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Petition For Determination of Nonregulated Status for Insect
Protected Corn (Zea mays L.) with the cryIA(b) gene from Bacillus
: thuringiensis subsp. kurstaki. '

Summary

Monsanto Company is submitting this Petition for Determination of Non-
regulated Status to the Animal Plant Health Inspection Service (APHIS)
regarding corn which expresses a CrylA(b) protein derived from the common
soil bacterium Bacillus thuringiensis subsp. kurstaki (B.t.k.). This petition
requests a determination from APHIS that insect protected corn line MON
80100, any progenieé derived from crosses between MON 80100 and
traditional corn varieties, and any progeny derived from crosses of MON
80100 with transgenic corn varieties that have also received a determination
of nonregulated status, no longer be considered regulated articles under
regulations in 7 CFR part 340. :

Corn is the largest crop in the United States in terms of planted acreage,
total production, and crop value. United States production in 1993 was 161
million metric tons produced on over sixty million acres with the majority of
national production concentrated across what is known as the “Corn Belt” in
the upper Midwest. The European corn borer (ECB), Ostrinia nubilalis, causes
severe economic damage as it feeds on leaf and stalk tissue compromising the
structural integrity of the corn plant. This feeding damage leads to plant
lodging and yield loss. Chemical insecticides offer limited utility as
applications must be made prior to the time the insect bores into the stalk
and repeat applications are often necessary. As one of the most important
pests of corn in the United States, it is estimated that ECB causes an
average five to ten percent crop production loss annually in corn.

Monsanto has developed genetically modified corn plants that effectively
control ECB. These genetically modified corn plants produce an insect control
protein (CrylA(b)) derived from the common soil bacterium Bacillus
thuringiensis subsp. kurstaki (B.t.k.). Microbial formulations containing these
insecticidal proteins have been registered by the EPA and commercially
available for over thirty years. The protein produced by insect protected corn
is identical to that found in nature and in commercial B.t.k. formulations
registered as pesticides with the EPA. This protein is highly selective in
controlling ECB and is expressed at an effective level in plant tissue
throughout the growing season. i
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Field experiments were conducted from 1992 through 1994 in the U.S. corn
growing region under United States Department of Agriculture (USDA) - —~=

permits or notifications as well as an

Experimental Use Permit (524-EUP-82)

obtained from the EPA in 1994. Results from these field experiments have
demonstrated that insect protected corn is protected season long from the leaf
and stalk feeding damage caused by ECB. Growers planting insect protected -
corn will not require insecticide applications to control ECB. This reduction in
insecticide use will enhance biological control and the implementation of

other pest management strategies for

other corn pests. In addition, these

plants exhibit no pathogenic properties, are no more likely to become weeds
than the non-modified parental corn lines, are unlikely to increase the
weediness potential for any other cultivated plants or native species, and are
equivalent morphologically, agronomically, and compositionally to the

parental corn lines.

The use of insect protected corn will have a more positive impact on the

environment than the use of chemical

insecticides to control ECB. The

CrylA(b) protein is ecologically benign, i.e., it breaks down rapidly in the soil,
and is safe to non-target organisms such as fish, birds, mammals, and
beneficial insects. In addition, the risk of an uncontrolled introduction of this
corn into the environment through hybridization or outcrossing to native
species is virtually non-existent in the U.S.

A series of insect protected corn lines

derived from the plasmids identified

within are currently under development and include MON 80100, MON
81000, and MON 81400, and MON 80900. However, the focus of this petition
will be the insect protected corn line MON 80100. The determination that
insect protected corn line MON 80100 and its progenies are no longer

regulated articles and their subsequent commercialization will represent an
efficacious and environmentally compatible addition to the existing options
for corn insect pest management. The use of insect protected corn will

provide potential benefits to growers,
including:

the general public and the environment,

. A more reliable, economical, and less labor intensive means to

control ECB.

Insect control without harming

non-target species, including humans.

A means for growers to significantly reduce the amount of chemical
insecticides now applied to the crop thereby achieving ECB control in &
more environmentally compatible manner than is currently available.
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. A reduction in the manufacturing, shipment, and storage of chemical
insecticides used in corf.

« A reduction in the exposure to workers to the pesticide and pesticide
spray solution.

. A reduction in the number of empty pesticide containers and amount of .
pesticide spray solution that must be disposed of according to
applicable environmental regulations. :

. An ideal fit with Integrated Pest Management (IPM) and sustainable
agricultural systems.

. Both large and small growers will benefit from the planting of insect
protected corn as no additional labor, planning, or machinery is
required.

In conclusion, the consistent control afforded by insect protected corn line
MON 80100 will enable growers to significantly reduce the amount of
chemical insecticide now applied to their crop for control of ECB while
maintaining yield potential. Asa result, they will be able to utilize IPM
practices that cannot presently be implemented because of the lack of options
other than use of chemical insecticides to control this pest. An increase in the
biological and cultural control of non-target corn pests and a more judicious
use of chemical insecticides will resultin a positive impact on the
environment, which will ultimately be advantageous to the grower and the
public as well

Therefore, Monsanto Company requests a determination from APHIS that
insect protected corn line MON 80100 and any progenies derived from crosses
between MON 80100 and traditional corn varieties no longer be considered
regulated articles under regulations in 7 CFR part 340.
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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 relevant data and information known teo
the petitioner which are unfavorable to the petition. '

Lz,

7

Kent A. Croon, Regulatory Affairs Manager
The Agricultural Group of Monsanto Company, BB3A
700 Chesterfield Parkway north
Chesterfield, MO 63198
Tel: 314-537-7488
Fax: 314-537-7085




Abbreviations Used in this
Regulated Status of Insect Protected

2,4-D
APHIS
ATP
bp, Kb
B.t.k.
°C,°F
CaMV
CFR
CP4 EPSPS
crylA(b)
CTP
DNA
E. coli
E35S
ECB
ELISA
EPA
EPSPS
EUP
FDA
FFDCA
FIFRA
Ga, ga
GDD
GLP
gox
GOX
hsp70
I-DNA
IPM
kD

M

mil, |

mm, cm, m

Corn Line MON 80100

(2,4-dichlorophenoxy)acecic acid

Animal Plant Health Inspection Service
Adenosine triphosphate

Base pairs, kilobase pairs

Bacillus thuringiensis subsp. kurstaki
Degree Centigrade, degree Farenheight
Cauliflower mosaic virus

Code of federal regulations

EPSPS from Agrobacterium sp. strain CP4
Class I (Lepidoptera-speci.ﬁc) crystal protein gene
Chloroplast transit peptide
Deoxyribonucleic Acid

Escherichia coli

35S promoter with enhancer sequence
European corn borer '
Enzyme-linked immunosorbent assay
Environmental Protection Agency
5-enn1pyruvylshikimate-3-phosphate synthase
Experimental Use Permit

Food and Drug Administration

Federal Food Drug and Cosmetic Act
Federal Insecticide Fungicide and Rodenticide Act
Gametophyte

Growing degree days

Good Laboratory Practice

Gene for glyphosate oxidase

Glyphosate oxidase

Intron sequence from heat-shock protein 70
Integrated-DNA

Integrated Pest Management

Kilodaltons

Million

Milliliter, liter

millimeter, centimeter, meter

ng, ug, mg, g, kg Nanogram, microgram, milligram, gram, kilogram

NOS 3

NPTI
nptll

3’ transcriptional termination sequence from nopaline
synthase

Neomycin phosphotransferase I

Gene for neomycin phosphotransferase I
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ori-p UC
PCR

ppm
sp
subsp.
T-DNA
USDA
wiw

Bacterial origin of replication from the pUC plasmid
Polymerase chain reaction

Part per million

Species

Subspecies

Transferred-DNA

United States Department of Agriculture
Weight/weight ‘
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CONFIDENTIAL BUSINESS INFORMATION
JUSTIFICATION '

The information claimed as confidential within this petition falls into two
categories, namely (1) the gene description (Figure IV.1) and (2) commercial
development information (Appendices II and IID). ‘The gene description
category includes information about the cryIA(d) gene. Commercial
development information includes the names and locations of cooperators,
collaborators, investigators, and contacts (referred within as “cooperators and
collaborators”).

LEGAL BACKGROUND

The Freedom of Information Act ("FOIA", 5 U.S.C. § 552, specifically exempts
from release "trade secrets and commercial or financial information obtainede )
from a person and privileged or confidential” ("Exemption 47). 5 U.S.C. §
552(b)(4). Exemption 4 applies where the disclosure of information would be
likely to cause substantial harm to the competitive position of the owner, or
where, in the case of voluntarily submitted information, the submitter would
be less likely in the future to share data with the agency voluntarily.

] i 1at] 498 F.2d 765, 770

(D.C.Cir. 1974); Gulf & Western Industries. Inc. v. US., 615 F.2d 527, 530
(D.C.Cir. 1979).

A party seeking to demonstrate nsubstantial competitive harm" need not

show actual competitive harm, but must only demonstrate the presence of

competition and the likelihood of substantial competitive injury. Id, at 530;
i i iati 547 F.2d 673, 679

(D.C.Cir. 1976); Miami ]

Administration, 670 F.2d 610, 614 (5th Cir. Unit B 1982).

For the purposes of FOIA, courts have defined the term "trade secret” to
mean a "secret, commercially valuable plan, formula, process, or device that is
used for the making, preparing, compounding, or processing of trade
commodities and that can be said to be the end product of either innovation or
substantial effort. Public Citizen Health Research Group v. FDA. 704 F.2d

1280, 1288 (D.C.Cir. 1983); Anderson v. Dept. of Health & Human Services,
907 F.2d 936, 943-44 (10th Cir. 1990).
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Information on gene description and commercial development falls squarely
within this definition, and is the type of information accorded trade secret =
protection by the courts under Exemption 4 of the Freedom of Information Act.
It is well established that information on the formulation and chemistry of a
product should be treated as confidential for FOIA purposes. See. e.g.,

sees 907 F.2d 936 (10th Cir.
1990). This is exactly the type of information provided by each and every
subcategory listed above in the gene description category. Where, as in the
case of the Monsanto products subject to this FOIA request, the development
time and costs of the product have been substantial and the information can
only be obtained by competitors at considerable cost, disclosure is prohibited.
Qmﬂm;ﬂmmwm 803 F.2d at (213, 1216-1218
®.C. Cir. 1986); anm_mumm 622 F.2d 45, 51-52
(D.C.Cir. 1981). The existence of confidentiality agreements binding
employees not to reveal the information is another factor considered by the
courts. Greenberg v, FDA, 803 F.2d at 1216-1218.

The courts have also been very clear in finding commercial development
information covered by Exemption 4 where the release of such information
could allow competitors to procure & clear understanding of a company's
business practices and allow a competitor to cause bharm to a company's
competitive standing. 3ee, .- mmﬂemhmmm—ﬂf
Enerey, 494 F.Supp. 287, 289-291 (D.D.C. 1980). Information on distribution
channels, market strategies, pricing structures, and patterns of competition
fall squarely within the Exemption because such information enables a
competitor to gain an accurate picture of & company's marketing activities
and the competitive structure of the market. Ti i
531 F.Supp. 194, 200 (D.D.C. 1981). Typically, information concerning
marketing strategies, and the names of independent contractors participating
in a company's studies have been accorded confidential treatment. See, e.g.,

i ini .on. 751 F.Supp. 243, 253 (D.D.C. 1990).

In a case recently decided by the U.S. Court of Appeals for the District of
Columbia Circuit, WM No. 90-5120, August
21, 1992, the court determined that information given to the government
voluntarily will be treated as confidential under Exemption 4 if such
information is of the kind that the provider would not customarily make
available to the public. To the extent any references and other information in
the Monsanto applications were submitted voluntarily, such information 1s
accorded protection from disclosure.
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GENE DESCRIPTION

b ]

The essence of the commercial value of the Monsanto biotechnology products
is the particular genetic information that confers the desired properties on the
plant product, as well as the technical know-how inherent in this information.
Monsanto is at the leading edge in the development of biotechnology products-
in a rapidly growing and highly competitive industry. This expertise has been
gained through many man years of effort, and the expenditure of tens of
millions of dollars on biotechnology research.

Monsanto has been working on the development of insect protection since the
early 1980’s and has expended several million dollars in research and testing
costs. Monsanto can document the development and testing costs by means
of monthly summaries of the man hours devoted to these projects, budgetary
documents, field test agreements, and project documents for the Chesterfield
facility. :

The uniqueness of Monsanto's product lies in the particular uniqueness of
genetic components in the vectors transferred to these plants. Each genetic
entity in these vectors has three pieces of information: a promotor region, the
gene for the expression of the trait, and a stop signal. Although the
information on the cryIA(b) gene may be in the public domain, the particular
genetic elements assembled by Monsanto are unique and represent years of
effort and millions of dollars of expense.

To achieve the product which is the subject of this Confidential Business
Information Justification, Monsanto has developed and tested many different
plant strains using different combinations of genetic components. The plant
products developed by Monsanto represent the best fit of the components, and
the best mode of gene expression of the desired insect protection trait. The
specific combination of genetic information on the vectors transferred to the
Monsanto products has been kept strictly confidential. Monsanto employees
and contractors under contract to Monsanto are contractually obligated to
keep this information confidential.

There are many competitors of Monsanto, both national and international,
who have the expertise not only to replicate Monsanto's products, but also to
use Monsanto's technology to develop other products which would be

competitive with Monsanto, thereby saving millions of dollars and years of
development effort.
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Monsanto's competitors cannot presently duplicate Monsanto's commercially
valuable products from information in the public domain without going
through the same painstaking trial and error development and testing of

many different combinations of genetic information.

It is important to

emphasize that although there may be information about Monsanto products
available in patent applications, this information is voluminous and general -
in nature, and does not identify the specific combinations of genetic :
information which Monsanto has found to be most effective. A competitor
cannot determine from the patent applications which particular combination
of genes and transgenic products will prove to be commercially valuable.

Access to gene description information for Monsanto's products would allow
competitors to create essentially "copy-cat" products (avoiding any technical
patent infringement) that would result in a market share loss for Monsanto of

millions of dollars. By performing simple copy work,

these competitors would

avoid the millions of dollars and many years of research and development
effort expended by Monsanto to develop its commercial products.

The release of gene description information would also provide competitors
with commercially valuable knowledge about the particular products that
Monsanto is planning to commercialize and the likely time frame for
commercialization. This information would be extremely helpful to these
companies in developing their own marketing strategies and development

plans in a highly competitive market.

NAMES AND INFORMATION ABOUT GENES, PROMOTERS AND

EXPRESSED TRAITS

The release of information about the gene in the vector identified will directly
provide competitors with the knowledge of the precise genetic sequence that
Monsanto has found to be most desirable. If this information is disclosed, the
competitors will have access to the structure of the Monsanto products, with
the consequences outlined above. Patents for the products at issue in this

matter are pending, but have not been issued.

Information on the expressed trait of the genes is tantamount to providing the
pame of the genes, and will allow Monsanto's competitors to readily identify
the particular genes that have been transferred to the Monsanto products.
The release of any information relating to changes made to an original gene to
facilitate fusion with another gene would explicitly reveal Monsanto's trade

secret technology for developing gene combinations.
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COMMERCIAL DEVELOPMENT INFORMATION

The disclosure of information about the names of cooperators, collaborators,
investigators, research farm on-site personnel or contacts ("cooperators and
collaborators”) and the location and characteristics of the field experiments
will provide Monsanto's competitors with invaluable information about
Monsanto's marketing strategy, and could cause severe harm to Monsanto's
competitive standing in the industry. '

COOPERATORS AND COLLABORATORS AND INFORMATION
LEADING TO THEIR IDENTITY

In particular, information about the choice of cooperators and collaborators
provides the competition with knowledge about the individuals and
organizations that Monsanto has found, through its experience and
investigation, to be most expert. Without doubt, the competitors would seek »
to use the services of the entities found most expert by Monsanto, thereby
driving up the price of services for future Monsanto contracts with these
entities.

