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(57) Abstract: A novel Bacillus thuringiensis crystal protein exhibiting insect inhibitory activity is disclosed. Growth of Lygus
insects is significantly inhibited by providing the novel crystal protein in Lygus insect diet. Polynucleotides encoding the crystal
protein, transgenic plants and microorganisms that contain the polynucleotides, isolated peptides derived from the crystal protein, and
antibodies directed against the crystal protein are also provided. Methods of using the crystal protein and polynucleotides encoding
the crystal protein to control Hemipteran insects are also disclosed.
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Hemipteran- and Coleopteran- active toxin proteins from Bacillus thuringiensis

Cross-Reference to Related Applications
[0001] This application claims priority to U.S. Provisional Patent Application No.
60/914,364, filed April 27, 2007; and U.S. Application No. 12/109,122, filed April 24, 2008.

Statement Regarding Federally Sponsored Research or Development.

[0002] Not Applicable.

Appendix.
[0003] Not Applicable.

Incorporation Of Sequence Listing

[0004] A paper copy 6f the Sequence Listing and a computer readable form of the sequence
listing provided herein, containing the file named “38-21(54839) SEQ LIST”, which is
126976 bytes in size (measured in MS-DOS), anci are herein incorporated by reference. This
Sequence Listing consists of SEQ ID NOs:1-59.

Background of the Invention

Field of the Invention

[0005] This invention relates generally to the field of insect inhibitory Bacillus
thuringiensis proteins and, more particularly, to B. thuringiensis crystal proteins that inhibit
hemipteran insects. Isolated polynucleotides and proteins, transgenic plants and related
methods that provide for inhibition of hemipteran insects are described. Also described are
methods for combining the B. thuringiensis crystal proteins that inhibit hemipteran insects
with distinct insect control agents to obtain increased levels of hemipteran insect inhibition,

hemipteran insect resistance management, or an expanded spectrum of insect pest control.
Related Art

[0006]) Bacillus thuringiensis Crystal Proteins
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[0007] The Gram-positive soil bacterium Bacillus thuringiensis is well known for its
production of proteinaceous parasporal crystals, or §-endotoxins, that are toxic to a variety of
Lepidopteran, Coleopteran, and Dipteran larvae. B. thuringiensis produces crystal proteins
during sporulation which are specifically toxic to certain species of insects. Many different
strains of B. thuringiensis have been shown to produce insecticidal crystal proteins, and
compositions comprising B. thuringiensis strains which produce proteins having insecticidal
activity have been used commercially as environmentally-acceptable insecticides because of
their toxicity to the specific target insect, and non-toxicity to plants and other non-targeted

organisms.

[0008] Commercial formulations of naturally occurring B. thuringiensis isolates have long
been used for the biological control of agricultural insect pests. In commercial production,
the spores and crystals obtained from the fermentation process are concentrated and

formulated for foliar application according to conventional agricultural practices.

[0009] Nomenclature of Crystal Proteins

[0010] A review by Hofte et al., (Hofte and Whiteley, Microbiol. Rev., 53:242-255, 1989)
describes the general state of the art with respect to the majority of insecticidal B.
thuringiensis strains that have been identified which are active against insects of the Order
Lepidoptera, i.¢., caterpillar insects. This treatise also describes B. thuringiensis strains
having insecticidal activity against insects of the Orders Diptera (i.e., flies and mosquitoes)
and Coleoptera (i.e., beetles). A number of genes encoding crystal proteins have been cloned
from several strains of B. thuringiensis. Hofte et al. (1989) discusses the genes and proteins
that were identified in B. thuringiensis prior to 1990, and sets forth the nomenclature and
classification scheme which has traditionally been applied to B. thuringiensis genes and
proteins. Cryl genes encode Lepidopteran-toxic Cryl proteins. Cry2 genes encode Cry2
proteins that are toxic to both Lepidopterans and Dipterans. Cry3 genes encode Coleopteran-

toxic Cry3 proteins, while Cry4 genes encode Dipteran-toxic Cry4 proteins, etc.

[0011] Recently a new nomenclature has been proposed which systematically classifies the
Cry proteins based upon amino acid sequence homology rather than upon insect target
specificities. This classification scheme and a comprehensive list of insect inhibitory B.

thuringiensis genes is summarized in the listing of Insecticidal Toxin Proteins as set forth in
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the Neil Crickmore website accessed through Cambridge University on the world wide web

at lifesci.sussex.ac.uk/home/Neil _Crickmore/Bt/index.html.

