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Release of Information

Monsanto and Forage Genetics are submitting the information in this petition for review
by the USDA as part of the regulatory process. By submitting this information,
Monsanto and Forage Genetics do not authorize its release to any third party. In the
event the USDA receives a Freedom of Information Act request, pursuant to 5 U.S.C., §
552, and 7 CFR Part 1, covering all or some of this information, Monsanto and Forage
Genetics expect that, in advance of the release of the document(s), USDA will provide
Monsanto and Forage Genetics with a copy of the material proposed to be released and
the opportunity to object to the release of any information based on appropriate legal
grounds, e.g., responsiveness, confidentiality, and/or competitive concerns. Monsanto
and Forage Genetics understand that a copy of this information may be made available to
the public in a reading room and by individual request, as part of a public comment
period. Except in accordance with the foregoing, Monsanto and Forage Genetics do not
authorize the release, publication or other distribution of this information (including
website posting) without Monsanto and Forage Genetics’ prior notice and consent.
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Petition For Determination of Nonregulated Status for
Roundup Ready Alfalfa (Medicago sativa L.) Events J101 and J163

Summary

The Animal and Plant Health Inspection Service (APHIS) of the United States
Department of Agriculture (USDA) has responsibility, under the Plant Protection Act (7
CFR U.S.C. sections 7701-7772), to prevent the introduction and/or dissemination of
plant pests into the United States or interstate mtroduction and/or dissemination. The
APHIS regulations, at 7 C.F.R. § 340.6, provide that an applicant may petition APHIS to
evaluate submitted data to determine that a particular regulated article does not present a
plant pest risk and should no longer be regulated. If APHIS determines that the regulated
article does not present a plant pest risk, the petition is granted, thereby allowing
unrestricted introduction of the article.

Monsanto Company and Forage Genetics International are submitting this request for a
determination of nonregulated status to APHIS for Roundup Ready® alfalfa (Medicago
sativa L.) events which are tolerant to Roundup, the active ingredient in Roundup®
agricultural herbicides. The glyphosate tolerance of Roundup Ready alfalfa events J101
and J163 was imparted by the insertion of a S5-enolpyruvylshikimate-3-phosphate
synthase (epsps) gene from Agrobacterium sp. strain CP4 (cp4 epsps) into the alfalfa
genome. When alfalfa plants containing the inserted gene are treated with Roundup
herbicide, the plants are unaffected since the continued action of the expressed tolerant
CP4 EPSPS enzyme provides the plant’s need for aromatic amino acids (OECD, 1999;
Padgette et al., 1996).

Alfalfa (Medicago sativa L.) is a perennial plant species and is one of the most important
forage crops in the world. Forage Genetics International (FGI) and Monsanto Company
are jointly developing Roundup Ready alfalfa technology for weed control in alfalfa.
Roundup Ready alfalfa varieties will be commercialized using a combination of two
different cp4 epsps insertion events combined through a conventional breeding process.

Roundup Ready alfalfa events were produced using an Agrobacterium-based plant
transformation system. The transformation vector PV-MSHT4 contains a single copy of
the cp4 epsps gene. The cp4 epsps gene was dertved from the donor organism
Agrobacterium sp. strain CP4. Characterization of the inserts present in the Roundup
Ready alfalfa events showed that each insert contained a single intact copy of the cp4
epsps gene. No elements present 1n the fransformation vector other than the expected ¢p4
epsps gene cassette and border sequences were detected in the alfalfa genome. The CP4
EPSPS protein expressed in Roundup Ready alfalfa events J101 and J163 has been
characterized and is homologous to plant and microbial EPSPS proteins which have an
established history of safe use.

Segregation analysis of the glyphosate-tolerant phenotype confirmed that glyphosate
tolerance is inherited as a single Mendelian trait. Southern blot analysis confirmed the
stability of each insert when combined through conventional breeding. The mean level of
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CP4 EPSPS protemn across two seasons and from multiple cuttings of forage was 257 and
270 micrograms/gram on a tissue fresh weight basis for alfalfa plants that contained
events J101 and J163, respectively.

Phenotypic data and other information presented in this Petition demonstrate that it is no
more likely that the regulated articles will present a plant pest risk than conventional
alfalfa for the following reasons: 1) no biologically meaningful agronomic or phenotypic
differences in alfalfa populations containing cither event J101 or J163 were detected over
multiple years and locations in comparison to control and conventional alfalfa
populations, indicating that there were no increased weediness or competiveness in
alfalfa populations containing either of the Roundup Ready events; 2} alfalfa populations
containing etther of the transformation events were no more susceptible to disease or
insect pests than conventional alfalfa populations; 3) the composition and quality of
forage derived from alfalfa populations containing the Roundup Ready alfalfa events
were comparable to the composition and quality of forage derived from control and
conventional alfalfa varicties, and 4) alfalfa has no relatives present in North America for
hybridization, and gene flow can only occur to other cultivated or feral alfalfa. As such,
the cp4 epsps gene and the CP4 EPSPS protein do not confer plant pest characteristics to
alfalfa.

The environmental consequences of the introduction of Roundup Ready alfalfa events
J101 and J163 were considered and there is no reason to believe that these events would
have an adverse impact on organisms beneficial to plants or to nontarget organisms,
including threatened or endangered organisms, based on the following: 1) the impact on
crop rotational practices will be minimal because there are numerous options available
for control of volunteer alfalfa; 2} the Roundup Ready trait does not confer a biologically
meaningful fitness advantage to alfalfa and, while the trait may eventually move through
gene flow to feral alfalfa populations, glyphosate is not used to any extent to control feral
alfalfa populations; 3) the EPSPS family of proteins, and specifically CP4 EPSPS as
produced in a number of Roundup Ready crops, has been shown to be comparable to the
EPSPS proteins present in other food crops and common microbes; and 4) there has been
no adverse environmental impact from the commercial planting of other Roundup Ready
crops which contain the CP4 EPSPS protein.

The use of a Roundup Ready alfalfa weed control system can benefit current agronomic
practices in alfalfa forage and seed production by: (1) offering the producer a wide-
spectrum weed control option that will enhance the effectiveness of stand establishment
and increase alfalfa forage and seed purity through better weed control of most of the
weeds that impact forage and seed production; (2) increasing flexibility to treat weeds on
an as-needed basis; (3) allowing alfalfa production on marginal land with severe weed
infestations; and (4) providing growers with a weed control system that has a reduced risk
profile for the environment.

Data and information in this request demonstrate that events J101 and J163 do not
represent a unique plant pest risk. Therefore, Monsanto Company and Forage Genetics
International request a determination from APHIS that events J101 and J163 and any
progenies derived from conventional breeding of these events, no longer be considered
regulated articles under regulations in 7 CFR part 340.
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Abbreviations, Definitions and Acronyms'

~~ Approximately

§ Section

3 The distal, or growing end, of an mRNA transcript; the end nearest to or
containing the polyA sites

5’ The proximal, or start end, of an mRNA transcript; the end nearest to or
containing the P-eFMV promoter

A Adenine

aad Bacterial promoter and gene encoding an aminoglycoside-modifying
endonuclease, 3°(9)-O-nucleotidyltransferase from the transposon Tn7

a.c. Acid equivalent

a.i/Alyr Active ingredient per Acre per year
| BCA Bicinchoninic acid

bp Nucleotide base pairs

C Cytosine

ca. Approximately

CaMV Cauliflower mosaic virus

Ci Curie

cp4 epsps Coding sequence for the native EPSPS protein from Agrobacterium sp.
strain CP4

CP4 EPSPS  EPSPS protein from Agrobacterium sp. strain CP4

CsCl Cesium chloride

CTAB Cetyltrimethylammonium bromide

CTP2 Chloroplast transit peptide sequence from Arabidopsis

cip2 DNA sequence coding for CTP variant 2

dATP Deoxyadenosine triphosphate

dCTP Deoxycytidine triphosphate

dGTP Deoxyguanosine triphosphate

Da Daltons

DNA Deoxyribonucleic acid

dNTP Deoxynucleotide iriphosphates

dTTP Deoxythymidine triphosphate

E. coli Escherichia coli

E9 3’ A 3’ nontranslated region of the pea ribulose-1,5-bisphosphate
carboxylase, small subunit (rbe) E9 gene

EDTA Ethylenediaminetetraacetic acid

ELISA Enzyme-linked immunosorbent assay

EPSP 5-Enolpyruvylshikimate-3-phosphate

EPSPS S-enolpyruvylshikimate-3-phosphate synthase protein from
Agrobacterium sp. strain CP4

EtOH Ethanol

g Gram

g Gravity

G Guanine

Roundup Ready Alfalfs J101 and J163
Page 5 of 406




Abbreviations, Definitions and Acrenvms continued

H(Cl Hydrochloric acid

HSP70 Petunia heat shock protein 70 5 untranslated leader sequence
Kb Nucleotide kilobase pairs

kDa KiloDalton

LB Left border

Ib/A Pounds per Acre

M Molar

MBC Modified backcross

min Minutes

MgCl; Magnesium chloride

mi Milliliter

mM Millimolar

mRNA Messenger RNA

MW Molecular weight

Na,HPO, Disodium phosphate

NaCl Sodium chloride

NaOAc Sodium acetate

NaOH Sodium hydroxide

NDF Neutral Detergent Fiber

NH4OAc Ammonium acetate

NOS Nopaline synthase

NPTII Neomycin phosphotransferase 11

OECD Organization for Economic Co-operation and Development
ori Origin of replication

ori-322 Origin of replication for E. coli

ori-V Bacterial origin of replication from RK2 plasmid
PCR Polymerase chain reaction

P-eFMV Promoter from figwort mosaic virus

PEP Phosphoenolpyruvate

PVP Polyvinylpyrolidone

PV-MSHT4 Plasmid vector used for transformation of alfalfa
RB Right border

TOp Repressor of primer

rpm Revolutions per minute

RR Roundup Ready

RT Room temperature

S Seconds

S3p Shikimate-3-phosphate

SDS Sodium dodecyl! sulfate

sp. Species

spp Subspecies

SSC Saline-sodium citrate buffer (20X SSC is 3 M sodium chloride, 0.3 M)
Syn 1,2.3 Synthetic alfalfa populations
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Abbreviations, Definitions and Acronvms (continued)

T Thymine
T-DNA Transfer DNA
TE Tris-EDTA buffer (10 mM Tnis-HCl, 1 mM EDTA pH 8.0)
TFW Tissue Fresh Weight
TMB (3,3°,5,5” Tetramethylbenzidene) peroxidase substrate
Tris-HCI Tris(hydroxymethyl)aminomethane
tRNA Transfer ribonucleic acid
U Units
U.S.C. United States Code
Uv Ultraviolet
uM micro Molar
uCi micro Curie
ne micro gram
ul micro Liter
\Y Volts

'Standard abbreviations, e.g., units of measure, will be used according to the format
described in “Instructions to Authors’ in the Journal of Biological Chemistry
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Certification

The undersigned certifies that, to the best knowledge and belief of the undersigned, this
petition includes all information and views on which to base a determination, and that it
includes all relevant data and information known to the petitioners, which are
unfavorable to the petition.

Glen Rongé
Regulatory Affairs Manager
Monsanto Company
800 N. Lindbergh Blvd.
St. Louis, MO 63167

-~ — . .

Sharie Fitzpatrick
Director Regulatory Affairs
Forage Genetics International
N35292 S. Gills Coulee RD
West Salem, W1 54669
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I. Rationale for Submission of Request for Determination of
Nonregulated Status

A. Basis for Request for a Determination of Nonregulated Status under 7 CFR Part
340.6

The Animal and Plant Health Inspection Service (APHIS) of the U.S. Department of
Agriculture (USDA) has responsibility, under the Plant Protection Act (7 U.S.C. § 7701-
7772) and the Plant Quarantine Act (7 U.S.C. § 151-167) to prevent the introduction and
dissemination of plant pests into the United States. The APHIS regulations 7 CFR 430.6
provide that an applicant may petition APHIS to evaluate submitted data to determine
that a particular regulated article does not present a plant pest risk and should no longer
be regulated. If APHIS determines that the regulated article does not present a plant pest
risk, the petition is granted, thereby allowing unrestricted introduction of the article.

B. Roundup Ready Alfalfa Events J101 and J163

Monsanto Company and Forage Genetics International (FGI) have developed Roundup
Ready® alfalfa events J101 and J163 that are tolerant to glyphosate, the active ingredient
in the Roundup® family of agricultural herbicides. In accordance with the Organisation
for Economic Co-operation and Development’s (OECD) “Guidance for the Designation
of a Unique Identifier for Transgenic Plants,” J101 has been assigned the unique
identifier MON-OQ101-8 and J163 has been assigned the unique identifier MON-
DD163-7. These events were developed using Agrobacterium-mediated transformation
to stably incorporate the cp4 epsps coding sequence derived from the native soil
microorganism, Agrobacterium sp. strain CP4, into the alfalfa genome. The
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) enzyme is functionally similar to
plant EPSPS enzymes but has a greatly reduced affinity for glyphosate (Padgette et al.,
1996). In plants, glyphosate binds to the plant EPSPS enzyme and blocks the
biosynthesis of aromatic amino acids, thereby preventing plant production of these
essential compounds (Steinrucken and Amrhein, 1980; Padgette et al., 1996). In
Roundup Ready alfalfa, the biosynthesis of aromatic amino acids is maintained by the
continued action of the CP4 EPSPS enzyme in the presence of glyphosate.

Roundup Ready alfalfa will enable the use of Roundup agricultural herbicides to provide
effective weed control during forage and seed production. Roundup agricultural
herbicides are highly effective against the majority of annual and perennial weeds
common to alfalfa seed and forage production. Roundup herbicides also have excellent
environmental safety features, such as rapid soil binding (making them resistant to
leaching), as well as low toxicity to mammals, birds and fish. In addition, glyphosate is
one of the few herbicidal active ingredients classified as Category E by the
Environmental Protection Agency (EPA) (evidence of noncarcinogenicity for humans)
(57 FR 8739).

Events J101 and J163 will be combined through conventional breeding to produce
commercial Roundup Ready alfalfa seed. Roundup Ready alfalfa varieties will consist of
a segregating population of individuals containing either event J101, event J163, a

® Roundup and Roundup Ready are registered trademarks of Monsanto Technology LLC.
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combination of J101 and J163 or neither event. The breeding process for Roundup
Ready alfalfa is described by Samac and Temple (in press).

C. Benefits of Roundup Ready Alfalfa Events J101 and J163

Roundup Ready alfalfa will offer growers a weed control tool to address many of their
problems and concerns. The product concept will allow for glyphosate applications at
preplant, preemergence, and/or postemergence timings in both seedling and established
Roundup Ready alfalfa, thus offering control of weeds when most appropriate.

Current weed control programs in alfalfa production have significant practical limitations
for growers, including:

e application timing restrictions;

e need for cultivation or irrigation for effective weed control;

e application restrictions related to air temperature, soil type and water;
e narrow weed control spectrum - tank mixing or application of multiple products
is often necessary;

significant risk of crop injury;

carryover concerns and rotation restrictions;

substantial pre-harvest interval restrictions;

water contamination issues;

endangered species concerns;

incomplete control of some weeds; and

variability in product performance.

Key benefits of the Roundup Ready alfalfa system will include:

Excellent broad-spectrum control and flexibility for season-long control. Using the
Roundup Ready alfalfa system, growers can control troublesome perennial weeds such as
quackgrass, Johnsongrass and nutsedge. Many products currently in use have a narrow
window of application based on specific weed size or crop stage. In-crop Roundup
herbicide applications can be made from crop emergence up to five days before cutting
regardless of weed size. This flexibility will allow the grower a wide window of
application, and allow application timing based on weed pressure, not on crop or weed
stages.

Control weeds that are poisonous to livestock. Using the Roundup Ready alfalfa system,
growers can control weeds such as fiddleneck, starthistle, and groundsel.

Control of noxious parasitic weeds. Using the Roundup Ready alfalfa system, growers
can control parasitic weeds like dodder in forage and seed production.

Greater success in stand establishment. Weed competition for moisture, nutrients and
light is detrimental to the establishment of new alfalfa stands and to the subsequent
quality and yield of hay. Limitations of currently available products often force growers
to use alternative approaches such as: 1) seeding with a cover or companion crop which
may suppress weeds but also competes with alfalfa; 2) delaying first cutting for a
minimum of 60 days, thus sacrificing hay quality to allow surviving alfalfa to get ahead
of the competing weeds; or 3) delaying seeding of new stands until late summer or early
fall when there is less weed competition. All of these alternative approaches result in
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considerable loss in a grower's first-year production that can reach $300 per acre. The
flexibility and ease of use of Roundup agricultural herbicides will allow growers to seed
new stands and eliminate weeds early with little risk of stand, yield, or quality loss.

Improved forage quality and higher yields. Weed infestations are a major limiting factor
in the production of high-quality alfalfa forage. The value per ton of alfalfa forage to
both commercial hay and livestock producers is based largely on forage quality. A weed
infestation of as little as 10% of the field can result in as much as a 15% decrease in
quality and a significant decrease in the dollar per ton value; high-quality forage
commands a higher price per ton. It is anticipated that the superior weed control
performance of Roundup agricultural herbicides with Roundup Ready alfalfa will lead to
healthier and more vigorous stands that will generate higher quality forage and higher
yields (more tonnage of alfalfa per acre).

Potential for reduced cultivation. The environmental benefits of reduced tillage, such as
erosion control, reduced use of fossil fuels, and improved soil quality, are well known to
growers. Many of the available weed control products used in alfalfa production, require
immediate soil incorporation and thorough tillage is usually recommended. Such added
cultivations would be eliminated with the use of Roundup agricultural herbicides in
Roundup Ready alfalfa.

Improved weed control flexibility in established stands. Because alfalfa is a perennial
crop, perennial weeds often reestablish themselves each season, competing for water and
nutrients and affecting the quality of harvested forage. If not controlled, perennial weeds
compete with the alfalfa and effectively shorten the productive life of the stand. Winter
annual weeds are also a serious problem where non-dormant alfalfa varieties are grown
and harvested all year long. These weeds tend to flourish during the cooler winter
months and current products are limited in their effectiveness in controlling such weeds
during this time period. The use of Roundup agricultural herbicides will give growers
much greater flexibility in controlling tough perennial weeds and winter annual weeds in
established stands.

Alternate mode of action. The in-crop use of Roundup agricultural herbicides in alfalfa
will provide growers with an additional, unique mode of action for managing herbicide
resistant weeds.

Excellent crop safety. Other herbicides labeled for use in alfalfa can cause crop injury,
particularly when applied at the incorrect crop stage under stressful environment
conditions. Roundup Ready alfalfa has demonstrated outstanding crop safety in field
tests. This reduction in the potential of herbicide crop injury, along with greater weed
control, will give growers the opportunity to maximize yield.

D. Submissions to Other Regulatory Agencies

D.1. Submission to FDA

Roundup Ready alfalfa events J101 and J163 are within the scope of the FDA policy
statement concerning regulation of products derived from new plant varieties, including
those developed through biotechnology, which was published in the Federal Register on
May 29, 1992. In compliance with this policy, Monsanto submitted to FDA a food and
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feed safety and nutritional assessment summary for events J101 and J163 in October of
2003.

D.2. Submission to EPA

The EPA has authority over the use of pesticidal substances, under the Federal
Insecticide, Fungicide and Rodenticide Act (FIFRA), as amended (7 U.S.C. § 136[u]).
The submission of glyphosate residue data and proposed labeling for the use of Roundup
UltraMAX® herbicide (EPA Reg. No. 524-512) over the top of Roundup Ready alfalfa
was made to the EPA on March 28, 2002. A subsequent petition for Reduced Risk status
was submitted to the EPA on June 27, 2002, and the EPA granted Reduced Risk status
for review of the data on July 23, 2002. The proposed use of Roundup UltraMAX
herbicide on Roundup Ready alfalfa will not require an increase in the glyphosate residue
tolerance of 400 ppm in the animal feed, non-grass group. A new glyphosate tolerance
for alfalfa seed of 0.5 ppm has been proposed.

Pursuant to section 408(d) of the Federal Food Drug and Cosmetic Act (FFDCA), 21
U.S.C. 346 a(d), the EPA has previously reviewed and established an exemption from the
requirement for a tolerance for the CP4 EPSPS protein and the genetic material necessary

for the production of this protein in or on all raw agricultural commodities (40 CFR
180.1174).

D.3. Submissions to Foreign Governments

Regulatory submissions for import and production approvals have been made to several
countries, and additional submission will be made to other countries that import U.S.
alfalfa forage and have regulatory approval processes in place. Submissions were made
in December of 2003 to Health Canada and the Canadian Food Inspection Agency
(CFIA) as well as to Mexico’s Health Ministry. Submissions are planned for the
Japanese Ministry of Health, Labor and Welfare (MHLW) and Ministry of Agriculture
Forestry and Fisheries (MAFF). As appropriate, notifications of import will be made to
importing countries that do not have a formal approval process.

® Roundup UltraMAX is a registered trademark of Monsanto Technology LLC.
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II. The Alfalfa Family

A number of excellent references provide an extensive review of the alfalfa family
including Alfalfa and Alfalfa Improvement (Hanson et al., 1988). In accordance with
Section 99-3 of the USDA’s “Guide for Preparing and Submitting a Petition for
Genetically Engineered Plants,” this reference is cited as a broad review of the family.
Also pertinent to this petition is an OECD consensus document on the genes and their
enzymes that confer tolerance to Roundup, the active ingredient in Roundup agricultural
herbicides (OECD, 1999). The following sections provide a brief review of the origin,
use, biology, taxonomy, genetics, related species and history of development of alfalfa.

A. Alfalfa as a Crop

Alfalfa (Medicago sativa L.) is recognized as the oldest plant grown solely for forage.
Alfalfa is the most important forage crop species in the United States and Canada and is
recognized as the most widely adapted agronomic crop. Alfalfa forage is valued at over
$60B dollars annually. Although alfalfa is grown in all continental states, the crop value
is highest in the West, Plains and upper Midwest. The United States has over 23 million
acres of alfalfa under cultivation. Forty percent of these acres are pure stand, 35 percent
are planted with a cover (nurse) crop and the remaining 25 percent are planted with a
companion crop, usually a grass. This total acreage has been quite stable over the past
ten years.

Alfalfa is highly valued for animal feed because of its high protein content, high intake
potential, and digestibility. Alfalfa can provide the sole plant component in many
livestock feeding programs when supplemented with the proper minerals.

B. Taxonomy and Genetics of Alfalfa

Medicago sativa L. belongs in the order Fabales, family Fabaceae, tribe Trifolieae, genus
Medicago. The genus Medicago is very extensive, consisting of more than 60 different
species; two thirds of the species are annuals and one third are perennials (Quiros and
Bauchan, 1988).

Commercially cultivated alfalfa properly belongs to the M. sativa complex, a group of
closely related subspecies that are interfertile and share the same karyotype. The most
commonly cultivated alfalfa in the world is M. sativa subsp. sativa, but subspecies falcata
is also cultivated on a limited basis, primarily under rangeland conditions and in colder
regions (e.g., Canada and Siberia). Other subspecies in the complex include subsp.
glutinosa, subsp. coerulea, subsp. x tunetana, subsp. x varia, subsp. x polychroa, and
subsp. x hemicycla (Quiros and Bauchan, 1988). Two other closely related species, M.
prostrata and M. glomerata, can be considered capable of limited natural hybridization
with alfalfa (Quiros and Bauchan, 1988). M. prostrata and M. glomerata do not occur
naturally in North America (Table II-1). M. glomerata is generally listed as one parent of
subsp. x tunetana, which occurs in North Africa (Lesins and Lesins, 1979).

Cultivated alfalfa, M. sativa subsp. sativa, is a tetrasomic tetraploid (2n = 4x = 32),
characterized by purple flowers and coiled pods (Quiros and Bauchan, 1988). Subsp.
falcata occurs both as tetraploid and diploid (2n = 2x = 16) accessions and has yellow
flowers and straight to sickle-shaped pods. Purple-flowered M. sativa ssp. coerulea is a
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diploid form of M. sativa ssp. sativa. Interploidy gene flow is possible through the
production of unreduced (2n) gametes (McCoy and Bingham, 1988). All other members
of the M. sativa complex readily cross-pollinate with cultivated alfalfa; subsp. x varia is
actually the hybrid of subsp. sativa and falcata.