Moreover, since there is a limitation on the expertise and facilities necessary
to test and produce the Monsanto products, the competitors could use
information on the cooperators and collaborators to block or limit access of
these sources of expertise to Monsanto. This could be accomplished either by
the competitors acquiring exclusive licenses with these individuals and
organizations, or by their entering into contracts that would utilize a
substantial amount of the time and facilities of such entities.

Maintaining the good will of the cooperators and collaborators is also a very
important consideration for the success of Monsanto's marketing strategy.
The release of information identifying or leading to the identity of these
entities could cost Monsanto considerable good will. Monsanto has entered
into an agreement with a number of cooperators that it would keep the names
of these cooperators confidential. The release of information about these
cooperators would likely jeopardize Monsanto's relationship with these
cooperators, and might prevent the cooperators from working with Monsanto
in the future. Good will is established through working relationships with
cooperators, irrespective of whether there is a written agreement between
Monsanto and such cooperators. If Monsanto has given its word that it would

maintain confidentiality, a loss of good will follow from the breach of this
agreement.
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If Monsanto were forced to use alternative cooperators and collaborators, it
would not only be losing access to the best technical performance, but would
lose the value of the expertise built-up by these entities from prior work with
Monsanto products. The delay in bringing products to market could be
considerable for Monsanto, and the cost could be in the millions.

To the extent Monsanto has not finalized its contract with a collaborator or
cooperator, the release of the name of this individual or entity could
dramatically increase the contract price, or make contractual arrangements
very difficult to achieve. This would result from the competitive pressure on
the collaborators or cooperators by other companies seeking to capitalize on
the Monsanto technology. A cooperator or collaborator is also more likely to
seek an excessive price for his technology if he 1s aware that his product is
close to commercial production.

In addition, the disclosure of information about cooperators and collaborators
would provide strong insights into Monsanto's marketing strategy by
revealing where Monsanto is planning to introduce the products, and the
schedule for such introduction.
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Part I. Rationale for Development of Insect Erotected
Corn :

A. Need for Insect Protected Corn

Corn is the largest U.S. crop in terms of acreage, total production, and crop
value (National Corn Growers Association, 1994). ECB is among the most
important corn insect pests in the U.S. and worldwide (Dicke and Guthrie,
1988). This pest ranges from the Eastern seashore west to the Rocky
Mountains and from southern Canada to Florida and the Gulf States. In
the central corn belt, the pest typically completes two generations each
year, but in warm years may complete a partial to full third generation
(USDA, 1992). Physical damage results from ECB as a result of: (1) leaf
feeding (from the first generation), (2) stalk tunneling (from the first and
second generation), (3) leaf sheath and collar feeding (from the second and
third generation) and (4) ear damage (from the second and third )
generation) (USDA, 1992). Researchers from across the pest's geographic *
range have estimated a five to ten percent corn yield loss annually,
attributable to ECB damage (Appendix I; Bode and Calvin, 1990; Guthrie
et al., 1975; Rice, 1994a-c). Yield losses are attributed to disruption of
putrient and water translocation to key tissues, secondary disease
infections, stalk lodging, ear droppage and kernel damage.

Control of ECB using conventional insecticide applications is variable due
to difficulties in the proper timing of the application and placement of the
insecticide where ECB larvae are feeding. Small deviations from the
optimal date for applying an insecticide can result in significantly less
control. More than one insecticide application may be necessary. To time
these insecticide applications properly, a field scouting program is
required (USDA, 1992; Appendix I). Hybrids with resistance to the first
generation (leaf-feeding resistance) of ECB, obtained through traditional
breeding techniques, can reduce the amount of loss. However, to date,
these hybrids do not have the yield potential of susceptible full-season
hybrids (USDA, 1992).

Monsanto has developed genetically modified corn plants that control
ECB. This insect protected corn offers a new mechanism to produce and
deliver a highly effective insecticide to target pests (e.g. production by cells
of the crop plant rather than industrially and application by spray
equipment). The technology couples the environmental advantages of host
plant resistance with the efficacy of CryIA(Db), an effective biological
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insecticide. Insect protected corn expresses the CryIA(b) protein which is
selective against certain lepidopteran insects that must feed upon the ==
plants to be controlled. Therefore, this technology offers selective activity
without disrupting pest suppression by natural enemies, such as parasites
and predators.

B. Benefits of Insect Protected Corn

Agronomic Benefits of Corn Genetically Modified to Resist
European Corn Borer and Other Lepidopteran Pests

Kevin L. Steffey, Professor
Office of Agricultural Entomology
University of Illinois
Champaign-Urbana, IL

Executive Summary

Insect protected corn will provide excellent control of an insect (European corn
borer) that causes significant decreases in corn yields every year in North
America. Results from field experiments with Monsanto's genetically
modified corn expressing delta-endotoxin proteins of Bacillus thuringiensis
var. kurstaki (insect protected corn) revealed a high level of efficacy against
European corn borers, Ostrinia nubilalis (Hibner), in 1994. The results from
field trials in Kansas indicated that Monsanto's transgenic corn also is
efficacious against southwestern corn borers, Diatraea grandiosella Dyar.
Southwestern corn borers occur in areas of the western Corn Belt where this
pest causes yield reductions. Control of other lepidopteran pests with insect
protected corn may also be possible, and is currently being investigated for
Armyworms, COrn earworms, fall armyworms, and stalk borers in corn.

Currently, corn growers in the eastern Corn Belt treat relatively few acres
annually with insecticides to control European corn borers. Corn growers in
Colorado, Kansas, and Nebraska treat comparatively more acres to control
corn borers. However, yield losses attributable to corn borer damage are
appreciable throughout its range. One study in Ilinois (Briggs & Guse 1986)
revealed that approximately 10 percent of the corn acres in that state
experience a 9- to 15-percent yield loss annually, attributable solely to the
damage caused by the second generation of corn borers. [At least two
generations of this pest occur annually throughout most of the Corn Belt.]
Results from several studies suggest that corn borers cause an estimated 5 to
7.5 percent yield loss annually (first and second generations combined) (Gray
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and Steffey 1995; Bergman. et al. 1985a-f; Bode and Calvin 1990). These data
induce entomologists throughout the United States to consider the European

corn borer to be the most un

der-scouted and under-treated insect that attacks

corn. Because European corn borers cause primarily physiological reductions
in yield, corn growers are not aware of the significance of their feeding injury
during years when infestations are moderate. In addition, efficacy of - -
insecticides applied for control of corn borers is often less than acceptable,

particularly for the second g

eneration. Both timing of insecticide applications

and placement of the insecticide where corn borer larvae are feeding are -
difficuit. Corn growers frequently are dissatisfied with the level of control of
" corn borers provided by both chemical and microbial insecticides.

The only other management tactic currently utilized for management of
European corn borers is planting of resistant or tolerant corn hybrids.
Entomologists and corn breeders have attempted for many years to develop
hybrids resistant to European corn borers. However, although some hybrids
are resistant to first-generation corn borers, none are resistant to second-
generation borers. Some hybrids also have the ability to tolerate an
infestation of corn borers. Nevertheless, planting of corn hybrids specifically
because they are resistant to European corn borers is not widespread, and
tolerant hybrids often do not yield as well when infestations of corn borers are

heavy.

Insect protected corn promises to be a profound breakthrough in corn insect
management. Corn growers who plant insect protected corn will experience
yield protection during years when infestations of European corn borers are
moderate to large. The potential for substantial reduction or virtual
elimination of insecticide use for corn borer control is real. Additionally, the
selective activity of the Btk endotoxins will not disrupt populations of either
beneficial insects or nontarget animals (e.g., birds, fish). Applications of
conventional chemical insecticides often affect nontarget species.

The development of insect protected corn may become a foundation for corn
insect management throughout the United States. Reduced insecticide use

and improved yields are the

likely outcomes of implementation of this

technology. If growing insect protected corn effectively eliminates all
insecticide applications for European corn borers, corn growers would save a
conservative $50 million annually. [This figure was derived from an estimate
of 5 percent of the acres of corn treated with insecticides for corn borer control

and $15 per acre control costs (insecticide + application costs).] The yield
protection benefits gained from controlling corn borer infestations are




between 1 and 1.5 billion dollars. [This figure was derived from annual
estimates of 70 million acres of corn, an average yield of 120 bushels per acre,
an average corn price of $2.35 per bushel, and an estimated 5 to 7.5 percent
yield loss attributed to corn borer damage.]

The development of insect protected corn will have & major impact on corn
pest management. The reduction in the use of aerially applied insecticides

' will preserve many beneficial insects, and the integration of insect protected

corn with other forms of resistance or tolerance will provide solid footing for

the development of nonchemical technologies for other major insect pests.

A complete copy of the agronomic benefits document is located in Appendix .

C. Regulatory Approvals

Before commercializing the insect protected corn line MON 80100,
Monsanto will seek the following regulatory approvals:

1. This determination from USDA/APHIS that insect protected corn
line MON 80100, and all progenies from crosses between insect
protected corn line MON 80100 and other corn varieties, is no longer

. a regulated article according to 7CFR §340.6.

2. Regulatory approval from the Environmental Protection Agency
(EPA) of the CrylA(b) insecticidal protein as expressed in insect
protected corn under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA). This petition has been submitted.

3. An exemption from the requirement of & tolerance for the CryIA(b)
insecticidal protein, the CP4 EPSPS selectable marker enzyme, and
the genetic material necessary for the production of these proteins
in or on all agricultural commodities under sections 408 of the
Federal Food Drug and Cosmetic Act (FFDCA) from the EPA.

In addition, we will complete our consultations which have been initiated
with the FDA under their May 29, 1992 policy statement concerning foods
derived from new plant varieties.

Monsanto will consult with the pesticide and, if applicable, biotechnology

regulatory officials of the states in which the commercial product will be
sold and obtain a state license if such is required.
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Part II. The Corn Family

Potentiai for Outcrossing and Weediness of
Genetically Modified Insect Protected Corn

Prepared by:

Dr. Arnel R. Hallauer, Department of Agronomy, Iowa State
University, Ames, IA 50011 :

Introduction

Corn (Zea mays L.), or maize, is one of the few major crop species
indigenous to the Western Hemisphere. Corn is grown in nearly all areas of
the world and ranks third behind rice (Oryza sativa L) and wheat (Triticum
sp.) in total production. Corn has been studied extensively, and it seems the
probable domestication of corn was in southern Mexico more than 7,000 -
10,000 years ago. The putative parents of corn have not been recovered, but it
seems teosinte probably played an important role in the genetic background
of corn. The transformation from a wild, weedy species to one dependent on
humans for its survival probably evolved over a long period of time by the
indigenous inhabitants of the Western Hemisphere. Corn, as we known it
today, cannot survive in the wild, because the female inflorescence (the ear)
restricts seed dispersal. Although grown extensively throughout the world,
corn is not considered a persistent weed nor one difficult to control. A
summary of the history, taxonomy, genetics, and life cycle of corn is presented,
followed by a discussion of how the characteristics of cultivated corn affect
gene flow between cultivated corn and its wild relatives.
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The Corn Family

1. Histbry of corn

Corn originated in the highlands of Mexico 7,000 to 10,000 years ago.
By the time Columbus discovered the Western Hemisphere, corn was ~
being grown by the indigenous civilizations from Chile to southern
Canada. Columbus noted the presence of corn on the north coast of
Cuba November 5, 1492 and introduced corn to Europe upon his return
to Spain (Goodman, 1988). After the introduction of corn to Europe,
corn became distributed within two generations throughout the world
where it could be cultivated. Today, corn ranks third after wheat and
rice as one of the world's three leading food crops. Unlike wheat and
rice, more corn 1s consumed by livestock rather than directly by
humans. Corn, however, is consumed directly by humans in the tropics
and in the Southern Hemisphere.

The original corn growing areas did not include the north-central area ’
(U.S. Corn Belt) of the United States. The highly productive U.S. Corn
Belt dent corns were derived after the colonization of North America.
The European settlers accepted the local native American varieties and
incorporated them with other crops to provide food, feed, and fuel for
their survival. The current U.S. Corn Belt dent corns evolved from the
gradual mingling of those settlements that spread north and west from
the southeastern North America and those settlements that spread
south and west from the northeastern North America.

The corns grown in the northeast are called northern flints; their origin
is not clear, but races from the highlands of Guatemala have similar
ear morphology (Goodman and Brown, 1988). Northern flints are
largely eight-rowed with cylindrical ears, are early maturing, and are
short statured plants with tillers. The southern dent corns grown in
the southeast United States seemed to have originated from the
southeast coast of Mexico. Southern dent corns are characterized as
having tall, late maturing, non-tillered, poorly rooted plants with soft-
textured white kernels on many rowed, tapering ears. It seems the
Tuxpeno race contributed to the development of southern dents. The
intentional and/or unintentional crossing between the early northern
flints and late southern dents led eventually to the highly productive
U.S. Corn Belt dent corns that are used extensively throughout the
world today.
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The origin of corn has been studied extensively, and hypotheses for the
origin and for the parentage of corn have been advanced (Mangelsdorf,
1974). Hypotheses suggested for origin of corn include the following: 1)
cultivated corn is a descendent of pod corn; 2) corn originated by direct
selection from teosinte; 3) corn, teosinte, and Tripsacum descended
independently from a common, unknown ancestar; and 4) the tripartite
theory: a) corn originated from pod corn, b) teosinte derived from a
cross of corn and Tripsacum, and c) modern corn varieties evolved by
corn intercrossing with teosinte or Tripsacum or both (Mangelsdorf,
1974). :

It has been suggested that modern corn originated from corn grass by a
single-gene mutation causing ear development. Other suggestions have
included Coix and species of the genus Manisuris in the tribe
Andropogoneae for contributing to the genome of corn. The hypotheses
have been tested by the study of crosses for genome commonality,
fertility, variation, and segregation of morphological plant traits, by
archeological evidence, and by use of molecular genetic markers.

Evidence has been reported to support the different hypotheses, but it
seems the preponderance of evidence supports the hypothesis that corn
descended from teosinte (Galinat, 1988). The teosinte genome is
similar to corn, teosinte easily crosses with corn, and teosinte has
several plant morphological traits similar to corn. Teosinte has a more
weedy appearance and more tillers than modern corn varieties. The
one major distinguishing difference between corn and teosinte is the
female inflorescence, or ear. Modern corn varieties have 1 to 3 lateral
branches that terminate in an ear with 8 to 24 kernel rows of 50 seeds,
and the ear is enclosed in modified leaves or husks. Teosinte also has
lateral branches, but they terminate in two-rowed spikes of perhaps 12
fruit cases, with each fruit case having one seed enclosed by an
indurated glume (Goodman, 1988).

2. Taxonomy of the genus Zea

Corn is a member of the tribe Maydae, which is included in the
subfamily Panicoideae of the grass family Gramineae (Table IL1). The
genera included in the tribe Maydae include Zea and Tripsacum in the
Western Hemisphere and Coix, Polytoca, Chionachne, Schlerachne, and
Trilobachne in Asia. Although the Asian genera have been implicated
by some in the origin of corn, the evidence for them is not as extensive

and convincing as for the genera located in the Western Hemisphere.
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There has been some fluctuation in Latin binomial designations of the
species included in Zea in recent years and the classification described

by Doebley

and Ttis (1980) will be used herein.