[0012] Mode of Crystal Protein Toxicity

[0013] All 8-endotoxin crystals are toxic to insect larvae by ingestion. Solubilization of the
crystal in the midgut of the insect releases the protoxin form of the 3.-endotoxin which, in
most instances, is subsequently processed to an active toxin by midgut protease. The
activated toxins recognize and bind to the brush-border of the insect midgut epithelium
through receptor proteins. Several putative crystal protein receptors have been isolated from
certain insect larvae (Jurat-Fuentes JL, Adang MJ. Biochemistry. 45(32):9688, 2006; Griffitts
JS et al.,, Science. 307(5711):922, 2005; Jurat-Fuentes JL, Adang MJ. Eur J Biochem.;
271(15):3127, 2004). The binding of active toxins is followed by intercalation and
aggregation of toxin molecules to form pores within the midgut epithelium. This process
leads to osmotic imbalance, swelling, lysis of the cells lining the midgut epithelium, and

eventual larvae mortality.

[0014] With the advent of molecular genetic techniques, various 3.-endotoxin genes have
been isolated and their DNA sequences determined. These genes have been used to construct
certain genetically engineered B. thuringiensis products that have been approved for
commercial use. Recent developments have seen new d.-endotoxin delivery systems
developed, including plants that contain and express genetically engineered 6.-endotoxin
genes. Control of Lepidopteran and Coleopteran pests in a variety of transgenic crop plants
including corn, cotton, potato, tomato and rice that express d.-endotoxin genes is well
established. Advantages associated with expression of the §.-endotoxin genes in crop plants
include increased yields and decreased use of chemical insecticides. The advantages of
transgenic crops that express insect inhibitory 8.-endotoxin genes has lead to widespread use

in crops such as corn and cotton.

[0015] Unfortunately, the 8.-endotoxin genes that are currently available do not provide for
control of all insect pests that plague crop production. In particular, Hemipteran insects still
must be controlled by use of insecticides in crops where they cause damage. The Hemipteran
or “piercing/sucking” insects are especially damaging to plants in that they are also known to

transmit damaging plant viruses and cause plants to be more susceptible to bacterial and
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fungal infection. There is thus a need for additional materials and methods that would permit
inhibition of Hemipteran insect pests in crops. There is also a need to obtain several different
types of Hemipteran insect control agents with distinct modes of action for use in transgenic

plants as Hemipteran insect resistance management tools.

[0016] Given the need for Hemipteran insect control agents, a variety of approaches have
been disclosed. United States Patent No. 5,723,440 describes a CytlBal protein with
purported activity against Hemipteran insects. However, Wellman-Desbiens and Cote (J.
Econ. Entomol. 98(5):1469-1479., 2005) were unable to confirm this activity with the
Hemipteran insect Lygus hesperus. United States Patent No. 5,885,963 discloses the use of
B. thuringiensis israelensis Cyt toxins that purportedly inhibit Hemipteran pests. More
recently, US20060242732 discloses B. thuringiensis crystal proteins with activity against the
Hemipteran insect Lygus lineolaris. These proteins are unrelated to the Cyt proteins
described in United States Patent Nos. 5,723,440 and 5,885,963.

Summary of the Invention

[0017] Itis in view of the above problems that the present invention was developed.

[0018] The invention first relates to an isolated polynucleotide which encodes a TIC807
insect inhibitory protein or an insect inhibitory protein fragment derived therefrom, wherein
the insect inhibitory protein or protein fragment comprises a polypeptide sequence that has at
least about 70% sequence identity to a corresponding polypeptide sequence contained within
SEQ ID NO:5. The polynucleotide sequences of the invention can also encode polypeptide
sequences with at least about 80%, 90%, 95%, or 100% sequence identity to the
corresponding insect inhibitory polypeptide sequence contained within SEQ ID NO:5. In
certain embodiments, the polynucleotide encodes the polypeptide sequence of SEQ ID NO:5.