C. Geographic Origin of Alfalfa and Historical Development

Alfalfa, including both cultivated alfalfa and closely related subspecies, originated in
Asia Minor, Transcaucasia, Turkmenistan, and Iran, and is endemic throughout the
Mediterranean region, North Africa, the Middle East, most of Europe, Siberia, northern
India, and China (Ivanov, 1988; Michaud et al., 1988; Quiros and Bauchan, 1988). The
following history of development of alfalfa was taken from Michaud et al. (1988).
Alfalfa has been cultivated before recorded history and is now found growing wild in
Asia, Europe, and North Africa. It has become acclimatized in South Africa, Australia,
New Zealand, and North and South America. The oldest reference to alfalfa’s use as a
forage dates to 3000 B.C.E. Archeologists discovered a reference to alfalfa’s use as an
animal feed during the winter months on Hittite (1400-1200 B.C.E.) brick tablets
excavated from an archeological site in the Corum/Alacahdytiik region of Turkey. Other
historical references to alfalfa are from Turkey (1300 B.C.E.) and Babylonia (700
B.C.E.). The development of alfalfa is closely tied with the spread of civilization because
of its importance as an animal feed. There is widespread historical evidence of alfalfa’s
use in Media (northwestern Persia) in the first millennium B.C.E. Theophrastus
described how invading Median armies brought alfalfa to Greece to feed their chariot
horses in the fourth century B.C.E. Later, writers such as Aristophanes (440-380 B.C.E.)
and Aristotle (384-322 B.C.E.) either mentioned or discussed alfalfa at length.

The Romans acquired alfalfa in the second century B.C.E. and the crop thrived and
spread throughout Italy. The Romans are credited as being the fathers of forage
cultivation because of their development of forage management systems. With the
arrival of alfalfa into Italy, the crop also began to spread eastward into China. In 126
B.C.E. the Chinese Emperor Wu dispatched an expedition into the Russian Turkenistan
area to secure prized Iranian horses. While collecting the horses, seed from the alfalfa
forage used to feed the horses was also collected. Soon after this, alfalfa appeared in the
gardens of the Imperial palaces throughout China. Alfalfa then became established
throughout northern China as an important forage crop.

During the period of the Roman Empire (27 B.C.E.-395 C.E.), Roman colonists
established alfalfa in newly acquired provinces. Separate establishments of alfalfa in
Spain may have been planted by the Muslims through North Africa during the Moorish
invasions. With the fall of the Roman Empire, alfalfa declined and virtually disappeared
from Italy and was reintroduced in the 16th century from Spain. From the mid 15th
century to the 18th century, alfalfa spread to France, Belgium, Holland, England,
Germany, Austria, Sweden and Russia. In the 18th century, alfalfa was taken from
Europe to the New World, Australia and New Zealand.

Spanish explorers introduced alfalfa into Mexico and Peru during the 16th century and its
cultivation had spread throughout North and South America by the late 1800s. Alfalfa
also was brought to South Africa, Australia, and New Zealand during the 19th century.
Today, alfalfa is grown to some extent on all continents (except Antarctica), though most
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extensively in temperate climates. In the United States, over 23 million acres of alfalfa or
alfalfa-grass mixtures were grown for hay in 1997, and although some alfalfa was grown
in most states, the twelve states with more than 700,000 acres each were California,
Colorado, Iowa, Kansas, Michigan, Minnesota, Montana, Nebraska, North Dakota,
Pennsylvania, South Dakota and Wisconsin (USDA, 1998).

D. Growth and Reproductive Characteristics of Alfalfa

Alfalfa (Medicago sativa L.) is a perennial herbaceous legume (Lesins and Lesins, 1979).
Its general morphology was studied by Teuber and Brick (1988) and Barnes and Sheaffer
(1995). The mature alfalfa plant is characterized by a strong taproot. This taproot can be
twenty or more feet in length with several to many lateral roots connected at the crown.
The crown, a complex structure near the soil surface, has perennial meristem activity,
producing buds that develop into stems. Tri- or multi-foliolate leaves form alternately on
the stem, and secondary and tertiary stems can develop from leaf axils. A plantina
typical forage production field has between five and 25 stems and can reach nearly three
feet tall. Following harvest, regrowth occurs either directly from crown-produced buds,
or from auxiliary buds developed in the remaining stubble. Flowers, borne in clusters in
a raceme and attached to the central rachis, develop in leaf axils at stem apices. Stems
are indeterminate so that vegetative and reproductive growth occurs simultaneously.
Flowering will continue for several weeks until either the plant is harvested or the stem
becomes senescent.

Alfalfa is exclusively an insect-pollinated crop that, unlike other insect-pollinated crops,
is pollinated by a small number of insect species, primarily bees. Alfalfa flowers have a
tripping mechanism, which is triggered by bees visiting the flower to collect nectar or
pollen. After it is tripped, the stigma of the flower becomes lodged into the groove of the
standard petal of the flower. Tripped flowers cannot be fertilized again. Because of the
nonreversible tripping mechanism within the alfalfa flower, each alfalfa bloom may be
pollinated only a single time, by a single pollinating insect. Flowers do not shed pollen to
the wind. After pollination, alfalfa seed requires four to six weeks of adequate growing
conditions to ripen. Rainfall during the ripening period will cause poor seed quality and
decrease seed yield. Commercial production of the alfalfa seed crop, therefore, is largely
confined to the regions where late season rain is unlikely and irrigation is used. Alfalfa
seed is used primarily as planting stock for forage production stands and is not used as a
grain for feed or food consumption.

E. Related Species

Medicago is in the tribe Trifolieae, which also includes Trifolium (true clovers), Melilotus
(sweetclover), and Trigonella (fenugreek). Medicago does not hybridize with any of
these (or other) genera. Within Medicago, at least 56 species are recognized. Small and
Jomphe (1989) described 83 species in their review, the most recent complete taxonomic
study. Of these species, roughly two-thirds have an annual life cycle; the others are
perennial and include cultivated alfalfa, Medicago sativa L. Because annual x perennial
hybrids cannot be produced artificially, and no evidence exists for their occurrence in
nature, the annual species are not considered further. Although one report of a hybrid
was published (Sangduen et al., 1982) it did not produce seed, no further research on the
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hybrid was reported, and the experiment has never been repeated. M. sativa is the only
cultivated perennial species in the genus.

The M. sativa complex has been successfully hybridized with 12 other perennial species
(McCoy and Bingham, 1988), summarized in Table II-1. However, many of these
interspecific hybrids have only been successful by using embryo culture of the hybrid
(McCoy and Smith, 1986) making them highly unlikely to occur in nature. Not included
in the 12 successful hybridizations are putative hybrids with M. lupulina. According to
Lesins and Lesins (1979), and Turkington and Cavers (1979), considerable doubt exists
as to whether these plants were actually of hybrid origin as the hybrid has not been
confirmed or repeated (Lesins and Gillies, 1972; See Section VII-E.1 and Appendix 4).
In addition to these, a hybrid between M. sativa and M. arborea was developed through
protoplast fusion (Nenz et al., 1996). Thus, the realistic extent of natural gene flow from
cultivated alfalfa is only to other members of the species complex and to the closely
related M. prostrata and M. glomerata.

Table II-1. Medicago Species Hybridized to Alfalfa and their Distribution

Species Distribution Hybridization Result'
Method
M. glomerata Southern Europe to Hand-pollination | Successful
North Africa (Quiros and
Bauchan, 1988) Natural Putative ancestor to subsp. x
tunetana
M. prostrata Eastern Austria and Hand-pollination | Successful, especially when
Italy, eastern Adriatic prostrata is female

coast to Greece

M. cancellata | Southeastern European | Hand-pollination | Successful, but ploidy may

Russia, north of interfere in crosses of certain
Caucasus genotypes because cancellata
is a hexaploid.
M. rhodopea Mountain ranges of Hand-pollination | Successful, but aberrant
Bulgaria ploidies in progeny.
Ovule/embryo Successful with normal
culture chromosome complements.
M. rupestris Crimean mountains Hand-pollination | Not successful.

Ovule/embryo Successful, but F; plants had
culture very low fertility and
backcross progeny were only
produced using ovule/embryo
culture.

Roundup Ready Alfalfa J101 and J163
Page 26 of 406



Table II-1. Medicago Species Hybridized to Alfalfa and their Distribution

(continued)
Species Distribution Hybridization Result'
Method
M. saxatilis Crimean mountains Hand-pollination | Successful, particularly when

alfalfa was maternal parent.

M. daghestanica

Mid-mountain zone of
Daghestan, Russia

Hand-pollination

Ovule/embryo
culture

Hand-pollination
using trispecies
bridge

No seed produced.

Successful.

Alfalfa was hand crossed to a
daghestanica x pironae hybrid
that had been colchicine
doubled to a tetraploid;
resulted in hybrid seed.

M. pironae Eastern Alps in Ovule/embryo As for daghestanica, viz.
northeast Italy culture; ovole/embryo culture worked
Trispecies directly, but for hand-
bridges pollination, a trispecies bridge
was required.
M. papillosa Pontus mountains of | Hand-pollination | Successful when using uneven

north-eastern Anatolia
to adjacent Caucasus
mountains

ploidy levels.

M. dzhawakhetica

Mountains of

Hand-pollination

Successful when using uneven

Transcauscasia ploidy levels. F; were triploid
and produced nonviable
pollen. Backcrosses to alfalfa
possible.

M. marina Mediterranean and Hand-pollination | Unsuccessful.

Black Sea shores,

Atlantic coast of Ovule/embryo Weak hybrids that did not

Iberia and France culture produce flowers.

M. hybrida Corbier mountains. Ovule/embryo Successful, no other data.
and east Pyrenees culture
M. lupulina Europe, most of Asia, | Hand-pollination | Some reported hybrids, but

North Africa, North
America

contemporary experts contend
they were selfed [also see
Turkington and Cavers
(1979)].
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Table II-1. Medicago Species Hybridized to Alfalfa and their Distribution

(continued)
Species Distribution Hybridization Result'
Method
M. arborea Southern Europe from Protoplast fusion | Viable hybrids formed
Canary Islands to Greece between these sexually
incompatible species (Nenz et
al., 1996).
M. rugosa Mediterranean Region Hand-pollination | Single sterile plant only, no
with embryo progeny produced (Piccirilli
rescue and Arcioni, 1992)
M. scutellata Mediterranean region Hand-pollination | Single plant only, no progeny
produced; never replicated
(Sangduen et al., 1982).

'All data is taken from Lesins and Lesins (1979) or McCoy and Bingham (1988) unless otherwise noted.
Table excludes all references to natural cross-pollination among subspecies in the M. sativa complex (see
main text for further information).

F. Geographic Location of Compatible Species

No perennial Medicago species are present naturally in the Americas, Australia, New
Zealand, or South Africa. Therefore, no risk for interspecific hybridization exists, but
natural cross-pollination to the scattered naturalized populations of M. sativa would be
possible.

In other areas of the world, particularly Europe, Asia, the Middle East, and North Africa,
native populations of various members in the M. sativa complex, as well as other
perennial Medicago species, are present (Sinskaya, 1961; Lesins and Lesins, 1979;
Ivanov, 1988). Recently, Jenczewski et al. (1999) have shown that gene flow occurs
naturally between cultivated and wild alfalfa populations, using both isozyme markers
and analysis of quantitative traits. This study shows that cross-pollination between
cultivated alfalfa and wild M. sativa is possible, particularly in regions with abundant
native or naturalized populations.

G. Potential of Over-Wintering/Survivability/Weediness and Seed Dormancy

Alfalfa is a perennial that can survive winter temperatures as low as -20°C (McKenzie et
al., 1988). Alfalfa cultivars are bred to possess different cold tolerances depending upon
the intended geographic region for growth of the cultivars. Alfalfa undergoes
biochemical changes in the fall of the year that increase tolerance to low temperature
stresses. While all alfalfa tissues are capable of attaining some degree of cold tolerance,
crown buds are generally the most cold tolerant. The crown, a complex structure near the
soil surface, has perennial meristem activity, producing buds that develop into stems.
Cold tolerance is controlled by genetic and environmental factors such as temperature,
photoperiod and soil environment. The degree of winter hardiness associated with an
alfalfa variety is dependent upon the source of germplasm from which it was derived,
with more cold tolerant varieties having germplasm that originated from colder northern
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sources. Environmental factors such as decreasing photoperiod, reduced temperature in
the fall, and reduced soil moisture serve to initiate the cold tolerance response and impact
the survivability throughout the winter months. Ability to survive through the winter is
strongly correlated to the cultivar’s reaction to shortened photoperiod. Highly fall-
dormant plants dramatically reduce foliar growth in the early fall, whereas extremely
non-dormant plants continue to produce growth during short winter days. Fall dormancy
is measured on a scale of 1 (very fall dormant) to 11 (very non-dormant).

Mature alfalfa seed often has an impermeable seed coat that prevents the uptake of water;
these seeds are referred to as hard seeds (Bass et al., 1988). Both the production
environment and the genotype effect of different cultivars affect the percentage of hard
seeds; 40-50% hard seed is common in seed produced in Washington, Oregon, and Idaho,
but seed from the southwestern U.S. is usually <30% hard (Bass et al., 1988). The genetic
effect is smaller than the environmental effect on hard seed percentage (Acharya et al.,
1999). To reduce the percentage of hard seed to acceptable levels (typically <10%),
commercial alfalfa seed is mechanically scarified to slightly scratch the seed coat, allowing
the seed to imbibe water; unscarified seed can lie dormant in the soil for many years (Bass et
al., 1988). The size of the alfalfa seed bank or length of time seeds survive in soil are
unclear; no citations related to the alfalfa seed bank were present in the Agricola database on
August 30, 1999.

Alfalfa is not a noxious weed in continental North America (Skinner, et al., 2000; USDA-
APHIS, 2000; USDA-APHIS, 2002; USDA-ARS, 2003; USDA-NRCS, 2003).
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ITI. Description of the Transformation System
A. Description of the Transformation System

Agrobacterium-mediated transformation was carried out using a two-step procedure
adapted from methods described by Walker and Sato (1981) and Austin et al. (1995).
Plasmid PV-MSHT4 (Figure III-1) was used to generate Roundup Ready alfalfa events
J101 and J163. Agrobacterium tumefaciens binary strain (ABI) is an unregistered
Monsanto proprietary Agrobacterium strain that contains the required transacting
functional region, trfA, that in the presence of an introduced plasmid with the ori-V
origin of replication allows plasmid replication and maintenance in A. tumefaciens. The
ABI strain also contains additional genes that facilitate transfer of the T-DNA of interest,
contained on plasmid PV-MSHT4, into the recipient plant. Plasmid PV-MSHT4 contains
the cp4 epsps coding region under the control of a constitutive promoter. The recipient
for transformation was an alfalfa clone R2336. Line R2336 was selected from an elite,
high-yielding, fall-dormant FGI alfalfa breeding population using a tissue culture screen
for callus formation and somatic embryo induction.

Each resultant callus from the Agrobacterium-mediated transformation was initially
selected for the Roundup Ready trait through the addition of glyphosate to the plant
culture media. Following somatic embryo induction, the glyphosate was removed and
the embryos were allowed to develop. The resulting plantlets were transferred to soil
pots as the Ty generation. Rooted stem cuttings from the Ty plants were selected for
vegetative tolerance to glyphosate through a 3.0 lb a.e./acre application of Roundup Ultra
herbicide. The subsequent F1 and MBC1 generations of Roundup Ready alfalfa plants
were treated with Roundup Ultra herbicide (3.0 1b a.e./acre) at the two to three trifoliate
stages. Roundup Ready alfalfa events J101 and J163 were determined to be hemizygous
for the trait and displayed superior vegetative and reproductive tolerance in field studies
with three sequential 128 oz/acre applications of Roundup Ultra herbicide. Each
application was two times the expected commercial treatment rate of Roundup Ultra
herbicide on Roundup Ready alfalfa. Introgression of Roundup Ready alfalfa events
J101 and J163 into new alfalfa varieties was done using FGI’s breeding process. The
flow diagram shown in Figure II1-2 illustrates the steps in the development of the
Roundup Ready alfalfa varieties.
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Figure III-1. Plasmid Map of PV-MSHT4

A circular map of the plasmid vector PV-MSHT4 used in the transformation events J101
and J163 with genetic elements annotated is shown above. The portion of the plasmid
transferred to the plant genome begins near the right border, extends through the cp4
epsps coding region, and ends near the left border.

Roundup Ready Alfalfa J101 and J163
Page 31 0of 406



Assembly of plasmid vector PV-MSHT4 in E. coli

'

Transformation of PV-MSHT4 into Agrobacterium
tumefaciens binary strain (ABI)

'

Transformation of alfalfa callus from the line R2336 by
A. tumefaciens containing PV-MSHT4

'

Selection of transformants, i.e., cells containing the cp4
epsps coding sequence, on medium with glyphosate

'

Regeneration of alfalfa plants from glyphosate
tolerant cells

'

Evaluation of alfalfa plants containing events
J101 and J163 for tolerance to glyphosate

'

Introgression of Roundup Ready events J101 and J163
into new alfalfa varieties using FGI's breeding process.

Figure I11-2. Development of Roundup Ready Alfalfa Varieties.

The flow diagram illustrates the steps in the development of the Roundup Ready alfalfa
varieties.
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IV. Donor Genes and Regulatory Sequences
A. Vector PV-MSHT4

Events J101 and J163 were developed through Agrobacterium-mediated transformation
of alfalfa callus (from line R2336) using the double border, binary vector PV-MSHT4
shown in Figure III-1. This vector contains a region of DNA (T-DNA), which has one
cp4 epsps expression cassette flanked by left and right border sequences. This sequence,
of approximately 3.8 Kb, was transferred into the alfalfa genome by Agrobacterium
tumefaciens during the transformation process. The cp4 epsps expression cassette
contains the cp4 epsps coding sequence under the regulation of the 35S promoter, a heat
shock protein intron (HSP70), a chloroplast transit peptide (CTP2) sequence and a E9 3’
polyadenylation sequence. The ctp2 cp4 epsps coding region used to produce events
J101 and J163 is the same as that employed in several other Roundup Ready crops such
as soybean, which have been previously reviewed and granted nonregulated status by the
USDA. A description of all the elements in the PV-MSHT4 is provided in Table IV-1.

B. The cp4 epsps Gene and CP4 EPSPS Protein

The cp4 epsps coding sequence has shown the potential to provide high levels of
tolerance to glyphosate when introduced into plants (Padgette et al., 1996; OECD, 1999).
Glyphosate binds to and blocks the activity of its target enzyme, EPSPS, an enzyme of
the aromatic amino acid biosynthetic pathway. In plants, the EPSPS enzyme is located
within the chloroplast; thus, in the construction of PV-MSHT4, a chloroplast transit
peptide coding sequence was joined to the cp4 epsps coding sequence to provide
transport to the alfalfa chloroplast. The CP4 EPSPS protein has been completely
sequenced and encodes a 47.6 kDa protein consisting of a single polypeptide of 455
amino acids (Padgette et al., 1996). The CP4 EPSPS protein with its CTP2 of 76 amino
acids is approximately 56 kDa in size. The deduced amino acid sequence of the CP4
EPSPS protein is shown in Figure IV-1.

The CP4 EPSPS protein is one of many EPSPSs found in nature (Schulz et al., 1985).
CP4 EPSPS is naturally highly tolerant to inhibition by glyphosate and has high catalytic
efficiency, compared to most EPSPSs (Barry et al., 1992; Padgette et al., 1996). Plant
cells producing the CP4 EPSPS protein are tolerant to glyphosate because the continued
EPSPS enzyme activity meets the needs for production of aromatic compounds. The
bacterial isolate, CP4, was identified by the American Type Culture Collection as an
Agrobacterium species. The CP4 EPSPS and native alfalfa EPSPS enzymes are
functionally equivalent, except for their affinity for glyphosate.

C. The Arabidopsis thaliana EPSPS Transit Peptide (CTP2)

In the plant gene expression cassette, the cp4 epsps coding sequence is joined to a
chloroplast transit peptide sequence (designated CTP2) isolated from the Arabidopsis
thaliana epsps gene (Klee et al., 1987). This transit peptide directs the CP4 EPSPS
protein to the chloroplast, the location of EPSPS in plants and the site of aromatic amino
acid biosynthesis (Kishore and Shah, 1988). Transit peptides are typically cleaved from
the mature protein following delivery to the plastid (Della-Cioppa et al., 1986).
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D. Regulatory Sequences

The cp4 epsps cassette contains the ctp2-cp4 epsps coding sequence under the control of
the enhanced figwort mosaic virus sequence (P-eFMV), which consist of the FMV
promoter with a duplicated enhancer region (Richins et al., 1987). Located between the
P-eFMYV and the ctp2-cp4 epsps sequence is the 5' untranslated leader sequence from the
petunia heat shock protein (HSP70), which is present to increase the levels of gene
transcription (Rochester et al., 1986). In the cassette, the cp4 epsps sequence is joined to
the 3' nontranslated region of the pea ribulose-1-5-biphosphate carboxylase, small
subunit (rbc) E9 gene (Corruzzi et al., 1984), which functions to terminate transcription
and direct polyadenlyation of the cp4 epsps mRNA.

E. T-DNA Borders

Plasmid vector PV-MSHT4 contains DNA sequences that are necessary for transfer of T-
DNA into the plant cell. These are termed the Right Border and Left Border Regions,
where each region contains a 25 to 26 bp sequence that defines the extent of DNA that
should be transferred into the plant genome. The Right Border Region present in PV-
MSHT4 is a 26 bp nucleotide sequence that was originally isolated from A. tumefaciens
plasmid pTiT37 (Depicker et al., 1982). The Left Border Region present in PV-MSHT4
is a 25 bp nucleotide sequence that was originally isolated from A. tumefaciens plasmid
pTI15955, a derivative of plasmid pTiA6 (Barker et al., 1983).

F. Genetic Elements Outside the T-DNA Borders

The elements described below are present on plasmid vector PV-MSHT4 but are outside
the borders of the T-DNA. Hence, they were not expected to be transferred into the
alfalfa genome, and their absence has been confirmed by data presented in Section V of
this petition.

ori-V: A 395 bp DNA segment, derived from plasmid RK2 (Stalker et al., 1981) that
contains a vegetative origin of DNA replication, allowing maintenance of PV-MSHT4 in
Agrobacterium.

ori-322: A 627 bp DNA segment containing an additional origin of DNA replication
from the plasmid pBR322 for the maintenance of the PV-MSHT4 plasmid in other
bacteria, such as E. coli (Sutcliffe, 1978).

rop: A 193 bp DNA segment, containing the coding sequence for repressor of the primer
protein for maintenance of plasmid copy number in E. coli (Giza and Huang, 1989).

aad: A 790 bp DNA segment from the bacterial transposon Tn7, containing the gene that
codes for the enzyme streptomycin adenyltransferase and allows selection of bacteria on
culture media containing streptomycin or spectinomycin (Fling et al., 1985).
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Table IV-1. Summary of the Genetic Elements

Genetic Element

Position in
Figure I11-1

Function (reference)

cp4 epsps 9021-9023 | Coding sequence for the synthetic CP4 EPSPS
1-1365 protein from Agrobacterium sp. strain CP4

(Padgette et al., 1996).

Intervening Sequence | 1366-1407 | Synthetic sequence, polylinker

E9 3’ 1408-2040 | A 3’ nontranslated region of the pea ribulose-
1,5-bisphosphate carboxylase, small subunit
(rbc) E9 gene (Corruzzi et al., 1984), which
functions to terminate transcription and direct
polyadenlyation of the cp4 epsps mRNA.

Intervening Sequence | 2041-2097 | Synthetic sequence, polylinker

Left Border Region 2098-2373 | DNA sequences derived from Agrobacterium
(Barker et al., 1983).

LB 2374-2397 | Left border sequence essential for transfer of
T-DNA derived from Agrobacterium (Barker
et al., 1983).

Intervening Sequence | 2398-2553 | DNA sequences derived from Agrobacterium
(Barker et al., 1983).

Intervening Sequence | 2554-2646 | Synthetic sequences and DNA derived from E.
coli. (Stalker et al., 1981).

ori-V 2647-3040 | Origin of replication for Agrobacterium derived
from the broad host range plasmid RK2 (Stalker
et al., 1981).

Intervening Sequence | 3041-3281 | Synthetic sequences and DNA derived from E.
coli. (Stalker et al., 1981).

Intervening Sequence | 3282-4544 | Portion of the plasmid pBR322 (Sutcliffe,
1978).

ROP 4545-4736 | Coding sequence for repressor of primer protein

for maintenance of plasmid copy number in
E. coli (Giza and Huang, 1989).
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Table IV-1. Summary of the Genetic Elements (continued)

Genetic Element

Position in
Figure I11-1

Function (reference)

Intervening Sequence

4737-5153

Portion of the plasmid pBR322 (Sutcliffe,
1978).

ori-322

5154-5779

Origin of replication from pBR322 for
maintenance of plasmid in E. coli (Sutcliffe,
1978).