The genus Zea includes two subgenera: Luxuriantes and Zea. Corn (Zea

mays L.) is
subspecies.

a separate species within the subgenus Zea along with three
All of the species within the genus Zea, except corn, are

different species of teosinte. Until recently, the teosinte species were

included in

the genus Euchlaena rather than the genus Zea.

The other genus included in the Maydae tribe is Tripsacum. Tripsacum

includes 16

species with a basic set of 18 chromosomes (n = 18), and

the different species of Tripsacum include multiples of 18 chromosomes
ranging from 2n =36 to 2n = 108.

Five genera are included in the tribe Maydeae that originated in Asia.
Except for Coix, the basic chromosome number isn = 10. Within Coix,

n=5andn

= 10 have been reported.

3. Genetics of corn

Corn is genetically one of the best developed and best characterized of
the higher plants. Because of the separation of male and female
inflorescence, number of seeds produced on female inflorescence, ease in
handling (growing and hand pollinating), nature of the chromosomes,
and low basic chromosome pumber (n = 10), corn has been accessible for
study at all levels of genetics. Corn was one of the first crop species

included in

genetic laboratories to obtain a basic understanding of

mitosis, meiosis, chromosome segregation, linkage and effects of
crossing-over, and transposable elements. Because of the importance
of corn in the U.S. and world economies, and the genetic information
obtained since 1900, corn has continued to receive extensive study in
modern genetic laboratories.

Molecular geneticists have developed extensive genetic maps of corn to
complement the genetic maps developed by the early corn geneticists.
Corn has been used in tissue cuiture research, in extensive studies to
relate molecular markers to qualitative and quantitative traits, in

sequencing

of genes, in study of transposable elements for gene tagging

and generating genetic variability, in gene transformation, etc.
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Extensive compilations were provided by Coe et al. (1988) on corn
genetics, by Carlson (1988) on corn cytogenetics, by Phillips et al.
(1988) on cell tissue culture, and by Walbot and Messing (1988) on
molecular genetics. Rapid advances are being made daily in corn
genetics, but these are useful references. '

4. Life cycle of corn

Corm is an annual and the duration of the life cycle depends on the
cultivars and on the environments in which the cultivars are grown
(Hanway, 1966). Corn cannot survive temperatures below 0° C (32° F)
for more than 6 to 8 hours after the growing point is above ground (5 to.
7 leaf stage). Damage from freezing temperatures, however, depends
on the extent of temperatures below 0° C, soil condition, residue, length
of freezing temperatures, wind movement, relative humidity, and stage
of plant development. Light frosts in the late spring of temperate
areas can cause leaf burning, but the extent of the injury usually is not
great enough to cause permanent damage, although the corn crop will
have a ragged appearance because the leaf areas damaged by frost
persist until maturity. The completion of the life cycle of corn, therefore,
is dictated by the duration of the average number of frost-free days.

The number of frost-free days dictates the corns with differences in
length of their life cycles be grown in porth-to-south directions of
temperate areas. In the United States, corns with relative maturities
of 80 days or less are grown in the extreme northern areas, and corns
with relative maturities of more than 125 days are grown in the
southern areas. Corms having relative maturities of 100 to 115 days
are typically grown in the U.S. Corn Belt. Relative maturities,
however, are not parallel lines east-to-west because they are dependent
on prevailing weather patterns, topography, large bodies of water, and
soil types (Troyer, 1994).

Another measure used to judge the relative maturities of corns is the
number of growing degree days (GDD) required from emergence to
maturity. Based on GDD required to mature, corns are assigned to
areas that have, on the average, less than 1850 GDD in the extreme
northern areas of the United States to corns that require more than
92750 GDD in more southern areas. Assume a 115-day maturity hybrid
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is grown in central Iowa. Average last frost date is May 1 and average
first frost date is October 5, resulting in an expected 158 frost-free
days. If average emergence is May 15 and average flowering is July 15,
60 days are required from emergence to flowering. Corn requires 50 to
60 days to attain physiological maturity. If physiological maturity
occurs 55 days after flowering, physiological maturity will occur on or

about September 10, or
maturity.

115 days from emergence to physiological

If one considers the central U.S. Corn Belt as an example, the following -
time-frame for each stage of corn development could be as follows:

Planting date: May 1% 10 days

Date emergence: May 10+ 4 days

Date of flower: July 20 10 days

Physiological maturity: September 10 £ 5 days

Harvest maturity: October 10 + 10 days

These suggested time frames can vary within the same year among
locations and among years at the same location, depending on the
environmental conditions experienced from planting to harvesting.

5. Hybridization

Hybridization 1s a fundamental concept used in the breeding,
production, and growing of corn in the United States. Corn evolved as
an open-pollinated (cross-fertilizing) crop species and until the 20th
century the corn cultivars were what we designate today as open-
pollinated corn varieties. Because corn is essentially 100% cross
pollinated, the corn varieties were a collection of heterozygous and
heterogeneous individuals (genotypes). Varieties were developed by
simple mass selection by the indigenous natives prior to the arrival of
Columbus. Their methods of selection were simple by present-day
standards, but they obviously were effective in developing races,
varieties, and strains to satisfy their food, fuel, feed, and cultural
needs. Hybridization occurred between varieties as cultures moved
within the Western Hemisphere, releasing genetic variability to
develop other unique varieties.
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The fundamental concepts for development of hybrid corn were defined
by 1920 (Sprague, 1946). Basic studies on the genetic composition of a
corn variety were conducted to determine the effects of selfing (or
inbreeding which is the opposite of outcrossing) within a corn variety
(Shull, 1908). Because corn is naturally cross fertilizing, the genetic
composition of each plant is not known. Continuous selfing of i
individuals for 7 to 10 generations resulted in pure lines (or inbred
lines) within which every plant had similar traits. The correct
interpretation of what occurred during inbreeding was based on
Mendelian genetics: the heterozygous loci were eliminated by
inbreeding to homozygous loci of either one of the two alleles at each
locus. The fixation of alleles in pure lines caused a general reduction in
vigor and productivity.

It was found upon crossing two pure lines that vigor was restored. If no
selection occurred during inbreeding, the average performance (e.g.,

grain yield) of all possible crosses was similar to performance of the ° ’
original variety in which inbreeding was initiated Some crosses,
however, were better than the original open-pollinated variety and _
could be reproduced from the cross of the pure-line parents of the cross.
Hence, the concept of hybrid corn was determined (Shull, 1909): self to
develop pure lines, cross the pure lines to produce hybrids, evaluate
hybrids to determine the best hybrid, and use of pure-line parents to
reproduce the superior hybrid and distribute it for use by the growers.

Hybridization is used in many phases of corn breeding because of the
expression of heterosis. Hybridization is used to produce breeding
populations (e.g., F2) to develop inbred lines for use in hybrids, and
hybridization is used to produce the crosses of superior lines for
distribution to growers. Hybridization is easily accomplished either by
hand pollinations or by wind pollination in large crossing fields (male
and female inbred lines) to produce large quantities of high quality
hybrid seed.

6. Potential for outcrossing
a. Outcrossing with wild Zea species:

Annual teosinte (2n = 20) and corn (2n = 20) are wind pollinated, tend
to outcross, and are highly variable, interfertile species (Wilkes, 1972;
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1989). Corn and teosinte are genetically compatible, and in areas of
Mexico and Guatemala they freely hybridize when in proximity to eacn
other. Teosinte exists primarily as a weed around the margins of the
corn fields, and the frequency of hybrids between teosinte and corn has
been studied. Wilkes (1972) reported a frequency of one F; hybrid (corn_
x teosinte) for every 500 corn plants or 2 to 5% of the teosinte
population for the Chalco region of the Valley of Mexico. As stated by
Wilkes (1972), this frequency of hybrids represents a significant gene
exchange between a wild weedy plant (i.e., teosinte) and a cultivated
relative (i.e., corn). The F, hybrid of teosinte by corn is robust and
fertile and is capable of backcrossing to corn. Intercrossing and gene
exchange between teosinte and corn occurs freely, and, accompanied by
selection, teosinte had a significant role in the evolution of corn.

Corn easily crosses with teosinte, but teosinte is not present in the U.S.
Corn Belt. The natural distribution of teosinte is limited to the
seasonally dry, subtropical zone with summer rain along the western *
escarpment of Mexico and Guatemala and the Central Plateau of
Mexico (Wilkes, 1972). Except for special plantings, teosinte is not
found in the United States, and there have been no instances reported

that teosinte occurs as a weed along the margins of corn plantings in
the U.S. Corn Belt.

Tripsacum-corn hybrids have not been observed in the field and
Tripsacum-teosinte hybrids have not been produced (Wilkes, 1972).
Tripsacum evolved by polyploidy, whereas corn and teosinte have
undergone introgressive hybridization at the diploid level (2n = 20).
The diploid forms of Tripsacum (2n = 36) are morphologically distinct
and allopathic in their distribution (Wilkes, 1989). Tripsacum species
are perennials and seem to be more closely related to the genus
Manisuris than to either corn or teosinte (Goodman, 1976). Tripsacum
received greater interest in the evolution of corn after Mangelsdorf and
Reeves (1931) successfully crossed corn and Tripsacum dactyloides (2n
= 36). The cross by Mangelsdorf and Reeves (1931) was made with the
diploid Tripsacum dactyloides (20 = 36) as the male parent. Silks of the
female corn parent were cut to permit successful pollination. The cross
had 28 chromosomes and was male sterile. Five other Tripsacum
species have been crossed with corn, and Galinat (1988) has mapped
more than 50 homologous loci on the chromosomes of corn and
Tripsacum. In contrast with corn and teosinte being easily hybridized,



both in the wild and by controlled pollinations, it requires special
techniques to hybridize corn and Tripsacum. Except for Tripsacum
floridanum, it is difficult to cross Tripsacum with corn, and the
offspring of the cross show varying levels of sterility. Small portions of
Tripsacum genome can be incorporated by backcrossing.

Sixteen species of Tripsacum have been described (Table I.1).
Tripsacum floridanum is native to southern tip of Florida. Twelve of 16
Tripsacum are native to Mexico and Guatemala. Tripsacum-australe
and two other species are native to South America. The center of
variation for Tripsacum is the western slopes of Mexico, the same area
where teosinte is frequently found. The habitat preferences of
Tripsacum are similar to those for teosinte: seasonally dry, summer
rains, elevation of 1500 m, and limestone soils (Wilkes, 1972).

b.  Outcrossing with cultivated Zea varieties: .
Corn is wind pollinated, and the distances that viable pollen can travel
depend on prevailing wind patterns, humidity, and temperature.
Occasionally it has been found that corn pollen can travel up to 3.2 km
(2 miles) by wind under favorable conditions. All corns will
interpollinate, except for certain popcorn varieties and hybrids that
have one of the gametophyte factors (Gas, Ga, and ga allelic series on
chromosome 4). Pollen of a specific hybrid can be carried by wind to
pollinate other dent corn hybrids, sweet corn, and popcorn, if the
popcorn does not carry the dent-sterile gametophyte factor. Corn
pollen, therefore, moves freely within an area, lands on silks of the
same cultivar or different cultivars, germinates almost immediately
after pollination, and within 24 hours completes fertilization.
Although there may be some minor differences in rate of pollen
germination and pollen tube elongation on some genotypes, corn pollen
is very promiscuous. It is estimated each corn plant can shed more
than 10 million pollen grains.

Certification standards for distances between different corn genotypes
have been established to assist in the production of hybrid corn having
desired levels of purity. A specific isolation field to produce commercial
hybrid seed shall be located so that the seed parent is no less than 200
m (640 feet or 40 rods) from other corn of a similar type; jie.,ifseed
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parent is a yellow, dent corn it should be isolated at least 200 m from
other yellow, dent corns. The distance of 200 m can be modified
because of size of field, number of border rows, and different maturity
dates of flower, provided no receptive silks are available at the time
pollen is being shed from the contaminating field. If the hybrid seed
being produced is of a different color or texture from neighboring
contaminating fields, the distances and the number of border rows -
should be increased.

7. Weediness of corn

Modern-day corn cannot survive as a weed. One does not find volunteer
corn growing in fence rows, ditches, and road sides as a weed. Although
corn from the previous crop year can overwinter and germinate the
following year, they cannot persist as a weed. The appearance of corn in
soybean fields following the corn crop from the previous yearis a
common occurrence. Measures are often taken to either eliminate the
plants with the hoe or use of herbicides to kill the plants in soybean
fields, but the plants that remain and produce seed usually do not
persist the following years. '

It is difficult for the corn to survive as a weed because of past selection
in the evolution of corn. In contrast with weedy plants, corn has a
polystichous female inflorescence (or ear) on a stiff central spike (or
cob) enclosed with husks (modified leaves). Consequently, seed
dispersal of individual kernels naturally does not occur because of the
structure of the ears of corn. Individual kernels of corn, however, are
distributed in fields and main avenues of travel from the field
operations of harvesting the crop and transporting the grain from the
harvested fields to storage facilities. In neither instance (natural or
mechanical harvesting) does corn become a troublesome weed. Corn
cannot survive without human assistance and is not capable of
surviving as a weed.




Environmental Consequences Of Introduction Of The
Transformed Variety '

1. Weediness of a transformed corn variety

In the past 10 years, techniques have been developed for gene transfer -
into plants. Gene transformation is the acquisition by a cell of new
gene(s) by the uptake of naked DNA, which can be by direct
introduction of DNA and by either the Ti system or through protoplast
transformations. One of the more common applications of gene
transfer being used in corn is the introduction of gene(s) conferring
insect resistance or tolerance to herbicides: i.e., insect resistance and
herbicide tolerance. Herbicide tolerance is usually conferred by single
genes that interact with key enzymes in important metabolic
pathways. Insect resistance is typically conferred by expression of the
Bacillus thuringiensis (B.t.) protein. The lines and hybrids that include
the transferred gene(s) (e.g., herbicide tolerance and insect resistance) o
will have to meet the standards of nontransformed lines and hybrids to
be competitive in the marketing of hybrid seed corn. The introduction
of genes by the newer molecular techniques will be more precise than
the classical backcross methods and will be directed primarily to single
genes. The overall phenotype of transformed plants will be very similar
to the original phenotype: the reproductive organs (tassels and ears),
duration of plant development, methods of propagation, ability to
survive as a weed, etc. will not change.

2. Potential for outcrossing of the transformed variety
a. Outcrossing with wild Zea species:

Outcrossing of transformed corn plants with wild relatives of corn
will be the same as for nontransformed corn plants. Outcrossing
with teosinte species will only occur where teosinte is present in
Mexico and Guatemala. Outcrossing with Tripsacum species is not
known to occur in the wild and only under very carefully conditions
can corn be crossed with Tripsacum. In the United States, only
Tripsacum floridanum is known to be present in southern tip of
Florida. Teosinte and Tripsacum are included in botanical gardens
in the United States and the possibility exists, though unlikely,
that the exchange of genes would occur between corn and its wild
relatives. No cases of gene flow between corn and its wild relatives
are known in the United States.
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b.

Outcrossing with cultivated Zea varieties:

Gene exchange between cultivated corn and transformed corn would
be similar to what naturally occurs at the present time. Wind-
blown pollen would move about among plants within the same field
and among plants in nearby felds. Free flow of genes would occur -
similar to what occurs in cultivated corn. The transformed plants
include individual genes and depending on the relative expression of
the transformed genes (relative levels of dominance for gene
expression), plant architecture, and reproductive capacities of the
intercrossed plants will be similar to normal corn. The chances that
a weedy type of corn will result from outcrossing with cultivated corn
is extremely remote.
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Table II.1. Taxonomic classification of corn and its closely related relatives.

