
Varieties. (Values are plants/m?)

Location B. napus variety
RT73 Westar ACExcel Legend Cyclone
Saskatoon 80 43 84 80 76
Minto 73 48 94 68 66
Melfort 82 51 117 89 109
Scott 94 47 101 96 110
Average' 82.3" 473" 99.0° 83.3" 90.3*°

1 Statistical significance-determined using ’Duncan's:Multiple Range Test P=0.05. Averages
followed by the same letter are not significantly different.

ii. Vegetative vigor:
In 1993 and 1994, RT73 was evaluated at more than 32 Canadian locations for
vegetative vigor. Based on an‘analysis of documented visual observations 27 of the

32 sites recorded no difference between RT73 and Westar. Of the five documented

differences, two (Melfort‘and-LaSalle in 1993) assigned the Westar plots as more
vigorous' and’3 (Lethbridge’and Minto in 1993 and Saskatoon in 1994) noted the
RT73 plants to'be more vigorous. At only one of the 32 locations (Melfort in 1993)
was a consistent difference noted throughout the growing season up to harvest, and
the reduced vigor of RT73 was attributed to a slight maturity delay (Section A.iv.).
Data on plant height from the 1993 Canadian Co-Op Test further confirms that
RT73 is no more vigorous than other B. napus canola varieties. The mean height of
RT73 plants at 12 locations was 119.9 cm, while Westar was 115.4 cm and the
average of all B. napus varieties in the Co-Op Test for genetically-modified plants
was 119.8 cm.

Observations on the growth of RT73 and Westar under European conditions have
been made in trials conducted in Belgium (1993 and 1994), France (1994) and the

117



Roundup Ready Canola RT73, USDA-APHIS

U.K (1994). It was confirmed that there were no differences in vigor between RT73
and the parental variety.

It is coﬁcluded, based on two years of observations at numerous locations in
Canada, and confirmed in northern European locations, that there is no difference
in the vegetative vigor of RT'73 relative to Westar.

iii. Overwintering capacity as a plant:

All observation of the overwintering capacity of RT73 as a plant indicate that it
behaves in & manner consistent with Westar and any other spring canola currently
in commerce. Field cooperators have noted that the small amount of seedleft in the
field after harvest due to shattering and loss germinates prior to winter. These
plants, both RT73 and Westar, do not survive to the next season, although some of
the seed which has been buried by cultivation may germinate in_subsequent years.
Like other B. napus spring varieties, RT73 is an“annual plant-which will not
survive the harsh winters.

Winter canola plants have been produced by hybridization”with’ RT73 and
backcrossing to the winter canola parent? Observations on the winter survival of
these plants has confirmed that the glyphosate tolerance trait has‘been successfully
transferred into the winter- OSR plants. without any negative effects on winter
survival.

iv. Seed dormancy:

The principle measure of seed ‘dormancy was to .determine volunteer counts in
replicated RT73 and Westar plots.at' multiple locations.. Volunteer counts were also
taken in 1994 in RT73 and Westar plots from ‘1992 to assess extended dormancy.
These same data are reported above in the discussion related to shattering (Section
B.ii.).

There is nocevidence to support-increased dormancy of RT73 seed as a consequence
of the genetic modification or’ the introduced trait. The results from volunteer
counts(Tables A7,’A8@nd A9) and germination data (Tables A10 and Al11), show no
obvious differences-between RT73:and Westar. The difference noted at Melfort in
1993 (Table A7) can be explained by the 1 day maturity difference between RT73
and Westar (see Section A.iv.); and the atypical growing season in 1992 (35) where a
maturity delay was exacerbated by the excessive cold and precipitation close to
harvest. . The difference noted in germination of Westar in 1993 (Table All) was
attributed to the fact that old seed had to be used to plant all control plots due to
the(scarcity of this variety. The multi-site data from 1994 (Table A8) shows no
statistically significant differences between RT73 and Westar in the number of
volunteers observed in the following years. Additionally, no volunteers were
observed in 1994 in test plots of RT73 planted at Minto and Lethbridge in 1992.
Based on these results, it is concluded that RT73 is not changed in dormancy
potential versus the parental canola variety.
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v. Adaptations to stress factors:

Introduction of the glyphosate tolerance trait into canola has not resulted in any
exceptional or unexpected adaptations to stress factors which would provide RT73
with a selective advantage. '

Biotic factors:

RT73 has not demonstrated any observable difference in adaptation to biotic stress
factors relative to Westar. Data from the 1993 Canadian Co-Op Tests rank RT73
similarly to the parental variety Westar in blackleg (Phoma lingam) disease
susceptibility with overall disease ratings of 1.6 and 1.9 on a scale of 0-5,
respectively. Like its parental variety, RT73 is highly susceptible to' blackleg
disease. In a separate experiment in a blackleg disease nursery in-1993,” RT73
scored 3.95 out of a possible 5, while Westar was scored at 4.11. Analysis of
variance of the ratings showed no difference between RT73 .and Westar. It is
concluded therefore that RT73 is unchanged in its susceptibility to blackleg disease
compared to its parent variety.

Additionally, observations documented-over two years- of field.trials’consistently
indicate that no differences in disease‘anddinsect’susceptibility 'can be seen between
RT73 and Westar.

European trials were monitored for'the major diseases; inclading Blackleg or Stem
canker (Phoma lingam),-\Light leaf spot (Cylindrosporium), Downy mildew
(Peronospora brassicae), Alternaria (Alternaria brassicae),Sclerotinia (Sclerotinia
sclerotiorum), White leaf spot (Pseudocercosporella)-and others, and insect pests,
including Pollen cbeetle .(Meligethes - sp.), . Flea (beetle (Phyllotreta sp.),
Ceuthorrhybchus sp., Baris-sp., Psylliodes chrysoccephala and others. In none of the
European:irials were any differences noted’between RT73 and Westar in their
sensitivity to pathogens or predators.

It is concluded therefore, that there are no.measurable differences in the ability of
RT73 to adapt to biotic stress factors:

Abiotic factors:

Observations. docimented by cooperators over many years of field testing and two
years of commercial‘production demonstrate that there is no difference between
RT73 and Westar in.its adaptation to abiotic stress factors. No differences have
beenrecorded between RT73 and Westar in their ability to resist drought, heat, and
frost.

Herbicidal factors:

The susceptibility of RT73 to herbicides currently used for control of volunteer
canola (except glyphosate) was verified in 1994 in Canada, and in Belgium in 1993
and 1994. In Canadian trials, effective control was obtained with all applications of
2,4-D or the sulfonylurea based Refine® (thifensulfuron methyl and tribenuron
methyl) herbicide when applied at the 1-3 leaf stages of the crop. Good control was
also noted with 560 g active ingredient/ha of 2,4-D at the 3-6 leaf stage. In
European trials RT73 was shown to be no different to Westar in its sensitivity to a
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range of herbicides, including those commonly used in wheat, barley and sugar beet.
(“\ Thus, with the exception of glyphosate, RT73 is equivalent to Westar in its
susceptibility to the herbicides commonly used to control canola volunteers.
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