Intervening Sequence

6239-6321

Derived from E. coli and synthetic sequences
(Fling et al., 1985).

aad

6322-7110

Bacterial promoter and coding sequence for an
aminoglycoside-modifying endonuclease, 3°(9)-
O-nucleotidyltransferase from the transposon
Tn7 (Fling et al., 1985).

Intervening Sequence

7111-7595

Derived from E. coli and synthetic sequences
(Fling et al., 1985).

RB

7596-7620

Right border sequence essential for transfer of
T-DNA derived from Agrobacterium (Depicker
et al., 1982).

Intervening Sequence

7621-7703

DNA sequences derived from E. coli, synthetic
sequences and polylinker (Depicker et al.,
1982).

P-eFMV

7704-8684

The 35S promoter (Figwort Mosaic Virus) with
duplicated enhancer region (Richins et al.,
1987).

HSP70-Leader

8685-8790

The petunia heat shock protein 70 5’
untranslated leader sequence (Rochester et al.,
1986).

Intervening Sequence

8791-8792

Synthetic sequence, polylinker.

CTP2

8793-9020

Chloroplast transit peptide, isolated from
Arabidopsis thaliana EPSPS, present to direct
the CP4 EPSPS protein to the chloroplast, the
site of aromatic amino acid synthesis (Klee et
al., 1987).
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1
51
101
151
201
251
301
351
401
451

MLHGASSRPA
LEGEDVINTG
TGCRLTMGLV
RLPVTLRGPK
DHTEKMLQGF
PLVAALLVPG
VADLRVRSST
RVKESDRLSA
HLDHRIAMSF
DTKAA

TARKSSGLSG
KAMQAMGARI
GVYDFDSTFI
TPTPITYRVP
GANLTVETDA
SDVTILNVLM
LKGVTVPEDR
VANGLKLNGV
LVMGLVSENP

TVRIPGDKSI
RKEGDTWIID
GDASLTKRPM
MASAQVKSAV
DGVRTIRLEG
NPTRTGLILT
APSMIDEYPI
DCDEGETSLV
VTVDDATMIA

SHRSFMFGGL
GVGNGGLLAP
GRVLNPLREM
LLAGLNTPGI
RGKLTGQVID
LQEMGADIEV
LAVAAAFAEG
VRGRPDGKGL
TSFPEFMDLM

ASGETRITGL
EAPLDFGNAA
GVQVKSEDGD
TTVIEPIMTR
VPGDPSSTAF
INPRLAGGED
ATVMNGLEEL
GNASGAAVAT
AGLGAKIELS

Figure IV-1. Deduced amino Acid Sequence for the CP4 EPSPS Protein in
Roundup Ready Alfalfa Events J101 and J163.
The amino acid sequence of the plant-produced CP4 EPSPS protein was deduced from
the coding region of the full-length cp4 epsps gene present in Roundup Ready alfalfa

events J101 and J163.
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V. Product Characterization of Roundup Ready events J101 and J163
A. Molecular Characterization

Molecular analysis was performed to characterize the integrated DNA in Roundup Ready
alfalfa events J101 and J163. Southern blot analysis was used to determine insert number,
copy number, cassette intactness and to demonstrate the stability of the T-DNA for each
event during conventional breeding. The genomic DNA sequences flanking the 5° and 3’
ends of each transformation event were confirmed using PCR and DNA sequencing
methodologies.

A.1l. Materials and Methods

Test Substances. The test substances for characterization were the Roundup Ready alfalfa
events J101 and J163. Leaf tissue was harvested periodically from T, plants (the original
plants that were generated during transformation) grown in a growth chamber and used in
this study. The lot numbers assigned to this material were as follows: J101, lot RDR-
0201-11983-S; J163, lot RDR-0201-11987-S. Stability of the gene insertion was assessed
in the dihomogenic Syn 1 (advanced breeding population) generation that was produced
through conventional breeding. Leaf tissue for the stability analysis was obtained from
Forage Genetics International (West Salem, WI) for the following dihomogenic Syn 1
generation: J101XJ163, lot GLP-0206-12762-S.

Control Substance. The control substance was the conventional (nontransgenic) alfalfa
cultivar R2336 (lot REF-0201-11980-S). Leaf tissue was produced in a growth chamber
and harvested periodically throughout the study.

Reference Substances. The reference substances included the plasmid PV-MSHT4 that
was used to create Roundup Ready alfalfa events J101 and J163, as well as gel-purified
restriction fragments from this plasmid. For Southern blot analyses, picogram amounts of
the plasmid PV-MSHT4 (approximately 0.5 and/or 1 genome copy equivalents) were
spiked into digested DNA from alfalfa cultivar R2336. Additionally, molecular size
markers from Roche [DNA Molecular Weight Marker II (23.1 kb-0.6 kb), DNA Molecular
Weight Marker IX (1.4 kb-0.1 kb)] and Invitrogen [High Molecular Weight DNA Marker
(48.5 kb-8.3 kb)] were used for size estimations on Southern blots. The 100 bp DNA
ladder (2.1 kb-0.1 kb) from Gibco BRL was used for size estimations in the PCR analyses.

Test, Control, and Reference Substance Characterization. The identities of the Ty test
substances and the control substance were confirmed by Southern blot event-specific
fingerprint analysis. The identity of the plasmid PV-MSHT4 was confirmed by digestion
of the plasmid with a variety of restriction enzymes.

Genomic DNA Purification. Three methods of DNA purification were used for the
molecular characterization of events J101 and J163.

Method 1. DNeasy Plant Maxi Kit (QIAgen):

Genomic DNA from the test and control substances was extracted from alfalfa leaf
tissue using the Dneasy Plant Maxi Kit from QIAgen. The manufacturer’s protocol
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was followed with the following exception: prior to lysis, lyophilized leaf tissue was
ground in a paint shaker in the presence of ~5 ml of 3 mm glass beads for ~3 min.

Method 2. CTAB DNA Purification:

Approximately 5-7 ml of glass beads were placed in a 50 ml conical tube with

400 mg of lyophilized alfalfa leaf tissue. Approximately 17 ml of CTAB extraction
buffer (0.1 M Tris pH 7.5, 0.7 M NaCl, 4 mM EDTA, 1% CTAB) were added to the
tube and mixed by gentle inversion. Samples were incubated at ~55°C for ~2 hours.
RNase A was then added to the solution and incubated for ~30 min. Lysates were
then separated into two portions and transferred to two new 50 ml conical tubes.
Approximately 8.5 ml of chloroform/isoamyl alcohol (24:1) were added to the glass
beads to rescue the remaining lysate, mixed, and the chloroform/lysate mixture
distributed between the two new tubes. Samples were mixed by inversion for

~10 min. Samples were then centrifuged at ~1000 x g for ~20 min. The upper
aqueous layer was removed to a new 50 ml conical tube and 7 ml of isopropanol were
added to each tube and mixed by gentle inversion. DNA was spooled out with a glass
hook and placed in a 15 ml conical tube. Samples were washed with 5 ml of a 75%
EtOH solution containing 0.2 M NaOAc for ~ 20 min, then rinsed again with a 75%
EtOH solution containing 10 mM NH4OAc for 5 min. Spooled DNA samples were
removed, gently dried on the side of the conical tube, blotted on Whatman 3M paper
to remove excess ethanol, and resuspended in TE.

Method 3. Cesium Chloride Gradient Purification:

In some instances DNA extracted according to either method 1 or method 2 (above)
was further purified via a cesium chloride gradient. DNA samples were brought to a
final volume of approximately 20 ml with TE. Samples were then weighed and an
equal weight of cesium chloride (CsCl) was added. Samples were gently mixed until
the CsCl was dissolved. The density of each sample was adjusted to 1.50-1.55 g/ml
by the addition of either TE or CsCl. Fifty microliters of EtBr [10 mg/ml (w/v)] were
added to each sample, the samples were mixed by inversion, and protected from light.
Samples were centrifuged at ~50,000 rpm using a Sorvall ultracentrifuge with a Ti80
rotor for ~18 hours at ~24°C. The DNA band was rescued with a 3 ml syringe and
18-gauge needle. Sample volume was then adjusted to ~2 ml with TE. An equal
volume of isoamyl alcohol was added, the sample was mixed by inversion,
centrifuged for ~5 min at 365 x g, and the lower, aqueous phase was transferred to a
new tube. The isoamyl alcohol extraction procedure was repeated until no pink
coloration was visible. Three volumes of water (relative to the final volume) were
added to the sample, followed by 0.1 volume of 3M NaOAc and 2 volumes of 100%
EtOH (relative to the final volume). The DNA was spooled out and blotted onto
Whatman paper. The pellet was washed with 70% EtOH and resuspended in TE.

Quantitation of Genomic DNA. Quantitation of DNA samples was performed using a
Hoefer DyNA Quant 200 Fluorometer or a SpectraMAX Gemini Fluorescence microplate
reader. All readings were taken using DNA Molecular Weight Marker IX (Roche) as a
DNA calibration standard.

Restriction Endonuclease Digestion of Genomic DNA. Approximately 10 pg or 20 ug of
genomic DNA from the test substances and 10 pg of genomic DNA from the control
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substance were used for restriction endonuclease digestions. Whole plasmid PV-MSHT4,
when used as a positive hybridization control, was spiked into the control substance sample
prior to incubation. Alternatively, for some Southern blot analyses, restriction fragments of
the plasmid PV-MSHT4 were spiked into the control sample immediately prior to loading
the gel to serve as the positive hybridization control. Overnight digests were performed at
37°C in a total volume of 500 pl using 100 units (each) of the appropriate restriction
endonuclease(s). After digestion, the samples were precipitated by adding 1/10 volume
(~50 ul) of 3 M NaOAc, pH 5.2, and 2 volumes relative to the original digest volume (~1
ml) of 100% ethanol, followed by incubation in a -20°C freezer for at least 30 minutes.

The digested DNA was pelleted in a microcentrifuge at maximum speed, washed with 70%
ethanol, dried, and redissolved in TE. In those cases where 20 pg of DNA were digested,
the redissolved sample was divided evenly between lanes 3 and 6 on the gel, so that each
lane contained 10 pg of test sample DNA.

DNA Restriction Fragment/Positive Hybridization Control Preparation. Positive
hybridization controls were prepared by digestion of the plasmid PV-MSHT4 using
appropriate restriction endonucleases. Approximately 20-500 ng of the plasmid vector
were used for the restriction endonuclease digestions. Digests were performed at 37°C for
1-2 hours in a total volume of 20 or 50 ul using 10 units of the appropriate restriction
endonuclease. Restriction fragments were then separated by electrophoresis using a 0.8%
or 1.0% agarose gel. The gels were electrophoresed at 90-100 V for 1-2 hours. Gels were
photographed and the appropriate bands were excised from the gel and purified according
to the manufacturer’s instructions using the QIAquick Gel Extraction Kit from Qiagen.

DNA Probe Preparation for Southern Blot Analyses. DNA probe templates were prepared
by PCR using a restriction fragment from plasmid PV-MSHT4 as a template.
Approximately 25-50 ng of Probes 1, 2, 4, 5, and 6 (Figure V-1a) were labeled with o**P-
dCTP (6000 Ci/mmol) by a random priming method (RadPrime DNA Labeling System,
Gibco BRL). Probes 3 and 4 (Figure V-1a) were labeled with o>*P-dCTP (6000 Ci/mmol)
using PCR with DNA probe template (25-50 ng); sense and antisense primers specific to
the template (0.25 uM each); 1.5 mM MgCl,; 3 uM each of dATP, dGTP and dTTP; 100
uCi of o**P-dCTP; and 2.5 Units of Taqg DNA polymerase in a final volume of 20pl. The
cycling conditions were as follows: 1 cycle at 94°C for 3 minutes; 2 cycles at 94°C for

45 seconds, 52°C for 30 seconds, and 72°C for 2 minutes; 1 cycle at 72°C for 10 minutes.
All radiolabeled probes were purified using a Sephadex G-50 column (Roche).

Southern Blot Analyses of Genomic DNA. Southern blot analyses (Southern, 1975) were
performed by digesting the DNA samples with restriction endonucleases and separating by
electrophoresis using a 0.6% agarose gel in which a long run and a short run were
performed. The long run enabled greater separation of higher molecular weight DNA
fragments while the short run allowed smaller molecular weight DNA fragments to be
retained on the gel. The long-run samples were loaded onto the gel and typically
electrophoresed overnight at 20-40 volts. The short-run samples were loaded in adjacent
lanes on the same gel the following day and the gel was typically electrophoresed for 2-6
additional hours at 60-100 volts. The stability analysis was not performed using long and
short runs. Instead, samples were electrophoresed on a 0.8% agarose gel at 30 V overnight
and 45 V the following day for ~1 hour. After electrophoresis, gels were stained in
ethidium bromide for 5-15 minutes and photographed. After photographing, the gels were
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placed in a depurination solution (0.125 N HCI) for ~10 minutes, followed by a denaturing
solution (0.5 M NaOH, 1.5 M NaCl) for ~30 minutes and then a neutralizing solution (0.5
M Tris-HCI pH 7.0, 1.5 M NacCl) for ~30 minutes. The gels were then placed in 20X SSC
for 5-30 minutes. DNA from the agarose gels was transferred to Hybond-N nylon
membranes (Amersham) using a Turboblotter (Schleicher & Schuell). The DNA was
allowed to transfer overnight (using 20X SSC as the transfer buffer) and covalently cross-
linked to the membrane with a UV Stratalinker 1800 (Stratagene), using the auto crosslink
setting. Blots were prehybridized for 0.5-10 hours at 60-65°C in an aqueous solution of
250 mM Na,HPO4e7H,0, 7% SDS, and 0.1 mg/ml tRNA. Hybridization with the
radiolabeled probe was performed in fresh prehybridization solution for 13-22 hours at 60
or 65°C. Membranes were washed four times in an aqueous solution of 0.1% SDS and 0.1x
SSC for ~15-20 minutes at 60 or 65°C using fresh solution for each wash. Multiple
exposures of the blots were then generated using Kodak Biomax MS film in conjunction
with one Kodak Biomax MS intensifying screen in a -80°C freezer. The blot containing
the stability analysis was exposed to film only at room temperature.

A.2. Results and Discussion — Molecular Characterization

Genomic DNA from Roundup Ready alfalfa events J101 and J163 was digested with a
variety of restriction endonucleases and subjected to Southern blot analyses (Figure V-1B).
Each Roundup Ready alfalfa event was assessed for the number of inserts present within
the plant genome, the number of copies of the gene cassette present at each locus of
integration, the integrity of the T-DNA, and the absence of plasmid backbone. A map of
plasmid PV-MSHT4 annotated with the probes used in the Southern blot analyses is
presented in Figure V-1A. A schematic representation of the T-DNA from the
transformation vector PV-MSHT4 (Figure V-1B) predicts the sizes of restriction fragments
generated in Southern blot analyses for Roundup Ready alfalfa events J101 and J163. In
some of the Southern blot analyses, areas of nonspecific hybridization in the form of round
dots, ellipses, or lines were observed; however, none of these areas of nonspecific
hybridization affected the analysis or interpretation of any of the Southern blot data.

A.2.a. Results for Roundup Ready alfalfa event J101

Insert Number Analysis for Roundup Ready Alfalfa Event J101. The number of inserts (the
number of integration sites of T-DNA in the genome) in Roundup Ready alfalfa event J101
was evaluated by digesting test and control genomic DNA with the restriction
endonucleases Sal I, Sca I and Xba I, all of which do not cleave within the plasmid PV-
MSHT4. Control DNA was spiked with the two gel-purified Sph I restriction fragments of
the vector PV-MSHT4 to serve as positive hybridization controls. The blot was probed
with Probe 1 and Probe 2 (Figure V-1A). If a single insert were present within the plant
genome, this restriction endonuclease and probe combination would yield a single
restriction fragment containing the inserted T-DNA and adjacent plant genomic DNA. The
number of restriction fragments observed would reflect the number of inserts present
containing the elements encompassed by the probes. The results of the insert number
analysis for Roundup Ready alfalfa event J101 are shown in Figure V-2. Lane 2 containing
digested DNA from the control line R2336 yielded no signal, as expected. Sph I restriction
fragments of the plasmid PV-MSHT4, spiked into a matrix of previously digested R2336
control DNA (lanes 4 and 5), produced the predicted size bands of approximately 1.5 kb

Roundup Ready Alfalfa J101 and J163
Page 41 of 406



and 7.5 kb (Figure V-1A). Roundup Ready alfalfa event J101 yielded a single
hybridization signal of ~9.0 kb in both the long and short runs (lanes 3 and 6). These
results, in conjunction with the results from the E9 3’ polyadenylation signal and left
border region Southern blots described below, establish that Roundup Ready alfalfa event
J101 contains a single insert.

Copy Number Analysis for Roundup Ready Alfalfa Event J101. The number of copies of
the T-DNA within the single insertion was assessed for Roundup Ready alfalfa event J101
by digesting test and control genomic DNA with the restriction endonuclease Sph I, which
cleaves once within the T-DNA (Figure V-1B). The blot was probed with Probes 1 and 2
(Figure V-1A). Digested control DNA was spiked with the two gel-purified Sph I
restriction fragments from the plasmid PV-MSHT4 (Figure V-1A) to serve as positive
hybridization controls. If a single copy of the T-DNA was present at the locus of
integration, the Sph I restriction endonuclease would yield two border fragments, each
containing a portion of the inserted T-DNA along with the associated alfalfa genomic DNA
flanking the insert. When probed with Probe 1 and Probe 2, the detection of two
hybridization signals indicates the presence of a single copy of the T-DNA, containing the
elements encompassed by the probes, at the site of integration. Results of the analysis are
shown in Figure V-3. Digested DNA from the conventional control line R2336 yielded no
signal, as expected (lane 2). Sph I restriction fragments of the plasmid PV-MSHT4 spiked
into a matrix of digested R2336 control DNA (lanes 4 and 5) produced the predicted size
bands of approximately 1.5 kb and 7.5 kb. The long and short runs of Roundup Ready
alfalfa event J101 digested DNA yielded bands of approximately 13.0 kb and 6.5 kb (lanes
3 and 6). Based on these results, in conjunction with the results from the E9 3’
polyadenylation signal and left border region Southern blots discussed below, it is
concluded that the Roundup Ready alfalfa event J101 contains a single copy of the T-DNA
at the site of integration.

Cassette Intactness for Roundup Ready Alfalfa Event J101. The integrity of the
transformation cassette in Roundup Ready alfalfa event J101 was determined by digesting
test and control genomic DNA with the restriction endonuclease Pst I. This restriction
endonuclease cleaves three times within the T-DNA: at the beginning of the P-eFMV
promoter region, in the middle of the HSP70-ctp2-cp4 epsps coding region, and again at
the 3’ end of the E9 3’ polyadenylation sequence (Figure V-1B). Use of this restriction
endonuclease would produce two restriction fragments of ~1.2 kb and ~2.2 kb from an
intact copy of the T-DNA from plasmid PV-MSHT4. To serve as positive hybridization
controls, control DNA was spiked with the two gel-purified Pst I restriction fragments of
the plasmid PV-MSHT4 that exist between the right and left borders (Figure V-1A).
Individual Southern blots were probed separately with the P-eFMV promoter region
(Probe 1), the HSP70-ctp2-cp4 epsps coding region (Probe 2), and the E9 3°
polyadenylation sequence (Probe 3). The following results would be expected if the cp4
epsps gene cassette were intact: 1) probing the Pst I digested Roundup Ready alfalfa
genomic DNA with the P-eFMV genetic element (Probe 1) would yield an ~2.2 kb
hybridization signal, 2) probing the Pst I digested Roundup Ready alfalfa genomic DNA
with the HSP70-ctp2-cp4 epsps genetic element (Probe 2) would yield two hybridization
signals of ~1.2 kb and ~2.2 kb, and 3) probing the Pst I digested Roundup Ready alfalfa
genomic DNA with the E9 3’ genetic element (Probe 3) would yield an ~1.2 kb
hybridization signal.
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Probe 1 for Roundup Ready Alfalfa Event J101. Results of the analysis for Roundup
Ready alfalfa event J101 are shown in Figure V-4. R2336 control DNA (lane 2)
showed no detectable hybridization signals, as expected for the negative control. Pst
I restriction fragments of the plasmid PV-MSHT4 mixed with R2336 control DNA in
lanes 4 and 5 yielded the expected ~2.2 kb signal (Figure V-1A). Roundup Ready
alfalfa event J101 DNA (lanes 3 and 6) produced a single hybridization signal at
approximately 2.2 kb. No unexpected bands were detected, indicating that Roundup
Ready alfalfa event J101 does not contain any additional P-eFMYV promoter element
sequences other than that associated with the intact HSP70-ctp2-cp4 epsps gene.

Probe 2 for Roundup Ready Alfalfa Event J101. Results of the analysis for Roundup
Ready alfalfa event J101 are shown in Figure V-5. R2336 control DNA for (lane 2)
showed no detectable hybridization signals, as expected for the negative control. Pst
I restriction fragments of the plasmid PV-MSHT4 mixed with R2336 control DNA
(lanes 4 and 5) produced the expected size bands at approximately 1.2 kb and 2.2 kb
(Figure V-1A). Roundup Ready alfalfa event J101 DNA (lanes 3 and 6) produced
both the expected approximately 1.2 kb and 2.2 kb hybridization signals. No
unexpected bands were detected, indicating that Roundup Ready alfalfa event J101
does not contain any additional HSP70-ctp2-cp4 epsps coding region element
sequences other than that associated with the intact HSP70-ctp2-cp4 epsps gene
cassette.

Probe 3 for Roundup Ready Alfalfa Event J101. Results of the analysis for Roundup
Ready alfalfa event J101 are shown in Figure V-6. R2336 control DNA (lane 2)
yielded no hybridization signals, as expected. Pst I restriction fragments of the
plasmid PV-MSHT4 mixed with R2336 control DNA (lanes 4 and 5) produced the
expected size band at approximately 1.2 kb (Figure V-1A). Roundup Ready alfalfa
event J101 DNA (lanes 3 and 6) produced a band at approximately 1.2 kb. No
unexpected bands were detected, indicating that Roundup Ready alfalfa event J101
does not contain any additional E9 3’ polyadenylation sequence other than that
associated with the intact HSP70-ctp2-cp4 epsps gene cassette.

Analysis for the Left Border Region in Roundup Ready Alfalfa Event J101.

The plasmid used to generate the Roundup Ready alfalfa events contains right and left
border sequences that delineate the T-DNA that is transferred into the plant chromosome
(Rogers and Klee, 1987; Zambryski, 1992). The most common mechanism known for
insertion of DNA into the plant genome using Agrobacterium-based plant transformation
suggests that initiation of T-DNA transfer begins at one border sequence and continues
through the T-DNA to the next border sequence (Tinland, 1996). The Southern blot
analyses that have been described thus far encompass the majority of the T-DNA sequence
that would be transferred into the Roundup Ready alfalfa events. However, there is a small
segment of the T-DNA following the E9 3’ polyadenylation signal sequence up to the
actual left border sequence that was not encompassed in any of the previously described
analyses. Therefore, in order to demonstrate that at least a portion of this left border region
is present in Roundup Ready alfalfa event J101, as would be expected, a DNA probe
specific to the left border region was generated and used for Southern blot analysis. Test
and control genomic DNA were digested with the restriction endonuclease Sph I, which
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cleaves once within the T-DNA between the ctp2 and cp4 epsps genetic elements, to
release two border fragments (Figure V-1B). Control DNA was spiked with two gel-
purified Sph I restriction fragments of the plasmid PV-MSHT4 to serve as hybridization
controls. The Southern blot was probed with the left border region of the plasmid PV-
MSHT4 (Probe 4). Observation of a signal would demonstrate the presence of at least a
portion of the left border region. The results of the analysis for Roundup Ready alfalfa
event J101 are shown in Figure V-7. Digested DNA from the control R2336 yielded no
signal, as expected (lane 2). Sph I restriction fragments of the plasmid PV-MSHT4 spiked
into a matrix of digested R2336 control DNA (lanes 4 and 5) produced the predicted size
band of approximately 7.5 kb (Figure V-1A). The long and short runs (lanes 3 and 6) of
Roundup Ready alfalfa event J101 DNA yielded a hybridization signal of approximately
13.0 kb. It is therefore concluded that Roundup Ready alfalfa event J101 minimally
contains a portion of the left border region, as expected. Additionally, the size of the
hybridization signal is consistent with the size of the signal obtained in the copy number
analysis (Figure V-3). Based on these results, it can also be concluded that Roundup
Ready alfalfa event J101 does not have any additional left border region DNA sequences
other than those associated with the T-DNA insertion.