Family - Gramineae

Subfamily - Panicoideae

Tribe - Maydae

Wes§ern Hemisphere:
A. Genus - Zea '.

L Subgenus - Luxuriantes
1. Zea luxurians (2n = 20)
2. Zea perennis (2n = 40)
3. Zea diploperennis (2n = 20)

IL Subgenus - Zea
1. Zea mays (2n = 20)
Subspecies
. 1. Zea parviglumis (2n = 20)
2. Zea huehuetenangensis (2n = 20)
3. Zea mexicana (Schrad.) (2n = 20)

B. Genus - Tripsacum

Species --

andersomii (2n = 64) latifolium (2n = 36)

australe (2n = 36) percuvianum (2n = 72, 90, 108)
bravum (2n = 36, 72) zopilotense (2n - 36, 72)
cundinamarce (2n = 36) jalapense (2n = 72)
dactyloides (2n = 72) lanceolatum (2n = 72)
floridanum (2n = 36) _laxum (2n = 36?)

intermedium (2n = 72) maizar (2n = 36, 72)
manisuroides (2n = 72) pilosum (2n = 72)
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Asia:

Genera --

Chionachne (2n = 20)
Coix (2n = 10, 20)
Polytoca (2n = 20)

Schlerachne (2n = 20)

Trilobachne (2n = 20)

Tribe -- Andropogoneae

A.

Genus - Manisuris
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Part III. Description of the Transformation System and
Plasmids Utilized

Introduction

Insect protected corn line MON 80100 for which this determination is -

requested, contains the following four genes inserted via genetic engineering
techniques:

. The cryIA(b) gene encodes for an insecticidal protein, CryIA(b),
derived from the common soil microbe Bacillus thuringiensis
subsp. kurstaki (B.L.k.).

. The CP4 EPSPS gene encodes the selectable marker enzyme 5-
enolpyruvylshikimate-3-phosphate synthase (CP4 EPSPS) and
was used as a plant selectable marker in corn plant
transformation, allowing the selection of genetically modified °
cells on media containing glyphosate. It served no other purpose
and has no pesticidal properties.

. The gox gene, encoding the selectable marker enzyme glyphosate
oxidoreductase (GOX), was also used as a plant selectable
- marker. Although the gox gene sequence Was present, the GOX
protein was not detected by ELISA or western analyses.

. The nptIl gene encodes the bacterial selectable marker enzyme
neomycin phosphotransferase II (NPTTI) and allowed for the
selection of bacteria containing the PV-ZMBKO07 or PV-ZMGT10
plasmids in media containing aminoglycoside antibiotics (i.e.,
kanamycin or neomycin). The nptIl gene is under the control of a
bacterial promoter and as expected, the encoded protein was not
detected in the insect protected corn line MON 80100.

The described cryIA(b) gene and marker genes were introduced into corn by a

particle acceleration method. This system and the properties of the non-
transformed corn cultivar are described below.
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A Properties of the Non-transformed Cultivar

The genetic material that is the recipient of the added genes is a derivative of
the A188 and B73 inbred lines of corn. These are publicly-available inbred
lines developed by the University of Minnesota and Jowa State University,
respectively. Designated “Hi-IT", the recipient material is approximately
50:50 of the two lines (Armstrong et al, 1991). The material was developed to

have a higher regeneration
A188 and B73)) along with
(from B73).

potential (from the combinations of genes from
acceptable commercial performance in hybrids

B. Particle Acceleration Transformation System

DNA was introduced into the plant tissue by the particle acceleration method
described by Klein et al. (1987). DNA is precipitated onto microscopic |
tungsten or gold particles using calcium chloride and spermidine. A dropof

the coated particles is then

placed onto a plastic macrocarrier, which is

accelerated at a high velocity through a barrel by the explosive force of a

gunpowder discharge. The

macrocarrier hits a plastic stopping plate which

stops the flight of the macrocarrier but allows continued flight of the DNA-
coated particles. The particles penetrate the target plant cells, where the
DNA is deposited and incorporated into the cell chromosome. The cells are
incubated on a tissue culture medium containing 2,4-D which supports callus
growth. The introduced DNA contains genes encoding for herbicide tolerance
(e.g., the CP4 EPSPS and GOX genes conferring tolerance to glyphosate). The

plant cells are grown in the

presence of glyphosate and only the transformed

cells continue to grow. Plants are regenerated from the tolerant callus tissue,
and are assayed for the presence of the expressed CryIA(b) protein product.

C. Construction of the Plasmid Vectors, PV-ZMBKO07 and PV- |
ZMGT10, Utilized for Transformation

The corn genotype Hi-II was transformed with two plasmid vectors, PV-
ZMBKO7 and PV-ZMGT10, using the particle acceleration method identified
above. The PV-ZMBEKO7 plasmid contains the cryIA(b) gene and PV.-ZMGT10
contains the CP4 EPSPS and gox genes. Both plasmids contain the nptl gene
under the control of a bacterial promoter and an origin of replication from a
pUC plasmid, required for selection and replication in bacteria, respectively.
The plasmid vector PV-ZMBKO7 is shown in Figure ITL1 and PV-ZMGT10 is
shown in Figure IT1.2. A description of the DNA elements in PV-ZMBKO07 and
PV.ZMGT10 are given in Tables ITI.1 and II1.2, respectively.
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1. Plant Expression Vector - PV-ZMBKO07

The plasmid vector PV-ZMBKO07 (Figure ITI.1) contains the cryIA(D)
gene under the control of the enhanced 355 promoter (E35S) (Kay et al,
1985 and Odell et al, 1985), which is approximately 0.6 Kb in size.
Located between the enhanced 35S promoter and the cryIA(b) gene is -
the 0.8 Kb intron from the hsp70 gene (heat-shock protein), present to
increase the levels of gene transcription (Rochester et al, 1986). The
cryIA(b) gene is joined to the 0.24 Kb nopaline synthase 3'
nontranslated sequence, NOS 3', (Rogers et al, 1985) which provides the
mRNA polyadenylation signals.

The crylA(b) gene is 3468 nucleotides in length and encodes a full-
length B.t.k. HD-1 [CryIA(b)] protein of 1156 amino acids, which when
subjected to trypsin yields an active trypsin-resistant protein product

of approximately 600 amino acids in planta and in vitro (Lee et al,

1995). The cryIA(b) gene sequence was modified to increase the levels _ -
of expression in corn using strategies similar to those as previously
described (Perlak et al, 1991). The gene encodes the nature identical
CrylA(b) B.t.k. HD-1 protein product (Fischhoff et al, 1987). The

deduced amino acid sequence for the cryIA(b) gene is given in Figure
Iv.a.

The alpha region of the lacZ gene for beta-galactosidase, present under
a bacterial controlled promoter, is present in PV-ZMBKO07. This region
contained a polylinker (region with multiple cloning sites) which
allowed for the cloning of the desired genes within the plasmid vector
(Vieira and Messing, 1987). Most of the approximately 200 bp region
of the alpha region of the gene for beta-galactosidase was not
incorporated into corn line MON 80100. The lacZ-alpha region is
followed by the 0.7 Kb origin of replication for the pUC plasmids (ori-
pUC) and which allows for the replication of plasmids in E. coli (Vieira
and Messing, 1987).

Following the ori-pUC region is the gene for the enzyme neomycin
phosphotransferase type II (NPTI). This enzyme confers resistance to
aminoglycoside antibiotics (i.e., kanamycin and neomycin) and was
used for selection of bacteria during the construction of this plasmid.
The coding sequence for the nptll gene was derived from the prokaryotic
transposon Tn5 (Beck et al, 1982) and is present under its own
bacterial promoter. The NPTII protein was not detected in corn line
MON 80100 (Ream et al, 1995). The deduced amino acid sequence for
NPTI is given in Figure IV.6.
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2. Plant Expression Vector - PV-ZMGT10

R

The PV-ZMGT10 plasmid (Figure I11.2) contains the gox and CP4
EPSPS genes joined to chloroplast transit peptides CTP1 and CTP2,
respectively. Both coding regions are under the control of the enhanced
35S promoter, hsp70 intron and NOS 3' terminator sequences. The
PV.ZMGT10 vector contains the same lacZ-alpha, ori-pUC and nptll
regions as described above for PV-ZMBKO07. The CP4 EPSPS and gox .
genes enable the selection of cells in tissue culture that contain the -

cryIA(b) gene.

A CP4 EPSPS has been isolated from Agrobacterium sp. strain CP4
which has been shown to be highly resistant to glyphosate (Harrison et
al, 1993). The CP4 EPSPS protein represents one of many different
EPSPSs found in nature (Schulz et al, 1985) and is highly tolerant to
the inhibition by glyphosate and has high catalytic efficiency, compared
to most EPSPSs (Barry et al, 1992; Padgette et al, 1991). Upon .
glyphosate treatment, plants or plant cells expressing the CP4 EPSPS
protein are unaffected since the continued action of the tolerant EPSPS
enzyme meets the plant’s need for aromatic compounds.

The CP4 EPSPS gene in PV-ZMGT10 contains a chloroplast transit
peptide, CTP2, isolated from Arabidopsis thaliana EPSPS (Klee and
Rogers, 1987) which directs the CP4 EPSPS protein to the chloroplast,
the location of EPSPS in plants and the site of aromatic amino acid
synthesis (Kishore and Shah, 1988). The CP4 EPSPS gene with its
CTP?2 is approximately 1.7 Kb in size. The CP4 EPSPS gene cassette
(promoter through 3’ termination sequence) is joined to the gox
cassette. The amino acid sequence of CP4 EPSPS with its CTP is given
in Figure IV.5.

The gox gene that encodes the glyphosate metabolizing enzyme
glyphosate oxidoreductase (GOX) was cloned from Achromobacter sp.
strain LBAA (Hallas et al, 1988; Barry et al, 1992; Barry et al, 1994).
The GOX protein is targeted to the plastids with a chloroplast transit
peptide sequence, CTP1. The CTP1 was derived from the small
subunit gene of ribulose-1,5-bisphosphate carboxylase (SSU1A) gene
from Arabidopsis thaliana (Timko et al, 1988). The enzyme GOX
degrades glyphosate by converting glyphosate to .
aminomethylphosphonic acid- (AMPA) and glyoxylate. The GOX protein
was not detected by ELISA or western blot analysis in the seeds or
leaves of the corn line, MON 80100. The amino acid sequence of GOX
with its CTP is given in Figure IV.4.
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Table III.1 Summary.of DNA components in the plasmid

PV-ZMBKO7.
Genetic Size, -
Element Kb Function
P.E358 0.62 The cauiiﬂower mosaic virus (CaMV) prométer (Odell et al, 1985)
with the duplicated enhancer region (Kay e al, 1985).
hsp 70 0.80 Intron from the hsp70 gene (heat-shock protein) present to
intron increase the levels of gene transcription (Rochester et al, 1986).
erylA(d) 3.5 The gene which confers tolerance to ECB. The gene encodes the
pature identical CryIA(b) B.t.k. HD-1 protein product (Fischoff et al,
1987).
NOS 3 0.24 A 3 nontransiated region of the nopaline synthase gene which

functions to terminate transcription and direct polyadenylation
(Depicker et al, 1982; Bevan, 1984).

lacZ-alpha 0.24 The gene for the alpha region of beta-galactosidase under its
bacterial controlled promoter used for plasmid construction in
bacteria (Vieira and Messing, ;987).

ori-pUC 0.67 The origin of replication for the pUC plasmids that allows for
plasmid replication in E. coli (Vieira and Messing, 1987).

npt IO 0.79 The gene for the enzyme neomycin phosphotransierase, type IL This

enzyme confers resistance to aminoglycoside antibiotics and thereby
allows for plasmid selection in bacteria (Beck et al, 1982).
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Table II1.2 Summary of DNA components in the plasmid

PV-ZMGT10.

Genetic Size,

Element Kb Function

P-E368 0.62 The cauliflower mosaic virus (CaMV) promoter (Odell et al, 1985) ‘
with the duplicated enhancer region (Kay et al, 1985).

!up 70 0.80 Intron from the hsp70 gene (heat-shock protein) present to

lntron increase the levels of gene transcription (Rochester et al, 1986).

CTP2 0.31 Chloroplast transit peptide, isolated from Arcbidopsis thaliana
EPSPS, present to direct the CP4 EPSPS protein to the chioroplast,
the site of aromatic amino acid synthesis.

CP4 EPSPS 1.4 The gene for CP4 EPSPS., isolated from Agrobacterium sp. strain CP4
(Harrison, et al. 1993) which allows for the selection of transformed
cells on glyphosate.

NOS 3 0.24 A 3' nontransiated region of the nopaline synthase gene which
functions to terminate transcription and direct polyadenylation
(Depicker et al. 1982 Bevan et al, 1984).

CTP1 0.26 Chloroplast transit peptide, isolated from the small subunit gene of
ribulose-1,5-bisphosphate carboxylase (SSU1A) gene from
Arabidopsis thaliana (Timko et al, 1988), present to direct the GOX
protein to the chloroplast, the site of aromatic amino acid synthesis.

gox 1.3 The gene that encodes the giyphosate metabolizing enzyme
glyphosate oxidoreductase (GOX), isolated from Achromobacter sp.
strain LBAA (Hallas et al, 1988; Barry et al. 1992) Barry et al, 1994),
which allows for the selection of transformed cells on glyphosate.

lacZ-alpha 0.24 The gene for the alpha region of beta-galactosidase under its
bacterial controlled promoter used for plasmid construction in
bacteria (Vieira and Messing, 1987).

on-pUC 0.67 The origin of replication for the pUC plasmids that allows for -
plasmid replication in E. coli (Vieira and Messing, 1987).

npt I 0.79 The gene for the enzyme neomycin phosphotransferase, type O. This

enzyme confers resistance to aminoglycoside antibiotics and thereby
allows for plasmid selection in bacteria (Beck et al, 1982).
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Part IV. The Donor Genes
regulated Status
Insect Protected Com

Introduction

As described in Part

generated using a particl

PV-ZMBKO07 and PV-ZMGT10. The cryIA(b) gene was inserted to confer

resistance to certain

to identify plant cells expressing

to be Considered for Non-
and Molecular Biology of

Line MON 80100

IT], the insect protected corn line MON 80100 was

e acceleration transformation system with plasmids

lepidopteran insects while the CP4 EPSPS and gox genes
produce proteins which confer tolerance to

glyphosate, a selective agent used

the cryIA(b) gene. In addition to these three

genes, a nptll gene which produces the enzyme peomycn phosphotransferase
[I (NPTII) was introduced under the control of its own bacterial promoter, to
enable selection in bacterial systems.

DNA analysis was p

erformed to characterize the integrated DNAs (I-DNAs)

present in the corn line MON 80100, that express the full length CrylA(b)

protein. The I.DNAs were evaluated using
analyses for the number of sites into which

contained within the I-DNAs.

Al The Donor Genes to

4

1. The cryIA(b)

The cry[A(b) gene used
of the cryIA(b) gene isol

Gene

Southern (Southern, 1975) blot
the plasmid DNA integrated into

the corn genome, and for the number of copies and integrity of the genes

be Considered for Non-regulated Status

to produce insect protected corn is a modification
ated from the DNA of Bacillus thuringiensts

subsp. kurstaki strain HD-1 and is designated cryIA®) according to the
of Hofte and Whitely (1989). The native full length gene
encoding the CrylA(b) protein and its complete nucleotide sequence were
described by Fischhoff et al (1987).