[0019] Isolated polynucleotides of the invention can encode a TIC807 insect inhibitory
protein or insect inhibitory protein fragment derived therefrom that inhibits a Hemipteran
insect, a Heteropteran insect or a Homopteran insect. The Hemipteran insect can be a Lygus
insect and the Homopteran insect can be an aphid, a hopper, or a whitefly. The encoded
TIC807 insect inhibitory protein or insect inhibitory protein fragment derived therefrom
inhibits Lygus at a Lygus diet concentration of at least about 5 ppm, 50 ppm, 250 ppm, or 500
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ppm (parts per million) of the TIC807 protein or protein fragment in the Lygus diet. The
TIC807 insect inhibitory protein fragment encoded by the polynucleotide comprises a peptide
sequence of at least 250 amino acid residues. This isolated polynucleotide encoding the
TIC807 protein can be modified for improved expression in plants compared to the native
coding sequence. One embodiment of a TIC807 encoding polynucleotide that is designed for
expression in plants is provided as SEQ ID NO:6. Other embodiments of TIC807 encoding
polynucleotides for expression in plants are provided as SEQ ID NO: 45, SEQ ID NO:46,
SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID
NO:52, or SEQ ID NO:53. In other embodiments, the polynucleotide designed for
expression in plants encodes a TIC807 protein with an N-terminal chloroplast or plastid
targeting peptide. One embodiment is provided in SEQ ID NO:7 and comprises a
polynucleotide designed for expression of the TIC807 toxin in plants that is also linked in
frame to a nucleotide sequence encoding a plastid targeting peptide. The plastid targeting
peptide is operably linked to TIC807 upon expression and functions to direct the insertion of
the TIC807 toxin into the plant plastid.

[0020] Other isolated polynucleotides of the invention include polynucleotides that
hybridize under high stringency conditions with either the native Bacillus thuringiensis
TIC807 gene (SEQ ID NO:4) or with the gene designed for improved plant expression of
TIC807, which has an enriched G+C content (SEQ ID NO:6) compared to the native coding
sequence set forth at SEQ ID NO:4. Polynucleotides that hybridize under stringent
conditions can be selected from the group consisting of SEQ ID NO:4, SEQ ID NO:6 and
SEQ ID NO:7. |

[0021] The invention further provides for transgenic plants or plant parts derived therefrom
comprising a TIC807 insect inhibitory protein or an insect inhibitory protein fragment
derived therefrom, wherein the TIC807 insect inhibitory protein or protein fragment
comprises a polypeptide sequence that has at least about 70% sequence identity to a
corresponding polypeptide sequence contained within SEQ ID NO:5. The transgenic plant or
plant part comprises the TIC807 protein or protein fragment at a concentration from at least
about 5 ug to about 250pg of the TIC807 protein or protein fragment per gram fresh weight
plant tissue, or any amount in between. The TIC807 insect inhibitory protein fragment

encoded by the polynucleotide comprises a peptide sequence of at least 250 amino acid
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residues. The transgenic plant part can be a cell, a leaf, a stem, a flower, a sepal, a fruit, a

root, or a seed.

[0022] The invention also provides for transformed host cells comprising a polynucleotide
which encodes a TIC807 insect inhibitory protein or an insect inhibitory protein fragment
derived therefrom, wherein the insect inhibitory protein or protein fragment comprises a
polypeptide sequence that has at least about 70% sequence identity to a corresponding
polypeptide sequence contained within SEQ ID NO:5. The TIC807 insect inhibitory protein
fragment encoded by the polynucleotide comprises a peptide sequence of at least 250 amino
acid residues. The transformed host cell can be a bacterial cell or a plant cell. Transformed
plant cells of the invention can be selected from the group consisting of barley, corn, oat, rice,
rye, sorghum, turf grass, sugarcane, wheat, alfalfa, banana, broccoli, bean, cabbage, canola,
carrot, cassava, cauliflower, celery, citrus, cotton, a cucurbit, eucalyptus, flax, garlic, grape,
onion, lettuce, pea, peanut, pepper, potato, poplar, pine, sunflower, safflower, soybean,
strawberry, sugar beet, sweet potato, tobacco, tomato, ornamental, shrub, nut, chickpea,
pigeonpea, millets, hops, and pasture grass plant cells. In certain embodiments, the
transformed plant cell is a cotton plant cell. Plants derived from the transformed plant host
cells, seeds produced from the plants derived from the transformed host cell, and progeny
plants from that seed are also contemplated by the invention. Transformed bacterial host
cells of the invention can be selected from the group consisting of an Agrobacterium, a
Bacillus, an Escherichia, a Salmonella, a Pseudomonas, and a Rhizobium bacterial cell. In
certain embodiments, the transformed bacterial cell is a Bacillus thuringiensis cell. Another
embodiment of the invention relates to a biologically-pure or isolated culture of an
Escherichia coli strain SIC8088 harboring vector pIC17040, deposited on March 16, 2007
with the Agricultural Research Culture Collection, Northern Regional Research Laboratory
(NRRL), Peoria, Illinois U.S.A. and having Accession No. NRRLB-50030.