Analysis for Backbone in Roundup Ready Alfalfa Event J101. Roundup Ready alfalfa
event J101 was analyzed for the presence of backbone sequences from the plasmid PV-
MSHT4. Results from this analysis are presented in Figure V-8. Test and control genomic
DNA were digested with the restriction endonucleases Sal I, Sca I and Xba I, which do not
cut within the vector PV-MSHT4. A Hind III + Not I restriction fragment, containing the
backbone region of the plasmid PV-MSHT4, was mixed with control R2336 genomic DNA
and digested with Sal I, Sca I and Xba I to serve as a positive hybridization control. The
blot was probed with two overlapping probes (Probes 5 and 6) that span the backbone
present in plasmid PV-MSHT4 (Figure V-1A). Negative control R2336 genomic DNA
(lane 2) showed no detectable hybridization bands, as expected. Plasmid PV-MSHT4 Hind
IIT + Not I restriction fragment mixed with R2336 control DNA (lanes 4 and 5) produced
one expected size band at approximately 5.6 kb. Roundup Ready alfalfa event J101 (lanes
3 and 6) showed no detectable hybridization bands. This result establishes that Roundup
Ready alfalfa event J101 does not contain any detectable backbone sequence from the
transformation vector PV-MSHT4.

Predicted Insert Map for Event J101. A predicted map of the insert was constructed on the
basis of data derived from Southern Blots analyses conducted on J101. This insert map is
presented in Figure V-9.

A.2.b. Results for Roundup Ready alfalfa event J163

Insert Number Analysis for Roundup Ready Alfalfa Event J163. The number of inserts in
Roundup Ready alfalfa event J163 was evaluated by digesting test and control genomic
DNA with the restriction endonucleases Sal I, Sca I and Xba I, all of which do not cleave
within the plasmid PV-MSHT4. Control DNA was spiked with the two gel-purified Sph I
restriction fragments of the vector PV-MSHT4 to serve as positive hybridization controls.
The blot was probed with Probe 1 and Probe 2 (Figure V-1A). If a single insert was
present within the plant genome, the restriction endonuclease and probe combination would
yield a single restriction fragment containing the inserted T-DNA and adjacent plant
genomic DNA. The number of restriction fragments observed would reflect the number of
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inserts present that contain the elements encompassed in the probes. The results of the
insert number analysis for Roundup Ready alfalfa event J163 are shown in Figure V-10.
Lane 3, containing digested DNA from the control line R2336, yielded no signal, as
expected. Sph I restriction fragments of the plasmid PV-MSHT4 spiked into a matrix of
previously digested R2336 control DNA (lanes 4 and 5) produced the predicted size bands
of approximately 1.5 kb and 7.5 kb (Figure V-1A). Roundup Ready alfalfa event J163
yielded a single hybridization signal of ~8.4 kb in both the long and short runs (lanes 2 and
6). These results, in conjunction with the results from the E9 3’ polyadenylation signal and
left border region Southern blots discussed below, establish that Roundup Ready alfalfa
event J163 contains a single insert.

Copy Number Analysis for Roundup Ready Alfalfa Event J163. The number of copies of
the T-DNA was assessed for Roundup Ready alfalfa event J163 by digesting test and
control genomic DNA with the restriction endonuclease Sph I, which cleaves once within
the T-DNA (Figure V-1B). The blot was probed with Probes 1 and 2 (Figure V-1A).
Digested control DNA was spiked with the two gel-purified Sph I restriction fragments
from the plasmid PV-MSHT4 (Figure V-1A) to serve as positive hybridization controls. If
a single copy of the T-DNA was present at the locus of integration, the Sph I restriction
endonuclease would yield two border fragments, each containing a portion of the inserted
T-DNA along with the associated alfalfa genomic DNA flanking the insert. When probed
with Probe 1 and Probe 2, the detection of two hybridization signals would indicate the
presence of a single copy of the T-DNA, containing the elements encompassed on the
probes, at the site of integration. The results of this analysis are shown in Figure V-11.
Digested DNA from the conventional control line R2336 yielded no signal, as expected
(lane 2). Sph I restriction fragments of the plasmid PV-MSHT4 spiked into a matrix of
digested R2336 control DNA (lanes 4 and 5) produced the predicted size bands of
approximately 1.5 kb and 7.5 kb. The long and short runs of Roundup Ready alfalfa event
J163 digested DNA yielded bands of approximately 3.6 kb and 1.9 kb (lanes 3 and 6).
Based on these results, in conjunction with the results from the E9 3’ polyadenylation
signal and left border region Southern blots discussed below, it is concluded that the
Roundup Ready alfalfa event J163 contains a single copy of the T-DNA at the site of
integration.

Cassette Intactness for Roundup Ready Alfalfa Event J163. In order to demonstrate the
cassette integrity for Roundup Ready alfalfa event J163, test and control DNA were
digested with the restriction endonucleases Dra I and Mfe I. The restriction endonuclease
Dra I cuts twice within the T-DNA, once at the beginning of the P-eFMV promoter region
and again at the beginning of the HSP70 leader sequence. The restriction endonuclease
Mfe I cuts twice within the T-DNA, once at the end of the E9 3’ polyadenylation sequence,
and again near the left border (Figure V-1B). Together, the two restriction enzymes would
be expected to release three restriction fragments of ~1.2 kb, ~2.3 kb, and ~0.4 kb from an
intact cp4 epsps gene cassette (Figure V-1A). Control DNA was spiked with the plasmid
PV-MSHT4 prior to digestion to serve as a positive hybridization control. Individual
Southern blots were probed separately with the P-eFMV promoter region (Probe 1), the
HSP70-ctp2-cp4 epsps coding region (Probe 2), and the E9 3’ polyadenylation sequence
(Probe 3). The following results would be expected if the cp4 epsps gene cassette were
intact: 1) probing the Dra I + Mfe I digested Roundup Ready alfalfa genomic DNA with
Probe 1 would result in an ~1.2 kb hybridization signal, 2) probing the Dra I + Mfe I
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digested Roundup Ready alfalfa genomic DNA with Probe 2 would result in a single
hybridization signal of ~2.3 kb, and 3) probing the Dra I + Mfe I digested Roundup Ready
alfalfa genomic DNA with Probe 3 would result in an ~2.3 kb hybridization signal.

Probe 1 for Roundup Ready Alfalfa Event J163. Results of the analysis for Roundup
Ready alfalfa event J163 are shown in Figure V-12. R2336 control DNA (lane 2)
showed no detectable hybridization signals, as expected for the negative control.
R2336 control DNA mixed with plasmid PV-MSHT4 in lanes 4 and 5 yielded the
expected ~1.2 kb signal (Figure V-1A). Roundup Ready alfalfa event J163 genomic
DNA digested with Dra I + Mfe I (lanes 3 and 6) produced a single band at
approximately 1.3 kb. The hybridization signal in the test sample lanes appears to be
slightly larger than expected. Analysis of the DNA sequence flanking the 5’ end of
the insert in Roundup Ready alfalfa event J163 has shown that the Dra I site
predicted at the beginning of the insert is not present. Instead, a Dra I site was found
in the genomic DNA sequence flanking the 5° end of the insert (data not shown). As
a result, the restriction fragment in Roundup Ready alfalfa event J163 is slightly
larger than that predicted based on the plasmid PV-MSHT4 map. No unexpected
bands were detected, indicating that Roundup Ready alfalfa event J163 does not
contain any additional enhanced P-eFMV promoter element DNA sequence other
than that associated with the intact HSP70- ctp2-cp4 epsps gene cassette.

Probe 2 for Roundup Ready Alfalfa Event J163. Results of the analysis for Roundup
Ready alfalfa event J163 are shown in Figure V-13. R2336 control DNA (lane 2)
showed no detectable hybridization signals, as expected for the negative control
R2336 control DNA mixed with plasmid PV-MSHT4 in lanes 4 and 5 yielded the
expected ~2.3 kb signal (Figure V-1A). Roundup Ready alfalfa event J163 genomic
DNA digested with Dra I + Mfe I (lanes 3 and 6) produced a single band at
approximately 2.3 kb. No unexpected bands were detected, indicating that Roundup
Ready alfalfa event J163 does not contain any additional cp4 epsps genetic element
DNA sequence other than that associated with the intact HSP70- ctp2-cp4 epsps gene
cassette.

Probe 3 for Roundup Ready Alfalfa Event J163. Results of the analysis for Roundup
Ready alfalfa event J163 are shown in Figure V-14. Conventional alfalfa R2336
control DNA (lane 2) yielded faint hybridization signals at approximately 0.4 kb, 0.6
kb, and 1.1 kb. R2336 control DNA mixed with plasmid PV-MSHT4 in lanes 4 and 5
yielded the expected ~2.3 kb signal (Figure V-1A), as well as additional faint
hybridization signals at ~0.4 kb ~0.6 kb, and ~1.1 kb. Roundup Ready alfalfa event
J163 genomic DNA digested with Dra I + Mfe I (lanes 3 and 6) produced a band at
approximately 2.3 kb as well as hybridization signals at ~0.4 kb, ~0.6 kb, and ~1.1
kb. The ~0.4 kb, ~0.6 kb, and ~1.1 kb bands observed in the positive controls (lanes
4 and 5), and in the test sample lanes (3 and 6) are also observed in the negative
control (lane 2). These additional bands are therefore concluded to be the result of
hybridization of Probe 3 to endogenous alfalfa DNA sequences that bear similarity to
the probe sequence. No additional unexpected bands were detected, indicating that
Roundup ready alfalfa event J163 does not contain any additional E9 3’ genetic
element DNA sequence other than that associated with the intact HSP70- ctp2-cp4
epsps gene cassette.
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Analysis for the Left Border Region in Roundup Ready Alfalfa Event J163. In order to
demonstrate that at least a portion of the left border region of the T-DNA is present in
Roundup Ready alfalfa event J163, a DNA probe specific to the left border region was
generated and used for Southern blot analysis. Test and control genomic DNA was
digested with the restriction endonuclease Sph I, which cleaves once within the T-DNA
between the ctp2 and cp4 epsps genetic elements to release two border, fragments (Figure
V-1B). Control DNA was spiked with two gel- purified Sph I restriction fragments of the
plasmid PV-MSHT4 to serve as hybridization controls. The Southern blot was probed with
the left border region of the plasmid PV-MSHT4 (Probe 4). The results of the analysis for
Roundup Ready alfalfa event J163 are shown in Figure V-15. Digested DNA from the
control R2336 yielded no signal as expected (lane 2). Sph I restriction fragments of the
plasmid PV-MSHT4 spiked into a matrix of digested R2336 control DNA (lanes 4 and 5)
produced the predicted size band of approximately 7.5 kb (Figure V-1A). The long and
short runs (lanes 3 and 6) of Roundup Ready alfalfa event J163 DNA yielded a
hybridization signal of approximately 3.6 kb. It is therefore concluded that Roundup
Ready alfalfa event J163 minimally contains a portion of the left border region as expected.
Additionally, the size of the hybridization signal is consistent with the size of the signal
obtained in the copy number analysis (Figure V-11). Based on these results it can also be
concluded that Roundup Ready alfalfa event J163 does not have any additional left border
region DNA sequences other than those associated with the T-DNA insertion.

Analysis for Backbone in Roundup Ready Alfalfa Event J163. Roundup Ready alfalfa
event J163 was analyzed for the presence of backbone sequences from the plasmid PV-
MSHT4. Results from this analysis are presented in Figure V-16. Test and control
genomic DNA were digested with the restriction endonucleases Sal I, Sca I and Xba I,
which do not cut within the vector PV-MSHT4. A Hind III + Not I restriction fragment,
containing the backbone region of the plasmid PV-MSHT4, was mixed with control R2336
genomic DNA and digested with Sal I, Sca I and Xba I to serve as a positive hybridization
control. The blot was probed with two overlapping probes (Probes 5 and 6) that span the
backbone present in plasmid PV-MSHT4 (Figure V-1A). Negative control R2336 genomic
DNA (lane 2) showed no detectable hybridization bands as expected. Plasmid PV-MSHT4
Hind IIT + Not I restriction fragment mixed with R2336 control DNA (lanes 4 and 5)
produced one expected size band at approximately 5.6 kb. Roundup Ready alfalfa event
J163 (lanes 3 and 6) showed no detectable hybridization bands. This result establishes that
Roundup Ready alfalfa event J163 does not contain any detectable backbone sequence
from the transformation vector PV-MSHTA4.

Predicted insert map for event J163. A predicted map of the insert was constructed on the
basis of data derived from Southern Blots analyses conducted on J163. This insert map is
presented in Figure V-17.

A.3. Stability of the Inserted T-DNA in Roundup Ready Alfalfa Events J101 and J163

The stability of the T-DNA insertions in Roundup Ready alfalfa events J101 and J163 was
determined by analyzing the T, and dihomogenic Syn 1 generations. Because alfalfa can
be vegetatively propagated, the original T, plants that were regenerated from the R2336
callus tissue have been maintained. The breeding history for Roundup Ready alfalfa is
shown in Figure V-18. Tissue was obtained from the original transformants (T) as well as
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from plants in the advanced breeding program. Genomic DNA samples from the Ty
generation of Roundup Ready alfalfa events J101 and J163 and the dihomogenic Syn 1
generation J101 x J163, as well as the R2336 control, were digested with the restriction
endonuclease Sph I. R2336 control DNA was spiked with the plasmid PV-MSHT4 to
serve as the positive hybridization control. The blot was probed with Probes 1 and 2. The
results from this experiment are shown in Figure V-19. No hybridization was observed in
the negative control as expected (lane 2). R2336 control DNA spiked with plasmid
PV-MSHT4 (Figure V-1A) and digested with the restriction endonuclease Sph I produced
the predicted size bands of approximately 1.5 kb and 7.5 kb (lane 3). Roundup Ready
alfalfa event J101 yielded the expected band sizes of 13.0 kb and 6.5 kb (lane 4). Roundup
Ready alfalfa event J163 yielded the expected size bands of 3.6 kb and 1.9 kb (lane 6).
Lane 9 containing Sph I digested DNA from the dihomogenic J101 x J163 Syn 1
generation yielded hybridization signals of 13.0 kb, 6.5 kb, 3.6 kb, and 1.9 kb. These band
sizes are consistent with those produced by the T, simplex events J101 (13.0 kb and 6.5 kb)
and J163 (3.6 and 1.9 kb). Lanes 5, 7, 8, 10, 11, 12, and 13 contain Roundup Ready alfalfa
eventsJ101 and J163, as well as other Roundup Ready alfalfa events that are not being
pursued commercially. These data demonstrate that the T-DNA insertion in Roundup
Ready alfalfa event J101 and the T-DNA insertion in Roundup Ready alfalfa event J163
are stable in the Ty and the dihomogenic Syn 1 generations.

A.4. Conclusions — Molecular Characterization

Roundup Ready alfalfa events J101 and J163 were produced by Agrobacterium-mediated
transformation of alfalfa cultivar R2336 with plasmid vector PV-MSHT4 containing the
cp4 epsps gene cassette. The following conclusions can be made for Roundup Ready
alfalfa events J101 and J163. Both events contain a single copy of the T-DNA at a single
locus of integration. The cp4 epsps gene cassette for both events is intact. No additional
elements from the transformation vector PV-MSHT4, linked or unlinked to the intact
cassette in each event, were detected in either of the alfalfa plant genomes. Additionally,
neither event contains any detectable plasmid backbone sequence. These data generated
through Southern blot analyses support the conclusion that only the expected full length
CP4 EPSPS protein should be encoded by the inserts in Roundup Ready alfalfa events J101
and J163. Stability analysis for Roundup Ready alfalfa events J101 and J163 has
demonstrated that each event was observed to be stable in the Ty and dihomogenic Syn 1
generations.
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DralI5878
DraI5859 Note: SalI, Scaland
) Xba I do not cut within
ori-322 _‘ plasmid PV-MSHTA4.
rop
Start End Total Length
Position Position (bp)
Probe 1 (P-eFMV) 7669 8682 1014
Probe 2 (HSP70-ctp2-cp4 epsps) 8692 1392 1724
Probe 3 (E9 3) 1403 2034 632
Probe 4 (left border region) 2023 2385 363
Probe 5 (backbone) 2414 4986 2573
Probe 6 (backbone) 4890 7484 2595

Figure V-1A. Plasmid Map of PV-MSHT4 with Probe and Restriction Enzyme
Locations

A circular map of the plasmid vector PV-MSHT4 used in the transformation events J101
and J163 with genetic elements annotated is shown above. Restriction sites with positions
relative to the size of the plasmid vector for endonucleases used in the Southern analysis
are shown. Probes used in the Southern analysis are detailed in the accompanying table.
The portion of the plasmid transferred to the plant genome begins near the right border,
extends through the cp4 epsps coding region, and ends near the left border.
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Figure V-1B. Schematic Representation of the T-DNA from the Transformation
Vector PV-MSHT4 that is Present in Roundup Ready Alfalfa Events J101 and J163

A linear map of the T-DNA from the transformation vector PV-MSHT4 is shown. Genetic
elements annotated within the T-DNA are represented by arrows to indicate the direction of
transcription. The left and right borders (LB and RB respectively) are denoted by triangles.
The predicted sizes of restriction fragments for each enzyme or enzyme combination used
in Southern blot analysis are illustrated beneath the schematic. Fragment sizes were
calculated based on the linear map. Roundup Ready alfalfa events J101 and J163 each
contain one copy of the T-DNA at a single integration locus. Although the left and right
borders are illustrated on the map of the T-DNA, they may or may not be fully intact in
each transformation event. Although several restriction enzymes are shown, each one may
not have been used in the analysis of both Roundup Ready alfalfa events.
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Figure V-2. Southern Blot Analysis of Roundup Ready Alfalfa Event J101: Insert
Number
Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa
event J101 genomic DNA extracted from leaf tissue were digested with the restriction
endonucleases Sal I, Sca I and Xba I. The blot was probed with the P-eFMV (Probe 1) and cp4
epsps (Probe 2) genetic elements. Lane designations are as follows:
Lane 1: High Molecular Weight DNA Ladder (Gibco BRL) and Marker I (Roche)
2: R2336[10 pg]

Roundup Ready alfalfa event J101 [10 pg]
R2336 [10 ug] spiked with Sph I restriction fragments of PV-MSHT4 (0.5 copy)
R2336 [10 pg] spiked with Sph I restriction fragments of PV-MSHT4 (1 copy)
Roundup Ready alfalfa event J101 [10 pg]
Markers II and IX (Roche)
—> Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium

bromide stained gel.
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Figure V-3. Southern Blot Analysis of Roundup Ready Alfalfa Event J101: Copy Number
Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa
event J101 genomic DNA extracted from leaf tissue were digested with the restriction
endonuclease Sph I. The blot was probed with the P-eFMV (Probe 1) and cp4 epsps (Probe 2)
genetic elements. Lane designations are as follows:

Lane 1:

AR A

7:

High Molecular Weight DNA Ladder (Gibco BRL) and Marker II (Roche)
R2336 [10 pg]

Roundup Ready alfalfa event J101 [10 pg]

R2336 [10 pg] spiked with Sph I restriction fragments of PV-MSHT4 (0.5 copy)
R2336 [10 pg] spiked with Sph I restriction fragments of PV-MSHT4 (1 copy)
Roundup Ready alfalfa event J101 [10 pg]

Markers II and IX (Roche)

— Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on
ethidium bromide stained gel.
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Figure V-4. Southern Blot Analysis of Roundup Ready Alfalfa Event J101: Cassette

Intactness (P-eFMYV)

Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa

event J101 genomic DNA extracted from leaf tissue were digested with the restriction

endonuclease Pst I. The blot was probed with the P-eFMV (Probe 1) genetic element.

Lane designations are as follows:

Lane 1: High Molecular Weight DNA Ladder (Gibco BRL) and Marker II (Roche)

R2336 [10 pg]

Roundup Ready alfalfa event J101 [10 pg]

R2336 [10 pg] spiked with two Pst I restriction fragments of PV-MSHT4 (0.5 copy)

R2336 [10 png] spiked with two Pst I restriction fragments of PV-MSHT4 (1 copy)

Roundup Ready alfalfa event J101 [10 pg]

Markers II and IX (Roche)

- Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on
ethidium bromide stained gel.
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Figure V-5. Southern Blot Analysis of Roundup Ready Alfalfa Event J101: Cassette
Intactness (HSP70-ctp2-cp4 epsps)
Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa
event J101 genomic DNA extracted from leaf tissue were digested with the restriction
endonuclease Pst I. The blot was probed with the HSP70-ctp2-cp4 epsps (Probe 2) genetic
elements. Lane designations are as follows:
Lane 1: High Molecular Weight DNA Ladder (Gibco BRL) and Marker II (Roche)
2: R2336[10 pg]
Roundup Ready alfalfa event J101 [10 pg]
R2336 [10 png] spiked with two Pst I restriction fragments of PV-MSHT4 (0.5 copy)
R2336 [10 pg] spiked with two Pst I restriction fragments of PV-MSHT4 (1 copy)
Roundpu Ready alfalfa event J101 [10 pg]
Markers II and IX (Roche)
—> Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on
ethidium bromide stained gel
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Figure V-6. Southern Blot Analysis of Roundup Ready Alfalfa Event J101: Cassette

Intactness (E9 3°)

Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa event

J101 genomic DNA extracted from leaf tissue were digested with the restriction endonuclease Pst

I. The blot was probed with the E9 3’ (Probe 3) genetic element. Lane designations are as

follows:

Lane 1: High Molecular Weight DNA Ladder (Gibco BRL) and Marker II (Roche)

2: R2336[10 pg]

3:  Roundup Ready alfalfa event J101 [10 pg]

4. R2336 [10 ng] spiked with two Pst I restriction fragments of PV-MSHT4 (0.5 copy)

5: R2336 [10 pg] spiked with two Pst I restriction fragments of PV-MSHT4 (1 copy)

6: Roundup Ready alfalfa event J101 [10 pg]

7 . Markers II and IX (Roche)

—  Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide stained gel.
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Figure V-7. Southern Blot Analysis of Roundup Ready Alfalfa Event J101: Left

Border Region

Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa
event J101 genomic DNA extracted from leaf tissue were digested with the restriction
endonuclease Sph 1. The blot was probed with the left border region (Probe 4) of the
plasmid PV-MSHT4 genetic elements. Lane designations are as follows:

Lane

SNk w

High Molecular Weight DNA Ladder (Gibco BRL) and Marker II (Roche)
R2336 [10 pg]

Roundup Ready alfalfa event J101 [10 pg]

R2336 [10 pg] spiked with Sph I restriction fragments of PV-MSHT4 (0.5 copy)
R2336 [10 pg] spiked with Sph I restriction fragments of PV-MSHT4 (1 copy)
Roundup Ready alfalfa event J101 [10 pg]

Markers II and IX (Roche

Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on

ethidium bromide stained gel.
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Figure V-8. Southern Blot Analysis of Roundup Ready Alfalfa Event J101:

Backbone

Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa
event J101 genomic DNA extracted from leaf tissue were digested with the restriction
endonucleases Sal I, Sca I and Xba I. The blot was probed with the backbone region of the
plasmid PV-MSHT4 (Probes 5 and 6). Lane designations are as follows:

Lane 1:
2:

~ O\ D bW

—
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High Molecular Weight DNA Ladder (Gibco BRL) and Marker II (Roche)
R2336 [10 pg]

: Roundup Ready alfalfa event J101 [10 pg]
: R2336 [10 pg] spiked with Hind III + Not I restriction fragment of PV-MSHT4 (0.5 copy)
: R2336 [10 pg] spiked with Hind IIT + Not I restriction fragment of PV-MSHT4 (1 copy)

: Roundup Ready alfalfa event J101 [10 pg]
: Markers II and IX (Roche)

Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide stained gel.
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Figure V-9. Schematic Representation of the Insert in Roundup Ready Alfalfa Event
J101

A schematic of the insert in Roundup Ready alfalfa J101 is shown above. The bold heavy
line represents the genetic material inserted into the alfalfa genome. The lighter line to the
left and right of the insert represents genomic DNA. Individual genetic elements are
identified below the insert. The map was developed on the basis of Southern blot
characterization data for J101.
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Figure V-10. Southern Blot Analysis of Roundup Ready Alfalfa Event J163: Insert
Number
Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa event J163
genomic DNA extracted from leaf tissue were digested with the restriction endonucleases Sal I, Sca |
and Xba I. The blot was probed with the P-eFMV (Probe 1) and cp4 epsps (Probe 2) genetic elements.
Lane designations are as follows:
Lane 1: High Molecular Weight DNA Ladder (Gibco BRL) and Marker II (Roche)