The nucleotide sequence of the gene was modified to enhance expression
in corn and is shown in Figure V.1l
of the encoded protein was maintained to be identical to the the

naturally produced protein

2. The CP4 EPSPS Marker Gene

The CP4 EPSPS gene was used as a
the rare corn cells that originally received the introduced cry[A(b) gene

responsible for insect protection in
cell selection following

However, the amino acid sequence

(Figure IV.3) (Perlak et al, 1991).

plant selectable marker to identify

the initial, laboratory stages of plant
transformation. The mode of action of glyphosate

is the inhibition of the enzyme 5-enolpyruvyl-shikimate-3-phosphate



synthase (EPSPS), an enzyme involved in the shikimic acid pathway for
aromatic amino acid biosynthesis in plants and microorganisms
(Steinruken et al, 1980). Corn plants tolerant to glyphosate at the
laboratory level were produced by stably inserting the CP4 EPSPS
and/or gox genes into the chromosome of corn. :

The CP4 EPSPS gene from Agrobacterium sp. strain CP4, as contained-
in plasmid PV-ZMGT10, is shown in Figure IV.2. The gene for CP4
EPSPS has been completely sequenced and encodes a 47.6 kD protein
consisting of a single polypeptide of 455 amino acids. The EPSPS from
Agrobacterium sp. strain CP4 is naturally highly tolerant to inhibition
by glyphosate and has high catalytic activity, compared to most
glyphosate tolerant EPSPSs (Barry et al, 1992; Padgette et al, 1991).
Upon glyphosate treatment, the corn cells expressing the CP4 EPSPS
are tolerant because the CP4 EPSPS continues to meet the plant’s need
for aromatic compounds in the presence of glyphosate. The bacterial
isolate, CP4, was identified by the American Type Culture Collection as
an Agrobacterium species. There is no human or animal pathogenicity
known from Agrobacterium species, nor is the EPSPS gene a
determinant of Agrobacterium plant pathogenesis. .

The plant produced EPSPSs are present in the chloroplast. Therefore,
the chloroplast transit peptide coding sequence, CTP2, from Arabidopsis
thaliana EPSPS (Klee et al, 1987) was fused to the N-terminus of the
CP4 EPSPS protein to deliver the CP4 EPSPS to the chloroplasts, the
site of EPSPS activity and glyphosate action (Kishore and Shah, 1988).
CTPs are typically cleaved from the “mature” protein following delivery
to the plastid (della Cioppa et al, 1986). The deduced amino acid
s&quence of the CP4 EPSPS protein including CTP2 is given in Figure

5.

. The gox Marker Gene

The gox gene, cloned from Achromobacter sp. strain LBAA was also
inserted as a selectable marker in plants. The gox gene sequence, as
contained in plasmid PV-ZMGT10, is given in Figure IV.2. The GOX
gene encodes a 46.1 kD protein and was isolated from Achromobacter sp.
strain LBAA (Barry et al, 1992). The GOX protein is targeted to the
plastids with a chloroplast transit peptide sequence, CTP1 derived from
the SSU1A gene from Arabidopsis thaliana (Timko et al, 1988). GOX
degrades glyphosate by converting glyphosate to
aminomethylphosphonic acid (AMPA) and glyoxylate and has no
pesticidal effect. Although the gox gene sequence is present incuding the
CTP, the GOX protein has not been detected by ELISA or western
analysis in the seeds or leaves of this lead corn line, MON 80100. The

clle.duced amino acid sequence of GOX containing CTP1 is shown in Figure
4. -



4. The nptll Gene

The bacterial selectable marker gene, nptll , isolated from the
prokaryotic transposon, Tn5 (Beck et al, 1982), encodes for the enzyme
neomycin phosphotransferase II which confers resistance to the
aminoglycoside antibiotics (i.e., kanamycin or neomycin) used for
selection of plasmids in E. coli. The promoter for this gene is only active.
in bacterial hosts. As expected, no NPTII protein was detected in the
insect protected corn line MON 80100 using western blot analysis.

The nptlI gene sequence in plasmids PV-ZMBKO07 and PV-ZMGT10 is
shown in Figures IV.1 and IV.2, respectively. The deduced amino acid
sequence is given in Figure IV.6.

Genetic Analysis of Insect Protected Corn Line MON 80100
. Western Results

During the process of particle acceleration, the plasmid DNA can
become broken resulting in the integration of partial genes into the
genomic DNA. Therefore, western analyses of the protein products for
the three integrated plant-expressed genes, cryIA(b), CP4 EPSPS and

gox, were conducted using tissue derived from the corn line MON 80100.

The expected size 131 kD CrylA(b) and 47.6 kD CP4 EPSPS proteins
were observed in tissue extracts from line MON 80100 (compared to the
standard isolated from E. coli) with no other detectable protein products
(compared to other lines containing the same genes). The GOX protein
was not detected (down to a gensitivity of 0.0033%) in line MON 80100.

a. CryIA(b) Protein

Leaf extracts from the corn line MON 80100 and two other insect
protected corn lines, MON 80200 and MON 80400, were compared to
a B.t.k. protein standard, B.t.k. HD-73 (Figure IV.7, lanes 1, 3,4and
5). The full length B.L.k. HD-73 standard is approximately 134 kDin
size and the full length CrylA() protein standard is approximately
131 kD in size. The B.t.k. HD-73 standard was used due to its
awlrailability and is an appropriate standard for these analyses (Lee et
al, 1995a). :
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As is commonly observed in the western analysis of B.t. proteins
(Lee et al, 1995a), multiple protein products were observed for all
three insect protected corn lines (Figure IV.7 lanes 3, 4 and 5). Line
MON 80200 clearly showed the full length CrylA(b) protein product
at approximately 131 kD (Figure IV.7, lane 3). The full length
CrylA(b) protein was difficult to distinguish for lines MON 80400 and
‘MON 80100 (Figure IV.7 lanes 4 and 5, respectively), due tolow  ~
levels of the full length protein in these tissues. However, upon
subjecting the protein extracts to trypsin, all three lines showed the
common CryIA(b) trypsin-resistant core protein product at
approximately 63 kD (Figure IV.7, lanes 7, 8,9 and 10), as
previously reported (Lee et al, 1995b). The antibody is known to
have increased sensitivity with the tryptic-core protein compared to
the full length protein (Lee e al, 1995a). In all three lines evaluated,
no detectable qualitative differences in the pon-trypsinized or
trypsinized treated extracts were observed.

Therefore, it was concluded that the t.rypsiq—resist.ant core protein

protein products. Additionally, the CrylA(b) protein produced in line
MON 80100 was indistinguishable from the CryIA(b) protein
produced in two other insect protected corn lines produced with the
same cry[A(b) gene.

b. CP4 EPSPS Protein

Extracts from whole plant tissue of the corn line MON 80100 and
another insect protected corn line 523-06-01 (a line previously shown
to express CP4 EPSPS, Lee et al, 1995¢c) were compared to a CP4
EPSPS protein standard (Figure IV 8, lanes 1,4 and 5). Protein
extracts from whole plant (WP) tissues of insect protected corn lines
MON 80100 and line 523-06-01 were found to produce the

contained a protein just above the 47.6 kD band observed in the E.
coli produced standard. Since this appeared in the control and insect
protected corn line extracts, it was concluded to be background (i.e.,
not a CP4 EPSPS protein).

In both the whole plant and seed extracts of line MON 80 100, only
the CP4 EPSPS protein product of the correct size was observed
(Figure IV.8, lanes 5 and 8, respectively). Therefore, it was conduded
that the CP4 EPSPS protein produced in line MON 80100 was of the
expected size (compared to the E. coli produced standard) and
indistinguishable from the CP4 EPSPS protein produced in corn line
593.06-01, another insect protected corn line produced with the
same CP4 EPSPS gene.




c. GOX Protein

Leaf extracts from the corn line MON 80100 and another insect
protected corn line MON 80200 (a line previously shown to express
the GOX protein) were compared to a GOX protein standard. As
shown in Figure IV.9, lane 5, the GOX protein standard was _
detectable at a level of 1 ng spiked into 30 pg of total protein extract
(0.0033%). Tissue extract from line MON 80200 showed the
presence of the GOX protein when 3 Hg of total protein was analyzed
(Figure IV.9, lane 10). When 30 pg of total protein extracted from -
line MON 80100 was analyzed, no GOX protein was detected (Figure
IV.9, lane 9). We conclude that the gox gene expresses no detectable
GOX protein in MON 80100. The absence of any detectable GOX
protein in the seed, leaf or whole plant extracts of MON 80100 was
confirmed by ELISA (Ream, et al, 1995).

In summary, the CrylA(b) and CP4 EPSPS proteins produced in insect
protected corn line MON 80100 are of the correct size and are
indistinguishable from other lines produced with the same respective genes. ,
The GOX protein was not detected (down to a sensitivity of 0.0033%) in leaf
tissue from line MON 80100.

2. Southern Results

Two plasmid vectors were utilized during the particle acceleration
process to produce the corn line MON 80100. Plasmid PV-ZMBKO07
contains the cryIA(b) gene and plasmid PV-ZMGT10 contains the CP4
EPSPS and gox genes. The maps of the two plasmid vectors are
presented in Figures IIL1 and IT1.2 along with the locations of the
restriction sites utilized during Southern analyses. A further description
of the sizes and sources of the genes within the two vectors is given in
Part IT1.C. The DNA sequence of plasmids PV-ZMBKO07 and PV-
ZMGT10 are given in Figures IV.1 and IV.2, respectively.

The DNA from the control line MON 80080 and line MON 80100 were
digested with a variety of different restriction enzymes and subjected to
Southern blot hybridization analyses to characterize the DNA that was
transferred from the coated particles during particle acceleration into
the corn genome. Specifically, the insert number (number of integration
sites within the corn genome), copy number (number of each gene within
the integrated DNAs) and the insert integrity were examined.

In addition to Southern blot analyses, a custom genomic library was
constructed using genomic DNA from line MON 80100. Clones from the
library spanning the I-DNAs were isolated and used for sequence
analysis of the segments of the 1-DNA in which portions of the two




different plasmid fragments were joined (junction segments). An
internal junction is defifted as a gite where one plasmid broke and joined
with another plasmid (either a segment from the same plasmid or the
other plasmid) and an external junction is defined as the end of the I-
DNA (the junction of the I-DNA and the genomic DNA).

From Southern analyses described below, two I-DNAs were observed
within the genome of line MON 80100. Figures IV.10 and IV.11 are
schematic representations of the genetic composition of the two I-
DNAs. Insert number 1, approximately 5.5 Kb in size, contains a
partial cryIA(b) gene and a full length gox gene (Figure IV.10). Insert

. number 2, approximately 19 Kb in size, contains a full length cryIA(®)
gene, two partial and one full length CP4 EPSPS genes, one partial gox
gene and a partial and full length nptll genes. A partial gene is defined
as a gene that is less than full length. The internal and external junction
fragments were sequenced to verify the sequence of junction sites within
the two I-DNAs. The information provided below supports the
elucidated structure of the I-DNAs presented in Figures IV.10 and
V.11

a. Insert Number (number of I-DNAs)

In order to determine the number of insertion events, the DNA from
line MON 80100 and the parental control line MON 80080 were
digested with the restriction enzyme Ndel, which does not cleave

. within either of the plasmids (PV .ZMBKO7 or PV-ZMGT10) used to
produce line MON 80100. The results of hybridizing the blot with a
mixture of radiolabelled plasmid probes (PV-ZMBKO07 and PV-
ZMGT10) or with the individual cryIA(b), gox and CP4 EPSPS gene
specific probes are shown in Figure IV.12. The results presented in
Figure IV.12 represent a composite of several blots that were probed
separately and then combined. The hybridization done with the
plasmid probes indicated that the plasmid DNA integrated at two
separate sites within the corn genomic DNA to produce line MON
80100; this was concluded by observing the presence of two
hybridizing DNA fragments of approximate sizes 26 and 20 Kb
(Figure IV.12, lane 2). Two other bands were observed in Figure V.2,
lane 2 but were also observed in the control DNA (Figure IV.12, lane
1) and therefore concluded to be background hybridization.
Background bands are defined as DNA fragments within the control
and test samples that hybridize to the probe and therefore are not
considered as resulting from the integrated DNA.

The 26 Kb Ndel fragment is referred to as insert number 1 and the
20 Kb Ndel fragment is referred to as insert number 2. The cryIA(b)
gene probe hybridized to both of the fragments (Figure IV.12, lane 4)




although the intensity of the hybridization was less with insert
pnumber 1 than for insert number 2, suggesting that less of the
cryIA(b) gene integrated within the 26 Kb fragment (insert number
1) than the 20 Kb fragment (insert number 2). The gox probe also
hybridized to both fragments (Fi IV.12, lane 6) but the intensity
of the hybridization was less on insert number 2 than on insert
number 1 suggesting that less of the gox gene integrated within the -
20 Kb fragment than in the 26 Kb fragment. The CP4 EPSPS gene .
probe only hybridized to the 90 Kb fragment (Figure IV.12,lane 8)
establishing that the CP4 EPSPS gene was only present in insert
number 2.

Therefore, this data established that two DNA fragments integrated
into the corn genome. These were defined as insert number 1 and
insert number 2. Based on the relative hybridization band
intensities, it was concluded that insert pumber 1 contained a less
than full length cryIA(b) gene and a gox gene and insert number 2
contained a cryIA(b) gene (greater in size than on insert number 1), a
CP4 EPSPS gene and a less than full length gox gene.

In order to elucidate the order and number of genes present within
the individual I-DNAs, restriction enzyme digestions were performed
with subsequent Southern blot analyses and these are described
below. Additionally, genomic clones that spanned the I-DNAs were
isolated and sequenced in the regions of the internal and e

junction sites to complete and confirm the sequence composition of
the I-DNAs determined from the Southern analyses.

b. Characterization (copy number, order and integrity) of the
genes within the I-DNAs

Entire plasmid probe results. Southern blot analyses were
performed on DNA isolated from leaf tissue of line MON 80100.
Figures IV.13A and IV.13B show Southern blots of DNA isolated
from line MON 80100 that was digested with a variety of restriction
enzymes and probed with the plasmid probes PV-ZMGT10 (which
contains the EPSPS CP4 and gox genes) and PV-ZMBKO07 (which
contains the cry[A(b) gene). Hybridization with the plasmid probes
was performed in order to assess the overall genetic composition of
the individual I-DNAs.

Hybridization with the plasmid probes allowed for the detection of
multiple DNA fragments under all of the digestion conditions.
Several digestions contained background bands (observed in the
control sample cut with the same enzyme) and are noted on the left
gide of the identified band with asterisks within Figures IV .13A and
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IV.13B. Background bands are defined as DNA fragments within the
control and test samples that hybridize to the probe and therefore
are not considered as resulting from the integrated DNA.

The plasmid probe was removed from the blots and then individual
gene-specific probes were hybridized with these blots. This process
allowed for the assessment of gene order and integrity. All of the
fragments which hybridized to the entire plasmid probes were
accounted for once all the cross-hybridization data, using individual
gene specific probes, was evaluated. A schematic representation of
the restriction digestion results when probed with the whole plasmid,
accounting for all of the DNA fragments is shown in Figure IV.13C.
The approximate sizes of the DNA fragments, released from the
individual restriction enzyme digestions, are presented above each
line within Figure IV.13C.

Integrity of the cryIA(b) genes. The PV-ZMBKO07 probe was
removed from the membrane shown in Figure IV.13B and then '
hybridized with either a full length cryIA(b) probe (3.5 Kb in length) or
a less than full length cryIA(b) probe (prepared by PCR to v
approximately the first 9500 bp of the cryIA(b) gene). The
hybridization with the partial cryIA(b) probe allowed for an
enhancement in signal intensity of the approximately 20 Kb DNA
fragment in lanes 5 (Figure IV.14A versus IV.14B), the
approximately 15 Kb band in lanes 8 (Figure IV.14A versus IV.14B),
and the approximately 10 and 14 Kb bands in lanes 10 (Figure
IV.14A versus IV.14B).