[0023] The invention further provides methods for controlling Lygus comprising the steps
of: (a) providing a Lygus inhibitory amount of a TIC807 insect inhibitory protein or an insect
inhibitory protein fragment derived therefrom, wherein the insect inhibitory protein or protein
fragment comprises a polypeptide sequence that has at least about 70% sequence identity to a
corresponding polypeptide sequence contained within SEQ ID NO:5; and (b) contacting the
Lygus with the inhibitory amount of the polypeptide sequence, thereby controlling a Lygus
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insect. The polypeptide sequence used in this method can also have at least about 90% or
100% sequence identity to the corresponding a corresponding insect inhibitory polypeptide
sequence contained within SEQ ID NO:5. The TIC807 insect inhibitory protein fragment
encoded by the polynucleotide comprises a peptide sequence of at least 250 amino acid
residues. In one embodiment of this method, the Lygus inhibitory amount of the polypeptide
sequence can be provided in a Lygus diet in step (a) and the Lygus can be contacted in step
(b) by permitting the Lygus to feed on the diet. In a more particular embodiment of the
method, the Lygus diet is a transgenic plant. When the Lygus diet of this method is a
transgenic plant, the Lygus inhibitory amount of the polypeptide sequence is from at least
about 5 pg to about 250 pg per gram fresh weight tissue of the transgenic plant. In other
embodiments of this method, the Lygus inhibitory amount of the polypeptide sequence is
provided in step (a) by spraying a composition comprising the polypeptide on a plant. The
composition used in this embodiment of the method comprises bacterial cells or bacterial
spores that express the polypeptide. In particular embodiments of the method, the bacterial
cells or bacterial spores are Bacillus cells or Bacillus spores. The composition used in this
method can also comprise parasporal crystals containing the polypeptide. In any of these

methods of controlling Lygus, the plant can be infested with Lygus.

[0024] The invention also provides for isolated oligonucleotides comprising at least 12
contiguous nucleotides of a sequence contained within the native Bacillus thuringiensis
TIC807 protein encoded by SEQ ID NO:4 or contained within the complement of SEQ ID
NO:4. Such isolated oligonucleotides are useful for detecting either SEQ ID NO:4 or related
polynucleotides that encode insect inhibitory proteins related to TIC807. Isolated
oligonucleotides comprising at least 12 contiguous nucleotides of a sequence contained
within SEQ ID NO:6, SEQ ID NO: 45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48,
SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, or SEQ ID NO:53 or
contained within the complement of SEQ ID NO:6, SEQ ID NO: 45, SEQ ID NO:46, SEQ
ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52,
or SEQ ID NO:53 are also provided by the invention. These isolated oligonucleotides are
useful for detecting either SEQ ID NO:6, a polynucleotide designed for use in plants
encoding a TIC807 protein or related polynucleotides that encode TIC807 proteins. Kits for
detection of a polynucleotide sequence in a sample that comprise an oligonucleotide that

specifically hybridizes to a polynucleotide sequence of SEQ ID NO:6 or a complement
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thereof and a control polynucleotide that hybridizes to the oligonucleotide are also provided

by this invention.

[0025] Other embodiments of the invention include compositions comprising at least two
degenerate oligonucleotide primers of at least 12 nucleotides, wherein nucleotide sequences
of the degenerate oligonucleotide primers are derived from the polypeptide sequence of SEQ
ID NO:5. These oligonucleotide primer compositions are useful for detecting polynucleotide

sequences in either plant or bacterial samples that encode TIC807 proteins.