2:  Roundup Ready alfalfa event J163 [10 pg]
R2336 [10 pg]
R2336 [10 ug] spiked with Sph I restriction fragments of PV-MSHT4 (0.5 copy)
R2336 [10 pg] spiked with Sph I restriction fragments of PV-MSHT4 (1 copy)
Roundup Ready alfalfa event J163 [10 pg]

7:  Markers II and IX (Roche)
— Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on
ethidium bromide stained gel.
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Figure V-11. Southern Blot Analysis of Roundup Ready Alfalfa Event J163: Copy
Number
Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa event
J163 genomic DNA extracted from leaf tissue were digested with the restriction endonuclease
Sph 1. The blot was probed with the P-eFMV (Probe 1) and cp4 epsps (Probe 2) genetic
elements. Lane designations are as follows:
Lane 1: High Molecular Weight DNA Ladder (Gibco BRL) and Marker II (Roche)
R2336 [10 pg]
Roundup Ready alfalfa event J163 [10 pg]
R2336 [10 pg] spiked with Sph I restriction fragments of PV-MSHT4 (0.5 copy)
R2336 [10 pg] spiked with Sph I restriction fragments of PV-MSHT4 (1 copy)
Roundup Ready alfalfa event J163 [10 pg]
7: Markers II and IX (Roche)
—  Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide stained gel.
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Figure V-12. Southern Blot Analysis of Roundup Ready Alfalfa Event J163: Cassette
intactness (P-eFMYV)

Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa
event J163 genomic DNA extracted from leaf tissue were digested with the restriction
endonuclease combination Dra [+Mfe 1. The blot was probed with the P-eFMV (Probe 1)
genetic element. Lane designations are as follows:

Lane 1: High Molecular Weight DNA Ladder (Gibco BRL) and Marker II (Roche)
R2336 [10 pg]

Roundup Ready alfalfa event J163 [10 ng]

R2336 [10 pg] spiked with PV-MSHT4 (0.5 copy

R2336 [10 pg] spiked with PV-MSHT4 (1 copy)

Roundup Ready alfalfa event J163 [10 ng]

Markers II and IX (Roche)

—> Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide stained gel.
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Figure V-13. Southern Blot Analysis of Roundup Ready Alfalfa Event J163: Cassette
Intactness (HSP70-ctp2-cp4 epsps)

Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa
event J163 genomic DNA extracted from leaf tissue were digested with the restriction
endonuclease combination Dra [+Mfe 1. The blot was probed with the HSP70-ctp2-cp4
epsps (Probe 2) genetic elements. Lane designations are as follows:

Lane 1:

High Molecular Weight DNA Ladder (Gibco BRL) and Marker II (Roche)

2: R2336[10 pg]

AN L W

7:
Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on

Roundup Ready alfalfa J163 [10 pug]

R2336 [10 ng] spiked with PV-MSHT4 (0.5 copy)
R2336 [10 pg] spiked with PV-MSHT4 (1 copy)
Roundup Ready alfalfa event J163 [10 pg]
Markers I and IX (Roche)

ethidium bromide stained gel.
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Figure V-14. Southern Blot Analysis of Roundup Ready Alfalfa Event J163:

Cassette Intactness (E9 3°)

Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa

event J163 genomic DNA extracted from leaf tissue were digested with the restriction

endonuclease combination Dra [+Mfe 1. The blot was probed with the E9 3’ (Probe 3)

genetic element. Lane designations are as follows:

Lane 1: High Molecular Weight DNA Ladder (Gibco BRL) and Marker II (Roche)
2: R2336[10 pg]

Roundup Ready alfalfa event J163 [10 ng]

R2336 [10 ng] spiked with PV-MSHT4 (0.5 copy

R2336 [10 pg] spiked with PV-MSHT4 (1 copy)

Roundup Ready alfalfa event J163 [10 pg]

7: Markers II and IX (Roche)

Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on

ethidium bromide stained gel.
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Figure V-15. Southern Blot Analysis of Roundup Ready Alfalfa Event J163: Left
Border Region
Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa
event J163 genomic DNA extracted from leaf tissue were digested with the restriction
endonuclease Sph I. The blot was probed with the left border region (Probe 4) of the plasmid
PV-MSHT4 genetic elements. Lane designations are as follows:
Lane 1: High Molecular Weight DNA Ladder (Gibco BRL) and Marker I (Roche)
2: R2336[10 pg]
Roundup Ready alfalfa event J163 [10 pg]
R2336 [10 ug] spiked with Sph I restriction fragments of PV-MSHT4 (0.5 copy)
R2336 [10 pg] spiked with Sph I restriction fragments of PV-MSHT4 (1 copy)
Roundup Ready alfalfa event J163 [10 ng]
7: Markers II and IX (Roche)
—  Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide stained gel.
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Figure V-16. Southern Blot Analysis of Roundup Ready Alfalfa Event J163:
Backbone
Ten micrograms of R2336 conventional and twenty micrograms of Roundup Ready alfalfa event
J163 genomic DNA extracted from leaf tissue were digested with the restriction endonucleases
Sal I, Scal and Xba I. The blot was probed with the backbone region of the plasmid PV-MSHT4
(Probes 5 and 6). Lane designations are as follows:
Lane 1: High Molecular Weight DNA Ladder (Gibco BRL) and Marker IT (Roche)
2: R2336 [10 pg]
3: Roundup Ready alfalfa event J163 [10 pg]
4: R2336 [10 pg] spiked with Hind IIT + Not I restriction fragment of PV-MSHT4 (0.5
copy)
: R2336 [10 pg] spiked with Hind IIT + Not I restriction fragment of PV-MSHT4 (1 copy)
: Roundup Ready alfalfa event J163 [10 pg]
7: Markers II and IX (Roche)
Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide stained gel.
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Figure V-17. Schematic Representation of the Insert in Roundup Ready Alfalfa
Event J163

A schematic of the insertion in J163 is shown above. The bold heavy line represents the
genetic material inserted into the alfalfa genome. The lighter line to the left and right of
the insert represents genomic DNA. Individual genetic elements are identified below the

insert. The map was developed on the basis of Southern blot characterization data for
J163.
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Roundup Ready Alfalfa J101 and J163

Figure V-18. Roundup Ready Alfalfa Breeding History
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Figure V-19. Stability Analysis of Roundup Ready Alfalfa Events J101 and J163

Ten micrograms of R2336 conventional and ten micrograms of genomic DNA from the test
substances were digested with the restriction endonuclease Sph I. The blot was probed with the
P-eFMV (Probe 1) and HSP70-ctp2-cp4 epsps (Probe 2). Lane designations are as follows:

Lane 1: Markers Il and IX (Roche) 7: Event dropped from development
2: R2336[10 ug] 8:  Line dropped development
3: R2336 [10 pg] spiked with 9: J101 x J163 [10 pg]
plasmid PV-MSHT4 (1 copy) 10:  Line dropped from development
4: Roundup Ready alfalfa event J101 11:  Line dropped from development
[10 pg] 12:  Line dropped from development
5: Event dropped from development 13:  Line dropped from development
6: Roundup Ready alfalfa event J163 14:  Empty
[10 pg] 15:  Markers II and IX (Roche)

—  Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide stained gel.
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B. Segregation Data

Inheritance of the Roundup Ready insert was determined through five generations where
the Roundup Ready gene was introgressed into elite alfalfa germplasm. The J101 and
J163 T, plants were initially outcrossed to a small number of elite FD3 clones. Roundup
Ready progeny from the initial F1 cross were outcrossed to a second set of unrelated elite
FD3 clones to produce the modified backcross 1 generation (MBC;). Subsequent MBC,
generations (MBC,-MBCy) were produced by outcrossing Roundup Ready progeny from
the previous generation to elite conventional clones from a variety of fall dormancy
groups (Fall Dormancy and Non-dormancy). For all of the crossing cycles described
above, the Roundup Ready parent was used as the pollen donor. Segregation data for
four of the five generations of populations derived from modified backcrosses made
between F1 plants hemizygous for the cp4 epsps gene and derived from plants containing
Roundup Ready alfalfa events and elite parental plants are presented in Table V-1. The
inheritance of the introduced DNA in the progenies from the modified backcrosses was
monitored phenotypically at the whole plant level by application of Roundup at the two-
to three-leaf stage in a greenhouse.

Statistical significance for the segregation data was determined using Chi square analysis.
For these analyses a Chi square value (”) was determined as follows: > =Y. [(Jo-¢|-
0.5)*/e], where o = observed frequencies for each class, e = expected frequencies for each
class and 0.5 = Yates correction factor for Chi square analysis with one degree of
freedom (df) (Little and Hills, 1978). The calculated Chi square value was compared to a
table of Chi square values to determine whether the observed frequencies fit the
expectation for a single insert at p = 0.05 and/or p = 0.01.

Chi square analysis showed that the majority of the values were not significantly
different. However, four of the 14 Chi-square values (Table V-1) indicate a significant
difference between the observed and expected values with three of the four values below
the predicted value and one above. Much of the variability can probably be attributed to
differences in the rate of setting of self-seed observed with different alfalfa populations.
As part of the Roundup Ready alfalfa breeding development program Forage Genetics
has used the Roundup Ready trait to estimate the level of selfing in hand crosses of
alfalfa (McCaslin and Temple, 2003). Research conducted by Forage Genetics indicates
that under greenhouse conditions, when non-emasculated hand crosses are made by
experienced researchers, up to 10% of the seed produced can be the result of selfing.
Data presented in Table V-1 were developed using Roundup Ready alfalfa pollen donors
and conventional alfalfa plants as the females. Therefore, given the predicted level of
selfing, a 45% inheritance ratio would be expected. In practice, Forage Genetics has
observed a 43-47% inheritance ratio for the Roundup Ready trait in the on-going forward
breeding program. The remaining statistically significant observation at 60% is clearly
above the predicted value of 50%, however, the sample size used for this determination
was based on a very small number of observations (only 133 test samples), thus random
sampling error may have contributed to the unexpectedly high inheritance ratio for this
population estimate.

The remaining observation at 60% is clearly above the predicted value of 50%.
However, the sample size used for this determination was based on a very small number
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of observations (only 133 test samples), and thus may have contributed to sampling errors
resulting in the unexpectedly high inheritance ratio.

In summary, data presented in Table V-1 show that the Roundup Ready trait was stably
maintained through five generations in alfalfa. On the basis of Chi square analyses of the
inheritance data, it is concluded that the Roundup Ready trait in alfalfa plants containing
J101 or J163 is inherited in a one-locus Mendelian fashion. These results are also
consistent with the genetic analysis described in this section, thus confirming that J101
and J163 are present at a single locus.
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Table V-1. Phenotypic Segregation Data for Roundup Ready Alfalfa Events J101 and J163.

Dormancy
Group Event(s) Generation
ALL J101 F1
ALL J163 F1
ALL J101 MBC1
ALL J163 MBCI1
FD J101 MBC2
FD J163 MBC2
ND J101 MBC2
ND J163 MBC2
ALL J101 MBC2
ALL J163 MBC2
FD J101 MBC3
FD J163 MBC3
FD J101 MBC4
FD J163 MBC4

* = Significantly different (p < 0.05)
NS = NotSignificant

Number
Tested
133
131
405
404
565
578
201
180
766
758
1523
1543
155
172

Roundup Ready Alfalfa J101 and J163

Roundup

Number Ready %

Tolerant Tolerant
80 60.00
65 49.60
170 42.00
194 48.00
259 45.84
276 47.75
101 50.25
80 44 .44
360 47.00
356 46.97
663 43,53
689 44.65
80 51.61
82 47.67
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Roundup

Ready %

Expected
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00

Chi-Square
Value Significance
5.083 *
0.000 NS
10.114 *
0.557 NS
3.745 NS
1.081 NS
0.000 NS
2.006 NS
2.644 NS
2.672 NS
25.224 *
17.731 *
0.103 NS
0.285 NS




C. Characterization of the CP4 EPSPS Protein Produced by Event J101

The purpose of the protein characterization was to assess the physicochemical and
functional properties of the CP4 EPSPS protein isolated from Roundup Ready alfalfa
event J101 and to compare it with the E. coli-produced CP4 EPSPS protein used in
previous safety studies.

A panel of analytical tests, some utilizing the E. coli-produced CP4 EPSPS protein as a
reference standard, was used to characterize the plant-produced CP4 EPSPS protein. The
analytical tests were: (1) BCA total protein assay; (2) sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and densitometry; (3) immunoblotting;
(4) glycosylation analysis; (5) enzyme activity assay; (6) N-terminal sequence analysis;
and (7) matrix assisted laser desorption ionization time of flight (MALDI-TOF) mass
spectrometry.

The identity of the plant-produced protein was confirmed using data from immunoblot
analyses, N-terminal sequence analyses and MALDI-TOF mass spectrometry. On the
basis of western blot analysis, the electrophoretic mobility and immunoreactivity of the
plant-produced CP4 EPSPS protein were similar to the E. coli-produced CP4 EPSPS
reference standard. The amino acids on the N-terminus of the protein were sequenced.
The amino acid sequence was consistent with the predicted sequence of amino acids
translated from the cp4 epsps gene. MALDI-TOF mass spectral analysis of the tryptic
digest of the CP4 EPSPS isolated from Roundup Ready alfalfa event J101 yielded
peptide sequences consistent with the peptide sequences of the E. coli-produced CP4
EPSPS. Approximately 53.4% of the expected 455 amino acid sequence comprising the
in planta CP4 EPSPS protein was identified using MALDI-TOF mass spectrometry.

The approximate molecular weight of the plant-produced CP4 EPSPS protein, estimated
using densitometric analysis of a Brilliant Blue G-Colloidal stained SDS-polyacrylamide
gel, was observed to be 43.6 kDa. The molecular weight of the plant-produced CP4
EPSPS, as determined by the mass average (MH+) molecular weight using MALDI-TOF
mass spectrometry, was 47037.3 Da, consistent with the calculated molecular weight of
CP4 EPSPS. The functional activities of the plant-produced CP4 EPSPS protein and the
E. coli-produced CP4 EPSPS reference standard were determined using a phosphate
release assay. The specific activities for the plant-produced and E. coli-produced CP4
EPSPS were estimated to be 5.5 U/mg total protein and 3.9 U/mg total protein,
respectively.

C.1. Protein Purification

The plant-produced CP4 EPSPS protein was isolated from an alfalfa plant containing
event J101. The plant was a ramet produced from the original T transformant that had
been maintained in tissue culture. CP4 EPSPS was extracted and purified from forage
obtained from the plant using a combination of ammonium sulfate fractionation,
hydrophobic interaction chromatography, anion exchange chromatography, and affinity
chromatography.
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C.2. N-terminal Sequence Analysis

The results of the N-terminal sequence analysis of the plant-produced CP4 EPSPS protein
are summarized in Table V-2. The experimentally determined N-terminal sequence for
the plant-produced CP4 EPSPS, isolated from alfalfa event J101, confirmed the expected
amino acid N-terminal sequence. There were two sequences observed in the CP4 EPSPS
protein isolated from alfalfa event J101. Both are consistent with the N-terminus of the
CP4 EPSPS protein. One sequence starts at residue six, serine, and the other sequence
starts at residue five, alanine. The observation of two N-terminal sequences for plant-
produced CP4 EPSPS is not uncommon; other studies have previously reported a similar
finding with plant purified CP4 EPSPS from soybean, canola and cotton (Harrison et al.,
1996). The initiator methionine is normally removed in eukaryotic systems via the action
of a methionine aminopeptidase (Arfin and Bradshaw, 1988). The loss of a few N-
terminal amino acid residues may be because of protease action when plant cells are
homogenized. Collectively, the N-terminal sequence data confirm that the correct protein
has been isolated from the forage sample of alfalfa event J101 and the N-terminal
sequence observed is consistent with the N-terminal sequence of E. coli-produced CP4
EPSPS reference standard.

C.3. MALDI-TOF MS Analysis

The average mass (MH+) of the CP4 EPSPS for alfalfa was estimated using MALDI-
TOF mass spectrometry after desalting the sample. The actual mass observed for the
plant-produced CP4 EPSPS was 47,037 kDa. The theoretical mass is 47,614 kDa, which
was calculated using DNAStar, based on the full length of 455 amino acids (Figure V-
20). If corrected for amino acids 6-455 as predicted by N-terminal sequencing, the
calculated mass would be 47,104 kDa.
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Table V-2. N-Terminal Amino Acid Sequence Analysis of CP4 EPSPS Isolated from
Roundup Ready Alfalfa Event J101.

The predicted amino acid sequence (residues 1-20 of 455) of the plant-produced CP4
EPSPS protein was deduced from the coding region of the full-length cp4 epsps gene
present in Roundup Ready alfalfa event J101. The observed sequences (1 and 2) were
obtained from N-terminal sequencing where the CP4 EPSPS protein isolated from alfalfa
event J101 was sequenced through 15 cycles. Undesignated amino acid assignments are
shown as an “X” and tentative amino acid assignments are shown in parentheses using
the single letter amino acid code”.

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

PrReDICTED M L H G A S S RPATARIKS ST S GLSG
N T A A B ]

OBSERVED-1 S S RPATARIKIXS SG GLXX
[ O T I O R T N A

OBSERVED-2 A S S RPATXU RIKS S GLC(®S

“The single letter [IUPAC-IUB amino acid code is A, alanine; G, glycine; H, histidine; K,
lysine; L, leucine; M, methionine; P, proline; R, arginine; S, serine; and T, threonine.

The identity of the plant-produced CP4 EPSPS protein was assessed using MALDI-TOF
mass spectrometry. Prior to analysis, the protein sample was chemically reduced,
alkylated and proteolytically digested with trypsin. MALDI-TOF is considered an
indirect means of establishing protein identity. The ability to identify a protein using this
method is dependent on matching a sufficient number of observed mass fragments to
expected (theoretical) mass fragments. A protein can typically be identified when 40% of
the amino acids in the protein are identified by matching experimental masses for the
tryptic peptide fragments to the expected masses for the fragments (Jiménez et al., 1998).

Differences of less than one dalton between the observed mass and its theoretical mass
fragment were required to be designated as a match. Matches were made without
consideration for potential amino acid modifications. A total of 20 observed mass
fragments matched the expected tryptic digest mass fragments from the deduced amino
acid sequence of the CP4 EPSPS protein (Table V-3). The identified masses were used
to assemble a coverage map indicating the matched peptide sequences for the entire
protein (Figure V-20). Sufficient coverage (53.4%) was obtained to confirm the identity
of the plant-produced CP4 EPSPS protein.

Roundup Ready Alfalfa J101 and J163
Page 74 of 406



Table V-3. Summary of MALDI-TOF Mass Spectrometry Tryptic Masses Observed for CP4 EPSPS Isolated from
Roundup Ready Alfalfa Event J101.

Observed Mass (Da) Expected aa
no Zip-tip* | Wash 1°| Wash2” | Wash 3" | Wash 4" |Mass (Da)  A° Position [Sequence
568.38 568.25
586.42
599.27 599.39 599.33 0.06 29-33 SISHR
616.40 616.34 | -0.06 128-132 RPMGR
643.97 644.17
698.53 698.58 698.46 | -0.07 152-157 |LPVTLR
711.38 711.53 711.55 711.61 711.45 0.07 133-138  [VLNPLR
855.25
863.56 863.59 863.46 | -0.10 15-23 SSGLSGTVR
872.55 872.45 -0.10 313-320 |GVTVPEDR®
872.55 872.52 | -0.03 358-366 | LSAVANGLK®
948.43 948.63 948.65 948.52 0.09 161-168  TPTPITYR
1060.30
1066.31
1115.46 1115.71 1115.74 | 1115.83 | 1115.57 | 0.11 295-305 |LAGGEDVADLR
1311.52 1311.80 | 1311.84 | 1311.93
1357.57 1357.87 | 1357.90 | 1358.00 | 1357.71 | 0.14 146-157 |SEDGDRLPVTLR
1359.52 1359.86 | 1359.96 | 1359.64 | 0.12 34-46 SFMFGGLASGETR!
1359.52 1359.86 | 1359.96 | 1359.72 | 0.20 354-366 |[ESDRLSAVANGLK!
1559.04 | 1559.17 | 1558.83 | -0.21 47-61 ITGLLEGEDVINTGK
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Table V-3. Summary of MALDI-TOF Mass Spectrometry Tryptic Masses Observed for CP4 EPSPS Isolated from
Roundup Ready Alfalfa Event J101 (cont’d)

Observed Mass (Da) Expected aa
no Zip-tip* | Wash 1°| Wash2” | Wash 3" | Wash 4" |Mass (Da)  A° Position [Sequence
1646.67 1647.03 1647.06 | 1647.18 | 1646.84 | 0.17 389-405 | GLGNASGAAVATHLDHR
1705.03 1705.06
1746.58 1747.01
1763.62 1764.01 1764.05 1763.81 | 0.19 367-382 | LNGVDCDEGETSLVVR
1946.24 | 1946.39 | 1946.05 | -0.19 4-23 GASSRPATARKSSGLSGTVR
1994.18 1994.25 | 1994.38 | 1993.97 | -0.21 206-224 MLQGFGANLTVETDADGVR
213492 | 2135.33 213547 | 2135.60
2182.92 | 2183.34 2183.47 | 2183.59 | 2183.17 | 0.25 275-294  TGLILTLQEMGADIEVINPR
2319.65
2367.66 | 2367.79 | 2367.33 | -0.33 178-200 SAVLLAGLNTPGITTVIEPIMTR
3202.16
EGDTWIIDGVGNGGLLAPEAPLDF
324493 | 3245.05 | 3244.52 | -0.41 73-104 GNAATGCR

* Sample, 0.3 pL, was analyzed directly prior to desalting.

® The Zip-tip was washed with 0.1% (v/v) trifluoroacetic acid containing acetonitrile at varying concentrations [0, 20, 50 and
90% (v/v)] acetonitrile.

¢ A difference of less than one Dalton between the observed and expected mass was considered a match.

4 Two expected fragments having nearly identical masses were matched to one observed mass.

Roundup Ready Alfalfa J101 and J163
Page 76 0f 406




1
51
101
151

201 TIRLEG RGKLTGQVID VPGDPSSTAF
251 PLVAALLVPG SDVTILNVLM NPTR LQEMGADIEV INPRLAGGED

301 VRSST L APSMIDEYPI LAVAAAFAEG ATVMNGLEEL
351 RV DCDEGETSLV VRGRPDGKGL GNASGAAVAT
401 IAMSF LVMGLVSENP VTVDDATMIA TSFPEFMDLM AGLGAKIELS

451 DTKAA

EM GVQVK

Figure V-20. MALDI-TOF Coverage Map of CP4 EPSPS Isolated from Roundup
Ready Alfalfa Event J101.

The amino acid sequence of the plant-produced CP4 EPSPS protein was deduced from
the coding region of the full-length cp4 epsps gene present in Roundup Ready alfalfa
event J101. Shaded regions correspond to identified peptides. Approximately 53.4%
(243 of 455 amino acids) of the expected protein sequence was identified.

C.4. Immunoblot Analysis — Immunoreactivity

Immunoblot analysis was performed using goat anti-CP4 EPSPS serum, which was
produced using the E. coli-produced CP4 EPSPS protein as the antigen. The test
substance was loaded at 8.4, 5.0 and 1.7 ng total protein per lane compared to 2.0 ng CP4
EPSPS per lane for the reference standard. As expected, the immunoreactive signal
increased with increased levels of the plant-produced CP4 EPSPS protein (Figure V-21).
Furthermore, the western blot analysis showed that the CP4 EPSPS protein isolated from
alfalfa event J101 elicited comparable immunoreactivity and equivalent electrophoretic
mobility to the E. coli-produced CP4 EPSPS reference standard. Also visible are two
lower molecular weight immunoreactive bands; in lanes 4-7 a band is visible at
approximately 37 kDa and in lane 5 and 6, a band is visible at 20 kDa. Both of the lower
immunoreactive bands were likely formed by proteolytic degradation of CP4 EPSPS
protein during the protein extraction process. The observed similarity in protein mobility
and the immunoreactivity of both plant- and E. coli —produced CP4 EPSPS proteins
confirms that plant-produced CP4 EPSPS protein is equivalent to E. coli-produced CP4
EPSPS reference standard.
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Lanes
1 2 3 4 5 6 7 8 9 10

MWM (kDa) MWM (kDa)
250 — — 250
150 — — 150
— 100
9= -
20— — - — —
37 — o — 37
25 — — 25
20 — — 20
15 — ; — 15
10 — — 10
Lane Sample Amount (ug)
1 Blank —
2 Blank —
3 Pre Stained MW Markers (Bio-Rad, Cat #: 161-0374) —
4 E. coli-produced CP4 EPSPS reference standard 2.0
5 Plant-produced CP4 EPSPS from alfalfa event J101 8.4
6 Plant-produced CP4 EPSPS from alfalfa event J101 5.0
7 Plant-produced CP4 EPSPS from alfalfa event J101 1.7
8 Prestained MW markers (Bio-Rad, Cat #: 161-0374) —
9 Blank —
10 Blank —

Figure V-21. Immunoblot Analysis of CP4 EPSPS Isolated from Roundup Ready
Alfalfa Event J101.