Evidence of a full length and a partial cryIA(b) gene was provided by
the results of the simultaneous digestion with the restriction
enzymes Ncol and EcoRI (Figure IV.14A, lane 7) which released two
crylA(b) gene fragments of approximate sizes 3.5 Kb and 2.9 Kb.
The 3.5 Kb sized fragment is the expected size of the full length
cryIA(b) gene released by the simultaneous digestion of EcoRI with
Neol restriction enzymes (Figure ITI.1). Since the 2.9 Kb cryIA(b)
gene fragment was less than the expected size for the full length
gene, this indicated that either or both of the EcoRI and Neol sites
were missing from the less than full length (partial) cryIA(b) gene.
The presence of a full length and partial cry[A(b) gene supports the
observation from the Southern blots in Figure IV.12, lane 4 which
established that each of the two inserts contained a cryIA(b) gene or
gene fragment.

In order to understand the composition of the partial gene, genomic
clones containing the partial cryIA(b) gene were isolated and
characterized. The clones established that the Ncol site was present
(i.e., the start ATG codon was intact) but that the EcoRI site at the
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3’ end of the gene was not present. Sequence analysis of the clones
established the first 945 nucleotides of the cryIA(b) gene integrated
into the corn genome and that a maximum open reading frame of 966
nudleotides is present within insert number 1, beginning at nucleotide
pumber 1 of the cryIA(b) gene. The 966 bp open reading frame is for
a protein that would contain amino acids 1-315 of the CrylA(b)
protein and 7 amino acids of a non-CryIA(b) protein. The nucleotide -
sequence of the genomic DNA joined to the partial cryIA(d) gene
showed no homology to any nucleotide sequence in GenBank

. (GenBank, 1991). Since amino acids 29-607 are necessary for
insecticidal activity (Hofte and Whiteley, 1989), the partial cryIA(b)
gene cannot produce an insecticidally active CrylA(b) protein.
Western results (Figure IV.7) described above confirm that only the
expected size CryIA(b) protein (and its protein degradation products)
are detected from the integrated full length cryIA(b) gene in line MON
80100.

Various other restriction enzyme digestions were conducted and
evaluated to determine the localization and order of the crylA(b)
genes within the I-DNAs. These will be discussed below. The results®
of the various hybridizations with the cryIA(b), goz, CP4 and nptll
probes were used to construct the schematics shown in Figure
IV.14C which indicates the location of the cryIA(b) gene within the
two inserts. : :

Integrity of the gox genes. Evidence of a full length and a partial
gox gene was provided by the results of the simultaneous digestion of
Neol with EcoRI. Figure II1.2 shows that a 1.3 Kb expected size
fragment should be released from the simultaneous digestion with
Neol and EcoRlI if a full length gox gene is present. Figure IV.15, lane
7 shows that the expected size 1.3 Kb DNA fragment and an
approximately 6.0 Kb fragment hybridized with the gox specific
probe. Since the expected size 1.3 Kb fragment was generated, this
indicated that both EcoRI and Neol restriction sites were present
and the larger than expected 6.0 Kb fragment indicated that either or
both of the EcoRI and Ncol sites were missing. The presence of a full
length and a partial gox gene support the observation from the
Southern blot in Figure IV.12, lane 6, which established that each of
the two inserts contained a gox gene or gene fragment. The results of
the various hybridizations with the cryIA(), gox, CP4 and nptll
probes were used to construct the schematics shown in Figure
IV.15B which indicates the location of the gox gene within the two
inserts.
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Integrity of the CP4 EPSPS genes. Evidence of a full length and
partial CP4 EPSPS genes was observed. The gax probe was
removed from the membrane shown in Figure IV.15 and the
membrane was then hybridized with a CP4 EPSPS specific probe.
Several bands were observed in the simultaneous Ncol with EcoRI
digestion (Figure IV.16, lane 7), indicating that more than one CP4
EPSPS gene or gene fragments were present. The approximately 1
Kb band suggested that the Neol site at nucleotide number 2290 and
the EcoRI site at nucleotide pumber 3349 were present (Figure II1.2)
but did not demonstrate that a full length CP4 EPSPS gene was
present. However, a BglII digestion released a 3.4 Kb DNA fragment
which supported a full 1ength CP4 EPSPS gene was present (Figure
I11.2) (data not shown).

From the sizes generated and cross-hybridization of DNA fragments
with the CP4 EPSPS probe and the cryIA(b), gox and nptll gene-
specific probes and the sequence analysis of the internal junction
sites within insert number 2, the order and number of CP4 EPSPS
genes was established and is ilustrated in Figure IV.16B. Figure
IV.16B shows that 2 partial and one full length CP4 EPSPS gene are
present in insert number 2. ’

that each I-DNA fragment contained a cryIA(b) and gox gene.
Further restricion enzyme digestions and probings with the cryIA(b)
and goz genes established that the less than full length cryIA(b) gene
was located on the insert containi the full length gox gene (insert
number 1) and the full length cryIA(b) gene was located on the same
insert containing a less than full length gox gene (insert number 2).
These conclusions are supported by the following data.

Epnl results. Figure IV.14A and IV.14B, lane § show a total of
three hybridizing bands with the cryIA(b) probes (approximately 20,
4.3 and 3.1 Kb; the 20 Kb band is better visualized in Figure IV.14B,
lane 5). When DNA from line MON 80100 was digested with Kpnl

DNA fragment was attributed to Kpnl cutting outside of insert
number 1 (i.e., within the corn genomic DNA). The 4.3 and 3.1 Kb
bands were attributed to the generation of two fragments from the
full length cryIA(b) gene since it is kmown to contain one internal
Kpnl restriction site (Figure IT1.1). A diagrammatic representation
of these results are shown in Figures IV.14C and IV.15B within the
Kpnl results.
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HindII results. A comparison of lanes 8 in Figures IV. 14B and
IV.15A show a common 15 Kb hybridizing DNA fragment to the
cryIA(b) and gox probes, respectively. Two fragments of
approximate sizes 15 and 7.3 Kb hybridized to the cryIA(b) gene
probe, Figure IV '14B, lane 8. The 15 Kb fragment is less intense
than the 7.3 Kb fragment suggesting the 15 Kb fragment contained

~ the partial (945 bp) cryIA(b) gene. When a Southern blot containing
a HindIl digestion, was hybridized with the gax gene probe, two
bands of approximate sizes 15 and 9 Kb were observed (Figure IV.15,
lane 8). These results joined the partial cryIA(b) gene and a gox gene
on a 15 Kb HindIII fragment, thereby supporting the KpnlI results
described above. A diagrammatic representation of this result is
shown in Figures IV.14C and IV.15B within the HindIII results.

BamHI resuilts. The BamHI digestion released two fragments of
approximate sizes 10 and 14 Kb (of weak and strong signal
intensities, respectively) that hybridized with the cry[A(b) gene probe
(Figure IV.14B, lane 10). When the BamHI digestion was probed
with the gox gene, the 10 Kb fragment hybridized to it but the 14 Kb
fragment did not. These results supported the Kpnl and Hindlll
digestions results which joined the partial cryIA(b) gene with a gox
gene and are schematically illustrated in Figures IV.14C and IV. 15B.

In all three digestion results, the Kpnl, HindIII and BamHI
restriction sites are located outside of insert number 1 (i.e., within the
genomic DNA) and this is reflected in Figures IV.14C, IV.15B and
IV.16B. Additionally, since none of the three cross-hybridizing
cryIA(b) and gox fragments (the 20 Kb fragment in Kpnl; the 15 Kb
fragment in H indIII or the 10 Kb fragment in the BamHI digestions)
hybridized with the CP4 EPSPS gene probe (Figure IV.16, lanes 5, 8
and 10, respectively), this supported the observation made from
Figure IV.12, lane 8 which indicated that insert number 1 did not
contain a CP4 EPSPS gene.

In summary, the hybridization results of the cryIA(b) and gox gene
specific probes with the Kpnl, HindIII and BamHI digestions
established that the partial cryIA(b) gene was joined with the gax
gene on insert number 1. In order to determine the amount of the gox
gene present on insert pumber 1, genomic clones were isolated and
localized to this region of the I-DNA. Sequence analysis of the clone
established that the entire gox gene was present through nucleotide
number 6942 of the plasmid PV-ZMGT10 (Figure I11.2 and Figure
IV.2). Therefore, this established that insert pumber 1 contains a
full length gax gene.



Joining the full length cryIA(b) gene with the insertion event
containing the _pggtinl gox gene (insert number 2). Figures
V.14 and IV.15 (lanes 7) established that a full length and partial
cryIA(b) and gox genes were present within the two I-DNAs. Since
the results described above joined the partial cryIA(b) and full length
gox genes on insert number 1, it was deduced that the full length
cryIA(b) and partial gox genes must be located within insert number
2. i

Joining and order of the full length cryIA(®), CP4 EPSPS(s)
and partial gox genes (insert number 2). Two restriction enzyme
digestion results indicated that a region of CP4 EPSPS and gox gene
fragments were juxtaposed. A comparison of the results from
digesting the DNA with HindIII and probing with the cryIA(b), gox
and CP4 EPSPS gene probes showed that an approximately 9.0 Kb
fragment did not hybridize to the cryIA(b) gene probe but did
hybridize to both the gox and CP4 EPSPS gene probes (Figures
IV.14, IV.15 and IV.16, lane 8). The results of the BamHI digestion
with the same three probings indicate that a 5.8 Kb fragment did not
hybridize with the cryIA(b) probe but did hybridize to both of the gox
and CP4 EPSPS probes. This established that the partial gox gene ’
and a portion of a CP4 EPSPS gene were linked.

The gox gene was localized to one end of insert number 2 by looking
for any common hybridization with a fragment that released it from
the CP4 EPSPS genetic region. The Ncol digestion of the DNA
indicated that two gox gene fragments were integrated into the corn
genome since two fragments of approximate sizes 6.5and 5.5 Kb
were observed (Figure IV.15 lane 6). The less intense band at 6.5 Kb
was labelled the partial gox gene and thereby assigned to insert
number 2. The more intense band at 5.5 Kb was labelled the full
length gox gene and thereby assigned to insert number 1, as defined
above. Upon simultaneous digestion with EcoRI and Ncol, both

approximately 6.0 Kb while the 5.5 Kb band shifted to approximately
1.3 Kb (the expected size of the full length gox gene from known
restriction sites within PV-ZMGT10, Figure I11.2). The relative
intensity of the two bands in the Ncol digest identified the partial gox
gene as being contained on the 6.5 Kb fragment and therefore
hybridization of this band or the 6.0 Kb band in the Ncol/EcoRI
digestion was investigated for common hybridization to other probes;
no common hybridizing bands were observed for the cryIA(b) or CP4
EPSPS gene probes, thereby establishing that the partial gox gene
was at one end of insert number 2. If the gox gene had been
internally located within insert number 2, a common hybridizing
DNA fragment to the CP4 EPSPS or cry[A(b) gene probes would
have been expected. These results are schematically illustrated in
Figure IV.15B under the Neol and NcoUVEcoRI digestion results.
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Further information localizing the gox gene to one of the ends of
insert number 2 was provided by sequencing a8 genomic clone
localized to this region. Sequence analysis identified the gox gene to
be broken at approximately nucleotide number 6127 (Figure 1.2
and Figure IV.4) and juxtaposed to genomic DNA. This confirmed
that the gox gene in insert number 2 is a partial gene.

The cryIA(b) gene was localized to the other end of insert number 2
containing the CP4 EPSPS and gox genes. In a separate Southern
blot experiment, DNA from line MON 80100 was digested with EcoRI
and simultaneously with EcoRI and Spel and probed with the
cryIA(b) gene probe (Figure IV.18, lanes 9 and 4). Upon digestion
with EcoRI and probing with cryIA®), 5.0 and 7.8 Kb DNA
fragments were observed. The 5.0 Kb band was previously localized
to insert number 1 and therefore the 7.8 Kb DNA fragment was
assigned to insert pumber 2. When Spel was used simultaneously
with EcoRI, the 7.8 Kb DNA fragment decreased in size to a 6.2 Kb
size fragment. Since Spel does not have a restriction site within
either plasmid used to produce line MON 80100 (Figures III.1 and
II1.2), the DNA fragment size shift from 7.8 t0 6.2, indicated that the |
Spel site within the genomic DNA is internal (downstream) to one of
the EcoRI sites located within the genomic DNA. Therefore the full
length crylA(b) gene was localized to one end and the gox gene to the
other end on insert pumber 2. The order of the three genes in insert
number 2 was thereby established to be cry[A(b) followed by CP4
EPSPS and then gox.

The far left end of insert pumber 2 (Figure IV.11B) contains a Kpnl
and two HindIII sites between the nptll gene and the E35S promoter
sequences. These restriction sites are not correspondingly located on
the derived plasmid, PV-ZMBKO7 (Figure II.1) but are located at the
same relative position on plasmid PV-ZMGT10 (Figure IIL.2). These
sites were placed at this position from the analysis of the Kpnl and
HindIll restriction fragment sizes that were observed and presented
above in Figure IV.14C under the KpnI and HindIII results. These
sites are presumed to have arisen from homologous recombination of
the two plasmids in this area. ,

In summary, this work established that two I-DNAs are present in
line MON 80100 derived from the plasmids PV-ZMBKO7 and PV-
ZMGT10. Full length and partial crylA(d), goz, CP4 EPSPS and
nptll genes were observed and assigned to their respective I-DNAs
Multiple restriction enzyme digestions and subsequent hybridizations
with the individual gene spedific probes (cryIA(), gox, CP4 EPSPS
and nptl) and DNA sequence analysis of genomic clones spanning
the I-DNAs, established the order and integrity of the integrated
genes shown schematically in Figures IV .10 and IV.11.
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C. Segregation

Segregation data for the R1 plants (derived from selfing the original

transformant, or RO plant) and for the BCOF1 plants (derived from crossing

the RO with an inbred line) are presented in Table IV.1. The results are
consistent with a single active insert segregating according to Mendelian

expectations.

Table IV.1 Segregation data and analysis of progeny of insect

protected corn line MON 80100

BCOF1! 14:6 10:10

R11 27:13 30:10
BCOF21 28:10 28.5:9.5
BC1F2 progeny 2 101:244:139 121:242:121

ChiSg
2.450 °

0.833 °

0.000 *
6.000 #

1 Data expressed as number of expressing plants: number of non-expressing plants

based on European corn borer feeding assay

2 Data expressed as number of homozygous expressing plants: number of segregants:

number of homozygous susceptibles based on European corn borer feeding assay

*not significant at p = 0.05 (chi square = 3.84, 14
# not significant at p = 0.025 (chi square = 7.38, 2 df)

D. Stability of Gene Transfer

The stability of the genes within insect protected corn line MON 80100 has

been demonstrated through five generations of crosses to one recurrent parent
(B73) and 4 generations of crosses to a second, unrelated inbred (Mo17) (Table
IV.2), and through three generations of selfing (BC1F4 data, Table IV.2). The
Chi square test for the backcross to B73 did not deviate from expectations at

p=0.05, and that to Mo17 did not deviate from expectation at p=0.01. The
expectation among BC 1F4 progeny based on the BC1F3 data showing a 3:1
segregation of 1/4 homozygous for the gene : 3/4 segregants and homozygote

susceptibles was borne out by the non-significance of the Chi square test

(Table IV.2).