[0026] The invention further provides methods for detecting or isolating a polynucleotide
that encodes a TIC807 protein or a TIC807 related protein in a sample that comprise the steps
of: (a) selecting a pair of degenerate oligonucleotide primers capable of producing an
amplicon, wherein nucleotide sequences of the degenerate oligonucleotide primers are
derived from a TIC807 polypeptide sequence of SEQ ID NO:5; (b) producing an amplicon
from the polynucleotide sequence in the sample; and (c) detecting or isolating the amplicon,
thereby detecting or isolating a polynucleotide that encodes a TIC807 protein or a TIC807
related protein in a sample. In this method the detected or isolated amplicon can encode a
polypeptide that has at least 45%, 70%, or 90% sequence identity to TIC807 (SEQ ID NO:5).
Other methods for detecting or isolating a polynucleotide that encodes a TIC807 protein in a
sample provided herein comprise the steps of: (a) selecting a degenerate oligonucleotide or
collection of degenerate oligonucleotides, wherein nucleotide sequences of the degenerate
oligonucleotide primers are derived from a TIC807 polypeptide sequence of SEQ ID NO:5;
(b) hybridizing the degenerate oligonucleotide or collection of degenerate oligonucleotides to
the sample; (c) detecting hybridization in the sample to a polynucleotide, thereby detecting
polynucleotide that encodes a TIC807 protein in a sample, and (d) isolating the
polynucleotide detected by hybridization in step (c). In this method, the detected
polynucleotide can encode a polypeptide that has at least 45%, 70%, or 90% sequence
identity to TIC807 (SEQ ID NO:5).

[0027] The invention also provides methods for expressing a TIC807 protein in a plant that
comprise the steps of: (a) inserting into a plant cell genome a nucleic acid sequence
comprising in the 5° to 3’ direction a recombinant, double-stranded DNA molecule, wherein

the recombinant, double-stranded DNA molecule comprises: i. a promoter that functions in
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the plant cell; ii. a polynucleotide sequence encoding a polypeptide comprising a TIC807
insect inhibitory protein or an insect inhibitory protein fragment derived therefrom, wherein
the insect inhibitory protein or protein fragment comprises a polypeptide sequence that has at
least about 70% sequence identity to a corresponding polypeptide sequence contained within
SEQ ID NO:5; and iii. a 3’ non-translated nucleotide sequence that functions in the cells of
the plant to cause polyadenylation, wherein said promoter, said polynucleotide sequence, and
said 3° non-translated nucleotide sequence are operably linked (b) obtaining a transformed
plant cell containing the nucleic acid sequence of step (a); and (c) regenerating from the
transformed plant cell a transformed plant that expresses the TIC807 protein. In this method,
the polynucleotide sequence of step (a) can encode either a TIC807 protein that has at least
90% sequence identity to SEQ ID NO:5 or can encode the TIC807 protein of SEQ ID NO:5.
This polynucleotide sequence can be SEQ ID NO:6 or another sequence designed for
expression in plants that encodes a TIC807 protein. Polynucleotide sequences designed for
expression in plants include, but are not limited to, SEQ ID NO:6, SEQ ID NO: 45, SEQ 1D
NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51,
SEQ ID NO:52, or SEQ ID NO:53. The TIC807 insect inhibitory protein fragment encoded
by the polynucleotide comprises a peptide sequence of at least 250 amino acid residues. In
other embodiments of this method, the polynucleotide sequence of step (a) that encodes a
TIC807 protein is operably linked to a polynucleotide sequence that encodes a plastid
targeting polypeptide. The polypeptide of SEQ ID NO:8 comprises a TIC807 protein that is
operably linked to the plastid targeting polypeptide that can be used in certain embodiments
of this method.