Samples of plant-produced CP4 EPSPS and E. coli-produced CP4 EPSPS reference
standard were separated by 4—-20% SDS-PAGE, electrotransferred to a PVDF membrane
and detected using CP4 EPSPS polyclonal antisera, followed by development using the
ECL system (45 sec exposure shown). Amount refers to total protein loaded per lane,
except for CP4 EPSPS reference standard, where amount refers to CP4 EPSPS protein.

Approximate molecular weights (kDa) correspond to the markers loaded in Lanes 3 and
8.
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C.5. Molecular Weight and Purity Determination

The plant-produced CP4 EPSPS protein was separated using SDS-PAGE and stained
with Brilliant Blue G-Colloidal stain (Figure V-22). Purity and molecular weight were
estimated using densitometric analysis and are summarized in Table V-4. The purity
values were averaged from loads of 1.7, 3.4, and 5.0 pg total protein per lane (Lanes 4-6,
Figure V-22). The predominant protein band in the plant-purified sample had an average
molecular weight of approximately 43.6 kDa. Because this protein migrated to an
identical molecular weight as that of the E. coli reference standard analyzed concurrently,
this protein was assumed to be the plant-produced CP4 EPSPS. The average purity was
estimated to be 65.2%.

The molecular weight of the plant-produced CP4 EPSPS protein was further confirmed
using MALDI-TOF mass spectrometry. The average mass (MH+), determined from
three separate spectral acquisitions, was 47,037 kDa, compared to a calculated value of
47,614 kDa. While the observed value was very close to the calculated value, this

difference (576.45 Da) is consistent with the absence of 4-5 residues from the N-
terminus.

Table V-4. Protein Molecular Weight and Purity Estimation of CP4 EPSPS Isolated
from Roundup Ready Alfalfa Event J101.

Relative percent quantities of each visible band were derived from densitometric analysis
of the SDS polyacrylamide gel shown in Figure V-22, Lanes 4-6 (test substance). The
test substance molecular weights were calculated from the molecular weight markers
(Figure V-22, Lanes 2 and 8) using the manufacturer’s supplied molecular weight values.
The average molecular weight and purity of the plant-produced CP4 EPSPS protein was
assessed to be ~43.6 kDa and 65.2 % (shown in bold values), respectively.

1.7 ng Load (Figure V-22, | 3.4 pug Load (Figure V-22, 5.0 ug Load (Figure V-22,
Lane 4) Lane 5) Lane 6)
Mol. Wt. (kDa) Relative Qty (%) Mol. Wt. (kDa) Relative Qty (%) Mol. Wt. (kDa) Relative Qty (%)

158.04 0.8 157.75 1.1 157.45 1.2
— — 108.17 0.4 107.76 0.6
86.77 4.4 86.31 5.8 85.63 6.7

44.15 71.9 43.44 65.2 43.08 58.6

40.23 10.0 40.11 11.5 40.04 11.9
33.57 0.7 33.78 0.8 33.71 1.1
29.80 4.2 29.86 4.4 29.84 6.1
27.92 2.5 27.98 3.6 27.95 5.6
25.80 2.9 25.85 3.0 25.82 4.1
16.04 0.5 16.19 1.1 16.19 1.1
— — 12.10 0.6 11.97 0.7
7.15 2.1 7.40 2.5 7.39 2.4
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Lanes
1 2 3 45 6 7 8 9 10

MWM (kDa) =~ L L JLJl LIt s s MWM(kDa)
200 — - - —200
116.25— —_ e —116.25
97.4— — R, —97.
66.2— — o —66.2
45 — ——— - " —45
31— p— . — —31
21.5— — — —21.5
14.4— —— — —14.4
6.5— — — —6.5
Lane Sample Amount (ug)
1  Blank —
2 MW Markers (Bio-Rad, Cat #: 161-0317) 0.5 pg/band
3 E.coli-produced CP4 EPSPS reference standard 2.0
4  Plant-produced CP4 EPSPS from alfalfa event J101 1.7
5  Plant-produced CP4 EPSPS from alfalfa event J101 34
6  Plant-produced CP4 EPSPS from alfalfa event J101 5.0
7  Blank —
8 MW Markers (Bio-Rad, Cat #: 161-0317) 0.5 pg/band
9 Blank —
10  Blank —

Figure V-22. SDS-PAGE Purity and Molecular Weight Analysis of CP4 EPSPS
Isolated from Roundup Ready Alfalfa Event J101.

Samples of the plant-produced CP4 EPSPS and E. coli-produced CP4 EPSPS reference
protein were loaded as indicated on a 4—20% polyacrylamide gel. Amount refers to total
protein loaded per lane, except for CP4 EPSPS reference standard, where amount refers
to CP4 EPSPS protein. Approximate molecular weights (kDa) correspond to the markers
loaded in Lanes 2 and 8. Following electrophoresis, the Brilliant Blue G-Colloidal
stained gel was analyzed densitometrically (see Table V-4).
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C.6. Functional Activity

The specific activity of the plant-produced CP4 EPSPS protein was estimated using a
phosphate release assay. The estimated specific activity of the plant-produced CP4
EPSPS was 5.5 U/mg total protein. The specific activity of the E. coli-produced CP4
EPSPS reference standard protein, which was analyzed concurrently, was 3.9 U/mg total
protein. These values were within the range of specific activities of CP4 EPSPS protein
reported in other studies (Harrison et al., 1996). The enzyme assay demonstrated the
plant-produced CP4 EPSPS was as active as E. coli-produced CP4 EPSPS protein and
thus plant-produced protein is functionally equivalent to the E. coli-produced protein with
respect to S-3-P dependent CP4 EPSPS enzyme mediated release of the phosphate group
from PEP.

C.7. Glycosylation Analysis

Many eukaryotic proteins are posttranslationally modified with carbohydrate moieties
(Rademacher et al., 1988). These carbohydrate moieties may be complex, branched
polysaccharide structures or simple monosaccharides. To test whether posttranslational
glycosylation of the plant-produced CP4 EPSPS protein occurred, the plant-produced
CP4 EPSPS protein was analyzed for covalently bound carbohydrate using the ECL
glycoprotein detection system kit of Amersham Pharmacia Biotech, Inc. (Piscataway,
NJ). The E. coli-produced CP4 EPSPS reference standard protein (negative control) and
the transferrin protein (positive control) were also analyzed concurrently. The results are
presented in Figure V-23. A total of three film exposures (1 min, 2 min, and 4 min) were
produced. The exposure shown in Figure V-23 was produced from a scan of the 2 min
film exposure. The positive control (transferrin) was clearly detected from the highest
concentration of 1.0 pg/lane to the lowest concentration of 0.10 pg/lane, in a
concentration dependent manner. However, at the longest film exposure-time of 4 min
(data not shown), a barely discernable band, close to the expected position for the CP4
EPSPS protein, was observed for the test substance and for the E. coli-produced CP4
EPSPS protein (considered as the negative control). Glycosylation of proteins is a
posttranslational process, which occurs exclusively in eukaryotic organisms and is not
observed in prokaryotic organisms such as E. coli. Therefore, the very faint band
observed for the test and reference CP4 EPSPS proteins on the 4 min exposure is likely
attributable to a weak nonspecific interaction between the detection reagent (Streptavidin-
HRP conjugate) and protein mass bound to the blot. Additionally, N-linked glycosylation
would result in an apparent increase in the molecular weight of the plant-produced CP4
EPSPS protein. However, this was not observed for the average mass determination of
the plant-produced CP4 EPSPS protein using MALDI-TOF mass spectrometry. The
glycosylation analysis demonstrated that there is no detectable glycosylation of the CP4
EPSPS protein produced in alfalfa and thus the plant-produced protein is equivalent to
the E. coli-produced CP4 EPSPS reference standard with respect to glycosylation.
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Lanes
1 2 3 4 5 6 7 8 9 10

MWM (kDa) ‘ MWM (kDa)
250 — - — 250
150 — — 150
100 — — 100
75 — o du — 75
50 — - — 50
37— — 37
25 — — 25
20 — — 20
15— — 15
10 — — 10
Lane Sample Amount (ug)
1 Blank —
2 Pre Stained MW Markers (Bio-Rad, Cat #: 161-0374) —
3 Transferrin (Positive control) 1.0
4 Transferrin (Positive control) 0.50
5 Transferrin (Positive control) 0.10
6 E. coli-produced CP4 EPSPS reference standard 1.0
7 Plant-produced CP4 EPSPS from alfalfa event J101 1.7
8 Plant-produced CP4 EPSPS from alfalfa event J101 0.83
9 Pre Stained MW Markers (Bio-Rad, Cat #: 161-0374) —
10 Blank —

Figure V-23. Glycosylation Analysis of CP4 EPSPS Isolated from Roundup Ready

Alfalfa Event J101.

Samples of plant-produced CP4 EPSPS, E. coli-produced CP4 EPSPS reference standard
(negative control) and transferrin (positive control) were separated by SDS-PAGE
(4—20%) and electrotransferred to PVDF membrane. If present, the protein-bound
carbohydrate moiety is labeled with biotin, and detected with streptavidin-horseradish
peroxidase and enhanced chemiluminescence (2 min exposure shown). Amount refers to
total protein loaded per lane, except for CP4 EPSPS reference standard, where amount
refers to CP4 EPSPS protein. Approximate molecular weights (kDa) correspond to the

markers loaded in Lanes 2 and 9.
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C.8. Conclusions for Event J101 CP4 EPSPS Protein Characterization

The physicochemical and functional properties of the plant-produced CP4 EPSPS protein
isolated from Roundup Ready alfalfa event J101 were assessed. A battery of analytical
tests was used to characterize the physicochemical and functional properties of the plant-
produced CP4 EPSPS protein. The E. coli-produced CP4 EPSPS protein was included in
selected analyses as a reference standard. The analytical tests included (1) BCA total
protein assay, (2) sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and densitometry, (3) immunoblotting, (4) glycosylation analysis, (5) enzymatic
assay, (6) N-terminal sequence analysis, and (7) MALDI-TOF mass spectrometry.

The results of N-terminal sequence analysis of the plant-produced CP4 EPSPS protein
were consistent with the expected CP4 EPSPS protein N-terminal sequence. Immunoblot
and MALDI-TOF mass spectrometric analyses also provided data to confirm the identity
of the plant-produced CP4 EPSPS protein. A phosphate release assay confirmed that the
CP4 EPSPS protein isolated from alfalfa event J101 was functionally active.

SDS-PAGE, immunoblot analysis, glycosylation analysis and a functional assay were
performed to evaluate the equivalence of the plant-produced CP4 EPSPS protein to the E.
coli-produced CP4 EPSPS reference standard protein. The plant-produced CP4 EPSPS
protein was considered to be equivalent to the E. coli-produced CP4 EPSPS reference
standard protein based on comparable electrophoretic mobility, enzyme activity,
immunoreactivity and absence of detectable glycosylation. Moreover, N-terminal
sequence data and MALDI-TOF data clearly establish the identity of plant-produced CP4
EPSPS.

Collectively, these data establish the physicochemical and functional properties of the
CP4 EPSPS protein isolated from alfalfa event J101 and establish its chemical and
functional equivalence to the E. coli-produced CP4 EPSPS protein used in previous
safety studies.

D. Characterization of the CP4 EPSPS Protein Produced by Event J163

The purpose, material and methods used for the characterization of the CP4 EPSPS
protein produced by alfalfa event J163 were the same as previously described for event
J101, except that the CP4 EPSPS protein was isolated from an alfalfa plant containing
event J163. (Background information on the transformation vector and the CP4 EPSPS
protein has been described in Section IV above).

D.1. N-terminal Sequence Analysis

The results of the N-terminal sequence analysis of the plant-produced CP4 EPSPS protein
are summarized in Table V-5. The experimentally determined N-terminal sequence for
the plant-produced CP4 EPSPS isolated from alfalfa event J163 confirmed the expected
amino acid sequence. There were two sequences observed in the CP4 EPSPS protein
isolated from alfalfa event J163. Both are consistent with the N-terminus of the CP4
EPSPS protein. One sequence starts at residue six, serine, and the other sequence starts at
residue five, alanine. The observation of two N-terminal sequences for plant-produced
CP4 EPSPS is not uncommon; other studies have previously reported similar
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observations with plant-purified CP4 EPSPS from soybean, canola and cotton (Harrison
etal., 1996). The initiator methionine is normally removed in eukaryotic systems via the
action of a methionine aminopeptidase (Arfin and Bradshaw, 1988). The loss of a few N-
terminal amino acid residues may be because of protease action when plant cells are
homogenized. Collectively, the N-terminal sequence data confirm that the correct protein
has been isolated from the forage tissue of alfalfa event J163 and the N-terminal sequence
observed is consistent with the N-terminal sequence of the E. coli-produced CP4 EPSPS
reference standard.

Table V-5. N-terminal Amino Acid Sequence Analysis of CP4 EPSPS Isolated from
Roundup Ready Alfalfa Event J163.

The predicted amino acid sequence (residues 1-20 of 455) of the plant-produced CP4
EPSPS protein was deduced from the coding region of the full-length cp4 epsps gene
present in Roundup Ready alfalfa event J163. The observed sequences (1 and 2) were
obtained from N-terminal sequencing where the CP4 EPSPS protein isolated from alfalfa
event J163 was sequenced through 15 cycles. Undesignated amino acid assignments are
shown as an “X” and amino acid assignments are shown using the single letter amino
acid code”.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
PReDIcTED M L H G A S S RPATAIRIKS S SGL SG
S L R I
OBSERVED-1 S S RPATARIKS S S GLXZX
| [ | L
OBSERVED-2 A S XRPATXI RIKXZ S GL X

*The single letter [UPAC-IUB amino acid code is A, alanine; G, glycine; H, histidine; K,
lysine; L, leucine; M, methionine; P, proline; R, arginine; S, serine; and T, threonine

D.2. MALDI-TOF MS Analysis

The average mass (MH+) of the test substance was estimated using MALDI-TOF mass
spectrometry after desalting the sample. The actual mass observed for the plant-produced
CP4 EPSPS was 47,032 kDa. The theoretical mass is 47,614 kDa, which was calculated
using DNAStar, based on the full length of 455 amino acids (Figure V-24). If corrected
for amino acids 6-455 as predicted by N-terminal sequencing, the calculated mass would
be 47,104 kDa.

The identity of the plant-produced CP4 EPSPS protein was assessed using MALDI-TOF
mass spectrometry. Prior to analysis, the protein sample was chemically reduced,
alkylated and proteolytically digested with trypsin. MALDI-TOF is considered an
indirect means of establishing protein identity. The ability to identify a protein using this
method is dependent on matching a sufficient number of observed mass fragments to
expected (theoretical) mass fragments. A protein can typically be identified when 40% of
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the amino acids in the protein are identified by matching experimental masses for the
tryptic peptide fragments to the expected masses for the fragments (Jiménez et al., 1998).

Differences of less than one dalton between the observed mass and its theoretical mass
fragment were required to be designated as a match. Matches were made without
consideration for potential amino acid modifications. A total of 21 observed mass
fragments matched the expected tryptic digest mass fragments from the deduced amino
acid sequence of the CP4 EPSPS protein (Table V-6). The identified masses were used
to assemble a coverage map indicating the matched peptide sequences for the entire
protein (Figure V-24). Sufficient coverage (54.7%) was obtained to confirm the identity
of the plant-produced CP4 EPSPS protein.
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Table V-6. Summary of MALDI-TOF Mass Spectrometry Tryptic Masses Observed for CP4 EPSPS Isolated from
Roundup Ready Alfalfa Event J163.

Observed Mass (Da) Expected aa
no Zip-tip’, Wash 1" | Wash 2" | Wash 3" | Wash 4" | Mass (Da) A Position |Sequence
568.34 568.37
586.43
599.33 599.38 599.44 599.33 0.00 29-33  |SISHR
629.27 629.34 629.29 0.02 201-205 |[DHTEK!
629.27 629.34 629.34 0.07 383-388 |GRPDGK"
640.52
644.18
650.06
668.55
698.52 698.59 698.46 -0.06 152-157 |[LPVTLR
711.38 711.47 711.51 711.59 711.61 711.45 0.07 133-138 |VLNPLR
739.41
787.42 787.47
863.54 863.63 863.46 -0.08 15-23  |SSGLSGTVR
872.49 872.54 872.63 872.45 -0.04 313-320 |GVTVPEDR"
872.49 872.54 872.63 872.52 0.03 358-366 |[LSAVANGLK"
948.42 948.55 948.61 948.71 948.74 948.52 0.10 161-168 |TPTPITYR
111548 | 1115.61 | 1115.69 | 1115.79 | 1115.82 1115.57 0.09 295-305 |[LAGGEDVADLR
1311.69 | 1311.78 | 1311.91 1311.94
1357.76 | 1357.85 | 1357.98 | 1358.01 1357.71 -0.05 146-157 |SEDGDRLPVTLR
1359.72 1359.93 | 1359.95 1359.64 -0.08 34-46 |SFMFGGLASGETR'
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Table V-6. Summary of MALDI-TOF Mass Spectrometry Tryptic Masses Observed for CP4 EPSPS Isolated from
Roundup Ready Alfalfa Event J163, (continued).

Observed Mass (Da) Expected aa
no Zip-tip’| Wash 1" | Wash 2" | Wash 3" | Wash 4" | Mass (Da) | A° Position |Sequence

1359.72 1359.93 | 1359.95 1359.72 | 0.00 | 354-366 |ESDRLSAVANGLK

1558.88 1559.13 | 1559.17 1558.83 | -0.05 47-61 ITGLLEGEDVINTGK

1646.88 | 1647.00 | 1647.15 | 1647.20 1646.84 |-0.04 | 389-405 |GLGNASGAAVATHLDHR

1746.82 1747.12 | 1747.15

1763.86 | 1763.98 | 1764.14 | 1764.17 1763.81 |-0.05] 367-3832 |[LNGVDCDEGETSLVVR

1946.03 1946.34 1946.05 | 0.02 4-23 GASSRPATARKSSGLSGTVR

1994.03 1994.34 | 1994.40 1993.97 |-0.06 | 206-224 MLQGFGANLTVETDADGVR

2183.22 2183.61 2183.17 ]-0.05| 275-294 |TGLILTLQEMGADIEVINPR

2319.39 2319.75

2367.38 2367.77 | 2367.82 | 2367.33 |-0.05| 178-200 |[SAVLLAGLNTPGITTVIEPIMTR
EGDTWIIDGVGNGGLLAPEAPL

3244.56 3245.17 | 3245.13 3244.52 | -0.04| 73-104 DFGNAATGCR

* Sample, 0.3 pL, was analyzed directly prior to desalting.

® The Zip-tip was washed with 0.1% (v/v) trifluoroacetic acid containing acetonitrile at varying concentrations [0, 20, 50 and

90% (v/v) acetonitrile]
¢ A difference of less than one Dalton between the observed and expected mass was considered a match.
4 Two expected fragments having nearly identical masses were matched to one observed mass.
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1 1PGDK

51 MQAMGARI RK
101 LTMGLV GVYDFDSTFI GDASLTKRPM GR EM GVQVK
151 GPK _VP MASAQVKSAV.
201 TIRLEG RGKLTGQVID VPGDPSSTAF
251 PLVAALLVPG SDVTILNVLM NPTR
301 VRSST _ APSMIDEYP LAVAAAFAEG ATVMNGLEEL
351 RV DCDEGETSLV VRGRPDGKGL GNASGAAVAT
401 IAMSF LVMGLVSENP VTVDDATMIA TSFPEFMDLM AGLGAKIELS
451  DTKAA

Figure V-24. MALDI-TOF Coverage Map of CP4 EPSPS Isolated from Roundup
Ready Alfalfa Event J163.

The amino acid sequence of the plant-produced CP4 EPSPS protein was deduced from
the coding region of the full-length cp4 epsps gene present in Roundup Ready alfalfa
event J163. Shaded regions correspond to identified peptides. Approximately 54.7%
(249 of 455 amino acids) of the expected protein sequence was identified.

D.3. Immunoblot Analysis — Immunoreactivity

Immunoblot analysis was performed using goat anti-CP4 EPSPS serum, which was
produced using the E. coli-produced CP4 EPSPS protein as the antigen. The alfalfa-
derived CP4 EPSPS protein was loaded at 7.3, 4.4 and 1.5 ng total protein per lane
compared to 2.0 ng CP4 EPSPS protein per lane for the reference standard. As expected,
the immunoreactive signal increased with increased levels of the plant-produced CP4
EPSPS protein (Figure V-25). Furthermore, the western blot analysis showed that the
CP4 EPSPS protein isolated from alfalfa event J163 elicited comparable
immunoreactivity and equivalent electrophoretic mobility to the E. coli-produced CP4
EPSPS reference standard. Also visible are two lower molecular weight immunoreactive
bands; in lanes 4-7 a band is visible at approximately 37 kDa and in lane 5 and 6, a band
is visible at 20 kDa. Both of the lower immunoreactive bands were likely formed by
proteolytic degradation of CP4 EPSPS protein during the protein extraction process. The
observed similarity in protein mobility and the immunoreactivity of both plant- and E.
coli —produced CP4 EPSPS proteins further demonstrates that the plant-produced CP4
EPSPS protein is equivalent to the E. coli-produced CP4 EPSPS reference standard.
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Lanes
1 2 3 4 5 6 7 8 9 10

MWM (kDa) MWM (kDa)
250 — — 250
150 — — 150
— 100
100 —
75 — — 75
50 — | — 30
— D —— — 37
37— "
25 — — 25
20 — — 20
15 — —
10 — — 10
Lane Sample Amount (ug)
1 Blank —
2 Blank —
3 Pre Stained MW Markers (Bio-Rad, Cat #: 161-0374) —
4 E. coli-produced CP4 EPSPS reference standard 2.0
5 Plant-produced CP4 EPSPS from alfalfa event J163 7.3
6 Plant-produced CP4 EPSPS from alfalfa event J163 4.4
7 Plant-produced CP4 EPSPS from alfalfa event J163 1.5
8 Prestained MW markers (Bio-Rad, Cat #: 161-0374) —
9 Blank —
10 Blank —

Figure V-25. Immunoblot Analysis of CP4 EPSPS Isolated from Roundup Ready
Alfalfa Event J163.

Samples of plant-produced CP4 EPSPS and E. coli-produced CP4 EPSPS reference
standard were separated by 4—>20% SDS-PAGE, electrotransferred to a PVDF
membrane and detected using CP4 EPSPS polyclonal antisera followed by development
using the ECL system (45 sec exposure shown). Amount refers to total protein loaded
per lane, except for CP4 EPSPS reference standard, where amount refers to CP4 EPSPS
protein. Approximate molecular weights (kDa) correspond to the markers loaded in
Lanes 3 and 8.
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D.4. Molecular Weight and Purity Determination

The plant-produced CP4 EPSPS protein was separated using SDS-PAGE and stained
with Brilliant Blue G-Colloidal stain (Figure V-26). Purity and molecular weight were
estimated using densitometric analysis and are summarized in Table V-7. The purity
values were averaged from loads of 1.5, 2.9, and 4.4 ug total protein per lane (Lanes 4-6,
Figure V-25). The predominant band in the plant-purified sample had an average
molecular weight of approximately 43.3 kDa. Because this protein migrated with an
identical molecular weight as that of the E. coli reference standard, this protein was
assumed to be the plant-produced CP4 EPSPS. The average purity was estimated to be
72.2%.

The molecular weight of the plant-produced CP4 EPSPS protein was further confirmed
using MALDI-TOF mass spectrometry. The average mass (MH+), determined from
three separate spectral acquisitions, was 47,032 kDa, compared to a calculated value of
47,614 kDa. While the observed value was very close to the calculated value, this
difference (582.2 daltons) is consistent with the absence of five residues from the N-
terminus based on N-terminal sequence analysis.

Table V-7. Protein Molecular Weight and Purity Estimation of CP4 EPSPS Isolated
from Roundup Ready Alfalfa Event J163.

Relative percent quantities of each visible band were derived from densitometric analysis
of the SDS polyacrylamide gel shown in Figure V-26, Lanes 4-6 (test substance). The
test substance molecular weights were calculated from the molecular weight markers
(Figure V-26, Lanes 2 and 8) using the manufacturer’s supplied molecular weight values.
The average molecular weight and purity of the plant-produced CP4 EPSPS protein were
assessed to be ~43.3 kDa and 72.2 % (shown in bold values), respectively.