To summarize the segregation and stability data (Tables IV.1 and IV.2), the

data are consistent with a single active site of insertion of the cryIA(b) gene

into genomic DNA of corn. The stability of this insertion has been
demonstrated though five generations of crossing. The selfed data
further verification of the stability of the insertion event.
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Table IV.2 Segregation data for backcross derivatives of insect
protected corn line MON 80100 in two unrelated inbred lines (B73
and Mo17). Values are ratios of plants that are positive or negative for
the B.t.k. CrylA(b) protein as determined by ELISA.

Generation Actusal Expected ChiSgq
BC4F1(B73) ! 26:33 29.5:29.5 0.610 "
BC3F1(Mol7) ! 40:20 30:30 6.017 #

BC1F4 2 1:5 | 1.5:4.5 0.000 *

1 Data expressed as number of expressing plants: number of non-expressing plants
based on B.t.k. CryIA(b)ELISA

2 Data expressed as number of homozygous progeny: number of segregating or
homozygous non-expressing progeny Btk gene PCR

* not significant at p = 0.05 (chi square = 3.84,1dD

* not significant at p = 0.01 (chi square = 6.63, 1 df)

E. Conclusion

The corn line MON 80100 was produced by particle acceleration technology
with the two plasmids PV-ZMBKO07 and PV-ZMGT10 that contained the
cryIA(b), CP4 EPSPS, gozx and nptll genes. Southern analyses established
that two I-DNAs resulted from the particle acceleration process and that one
insert, approximately 5.5 Kb, contains a partial cryIA(b) gene joined to a full

length gox gene. The second insert, approximately 19 Kb, contains a full length
cryIA(b) gene, a partial gox gene, two partial and one full length CP4 EPSPS
genes, and a partial and a full length nptIl gene. Western analyses established
that only the expected size CryIA(b) and CP4 EPSPS proteins are produced
and no detectable GOX protein is present in corn line MON 80100. The nptII
gene is present in line MON 80 100 under its bacterial promoter and its lack of
detectable expression was confirmed by western analyses.

The analyses presented in this report enabled the generation of the detailed
molecular maps shown in Figures IV.10 and IV.11 for the I-DNAs contained in
the insect protected corn line MON 80100. The segregation and stability data
are consistent with the stable introduction at a single active site of insertion of
the cryIA(b) gene into genomic DNA of corn.
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Figure IV.6. Deduced amino acid sequence of the NPTI protein.
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Lane:12345678910

B.t.k. HD-73
full length -
protein CrylA(b)
St&ﬂdﬁfd. u-y'pnc core
134 kD pmwin'
63 kD
C [
Lane Description

1 10 ng of B.t.k. HD-73 full length standard from E. coli

2 MON 80080, control, corn leaf extract, 47.32 ug protein

3 MON 80200 corn leaf extract, 45.36 ug protein

4 MON 80100 corn leaf extract, 82.04 ug protein

5 MON 80400 corn leaf extract, 45.36 ug protein

6  MON 80080, control, corn leaf extract, trypsinized, 17.08 ug protein

7 MON 80200 corn leaf extract, trypsinized, 9.52 ug protein

8 MON 80100 corn leaf extract, trypsinized, 12.04 g protein

9 MON 80400 corn leaf extract, trypsinized, 11.06 ug protein

10 10 ng of CrylA(b) standard from E. coli, trypsinized

Figure IV.7. Western blot analysis of B.t.k. HD-1 CryIA(b) proteins in corn

tissue extracts. All three ins

80100 and MON 80400 were produced using the same cryIA(b) gene. The multiple

ect protected corn lines ev

bands are B.t.k. protein degradation products.
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Lane Description

D § 10 ng of purified CP4 EPSPS produced in E. coli,
2 10 ng of purified CP4 EPSPS produced in ECB protected corn line 523-06-1
3 0.5 ug of a whole plant protein extract made from the control line, MON 80080
4 0.2 ug of a whole plant protein extract made from ECB protected corn

0.5 ug of a whole plant extract made from ECB protected corn line MON 80100
10 ng of purified CP4 EPSPS produced in E. coli spiked into 0.5 ug of a whole
plant protein extract made from the control line, MON 80080

2 pg of a seed protein extract from the control line, MON 80080

2 ug of a seed protein extract from ECB protected corn line MON 80100

10 ng of purified CP4 EPSPS produced in E. coli lpikadin2ugofaseed
protein extract from MON 80080, the control line

10 Sigma Broad Range Molecular Weight Markers

@w 03 D w

Figure IV.8. Western blot analysis of CP4 EPSPS protein in corn
tissue extracts. Both corn lines MON 80100 and line 523-06-1 were
produced with the same CP4 EPSPS gene.
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Description

Sigma rainbow markers (spotted after transfer)

10.0 ngof E. coli-produced GOX spiked into 30 ug of control corn
(MON 81800) line protein extract

5.0 ng of E. coli-produced GOX spiked into 30 pgof control corn
(MON 81800) line protein extract

2.6 ng of E. coli-produced GOX spiked into 30 pg of control corn
(MON 81800) line protein extract

10ngof E. coli-produced GOX spiked into 30 ug of control comn
(MON 81800) line protein extract

0.5 ng of E. coli-produced GOX spiked into 30 ug of control corn
(MON 81800) line protein extract

0.1 ngof E. coli-produced GOX spiked into 30 pg of control corn
(MON 81800) line protien extract

30 pg of control line (MON 81800) protein extract

30 pg of ECB protected corn line (MON 80100) protein extract
3.0 pg of ECB protected corn line (MMON 80200) protein extract

Figure IV.9. Western blot analysis of GOX protein in corn tissue
extracts. Both corn lines MON 80100 and MON 80200 were produced
using the same gox gene. The tissue source in lanes 8, 9, and 10 was

young leaf.
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2 MON 80100, plasmid
3 MON 80080, cryIA(b)
4 MON 80100, cryIA(b)
8 MON 80100, CP4

p=
E
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C
=
[- =}
(=4
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z
Q
=
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5 MON 80080, gox
6 MON 80100, gox
7 MON 80080, CP4

MW

Insert number 1, ~26 kb —®
Insert number 2, -20 kb @

FIGURE IV.12. Southern blot analysis of DNA isolated from line MON 80100 for insert
pumber assessment. The lanes contain either approximately 10 pg of control DNA isolated
from MON 80080 or 10 pg of DNA isolated from line MON 80100 digested with Ndel and
hybridized with the probes listed above each lane. The plasmid probe is a mixture of
PV-ZMGT10 and PV-ZMBKO7.
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A Hybndxzed with PV-ZMGT10 B. Hybridized with PV-ZMBKO7

FIGURE IV.13. Southern blot analysis of DNA isolated from line MON 80100 and
hybridized with whole plasmid probes and a schematic illustration of the resuits.
A Lane 1 contains 50 pg of PV-ZMBKO7 digested with Pstl. Lane 2 contains molecuiar
weight standards. Lane 3 contains molecular weight standards spiked into 10 ug of eqntrol
DNA isolated from line MON 80080 that was digested with EcoRl. Lane 4 contains 10 pg of
control DNA from line MON 80080 digested with EcoRI. Lanes 5-10 each contain
approximately 10 pg of DNA from line MON 80100 digested with the enzymes listed above
each lane. B. Southern blot analysis of line MON 80100 probed with PV-ZMBKO07. Lane
designations are the same as those in Figure IV.13A. Asterisks denote background bands.
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Figare IV.13C. A schematic illustration of the DNA fragments that hybridize to the plasmid probes.
Each set of restriction digesnons contain sizes generated for inssrt pumber 1 (top) and insert pumber 2 (bottom).
Sizes given are esumatss. Asterisks indicate fragments not detected (assumed to be too smail). Vertical lines
indicate the locations of restriction mtes within the I-DNA. The horizontal arrows indicats the orisatation of the
genes in the 5’ to 3" direction. The verucal arrows indicate the locations of the restriction sites within the [-DNA and
the abbreviations are as follows: EzEcoRL S=Spel, K=Kpnl, HaHindIll, NaNcol. B=BomHL Not to scaie.
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FIGURE IV.14. Southern blot analysis of DNA isolated from line MON 80100
hybridized with crylA®®) probes and a schematic illustration of the results. A.
Lane 1 contains 50 pg of PV-ZMBKO07 digested with Pstl. Lane 2 contains molecular weight
standards. Lane 3 contains molecular weight standards spiked into 10 pg of control DNA
isolated from line MON 80080 digested with EcoRL. Lane 4 contains 10 pg of control DNA
isolated from line MON 80080 digested with EcoRL. Lanes 5-10 each contain 10 ug of DNA
isolated from line MON 80100 digested with the enzymes listed above each lane. B.
Southern blot analysis of line MON 80100 probed with a 0.9 Kb cryIA(b) probe. Lane
designations are as in Figure IV 14A
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Figure IV.14C. A schematic illustration of the DNA fragments that hybridize to the crylA(db) probes.
Each set of restriction digestions contain sizes generated for insert number 1 (top) and insert number 2 (bottom).
Sizes given are estimates. Asterisks indicats fragments not detected (assumed to be too small). Vertical lines
indicate the locations of restnction sites within the I-DNA. The borizontal arrows indicate the orientation of the
genes 1o the 5’ to 3’ direcuon. The vertical arrows indicate the locations of the restriction sites within the I-DNA and
the abbreviations are as follows: ExEcoRI. S=Spel, K=KpnlL HaHindI1. NeNcol, BeBamHI. Not to scals.
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FIGURE IV.15. Southern blot analysis of DNA isolated from line MON 80100
hybridized with a gox probe and a schematic illustration of the results. A. Lane 1
contains 50 pg of PV-ZMBKO7 digested with Pstl. Lane 2 contains molecular weight
standards. Lane 3 contains molecular weight standards spiked into 10 pg of control DNA
isolated from line MON 80080 digested with EcoRL. Lane 4 contains 10 pg of control DNA
isolated from line MON 80080 digested with EcoRI. Lanes 5-10 each contain 10 pg of DNA
isolated from line MON 80100 digested with the enzymes listed above each lane. The arrow
indicates non-specific hybridization.
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Figure IV.15B. A schematic illustration of the DNA fragments that hybridize to the gax probe. Each
set of restriction digestions contain sizes generated for insert pumber 1 (top) and insert number 2 (bottom). Sizas
given are estimates. Astensks indicate fragments not detected (assumed to be 00 small). Vertcal lines indicate
the jocations of restriction sites within the I-DNA. The borizontal arrows indicate the orientation of the genes in
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FIGURE IV.16. Southern blot analysis of DNA isolated from line MON 80100
hybridized with a CP4 EPSPS probe and a schematic illustration of the results.
A. Lane 1 contains 50 pg of PV-ZMBKO7 digested with Pstl. Lane 2 contains molecular
weight standards. Lane 3 contains molecular weight standards spiked into 10 ug of control
DNA MON 80080 digested with EcoRl. Lane 4 contains 10 ug of control DNA, MON 80080,
digested with EcoRl. Lanes 5-10 each contain 10 pg of DNA from line MON 80100 digested
with the enzymes listed above each lane. :
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Figure IV.16B. A schematic illustration of the DNA fragments that hybridize to the CP4 EPSPS probe.
Each set of restnction digestions contain sizes generated for insert number 1 (top) and insert number 2 (bottom).
Sizes given sre estimates. Asterisks indicats fragments not detectad (either because of their size or not enough CP4
EPSPS probe homology was present within the fragment). Vertical lines indicate the locations of restiction mtes
within the -DNA. The horizontal arrows indicate the orientation of the genes in the 5’ to 3’ direction. The verueal

arrows indicate the locations of the restrction mtes within the I-DNA and the abbreviations are as follows: ExEcoRl,
S=Spel, K=Kpnl, H=HindIll, N=Ncol. B=BamHI. Not to acale.
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FIGURE IV.17. Southern blot analysis of DNA isolated from line MON 80100
hybridized with a nptll probe and a schematic illustration of the results. A. Lane
1 contains 50 pg of PV-ZMBKO7 digested with Pstl. Lane 2 contains molecular weight
standards. Lane 3 contains molecular weight standards spiked into 10 pug of control DNA
isolated from line MON 80080 digested with EcoRl. Lane 4 contains 10 ug of control DNA
isolated from line MON 80080 digested with EcoRL. Lanes 5-10 each contain approximately
10 pg of DNA isolated from line MON 80100 digested with the enzymes listed above each
lane.
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Figure IV.17B. A schematic illustration of the DNA fragments that hybridize to the nptll probe. Each set
of restnction digestions contain sizes generated for insert number 1 (top) and insert number 2 (bottom). Sizes given
are estimates. Astensks indicate fragments not detected ( assumed to be too small). Vertical lines indicats the
locations of restriction sitas within the I-DNA. The horizontal arrows indicate the orientation of the genes in the §' to
' direction. The vertical arrows indicate the locations of the resmiction sites within the I-DNA and the abbreviations
are as follows: EaEcoR], SaSpel, K=Kpnl, HaHindIIl NaNcol B=BamHI. Not to scaie.
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FIGURE IV.18. Southern blot analysis of DNA isolated from line MON 80100
digested with EcoRI vs. EcoRUSpel and hybridized with a crylA(b) probe. Both
control DNA and MON 80100 were digested in 10ug amounts with the enzymes listed
above each lane and hybridized with a cryIA(d) probe.
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Part V. Detailed Description of the Phenotype of Insect
Protected Corn Line MON 80100 ,

Introduction

Data and information supplied in this Petition for Determination of Non-

Regulated Status demonstrate that insect protected corn line MON 80100 is

substantially equivalent to non-modified corn, except for the inserted genetic
sequences, the expressed proteins [CryIA(b) protein and CP4 EPSPS enzyme},
and the ability of the plant to resist damage from certain Lepidopteran
insects including European corn borer. The information supplied in this
section and referenced from other sections of this petition will demonstrate
that the modified, insect protected corn line MON 80100 is not likely to pose
a greater plant pest risk than non-modified corn. This conclusion is based on
evaluation of phenotypic characteristics, safety of the inserted proteins, and
the lack of any deletarious environmental fate/effects.

A variety of studies were conducted to characterize the unique traits of the
modified corn line and to establish that insect protected corn line MON 80100
is substantially equivalent to non-modified corn. The inserted genetic
material in MON 80100 were described in the previous sections (Part III and
IV). The other characteristic unique to MON 80100, expression of the
CrylA(b) and CP4 EPSPS proteins, is described in this section. Other
investigations included:

safety assessment of the B.t.k. CryIA(b) protein to non-target
msects

the environmental fate of the B.t.k. CrylA(b) protein
the potential for outcrossing and weediness
laboratory and field germination results
the disease and pest susceptibility of MON 80100

. yield qharacteristics

. the comparison of MON 80100 and its parental control, on the
basis of composition and quality of the corn seed

The following sections summarize these investigations.
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A The CrylA(b) Prot‘ejn

The CryIA(b) protein must be ingested by the insect to exert insecticidal
activity (Huber and Lithy, 1981). The protein in its crystalline form is
insoluble in aqueous solution at neutral or acidic pH (Bulla et al, 1977);
however, the pH of the larval insect gut is alkaline which favors solubilization
of the protein crystal. The solubilized protein is subsequently activated by
proteases in the insect gut. The activated protein, which consists of
approximately 600 amino acids, diffuses through the peritrophic membrane of
the insect to the midgut epithelium, binding <o the specific high affinity
receptors on the surface of the midgut epithelium of target insects
(Wolfersberger et al, 1986; Hofmann et al, 1988a). The gut becomes paralyzed
as a consequence of changes in electrolytes and pH in the gut causing the
larval insect to quit feeding and die.