[0028] The invention further provides recombinant DNA vectors comprising in the 5° to 3’
direction: i. a promoter that functions in the plant cell; ii. a polynucleotide sequence
encoding a polypeptide comprising a TIC807 insect inhibitory protein or an insect inhibitory
protein fragment derived therefrom, wherein said insect inhibitory protein or protein fragment
comprises a polypeptide sequence that has at least about 70% sequence identity to a
corresponding polypeptide sequence contained within SEQ ID NO:5; and iii. a 3’ non-
translated nucleotide sequence that functions in the cells of the plant to cause
polyadenylation, where the promoter, said polynucleotide sequence, and said 3’ non-
translated nucleotide sequence are operably linked. In these vectors, the polynucleotide

sequence can also encode either a TIC807 protein that has at least 90% sequence identity to
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SEQ ID NO:5 or can encode the TIC807 protein of SEQ ID NO:5. The TIC807 insect
inhibitory protein fragment encoded by the polynucleotide comprises a peptide sequence of at
least 250 amino acid residues. The polynucleotide sequence encoding the TIC807 protein
can be a sequence that is designed for expression in plants. Polynucleotide sequences
designed for expression in plants include, but are not limited to, SEQ ID NO:6, SEQ ID NO:
45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ
ID NO:51, SEQ ID NO:52, or SEQ ID NO:53. In other embodiments, the polynucleotide
sequence that encodes a TIC807 protein is operably linked to a polynucleotide sequence that
encodes a plastid targeting polypeptide. A vector of the invention can comprise a
polynucleotide sequence encodes the polypeptide of SEQ ID NO:8, such as the
polynucleotide sequence is SEQ ID NO:7. Vectors of the invention can further comprise a
polynucleotide that encodes a selectable marker gene. A selectable marker gene that confers
resistance to AMPA, atrazine, bromoxynil, dalapon, dicamba, glyphosate, hygromycin,
methotrexate, neomycin, phosphinotricin, a sulfonylurea or 2,4-D or combinations thereof

can be used in the vectors of the invention.

[0029] Also provided by this invention are commodity products produced from a plant or
seed wherein the commodity product contains a detectable amount of a TIC807 protein or a
polynucleotide that encodes a TIC807 protein. This commodity product can be derived from
a cotton plant or cotton plant seed, or similarly from comn, rice, wheat, soy, chickpea,
pigeonpea, sugarcane, sugarbeet, and the like. For example, when the commodity product is
derived from a cotton plant or cotton plant seed, the commodity product can be lint, oil, meal,

or hulls.

[0030] The invention also provides a method for controlling at least one insect pest
comprising the steps of: (a) providing at least two different insect pest inhibitory agents in a
composition, the composition comprising (i) an insect inhibitory amount of a TIC807 protein
and an insect inhibitory amount of (ii) at least one ribonucleotide sequence that functions
upon ingestion by the insect pest to inhibit a biological function within the insect pest and/or
(iii) an insect inhibitory amount of at least one insect inhibitory protein other than a TIC807
protein; and (b) contacting the insect pest or pests with an inhibitory amount of the
composition. In this method, the insect pest controlled can be a hemipteran insect, a

heteropteran insect or a homopteran insect. One hemipteran insect controlled by the method

10
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is a Lygus insect. A homopteran insect controlled by the method is an aphid, a hopper or a
whitefly. In this method, a TIC807 insect inhibitory protein or protein fragment comprises a
polypeptide sequence that has at least about 70% sequence identity to a corresponding
polypeptide sequence contained within SEQ ID NO:5. A TIC807 protein used in the method
can also comprise a TIC807 insect inhibitory protein fragment of at least 250 amino acid
residues in length. When a biological function is inhibited by a ribonucleotide, the biological
function within the insect pest in ii) can be an essential biological function. The essential
biological function inhibited by the method can be provided by an essential protein or
ribonucleic acid of the insect pest, the predicted function of which is selected from the group
consisting of muscle formation, juvenile hormone formation, juvenile hormone regulation,
ion regulation and transport, digestive enzyme synthesis, maintenance of cell membrane
potential, amino acid biosynthesis, amino acid degradation, sperm formation, pheromone
synthesis, pheromone sensing, antennae formation, wing formation, leg formation,
development and differentiation, egg formation, larval maturation, digestive enzyme
formation, haemolymph synthesis, haemolymph maintenance, neurotransmission, cell
division, energy metabolism, respiration, and apoptosis. The essential biological function can
be inhibited in Lygus by a ribonucleotide sequence that comprises from about 21 to about
5000 contiguous nucleotides exhibiting from about 80 to about 100% sequence identity to a
nucleotide coding sequence selected from the group consisting of SEQ ID NO:24 through
SEQ ID NO:39. In other embodiments of this method, the one insect inhibitory protein other
than a TIC807 protein can be derived from Bacillus thuringiensis. This insect inhibitory
protein other than a TIC 807 protein can be selected from the group consisting of AXMI-027,
AXMI-036, AXMI-038, AXMI-018, AXMI-020, AXMI-021, AXMI-010, AXMI-003,
AXMI-008, AXMI-006, AXMI-007, AXMI-009, AXMI-014, ET29, ET37, AXMI-004,
AXMI-028, AXMI-029, AXMI-007, AXMI-008, AXMI-0080rf2, AXMI-009, AXMI-014,
TIC809, TIC810, TIC812, TIC127 and TIC128. In other embodiments where two Lygus
inhibitory proteins other than a TIC807 protein are expressed in the plant, the two Lygus
inhibitory proteins can comprise TIC809 and TIC810. In other embodiments of the method,
both a first and a second insect pest can be controlled by the composition. In these
embodiments of the method, the second insect pest can be inhibited by either the
ribonucleotide sequence of the composition or by the protein other than a TIC807 protein of
the composition. This second insect pest can be a lepidopteran insect pest. The second insect