1.5 pug Load (Figure V-26, | 2.9 ug Load (Figure V-26, 4.4 ng Load (Figure V-26,
Lane 4) Lane 5) Lane 6)

Mol. Wt. (kDa) Relative Qty (%) Mol. Wt. (kDa) Relative Qty (%) Mol. Wt. (kDa) Relative Qty (%)
43.72 77.1 43.15 70.5 42.91 69.0
40.03 9.2 39.98 10.5 40.05 11.6

— — 33.76 1.3 33.85 1.4
29.79 5.0 29.88 6.7 2991 6.7
27.96 2.6 28.10 3.0 28.13 3.2
25.75 3.1 25.87 3.8 2591 4.2
15.96 0.8 16.00 1.1 16.05 1.1
6.92 2.1 6.94 2.9 7.03 2.8
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Figure V-26. SDS-PAGE Purity and Molecular Weight Analysis of CP4 EPSPS

Isolated from Roundup Ready Alfalfa Event J163.

Samples of the plant-produced CP4 EPSPS and E. coli-produced CP4 EPSPS reference
protein were loaded as indicated on a 4—20% polyacrylamide gel. Amount refers to total
protein loaded per lane, except for CP4 EPSPS reference standard, where amount refers
to CP4 EPSPS protein. Approximate molecular weights (kDa) correspond to the markers
loaded in Lanes 2 and 8. Following electrophoresis, the Brilliant Blue G-Colloidal

stained gel was analyzed densitometrically (see Table V-7).
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D.5. Functional Activity

The specific activity of the plant-produced CP4 EPSPS protein was estimated using a
phosphate release assay. The estimated specific activity of the plant-produced CP4
EPSPS was 7.3 U/mg total protein. The specific activity of the E. coli-produced CP4
EPSPS reference standard protein, which was analyzed concurrently, was 4.7 U/mg total
protein. These values were within the range of specific activities of CP4 EPSPS protein
reported in other studies (Harrison et al., 1996). The enzyme assay demonstrated the
plant-produced CP4 EPSPS protein was as active as E. coli-produced CP4 EPSPS protein
and thus the plant-produced protein is functionally equivalent to the E. coli-produced
protein with respect to CP4 EPSPS enzyme mediated release of the phosphate group from
PEP.

D.6. Glycosylation Analysis

Many eukaryotic proteins are post-translationally modified with carbohydrate moieties
(Rademacher et al., 1988). These carbohydrate moieties may be complex, branched
polysaccharide structures or simple monosaccharides. To test whether potential post-
translational glycosylation of the plant-produced CP4 EPSPS protein occurred, the
isolated plant-produced CP4 EPSPS protein was analyzed for covalently bound
carbohydrate using the ECL glycoprotein detection system kit of Amersham Pharmacia
Biotech, Inc. (Piscataway, NJ). The E. coli-produced CP4 EPSPS reference standard
protein (negative control) and the transferrin protein (positive control) were also analyzed
concurrently. The results are presented in Figure V-27. A total of three film exposures
(1 min, 2 min, and 4 min) were produced. The exposure shown in Figure V-27 was
produced from a scan of the 2 min film exposure. The positive control (transferrin) was
clearly detected from the highest concentration of 1.0 pg/lane to the lowest concentration
of 0.10 pg/lane, in a concentration dependent manner. However, at the longest film
exposure-time of 4 min (data not shown), a barely discernable band, close to the expected
position for the CP4 EPSPS protein, was observed for the test substance and for the E.
coli-produced CP4 EPSPS protein (considered as the negative control). Glycosylation of
proteins is a post-translational process, which occurs exclusively in eukaryotic organisms
and is not observed in prokaryotic organisms such as E. coli. Therefore, the very faint
band observed for the test and reference CP4 EPSPS proteins on the 4 min exposure is
attributable to a very weak nonspecific interaction between the detection reagent
(Streptavidin-HRP conjugate) and protein mass bound to the blot. Additionally, N-linked
glycosylation would result in an apparent increase in the molecular weight of the plant-
produced CP4 EPSPS protein. However, this was not observed for the average mass
determination of the plant-produced CP4 EPSPS protein using MALDI-TOF mass
spectrometry. The glycosylation analysis demonstrated that there is no detectable
glycosylation of the CP4 EPSPS protein produced in alfalfa and thus the plant-produced
protein is equivalent to the E. coli-produced CP4 EPSPS reference standard with respect
to glycosylation.
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Lanes
1 2 3 4 5 6 7 8 9 10

MWM (kDa) MWM (kDa)
250 — - — 250
150 — — 150
100 — — 100
75— - - — 75
50 — — 50
37— — 37
25 — — 25
20 — — 20
15— — 15
10 — — 10
Lane Sample Amount (ug)
1 Blank —
2 Pre Stained MW Markers (Bio-Rad, Cat #: 161-0374) —
3 Transferrin (Positive control) 1.0
4 Transferrin (Positive control) 0.50
5 Transferrin (Positive control) 0.10
6 E. coli-produced CP4 EPSPS reference standard 1.0
7 Plant-produced CP4 EPSPS from alfalfa event J163 1.5
8 Plant-produced CP4 EPSPS from alfalfa event J163 0.73
9 Pre Stained MW Markers (Bio-Rad, Cat #: 161-0374) —
10 Blank —

Figure V-27. Glycosylation Analysis of CP4 EPSPS Isolated from Roundup Ready
Alfalfa Event J163.

Samples of plant-produced CP4 EPSPS, E. coli-produced CP4 EPSPS reference standard
(negative control) and transferrin (positive control) were separated by SDS-PAGE
(4—20%) and electrotransferred to PVDF membrane. If present, the protein-bound
carbohydrate moiety is labeled with biotin, and detected with streptavidin-horseradish
peroxidase and enhanced chemiluminescence (2 min exposure shown). Amount refers to
total protein loaded per lane, except for CP4 EPSPS reference standard, where amount
refers to CP4 EPSPS protein. Approximate molecular weights (kDa) correspond to the
markers loaded in Lanes 2 and 9.
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D.7. Conclusions for Event J163 CP4 EPSPS Protein Characterization

The physicochemical and functional properties of the plant-produced CP4 EPSPS protein
isolated from Roundup Ready alfalfa event J163 were assessed. A battery of analytical
tests was used to characterize the physicochemical and functional properties of the plant-
produced CP4 EPSPS protein. The E. coli-produced CP4 EPSPS protein was included in
selected analyses as a reference standard. The analytical tests included (1) BCA total
protein assay, (2) sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and densitometry, (3) immunoblotting, (4) glycosylation analysis, (5) enzymatic
assay, (6) N-terminal sequence analysis, and (7) MALDI-TOF mass spectrometry.

The results of N-terminal sequence analysis of the plant-produced CP4 EPSPS protein
were consistent with the expected CP4 EPSPS protein N-terminal sequence. Immunoblot
and MALDI-TOF mass spectrometric analyses also provided data to confirm the identity
of the plant-produced CP4 EPSPS protein. A phosphate release assay confirmed that the
CP4 EPSPS protein isolated from alfalfa event J163 was functionally active.

SDS-PAGE (molecular weight), immunoblot analysis, glycosylation analysis and a
functional assay were performed to evaluate the equivalence of the plant-produced CP4
EPSPS protein to the E. coli-produced CP4 EPSPS reference standard protein. The plant-
produced CP4 EPSPS protein was considered to be equivalent to the E. coli-produced
CP4 EPSPS reference standard protein based on comparable electrophoretic mobility,
enzyme activity, immunoreactivity and absence of detectable glycosylation. Moreover,
N-terminal sequence and MALDI-TOF data clearly establish the identity of plant-
produced CP4 EPSPS.

Collectively, these data establish the physicochemical and functional properties of the
CP4 EPSPS protein isolated from alfalfa event J163 and establish its chemical and
functional equivalence to the E. coli-produced CP4 EPSPS protein used in previous
safety studies.

E. CP4 EPSPS Levels in Roundup Ready Alfalfa

The level of the CP4 EPSPS protein in Roundup Ready alfalfa forage was estimated
using a validated Enzyme Linked ImmunoSorbent Assay (ELISA). The extraction of
CP4 EPSPS from forage tissue as well as the ELISA method, and sample analyses are
described below.

E.1. Sample Preparation for ELISA Analysis.

Alfalfa forage was harvested from the field and stored frozen at -20°C. Tissues were
ground to a powder using a Waring blender. Dry ice was added to the blender to keep the
tissue frozen during the grinding process. CP4 EPSPS was extracted from frozen forage
tissue using a Tris-borate (TBA) buffer at an optimized tissue-to-buffer volume ratio of
1:50. TBA buffer consists of 100 mM Tris base, 100 mM Na,B40O7 - 10H,0, 5 mM
MgCl,, 0.05% (v/v) Tween-20 at pH 7.8, and 0.2% (w/v) L-ascorbic acid. Tissues were
disrupted in a linear shaker (Harbil Mixer) for approximately 3.5 min. The insoluble
plant debris was then separated from the liquid extract using a serum filter. The clarified
supernatants were aliquoted into pre-labeled tubes and stored in a -80°C freezer.
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E.2. ELISA Method.

The assay method was a double antibody sandwich ELISA wherein mouse monoclonal
anitbody specific to the CP4 EPSPS protein was used as the capture antibody followed by
detection of bound CP4 EPSPS with goat polyclonal anti-CP4 EPSPS antibody. A
detailed description of the antibody reagents and method is provided below.

E.2.a. Assay reagents
CP4 EPSPS Protein Standard. The CP4 EPSPS protein standard, lot # 5192245, was
produced by fermentation of Escherichia coli that was transformed with a plasmid
containing the cp4 epsps coding sequence from Agrobacterium sp. strain CP4.
Following purification, the CP4 EPSPS protein standard was dissolved in a buffer
containing 50% (v/v) glycerol, 50 mM Tris-HCL, 50 mM KCI, and 2 mM DTT. The
protein standard was stored in aliquots at approximately -20°C. The total protein
concentration of the purified standard was determined to be 3.96 mg/ml. The purity of
this lot was determined to be >85% by sodium dodecyl-sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), Coomassie staining, and subsequent band analysis by
densitometry. The standard concentration of 3.96 mg/ml was utilized to generate the
ELISA data and was not corrected for purity.

Anti-CP4 EPSPS Antibodies. Antibodies specific to the CP4 EPSPS protein were
generated in mice and goats using the CP4 EPSPS standard (described above) as
antigen. Specificity of goat or mouse antisera was demonstrated during development
of the ELISA wherein goat or mouse antibodies were selected on the basis of high
specific binding to the CP4 EPSPS standard and absence of non-specific binding to
endogenous alfalfa proteins. Antiserum generation and specificity testing were similar
to that described by Rogan et al. (1992). Mouse monoclonal antibody clone 39B6
(IgG2a isotype, kappa light chain; lot # 6199732), specific for the CP4 EPSPS protein,
was purified from mouse ascites fluid using Protein-A Sepharose affinity
chromatography. The concentration of the purified IgG2a was determined to be 3.2
mg/ml by spectrophotometric methods. Production of the 39B6 monoclonal antibody
was performed by TSD Bioservices, Inc. (Newark, DE). The purified antibody was
stored in a buffer (pH 7.2) containing 0.02 M Na,HPO, - 7H,0, 0.15 M NaCl, and 15
ppm ProClin 300 (Sigma, St. Louis, MO). Goat polyclonal anti-CP4 EPSPS antibody
(Harlan Bioproducts for Science, Indianapolis, IN) conjugated to horseradish
peroxidase (HRP) was used as the ELISA detection antibody. The polyclonal anti-
CP4 EPSPS antibody was purified from goat sera using Protein-G affinity
chromatography (TechServ Associates, St. Louis, MO). The antibody conjugated to
HRP was stored in a solution containing 0.02 M KH,POy, 0.15 M NaCl and

0.01% thimerosal, pH 7.3. The conjugated antibody was diluted 1:100 in a stabilizing
buffer (Stabilzyme, Surmodics, Eden Prairie, MN), assigned lot # 6558639, aliquoted,
and stored at approximately 4°C.

ELISA Procedure. Mouse anti-CP4 EPSPS monoclonal antibody was diluted in
antibody coating buffer (15 mM Na,COs, 35 mM NaHCOj3, pH 9.6) and immobilized
onto 96-well microtiter plates at 1.0 ug/ml followed by incubation in a 4°C
refrigerator for > 8 h. Plates were washed in 1X phosphate buffered saline (10 mM
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Na,HPOy4: 7H,0, 1 mM KH;PO4, 2.7 mM KCIl, 137 mM NaCl at pH 7.4) with 0.05%
(v/v) Tween-20 (1X PBST) prior to performing the assay. Samples and standards
diluted in TBA were added to the microtiter plate at 100 ul per well and allowed to
incubate for 1 hin a 37° C incubator. After the sample incubation period, the plates
were again washed with 1X PBST and the detection antibody, goat anti-CP4 EPSPS
conjugated to HRP, was further diluted 1:250 in stabilizing buffer, added at 100 ul per
well, and incubated for 1 h at 37°C. Following this incubation, plates were washed as
before and developed by adding 100 ul per well of the enzyme substrate

3,3",5,5" tetramethylbenzidine (TMB, Kirkegaard and Perry Laboratories,
Gaithersburg, MD) for 10 min at room temperature. The enzymatic reaction was
terminated by the addition of 100 ul per well of 3 M H3PO4. The CP4 EPSPS protein
absorbance readings were determined at a wavelength of 450 nm with a simultaneous
reference reading at 650 nm that was subtracted from the 450 nm reading.
Absorbance readings were determined using a Molecular Devices SpectraMax Plus
microplate reader (Molecular Devices, Sunnyvale, CA) and data reduction analyses
were performed using Molecular Devices SOFTmax PRO version 2.4.1. Quantitation
of CP4 EPSPS protein levels was accomplished by interpolation from a seven-point
standard curve that ranged in concentration from 0.313 to 20.0 ng/ml.

Positive and Negative Quality Controls. Positive quality control (QC) samples (lot #
6844589-B) and negative QC samples (lot # 6844589-C) were used during the ELISA
development and validation. The positive and negative QC samples were comprised
of extracts prepared from alfalfa leaf tissue that was provided by Forage Genetics
International. The average amount of CP4 EPSPS protein detected by ELISA in the
quality control extracts was determined in twenty-five independent assays. The range
of CP4 EPSPS protein in the quality controls was determined as the mean + 3 standard
deviations. The range for the positive QC sample, lot # 6844589-B, was 0.6 — 3.3
ng/ml and the negative QC sample was always less than the assay LOQ (0.313 ng/ml).

E.3. Estimation of CP4 EPSPS in Alfalfa Forage Samples

To estimate the levels of CP4 EPSPS protein, alfalfa varieties containing one of each of
the events, and the paired combination of both events, were planted at six field sites in the
spring of 2001. Sites selected represented geographies where alfalfa is typically grown in
the United States. A randomized, four-replicate complete block experimental design was
used at all field sites. Samples were obtained from each replicate for ELISA analysis.
Because alfalfa is a perennial plant that can be harvested multiple times over the length of
the growing season, the CP4 EPSPS protein level was determined at two different times
during the growing season and from two different years of forage growth (2001 and
2002). Forage was harvested at all sites when plants were at the early to late bud stage.

The level of the CP4 EPSPS protein in forage collected from the alfalfa varieties are
presented in Table V-8. The mean levels of the CP4 EPSPS protein across two seasons
and from multiple cuttings were 257 and 270 png/g on a tissue fresh weight (tfw) basis for
alfalfa plants that contained event J101 and J163, respectively. While there was greater
variation in the levels of the CP4 EPSPS enzyme in forage obtained from plants that
contained two transformation events, combining the two inserts to make the Syn 1
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population did not cause an additive effect on the level of the CP4 EPSPS protein
produced by alfalfa plants. The mean level of the CP4 EPSPS protein in the synthetic
alfalfa population, produced using events J101 and J163, across two seasons and from
multiple cuttings was 252 pg/g tfw. The level of the CP4 EPSPS protein was estimated
in forage samples obtained from two seasons (2001 and 2002) at six sites and from
multiple cuttings in each season at three of the sites. As expected, the level of the CP4
EPSPS protein varied at each sampling time point. The majority of the samples obtained
from the second growing season had lower levels of CP4 EPSPS. These differences were
not biologically meaningful and are likely attributable to assay variation, differences
associated with stage of tissue growth and environmental factors. Observations from the
field trials from which the forage samples were obtained confirmed that the tolerance to
Roundup agricultural herbicides was excellent and consistent across the two events and
the combined event.

Table V-8. CP4 EPSPS Levels in Roundup Ready Alfalfa Events J101, J163 and the
Paired Event Combination.

Levels of CP4 EPSPS Protein in Forage®.
Events and Year of Forage Sampling
2001 2002
Site Cut J101 [ J163 | J101XJ163 | J101 |J163 |J101XJ163
Number

Wisconsin 1 300 | 330 260 200 | 140 150
lowa 1 300 | 380 290 210 | 150 180
New York 1 270 | 290 280 220 | 180 140
[1linois 1 260 | 320 290 270 | 310 200
Illinois 2 230 | 330 270 280 | 290 230
Washington 1 220 | 270 330 160 | 140 120
Washington 2 340 | 290 360 220 | 240 310
California 1 270 | 320 390 240 | 220 120
California 2 290 | 320 340 340 | 340 280
Mean 276 | 317 312 238 | 223 192
Range Low | 220 | 270 260 160 | 140 120
Range High| 340 | 380 390 340 | 340 310

*Concentration is given in micrograms/gram tissue fresh weight.

F. Biochemical Properties of EPSPS Proteins and Homology to EPSPSs Derived
from a Variety of Plant and Microbial Sources

The EPSPS protein has a well-characterized catalytic function in plants, bacteria and
fungi, it catalyses a non-rate limiting step in the shikimate pathway involved in aromatic
amino acid biosynthesis in plants. The enzymatic activity of EPSPS’s from a variety of
glyphosate-tolerant, and sensitive plant and microbial sources has been extensively
characterized. It has been established that just like native EPSPS’s; CP4 EPSPS is highly
specific for its natural substrates, shikimate-3-phosphate and phosphoenolpyruvate
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(Gruys and Sikorski, 1999). This characterization included an examination of the three-
dimensional folding patterns and active site homology. The shikimate pathway is not
present in mammals, which contributes to the selective toxicity of glyphosate.

The CP4 EPSPS protein produced by Roundup Ready alfalfa is comparable in many
ways to the family of EPSPS enzymes commonly found in a wide variety of food
sources. The cp4 epsps gene has been completely sequenced and encodes a 47.6 kDa
protein consisting of a single polypeptide of 455 amino acids (Padgette et al., 1996). The
CP4 EPSPS protein shows significant homology to EPSPS’s naturally present in all crops
and in fungal and microbial food sources such as Baker’s yeast (Saccharomyces
cerevisiae) and Bacillus subtilis (Mountain, 1989) which have a history of safe human
consumption, as shown in Table V-9. This similarity of the CP4 EPSPS protein to
EPSPS’s in a variety of foods supports the lack of health concerns and extensive human
and animal consumption of the family of EPSPS proteins.

A search of GenBank (National Center for Biotechnology Information) for alfalfa EPSPS
sequences has come up blank indicating that as of December 2002 the alfalfa EPSPS has
not been cloned and sequenced. The quantity of alfalfa DNA sequence submitted to
GenBank is very limited and there have been no large-scale genome alfalfa sequencing
efforts. However, a relatively close relative of alfalfa, the annual cool season Medic,
Medicago truncatula, has been adopted as the model legume for genomics research. The
goal of this research is to provide a comparative analysis of molecular, genetic and
biological information across legumes. Currently, the EST database contains over
170,000 sequences and their computed assembly as 26,000 unigenes from around 30
libraries (Lamblin et al., 2003). Very high conservation at the both individual gene
sequence and gene structure exists between the two species. A search of the Medicago
truncatula databases in late December 2002 also failed to identify a candidate EPSPS.
Based on the extensive Medicago truncatula sequence data available, it would be
expected that the alfalfa EPSPS enzyme would be similar to other EPSPS’s, particularly
those from other legumes such as soybean.

Crops containing the Roundup Ready trait have been commercialized since 1996. Since
that time, there have been no reports of unintended health effects on bees or other insects
foraging on crops that contain the Roundup Ready trait. The mechanism of action for the
CP4 EPSPS protein is well known (Padgette et al., 1996). The CP4 EPSPS protein has
no known effect on insects or any other animal species.

Table V-9. Comparison of Deduced Amino Acid Sequences of CP4 EPSPS to other
EPSPSs

Soybean Maize Petunia E.coli  B.subtilis S. cerevisiae
(G. max) (Z. mays) (P. hybrida)

CP4 EPSPS

% sequence identity 26 24 23 26 41 30

% sequence similarity 51 49 50 52 59 54
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VI. Phenotypic Evaluation

This section provides a comprehensive evaluation of Roundup Ready alfalfa including
phenotypic characteristics, field-testing information, USDA-APHIS field reports, and
crop compositional assessments that were used to reach a determination that Roundup
Ready alfalfa events J101 and J163 are no more likely to pose a plant pest risk than
conventional alfalfa.

In evaluating the phenotypic characteristics of event J101 and event J163, data were
collected that address specific characteristics suggested by USDA-APHIS. These
phenotypic characteristics have been grouped into five general categories: 1) dormancy,
germination and emergence; 2) vegetative growth; 3) reproductive growth; 4) disease,
insect, and abiotic stressor interactions; and 5) symbiotic organisms. An overview of the
phenotypic characteristics is presented in Table VI-1.

The phenotypic evaluation is based on both laboratory experiments and replicated, multi-
site field trials conducted over five years (1999-2003) by agronomists and scientists who
are familiar with the production and evaluation of alfalfa. In each of these assessments,
event J101 and event J163, are compared to an appropriate alfalfa control.

Roundup Ready alfalfa varieties will be commercialized using a combination of two
different cp4 epsps insertion events combined through a conventional breeding process.
A Forage Genetics International (FGI) proprietary conventional breeding method (patent
pending)' has been developed for rapid introgression of a gene into alfalfa varieties. In
the FGI breeding process, one copy of the cp4 epsps gene is required at each of two
different, independently segregating loci. The two independent gene loci are products of
two separate cp4 epsps single copy insertion events. The population of alfalfa plants in
commercial Roundup Ready varieties will consist of individual plants with the cp4 epsps
gene insert copy number ranging from zero to eight, contributed by either of the two
transformation events. A description of the distribution of the cp4 epsps gene copy
number in a Roundup Ready alfalfa population is presented in Appendix 1. Plants with
seven to eight copies are extremely rare, the majority of plants will contain two copies of
the cp4 epsps gene. The variation in copy number is due to the genetics associated with
alfalfa breeding and because varieties are comprised of a heterogeneous population of
individuals.

While the genetics of the commercial paired event population will be more complicated
than most annual crops, the primary objective of these phenotypic studies was to compare
phenotypic parameters of Roundup Ready alfalfa plants containing either event J101 or
event J163 with these same parameters in control and reference alfalfa plants. Data
derived from single event plants and appropriate control or references served as the
foundation upon which the risk assessment was based. However, data were also
developed for synthetic generations of plants containing both events and are presented in

" FGI has filed a U. S. patent application (US-2002-0042928-A1) relating to a novel method of
conventional breeding alfalfa with high transgene trait transmission in the commercial product: “Methods
for Maximizing Expression of Transgenic Traits in Autopolyploid Plants.”
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this section as confirmatory information to support the conclusions generated from single

event populations.

Table VI-1. Phenotypic Characteristics Measured for Roundup Ready Alfalfa
Events J101 and J163

General Specific Characteristic Data Table Figure
Assessment | Characteristic Measured Location Location
Characteristic Assessed
Dormancy/ | Seed Dormancy, VI-2-4 NA'
Germination | dormancy Germination VI-5, VI-6
/ Emergence | Seedling Emerged plants, VI-10-13 NA
emergence Seedling vigor
Vegetative Overwintering | Spring vigor VI-10-13, NA
Growth capacity Spring stand VI-17, VI-22
Vegetative Forage yield VI-10-13, NA
biomass VI-22
Vegetative Regrowth after VI-10-12 NA
Regrowth cutting
Habit (basic Crop growth stage | VI-10-13 NA
morphology) | Fall growth habit | VI-14, VI-24
Reproductive | Habit (basic Flower VI-27 VI-10-15
Growth morphology) | morphology
Flower color
Fertility or Pollen load/flower | VI-26-29 VI-17,
infertility & Pollen viability VI-19-21
pollen Self fertility
viability Pollen morphology
Pollen germination
Seed Seed yield VI-30-32 VI-18
production Seed morphology
Seed weight
Seed number /
flower number
Disease, Species and Differential VI-16, NA
Insect & frequency susceptibility to VI-18-20
Abiotic pests or abiotic
Stressors stressors
Symbiotic Status of Nodule VI-34-35, VI-22-23
Organisms symbiotic mass/morphology | VI-39
relationship Yield, Nitrogen,

Amino acids

"Not applicable. No figure was produced to support this characteristic.
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A. Phenotypic Characteristics

Phenotypic characteristic information is used in assessing plant pest risk by evaluating for
biologically meaningful differences between the biotechnology derived crop and the
unmodified crop in terms of pest potential. A tiered approach is used to assess whether a
difference is, or is not, biologically meaningful. As such, evaluation of phenotypic
characteristics is designed according to the biology of the crop using replicated plots at
multiple locations with appropriate controls and references. When no statistically
significant differences are detected between the genetically modified crop and its
nonmodified control, a conclusion of no difference in pest potential can be made. Ifa
statistically significant and biologically meaningful difference in a characteristic were
detected, its effect on pest potential can then be assessed, as shown in the schematic
diagram below.