There are no receptors for the protein delta-endotoxins of Bacillus
thuringiensis subspecies on the surface of mammalian intestinal cells,
therefore, humans are not susceptible to these proteins (Hofmann et al,
1988b: Noteborn, 1994; Sacchi et al, 1986). In addition to the lack of receptors
for the B.t.k. proteins, the absence of adverse effects in humans is further
supported by numerous reviews on the safety of the B.t. protein (Ignoffo, 1973;
Shadduck, 1983; Siegel and Shadduck, 1989) and by our rodent feeding
(Naylor, 1992) and in vitro digestive fate studies of the B.t.k. CryIA(b) protein
(Ream, 1994).

Data was submitted to the EPA to support the registration and exemption
from the requirement of a tolerance for the CryIA(b) protein as a plant
pesticide. Studies included within that submission demonstrate the safety of
of this protein. In a mouse acute oral gavage study, no treatment related
effects were observed in any of the groups of mice administered the CryLA(b)
trypsin-resistant core protein by oral gavages as dosages up to 4000 mg/kg.
The oral LDgo for the CrylA(b) protein in mice is greater than 4000 mg/kg and
- the no effect level is 4000 mg/kg (Naylor, 1992).

In an in vitro mammalian digestion study, the CryIA(b) protein degraded
rapidly; more than 90% of the initially added CryIA(b) protein degraded after
two minutes incubation in simulated gastric fluid as detected by western blot
analysis and insect bioassay. In intestinal fluid, the trypsin-resistant core of
the CryIA(b) protein did not degrade substantially after approximately 19.5
hours incubation as assessed by both western blot analysis and by insect
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bioassay (Ream, 1994). This result was expected as the trypsin-resistant
core of this and other B.t. insecticidal proteins have been shown to be |
relatively resistant to digestion by trypsin (Bielot et al, 1989). These results
are fully consistent with the history of safe use of B.t. preparations by
humans.

B. The CP4 EPSPS Protein

EPSPS is an enzyme of the shikimate pathway for aromatic amino acid
biosynthesis in plants (including corn) and microorganisms (Levin and
Sprinson, 1964; Steinriiken and Amrhein, 1980), and is thus ordinarily
present in food derived from plant sources. Genes for numerous EPSPS’s have
been cloned (Padgette et al, 1989, 1991), and active site domains are
conserved among the known EPSPSs (Padgette et al, 1988, 1991). Bactenal
EPSPSs have been well-characterized with respect to the 3-dimensional X-ray
crystal structure (Stallings et al, 1991) and the detailed kinetic and chemical
reaction mechanism (Anderson et al, 1990). EPSPSs from a number of
bacteria exhibit tolerance to glyphosate (Schulz et al, 1985). CP4 EPSPS thus
represents one of many different EPSPSs found in nature. -

The herbicide glyphosate kills plants cells in the transformation process due
to inhibition of the enzyme EPSPS (Steinriicken and Amrhein, 1980). The
aromatic amino acid pathway is not present in mammalian metabolic
pathways (Cole, 1985). This contributes to the selective action of glyphosate
toward plants but not mammals. Glyphosate tolerance can be conferred to
plant cells and microbes by either overproduction of EPSPS or the use of
glyphosate-tolerant EPSPSs. The EPSPS from Agrobacterium sp. strain CP4
is highly tolerant to inhibition by glyphosate and has high catalytic efficiency,
compared to most glyphosate-tolerant EPSPSs (Barry et al, 1992; Padgette et.
al., 1991). Upon glyphosate treatment, the corn cells in the transformation
process expressing the CP4 EPSPS are unaffected since the continued action

of the glyphosate-tolerant EPSPS enzyme meets the plant’s need for aromatic
compounds.

CP4 EPSPS is a 47.6 KD protein consisting of a single polypeptide of 455
amino acids. The gene encoding CP4 EPSPS has been completely sequenced.
The enzyme has been expressed in E. coli and highly purified. CP4 EPSPS
interacts with the EPSPS substrates shikimate-3-phosphate and '
phosphoenolpyruvate similarly to the plant-enzymes, based on steady-state
kinetic analyses. In addition, recent results indicate that the 3-dimensional

X.ray crystal structure of CP4 EPSPS exhibits the same overall folding
pattern as the E. coli EPSPS enzyme.
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The isolate CP4 was identified by the ATCC (American Type Culture
Collection) as an Agrobacterium species, hence the designation Agrobacterium
sp. strain CP4. Agrobacteria occur almost worldwide in soils and in the
rhizosphere of plants. Agrobacterium gtrains have also been reported in a
number of human clinical specimens, but it is believed that these clinical
Agrobacterium isolates occur either as incidental inhabitants in the patient or
as contaminants introduced during sample manipulation (Kersters and De
Ley, 1984). '

The chloroplast transit peptide (CTP) coding-sequence from petunia EPSPS
(Shah et al, 1986; Gasser et al, 1988) has been fused to the 5-end of the CP4
EPSPS gene to deliver the CP4 EPSPS to the chloroplasts, the site of EPSPS
activity and glyphosate action. Plant expression of the gene fusion produces a
pre-protein which is rapidly imported into chloroplasts where the CTP is
cleaved and degraded, releasing the mature CP4 EPSPS protein (della-
Cioppa et al, 1986).

C. Expression Levels of the CrylA(b), CP4 EPSPS, GOX, and NPTII
Proteins

As described in Part ITI, insect protected corn line MON 80100 has been
modified to express a protein from Bacillus thuringiensis subsp. kurstaki
strain CryIA(b) (Hofte and Whitely, 1989). This protein, CryIA(b) has
insecticidal activity against the European corn borer (ECB), an economically
damaging corn insect pest. In addition to the cryIA(b) gene, genes encoding
CP4 EPSPS (Padgette et al, 1993), GOX (Padgette et al, 1994), and NPTII are
also present. The CP4 EPSPS and GOX genes are present to enable selection
of cells in tissue culture that contain the cryIA(b) gene. The corn
transformation vectors used to produce corn line MON 80100 included the
gene cassette containing a bacterial specific promoter and coding region for
NPTIL. NPTI allows selection of bacteria containing the vector in media

" containing kanamycin. The nptll gene is under the control of a bacterial-
specific promoter and, therefore, is not expected to produce the NPT protein
in plant cells. The control line, MON 80080, has background genetics
representative of the test line, but has not been genetically modified and
therefore, does not express the CryIA(b), CP4 EPSPS, GOX, or NPTII proteins.

Levels of the expressed proteins were evaluated in young leaf and seed tissues
collected from five field locations during the 1993 growing season using an
Enzyme Linked Immuno-Sorbent Assay (ELISA) (Harlow and Lane, 1988)
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and western blot methods (Matsudaira, 1987). The five field sites
established and conducted under GLP were as follows: Jerseyville, Illinois;
Monmouth, Illinois; Johnston, Iowa; Winterset, Jowa: Windfall, Indiana; and
York, Nebraska. The approximate expression levels are shown in the
following table.

Table V.1 Summary of specific protein levels measured in
MON 80100 tissuesl.

Whole
Protein . Leaf Seed plantd Pollend
-ug/g fresh weight-
CrylA(b) 1.3 0.57 1.77 N.D.2
CP4 EPSPS 1.85 4.11 0.57 N.A3
GOX N.D. N.D. N.D. N.A.
NPTI N.D. N.D. NA. N.A.

1. Values are means calculated across five sites from mean values calculated
from the analysis of 3-4 replicate samples per site.

Not detected

Not analyzed

Values are means calculated from four replicate samples from one site.
Determination from duplicate analysis of one pollen sample from one site.

A\
KA

As seen above, expression levels of CrylA(b) and CP4 EPSPS proteins are low
in corn leaf, seed and whole plant tissues. CrylA(b) protein was not
detectable in pollen.

GOX protein was not detectable 1n corn leaf, seed and whole plant tissue when
assayed by sensitive and specific ELISA and this result was confirmed by
western blot analysis.

As expected, the NPTII protein, whose expression is driven by a bacterial
promoter, was not detected in corn tissue.




Effects of Insect Protected Corn on Non-target Organisms
1. Non-target Insects

There is extensive information on the lack of non-target effects from
microbial preparations of Bacillus thuringiensis subsp. kurstaki (B.t.k.)
containing the B.t.k. proteins, including the CryIA(b) protein. The
literature has established that the B.t.k. proteins:

. are extremely selective for the lepidopteran insects (MacIntosh et al,
1990; Klausner, 1984; Aronson et al, 1986; Dulmage, 1981, Whitely
and Schnepf, 1986);

bind specifically to receptors on the mid-gut of lepidopteran insects
(Wolfersberger et al, 1986; Hofmann et al, 1988a; Hofmann et al,
1988b: Van Rie et al, 1989; Van Rie et al, 1990); and

have no deleterious effect on beneficial/non-target insects, including
predators and parasitoids of lepidopteran insect pests or honeybee
(Apis mellifera) (Flexner et al, 1986; Krieg and Langenbruch, 1981;
Cantwell et al, 1972; EPA, 1988; Vinson, 1989; Melin and Cozz,
1989).

The chapters by Vinson (1989) and Melin and Cozzi (1989) provide
comprehensive reviews of the extensive literature that has established the
safety of the B.t.k. microbes and encoded proteins to an array of beneficial
1nsects.

In addition, separate studies were undertaken to assess the potential
toxicity of the CryIA(b) protein to other non-target insects.

a. Honey bee larvae and adults

These studies were undertaken to assess the potential toxicity of
the CryIA(b) trypsin-resistant core protein to larvae and adult
honey bee (Apis mellifera L.), a beneficial insect pollinator. The
maximum nominal CryIA(b) protein concentration tested was
greater than 10 times the estimated LCgo sensitivity of several
target pest Lepidoptera to the CrylA(b) protein. The LCso for the
CrylA(b) protein in larval and adult honey bee is greater than 20
ppm. The no observed effect level was 20 ppm (Maggi and Sims,
1994a, 1994b). ’



b. Green lacewing

This study was undertaken to assess the potential toxicity of the
CrylA(b) trypsin-resistant core protein to green lacewing larvae
(Chrysopa carnea), & beneficial predaceous insect commonly found in
corn and other cultivated plants. There was no evidence that green
lacewing larvae were adversely effected when fed moth eggs coated
with 2 nominal concentration of 16.7 ppm CryIA(b) protein for seven
days. Under the conditions of the test, the LC50 was greater than
116.7 ppm CryIA(b) protein (Hoxter-and Lynn, 1992a).

c. Parasitic hymenoptera

This study was undertaken to assess the potential toxicity of the
CrylA(b) trypsin-resistant core protein to parasitic Hymenoptera
(Brachymeria intermedia), a beneficial parasite of the housefly
(Musca domestica). Parasitic Hymenoptera exposed to activated
CrylA(b) protein at a concentration of 20 ppm in honey/water
solution for thirty days did not exhibit treatment related mortality
or signs of toxicity. The LCgo for CryIA(b) protein in parasitic
Hymenoptera is greater than 20 ppm. The no-observed effect level
was 20 ppm (Hoxter and Lynn, 1992c).

d. Ladybird beetles

This study was undertaken to assess the potential toxicity of
CrylA(b) trypsin-resistant core protein to ladybird beetles
(Hippodamia convergens), a beneficial predaceous insect which feeds
on aphids and other plant insects commonly found on stems and
foliage of weeds and cultivated plants. Ladybird beetles exposed to
activated CrylA(b) protein at a test concentration of 20 ppm in a
honey/water solution for nine days did not exhibit treatment related
mortality or signs of toxicity. The LCgo for CryIA(b) protein in
ladybird beetles is greater than 20 ppm. The no-observed effect
level was 20 ppm (Hoxter and Lynn, 1992b).
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Insect protected corn line MON 80100 also encodes the enzyme CP4
EPSPS as discussed above. EPSPS is an enzyme of the shikimate
pathway for aromatic amino acid biosynthesis in plants (including '
corn) and microorganisms (Levin and Sprinson, 1964), and is thus
ordinarily present in food derived from plant sources. Genes for
numerous EPSPS's have been cloned (Padgette et al, 1989, 1991), and
active site domains are conserved among the known EPSPSs (Padgette
et al, 1988, 1991). Bacterial EPSPSs have been well-characterized with
respect to the 3-dimensional X-ray crystal structure (Stallings et al,
1991) and the detailed kinetic and chemical reaction mechanmsm
(Anderson et al, 1990). EPSPSs from a number of bacteria exhibit
tolerance to glyphosate (Schulz et al, 1985). CP4 EPSPS thus
represents one of many different EPSPSs found in nature. EPSPS is
considered to be ubiquitous in nature since it is present in all plants
and microorganisms. Therefore, all organisms which presently feed on
plants and/or microbes, historically have been exposed to EPSPS.

. Non-Target Wildlife and Fish

A study was conducted to assess the wholesomeness of insect protected
corn meal fed to quail since birds may feed on corn left in the field after
harvest. No mortality occurred in birds fed up to 10% w/w (nominal
100,000 ppm) raw corn seed meal in the diet. This feeding level
approximates consumption of 138 corn seeds/kg body weight/ bird/day.
The no-observed effect level was considered to be greater than 10% wiw.
Based on the parameters measured, the wholesomeness of meal from
insect protected corn seed was comparable to that of the parental line
when fed in the diet to quail (Campbell and Beavers, 1994).

It is unlikely that fish in their natural environment would be exposed to
corn seed. Based on the historical data demonstrating the safety of B.t.
proteins to fish and the unlikely event of exposure, no adverse effects
are expected to fish from the use of the CryIA(b) protein as expressed in
corn.

. Impact on Endangered Species

No endangered or threatened lepidopteran insects, as listed in 5S0CFR
17.11 and 17.12, feed on corn plants.
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E. Environmental Fate of the CrylA(b) Protein

Previous work has demonstrated the rapid loss of insecticidal activity of

* Bacillus thuringiensis protein crystals (active ingredient) derived from
microbial preparations of lepidopteran-active species when incubated in the
soil (Palm et al, 1994; Pruett et al, 1980; West, 1984). The CryIA(b) protein in
insect protected corn line MON 80100 is present at low levels in the plant
tissue remaining in the field after the harvest of the seed or silage. This corn
plant material may be tilled into the soil or remain on the soil surface as is
typically observed in zero tillage systems. The environmental fate of the
CrylA(b) protein was determined by measuring the rate at which the
bioactivity of the CryIA(b) protein dissipated when added to soil as the
purified protein and as a component of insect protected corn tissue.

Studies examined the dissipation rate of the CrylA(b) protein from three
systems: 1) insect protected corn tissue without contact with soil, 2) insect
protected corn tissue mixed into soil, and 3) purified CryIA(b) protein mixed
into soil. The levels incorporated into the soil were greater than three fold
higher than the maximum concentration expected under field conditions.
CryIA(b) protein, added to soil as a component of tissue from insect protected
corn had an estimated DT of 1.6 days. Bioactivity of insect protected corn
tissue, incubated without soil contact, had an estimated DTso of 25.6 days.
Purified CryIA(b) protein, mixed into the soil, had as estimated DTy of 8.3
days. This rate of dissipation of insecticidal activity is comparable to that
observed with microbial B.t. products (Sims and Sanders, 1995).

Therefore, results of this study suggest that the CrylA(b) protein, as a
component of post-harvest insect protected corn plants, will dissipate readily
on the surface of (e.g. no-till), or when cultivated into the soil. The measured
half-life of the purified B.t.k. protein in soil is comparable to that measured
for the microbial B.t.k. preparations (Palm et al, 1994; Pruett et al, 1980;
West, 1984).

F. Weediness Potential of Insect Protected Corn

The potential for pollen transfer from corn to other species and for the insect
protected corn to become a weed or p