pest can be inhibited by a protein selected from the group consisting of a Cryl A protein, a
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Cry1B protein, a CrylC, a Cryl A/Cry1F chimeric protein, and a Cry2Ab protein. In certain
embodiments of the method of controlling at least one insect pest, the composition provides
for a synergistic insect inhibitory effect. In other embodiments of the method of controlling
at least one insect pest, the composition provides for an additive insect inhibitory effect. In

the methods of controlling at least one insect pest, the composition can be a transgenic plant.

[0031] The invention also provides a method for protecting a plant from Lygus infestation
comprising expressing a Lygus inhibitory amount of at least two different Lygus inhibitory
agents in the plant, where the Lygus inhibitory agents comprise (i) a Lygus inhibitory amount
of a TIC807 protein; (ii) a Lygus inhibitory amount of at least one Lygus inhibitory protein
other than a TIC807 protein and/or (iii) a Lygus inhibitory amount of at least one
ribonucleotide sequence that functions upon ingestion by the Lygus to inhibit a biological
function within the Lygus. This essential biological function in Lygus can be provided by an
essential protein or ribonucleic acid of the Lygus, the predicted function of which is selected
from the group consisting of muscle formation, juvenile hormone formation, juvenile
hormone regulation, ion regulation and transport, digestive enzyme synthesis, maintenance of
cell membrane potential, amino acid biosynthesis, amino acid degradation, sperm formation,
pheromone synthesis, pheromone sensing, antennae formation, wing formation, leg
formation, development and differentiation, egg formation, larval maturation, digestive
enzyme formation, haemolymph synthesis, haemolymph maintenance, neurotransmission,
cell division, energy metabolism, respiration, and apoptosis. This essential biological
function in Lygus can be inhibited by a ribonucleotide sequence that comprises from about 21
to about 5000 contiguous nucleotides exhibiting from about 80 to about 100% sequence
identity to a nucleotide coding sequence selected from the group consisting SEQ ID NO:24
through SEQ ID NO:39. In certain embodiments of this method, the Lygus inhibitory protein
other than a TIC807 protein is derived from Bacillus thuringiensis. The Lygus inhibitory
protein other than TIC807 can be selected from the group consisting of AXMI-027, AXMI-
036, AXMI-038, AXMI-018, AXMI-020, AXMI-021, AXMI-010, AXMI-003, AXMI-008,
AXMI-006, AXMI-007, AXMI-009, AXMI-014, ET29, ET37, AXMI-004, AXMI-028,
AXMI-029, AXMI-007, AXMI-008, AXMI-0080rf2, AXMI-O09, AXMI-014, TIC809,
TIC810, TIC812, TIC127 and TIC128. In other embodiments where two Lygus inhibitory
proteins other than a TIC807 protein are expressed in the plant, the two Lygus inhibitory
proteins can comprise TIC809 and TIC810. In this method, a TIC807 insect inhibitory
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protein or protein fragment comprises a polypeptide sequence that has at least about 70%
sequence identity to a corresponding polypeptide sequence contained within SEQ ID NO:5.
A TIC807 protein used in the method can also comprise a TIC807 insect inhibitory protein
fragment of at least 250 amino acid residues in length. In certain embodiments of this
method, expression of the Lygus inhibitory agents provides for a synergistic Lygus inhibitory
effect. In other embodiments of this method, expression of the Lygus inhibitory agents
provides for an additive Lygus inhibitory effect. By using this method, the plant can be

protected from Lygus hesperus or Lygus lineolaris.