Schematic diagram of data interpretation methods:

Study data (measured characteristics)

. !

Statistical difference
between test and control?
Comparison to References

Are differences*
Yes . . . .
biologically meaningful in
terms of potential adverse

impact (increased pest
potential; is a hazard

identified)?
B
No contribution to pest Risk Assessment
potential; support familiarity on differences

*Consider direction & magnitude of change and interaction of differences

Statistically significant changes in one characteristic are considered in terms of the
direction of the change (contributing to or detracting from weed potential), its magnitude
(outside the range of the unmodified organism), and within the context of other observed
changes. Interpretation of detected differences in an ecological risk assessment should
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focus on those differences that are biologically meaningful. Differences detected in a
characteristic must be considered alone and in the context of: 1) differences detected in
other measured characteristics; 2) contributions to enhanced pest potential of the crop
itself; and 3) potential effects of trait transfer to a wild or weedy species. For example, a
significant difference in a growth characteristic may not be biologically meaningful in
terms of weed potential if it is not outside the range typical for alfalfa or if a change in
another parameter is in the direction toward less weed potential. A careful assessment
must be used to distinguish between meaningful changes toward increased pest potential
and differences associated with natural plant variation or random experimental error. A
finding of no meaningful difference can be concluded only after an evaluation of all the
data collected on the characteristics measured.

B. Description of Test, Control and Reference Substances Used for Phenotypic
Studies

To understand the terminology used to describe test, control and reference populations
used for the studies presented in this section, a brief review of alfalfa breeding is needed.
A more thorough discussion of breeding terminology, the breeding of conventional
alfalfa and the breeding of Roundup Ready alfalfa, plus key terms used throughout this
section, is presented in Appendix 1.

A typical alfalfa variety may have 10 to 200 parent plants that were initially crossed in
isolation to form the breeder generation seed (Figure VI-1). The breeder seed of
commercial alfalfa varieties is produced by the random intercrossing (open pollination)
of all parent plants. An alfalfa variety is maintained through multiple seed generations
beyond breeder seed via the open pollination of their progeny in isolation from other
alfalfa varieties or pollen sources. Plant varieties bred in this way are called synthetic
varieties (Rumbaugh et al., 1988).

Individual plants within a synthetic variety are genotypically and phenotypically
heterogeneous, i.e., no two individuals within the variety are exactly alike. Synthetic
alfalfa varieties are closed populations that segregate, within a defined range, for most
morphological traits and naturally occurring genetic markers. Because alfalfa varieties
are segregating heterogeneous populations, alfalfa varieties are routinely described in
terms appropriate to populations (mean or percent trait expression). For example, alfalfa
variety registration agencies require that the pest resistance of a variety be described as
the mean percentage of plants that express the segregating trait when the population is
tested under standardized conditions.

A typical commercial seed increase process is illustrated in Figure VI-1. Commercial
seed of alfalfa varieties is commonly produced according to the following sequence: 1) a
set of superior alfalfa plants (usually 10-200 genotypes, also known as Syn 0 parents) are
identified by an alfalfa breeder for use as parent plants for a new variety, and the Syn 0
parents are randomly intercrossed to produce the first synthetic generation of seed (Syn 1
seed); 2) Syn 2 generation seed is produced from a random, isolated intercross of Syn 1
plants; and 3) Syn 3 seed is produced from a random, isolated intercross of Syn 2 plants.
Breeder, Foundation and Certified seed classes are defined at the discretion of the plant
breeder during the variety registration process and are typically Syn 1, Syn 2 and Syn 3
generations, respectively. Most commercial seed varieties sold to alfalfa forage
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producers are Certified Seed, although noncertified seed (seed produced without official
oversight) is also sold.

Elite members from non-related populations
are used to initiate the breeding process

. Population 1 Population 2
Breeding of < 0

Phenotype and/or
Parents / Selection of superior parent-plant

genotype
\_ information group (n=10-200 parent genotypes)

e/

/ Syn 0 parent plants are isolate
and randomly intercrossed
to produce Syn 1 seed

dl Random intercrossing occurs

“Breeder Seed”

J

allow random, isolated

Plant Syn 1 seed and
l Random intercrossing occurs

Commercial

Production of < intercrossing
Seed

“Foundation Seed”

S

Plant Syn 2 seed and
allow random, isolated l Random intercrossing occurs

intercrossing
@ “Commercial Seed”

Package Syn 3 seed and
distribute to forage growers

Forage Fields

Figure VI-1. Commercial Alfalfa Synthetic Variety Breeding Schematic.

B.1. Development and Characterization of Near-Isogenic Control Populations

Alfalfa is an outcrossing autotetraploid. This creates a unique challenge for the
development of appropriate negative controls for use in safety assessment studies where a
near-isogenic line would be needed as a comparator. Unlike most transgenic crop species
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commercialized to date, it is not possible to self-pollinate a single genotype of alfalfa to
generate seed of adequate vigor for these studies. The limited amount of self-progeny
seed (S1) that could be produced would suffer from inbreeding depression (Rumbaugh et
al., 1988) and would segregate for most traits. S1 progeny would be unlikely to generate
second generation seed successfully and would produce highly inbred seedlings with very
poor vigor. Clearly, such material would be unacceptable for field studies performed to
evaluate the impact of the trait or transformation process on alfalfa plants containing
event J101 and event J163.

A closely related (near-isogenic) population of control plants was therefore used in the
majority of the studies performed to assess phenotypic characteristics. The control
population developed for these studies was bred to synchronize the background genetics
of the control and test populations (populations containing event J101 or J163). The
control population was developed from null (also known as nulliplex or negative)
segregants obtained from the Roundup Ready alfalfa breeding program. Derivation of
the null control population was as follows. A generalized progeny map describing the
breeding process used to produce the control population is presented in Figure VI-8.
Ancestors of the control plant starting material were subjected to, and resulted from, the
genetic modification process. During the process of ensuing natural breeding (hand
outcrossing) and directed selection for the cp4 epsps gene, a representative, Cp4 epeps
gene-segregating seed source was developed and characterized as follows. From this
common source MBC2 generation, a nonselectively sampled subset of control alfalfa
plants was genetically identified to be null segregating siblings (i.e., lacking the cp4
epsps gene) and used as the control plant starting material ancestors. A second
nonselectively sampled subset was identified as positive segregating siblings (i.e., cp4
epsps present) and used as the test plant starting material ancestors. Segregation of a
single-copy, dominant gene is the normal, predicted outcome in segregating seed families
prior to fixing of the trait (i.e., allele saturation achieved through natural, intensive plant
breeding). Using Southern blot analysis, it was determined that the null siblings did not
contain the cp4 epsps gene nor any elements of the plasmid used during the plant
transformation process. CP4 EPSPS-specific ELISA assay of the null segregants also did
not detect the protein product of the cp4 epsps gene. The null siblings were then used as
parents to produce a control seed population for the phenotypic studies presented in this
section. Control plants had common background genetics representative to the test plants
but did not express the CP4 EPSPS protein. The control plants also provided a
background matrix for use in subsequent analytical evaluations of alfalfa tissues collected
from field-grown plants. Other than intentional selection for the presence/absence of a
cp4 epsps event, there were no other selection criteria imposed during the near-
isopopulation (or test population) development process.

B.2. Development and Characterization of Null Segregant Progenitors

The following section describes in detail the development and characterization of the
alfalfa progenitors that were used to produce null segregant control alfalfa populations for
the studies described in this petition. MBC2 seedlings from transformations using
plasmid PV-MSHT4 to develop alfalfa transformation events J101 and J163 from the fall
dormancy background four (FD4) were nondestructively screened for the expression of
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the CP4 EPSPS protein using a lateral flow immunoassay technique. The negative
segregants and seedlings containing the cp4 epsps gene segregated approximately 1:1 as
expected because of the modified backcrossing breeding strategy being employed. The
negative MBC2 segregants were subsequently screened for the presence of the cp4 epsps
gene by PCR. The PCR analysis was used to identify: 1) any plants that contained the
cp4 epsps gene but the gene had been silenced, and 2) any samples where the CP4 EPSPS
protein assay had failed. All plants identified as negative for CP4 EPSPS protein also
tested negative for the cp4 epsps nucleotide sequence as determined by PCR.

The negative segregants were subjected to Southern blot analysis to verify the absence of
any plasmid-derived DNA elements. The Southern blot analysis was conducted at
Montana State University using standard operating procedures supplied by Monsanto.
The genomic DNA from the negative segregants and suitable negative and positive
controls was hybridized to probes for the eFMV promoter region, the cp4 epsps gene and
two elements of the vector backbone. One element was located on either side of the T-
DNA border sequences outside of the right and left borders. The combination of these
four probes represents greater than 95% of the sequence from PV-MSHTA4.

A total of 53 putative negative segregant plants were subjected to Southern blot analysis.
No hybridization signal was observed with any of the negative segregant plants probed
with the eFMV promoter and cp4 epsps probes or the vector backbone probes. Samples
14-27 trace to Ty event J101, samples 42-53 trace to Ty event J163. Figures VI-2 to VI-7
show the results of the Southern blot analysis. Figures VI-2, VI-4 and VI-6 show the
analysis of the 53 plants using the combined eFMV promoter and cp4 epsps coding
region probes. The genomic DNA was digested simultaneously with restriction enzymes
Sall, Scal and Xbal. DNA sequence analysis had previously confirmed that none of
these restriction enzymes cleave within the T-DNA region and that each of the events
generates an event-specific fingerprint based on the position of flanking sites for the three
enzymes (see Section V of this petition). On each blot, a lane containing PV-MSH4
plasmid (9023 bp) linearized with BamHI provided a positive control for hybridization.
In addition, the representative Ty event for the samples on a given blot was also included.
All three blots were exposed for approximately four days. Following removal of the first
probe by stripping the filter according to the manufacturer’s instructions, a process that
was confirmed by reexposure of the blots to x-ray film, the blots were rehybridized using
a combined vector backbone probe (see figure legend for details). Figures VI-3, VI-5 and
VI-7 show the results of hybridization with the two vector backbone probes. As
expected, only the R2336 sample spiked with PV-MSHT4 plasmid showed any
hybridization signal for vector backbone sequences. This also confirmed results derived
from previous analyses that indicated that the events J101 and J163 were free from vector
backbone sequences

It was concluded on the basis of Southern blot analyses that the 53 plants analyzed did
not contain any detectable DNA sequences that could be traced to the transformation
vector PV-MSHT4. As such, they were considered to be negative segregants suitable for
seed production to provide control materials for subsequent product characterization and
ecological safety assessment studies.
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B.3. Creation of MBC3 Negative Control Seed Lots

The fall-dormant MBC2 negative segregant plants from the analysis described above
were randomly inter-pollinated by hand to form approximately 2000 seed (the Syn 0
generation). A 90-plant subsample of the Syn 0 generation was grown in the greenhouse
and inter-mated by hand to produce approximately 10 grams (approximately 4000 seed)
of the MBC2-derived negative control Syn 1 generation during fall 2000. Although this
amount of seed was adequate to meet the spring 2001 planting needs, it was insufficient
for additional field trial control needs. Therefore additional seed increases were done
under screen enclosure cages in 2001 and 2002 as described below.

2001: After the 10 g Synl generation greenhouse seed was harvested from the 90 Syn0
plants (described above), the plant stems were clipped back and plants were maintained
and allowed to grow vegetatively in the greenhouse until April 24, 2001, when they were
transplanted to the field. The 90 plants were space-transplanted into a single 20 x 20 ft
plot with nine rows of ten plants each with 24 inch spacing between rows and 20 inch
spacing within rows at the FGI Western Research Station in Idaho. When the plants
reached the early bud stage, the entire plot was covered with a 24 ft x 36 ft X 6 ft (width
x length x center height) pollinator-proof screen enclosure or cage; the screen fabric was
mounted over a half-hoop type frame system. The lower edges of the screen material
were buried under the soil to prevent pollinators from escaping. Research personnel had
access to the cage interior using a full height, zippered opening located on one end. At
10% bloom, alfalfa leafcutting bees were placed into the cage as emerging pupae and
sheltered in predrilled bee boards hung above the canopy within the cage. The bee
stocking rate was gradually increased as bloom became more abundant and was
maintained at a maximum stocking rate of approximately 2.75 lbs loose pupae cells/cage
(i.e., ~2 gallons by volume per acre—the recommended stocking rate for full bloom
alfalfa seed fields in Idaho). The cage was sprinkler-irrigated, insect pests were managed
with labeled insecticides, and weeds were controlled by hand-hoeing. Plants were
pollinated for eight weeks and seed was allowed to fully mature before the plot was
sprayed with chemical desiccant in mid-August. Seedpods were harvested seven days
later using small hand tools, air-dried (approximately 110 °F) and belt-threshed on
research-scale equipment to remove non-seed debris, and the screen cage was removed
from the plot. The seed produced from the 2001 screen cage was a second increase of the
control population Synl generation.

After seed harvest, the stems of all plants were clipped back to three inch height and
allowed to overwinter until 2002. The Synl J101 and J163 test materials that were grown
under screen cages were produced according to the same method and were grown under
separate screen enclosures adjacent to the control seed increase cage.

2002: The overwintered plants were maintained through the winter dormancy period,
survived and produced a third increase of Synl generation seed in 2002. In 2002, the
plots were managed the same as in 2001 with respect to cage enclosures, pollinators, seed
harvest, and general plot management. Plots were chemically desiccated on August 23,
2002, and harvested eight days later.
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Figure VI-2. Evaluation of Negative Segregant Plants in MBC2 Population by
Southern Blot Analysis, Series One.

Fifteen micrograms of genomic DNA per lane was digested with Sal 1, Scal and Xbal,
run on a 1% agarose gel and transferred to Hybond-N+ (Amersham) according to the
manufacturers instructions. The blot was hybridized with a probe consisting of probes 1
and 2, encompassing the eFMV promoter region (Probe 1) and HSP70-cp4 epsps
synthetic region (Probe 2) of plasmid PV-MSHT4. Both fragments were amplified by
PCR from the plasmid using standard procedures. Samples numbered 1-18 inclusive
were putative negative segregants from the MBC2 population. Lanes J### (an event that
is not the subject of this petition) and J101 contained DNA isolated from the respective
Ty event plants. Lane R represented 15 ug of negative control DNA (R2336). Lane P
contained 15 ug of R2336 DNA spiked with 30 pg PV-MSHT4 plasmid DNA linearized
by restriction with BamHI. The positions of Hindlll cut A DNA standards are indicated
to the left of the blot and also by dots in two lanes within the blot (Lane M).
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Figure VI-3. Evaluation of Negative Segregant Plants in MBC2 Population by
Southern Blot Analysis, Series Two.

Fifteen micrograms of genomic DNA per lane was digested with Sal 1, Scal and Xbal,
run on a 1% agarose gel and transferred to Hybond-N+ (Amersham) according to the
manufacturers instructions. The blot from Figure VI-2 was stripped and rehybridized
with a vector backbone probe consisting of probes 5 and 6, encompassing the Ori-V
region (Probe 5) and the Ori-322 and spectinomycin antibiotic resistance-coding region
(Probe 6) of plasmid PV-MSHT4. Both fragments were amplified by PCR from the
plasmid using standard procedures. Samples numbered 1-18 inclusive were putative
negative segregants from the MBC2 population. Lanes J### (an event that is not subject
of this petition) and J101 contained DNA isolated from the respective Ty event plants.
Lane R represented 15 ug of negative control DNA (R2336). Lane P contained 15 ug of
R2336 DNA spiked with 30 pg PV-MSHT4 plasmid DNA linearized by restriction with
BamHI. The positions of Hindlll cut A DNA standards are indicated to the left of the blot
and also by dots in two lanes within the blot (Lane M).
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Figure VI-4. Evaluation of Negative Segregant Plants in MBC2 Population by
Southern Blot Analysis, Series Three.

Fifteen micrograms of genomic DNA per lane was digested with Sal 1, Scal and Xbal,
run on a 1% agarose gel and transferred to Hybond-N+ (Amersham) according to the
manufacturers instructions. The blot was hybridized with a probe consisting of probes 1
and 2, encompassing the eFMV promoter region (Probe 1) and HSP70-CP4 EPSPS syn
region (Probe 2) of plasmid PV-MSHT4. Both fragments were amplified by PCR from
the plasmid using standard procedures. Samples numbered 19-36 inclusive were putative
negative segregants from the MBC2 population. Lanes J101 and J### (an event that is
not subject of this petition) contained DNA isolated from the respective T, event plants.
Lane R represented 15 ug of negative control DNA (R2336). Lane P contained 15 ug of
R2336 DNA spiked with 30 pg PV-MSHT4 plasmid DNA linearized by restriction with
BamHI. The positions of Hindlll cut A DNA standards are indicated to the left of the blot
and also by dots in two lanes within the blot (lane M).
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Figure VI-5. Evaluation of Negative Segregant Plants in MBC2 Population by
Southern Blot Analysis, Series Four.

Fifteen micrograms of genomic DNA per lane was digested with Sal 1, Scal and Xbal,
run on a 1% agarose gel and transferred to Hybond-N+ (Amersham) according to the
manufacturers instructions. The blot from figure VI-4 was stripped and rehybridized
with a vector backbone probe consisting of probes 5 and 6, encompassing the Ori-V
region (Probe 5) and the Ori-322 and spectinomycin antibiotic resistance-coding region
(Probe 6) of plasmid PV-MSHT4. Both fragments were amplified by PCR from the
plasmid using standard procedures. Samples numbered 19-36 inclusive were putative
negative segregants from the MBC2 population. Lanes J101 and J### (an event that is
not subject of this petition) contained DNA isolated from the respective T, event plants.
Lane R represented 15 ug of negative control DNA (R2336). Lane P contained 15 ug of
R2336 DNA spiked with 30 pg PV-MSHT4 plasmid DNA linearized by restriction with
BamHI. The positions of Hindlll cut A DNA standards are indicated to the left of the blot
and also by dots in two lanes within the blot (Lane M).
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Figure VI-6. Evaluation of Negative Segregant Plants in MBC2 Population by
Southern Blot Analysis, Series Five.

Fifteen micrograms of genomic DNA per lane was digested with Sal 1, Scal and Xbal,
run on a 1% agarose gel and transferred to Hybond-N+ (Amersham) according to the
manufacturers instructions. The blot was hybridized with a probe consisting of probes 1
and 2, encompassing the eFMV promoter region (Probe 1) and HSP70-CP4 EPSPS syn
region (Probe 2) of plasmid PV-MSHT4. Both fragments were amplified by PCR from
the plasmid using standard procedures. Samples numbered 37-53 inclusive were putative
negative segregants from the MBC2 population. Lanes J### (an event that is not subject
of this petition) and J163 contained DNA isolated from the respective T, event plants.
Lane R represented 15 ug of negative control DNA (R2336). Lane P contained 15 ug of
R2336 DNA spiked with 30 pg PV-MSHT4 plasmid DNA linearized by restriction with
BamHI. The positions of Hindlll cut A DNA standards are indicated to the left of the blot
and also by dots in two lanes within the blot (Lane M).
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Figure VI-7. Evaluation of Negative Segregant Plants in MBC2 Population by
Southern Blot Analysis, Series Six.

Fifteen micrograms of genomic DNA per lane was digested with Sal 1, Scal and Xbal,
run on a 1% agarose gel and transferred to Hybond-N+ (Amersham) according to the
manufactures instructions. The blot from figure VI-6 was stripped and rehybridized with
a vector backbone probe consisting of probes 5 and 6, encompassing the Ori-V region
(Probe 5) and the Ori-322 and spectinomycin antibiotic resistance-coding region (Probe
6) of plasmid PV-MSHT4. Both fragments were amplified by PCR from the plasmid
using standard procedures. Samples numbered 37-53 inclusive were putative negative
segregants from the MBC2 population. Lanes J163 and J### (an event that is not subject
of this petition) contained DNA isolated from the respective Ty event plants. Lane R
represented 15 ug of negative control DNA (R2336). Lane P contained 15 ug of R2336
DNA spiked with 30 pg PV-MSHT4 plasmid DNA linearized by restriction with BamHI.
The positions of Hindlll cut L DNA standards are indicated to the left of the blot and also
by dots in two lanes within the blot (Lane M).
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Figure VI-8. Roundup Ready Alfalfa Progeny Map
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B.4. Development of Roundup Ready Test Event Progenitors

In addition to the development of the negative control population, positive-segregating
siblings of the null plants were identified from the same J101 or J163 MBC2 populations
and seed was increased in parallel with the control material as described in Section B.3., as
outlined in Figure VI-8 or as described specifically within study discussions herein. The
presence of the single intended cp4 epsps event was verified using Southern blot analysis
and confirmed by event-specific PCR and the expression of CP4 EPSPS protein. The J101
and J163 siblings to the MBC2 negative segregants were used as parents to produce
separate near-isogenic test seed populations (Figure VI-8) for the phenotypic studies
presented in this section.

A generalized progeny map describing the development and source of test substances used

for the product characterization and ecological safety assessment is presented in Figure VI-
8.

C. Dormancy and Germination Evaluations

Seed dormancy is an important characteristic that is often associated with plants that are
weeds (Anderson, 1996). Dormancy mechanisms, including hard seed, vary with species
and tend to include complex processes. For most crops, the number of hard seed is
negligible or nonexistent. However, when alfalfa seed is produced, a portion of the seed is
hard; that is, the seeds do not absorb water after a prescribed period of time because of an
impermeable seed coat (AOSA, 2002). The percentage of hard seed in alfalfa can range
from 0 to 100% of a particular seed lot, depending on genetic factors, environmental
conditions during and after seed maturation, and harvesting methods (Bass et al., 1988).

In the commercial alfalfa seed industry, standardized germination assays are used to
measure the germination potential and dormancy of alfalfa seed lots (AOSA, 2002). Seed
characteristics measured in the standardized assay include percentages of normal
germinated, abnormal germinated, hard (dormant) ungerminated, and dead seed. Normal
alfalfa seeds that readily imbibe water through the seed coat layer will immediately
germinate within a broad range of temperatures (5-35°C), with 19-25°C being optimal
(McElgunn, 1973; Townsend and McGinnies, 1972; Stone et al., 1979; Ungar, 1967).
Hard (dormant) seed is defined as seed that does not imbibe water or germinate within the
first seven days of the assay at 20°C. A change in the percentage of hard seed within a seed
lot is typically measured as an inverse effect on other germination components (e.g., as
percentage hard seed decreases, there usually will be a corresponding increase in
percentage normal germinated seed).

Three separate experiments were conducted to evaluate seed dormancy and germination
characteristics for Roundup Ready alfalfa events J101 and J163. The first two experiments
(experiments one and two) evaluated seed harvested in 2001 and 2002 from identical plots,
and seed germination was evaluated using eight different temperature regimes. A third
experiment was conducted to evaluate the percentage of hard seed of potential Roundup
Ready alfalfa commercial variety seed lots containing alfalfa events J101 and J163.

Results from seed harvested in 2001 indicated an increased percentage of hard seed
produced by Roundup Ready alfalfa events compared to the control. Germination and
dormancy results from seed harvested in 2002 did not show a difference in percentage of
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hard seed between Roundup Ready and control alfalfa. A combined, overall statistical
analyses of data from both seasons indicated a trend towards increased percentage hard
seed in Roundup Ready alfalfa relative to the control. However, the results of the
combined analysis were largely weighted by the magnitude of the differences observed in
the 2001 experiment. The results from the third experiment confirmed that there were no
statistical differences for any of the seed germination characteristics (including hard seed)
of seed produced by Roundup Ready alfalfa plants compared to seed produced by
conventional alfalfa plants. Collectively, it was concluded that no biologically meaningful
changes in seed dormancy were assoc