[0032] The invention further provides for isolated proteins, wherein the isolated protein
comprises a polypeptide sequence of at least 9 amino acids in length that is contained within
SEQ ID NO:5. The isolated protein can have a polypeptide sequence at least 12, 16, 32 or
250 amino acids in length. The isolated protein of at least 32 amino acids in length can have
a polypeptide sequence at least about 80%, 90%, or 95% sequence identity to a corresponding
polypeptide sequence contained within SEQ ID NO:5. The isolated protein of the invention
can be an insect inhibitory protein when it is at least 250 amino acids in length. The isolated
insect inhibitory protein of at least 250 amino acids can inhibit Lygus. In certain
embodiments, the isolated insect inhibitory protein of at least 250 amino acids inhibits Lygus
at a Lygus diet concentration of the protein of at least about 5 ppm, 50 ppm, 250 ppm, or 500
ppm. The isolated protein can also be the protein of SEQ ID NO:5. The isolated protein can
further comprise a carrier protein. This carrier protein can be an albumin or a KLH protein.
Isolated proteins of the invention can also further comprise a covalent modification selected
from the group consisting of an indicator reagent, an amino acid spacer, an amino acid linker,
a signal sequence, a chloroplast transit peptide sequence, a vacuolar targeting sequence, a
stop transfer sequence, a transmembrane domain, a protein purification ligand, or a

combination thereof,

[0033] The invention also provides for antibodies that specifically bind to a TIC807 protein
or peptide epitope derived therefrom, where the TIC807 protein or epitope comprising at least
9 contiguous amino acids of SEQ ID NO:5.

[0034] The invention further provides kits for detection of a TIC807 protein in a sample
that comprises: a) an antibody that specifically binds to a TIC807 protein or peptide epitope
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derived therefrom, the protein or epitope comprising at least 9 contiguous amino acids of
SEQ ID NO:5; and b) a control TIC807 protein or peptide epitope derived therefrom that

comprises at least 9 contiguous amino acids of SEQ ID NO:5.

[0035] Further features and advantages of the present invention, as well as the structure and
operation of various embodiments of the present invention, are described in detail below with

reference to the accompanying drawings.

Brief Description of the Drawings
[0036] The accompanying drawings, which are incorporated in and form a part of the
specification, illustrate the embodiments of the present invention and together with the

description, serve to explain the principles of the invention. In the drawings:

[0037] Figure 1 illustrates a Needleman-Wunsch global alignment between TIC807 (SEQ
ID NO:5) and Cryl15Aa (SEQ ID NO:41).

[0038] Figure 2 illustrates the Agrobacterium-mediated plant transformation vector
pMON105863 that contains both a plastid targeted TIC807 plant expression cassette and a

neomycin selection cassette within the Agrobacterium border sequences.

[0039] Figure 3 illustrates the Agrobacterium-mediated plant transformation vector
pMON105864 that contains both a TIC807 plant expression cassette and a neomycin

selection cassette within the Agrobacterium border sequences.

Detailed Description of the Preferred Embodiments

[0040] 1. Definitions

[0041] As used herein, the phrase “additive effect”, in reference to insect inhibition, refers
to an inhibitory effect obtained by combining at least two distinct insect inhibitory agents that
is either: a) quantitatively equivalent to the predicted additive effect of the combination of
the two agents and/or is b) qualitatively equivalent to the combination of effects obtained
from each agent administered on its own. Examples of quantitative effects include, but are
not limited to, changes in LCso ECsp, ICso, percent mortality, or percent stunting values

indicative of increased insect inhibitory activity against a known insect target of both insect
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inhibitory agents. Examples of additive qualitative effects include, but are not limited, to an
expanded spectrum of insect inhibition (i.e., hemipteran and lepidopteran insects) that reflects
the simple combination of the spectrum exhibited by each insect inhibitory agent (i.e., the
combination of hemipteran insect inhibition provided by one agent and lepidopteran insect

inhibition provided by another agent).

[0042] The phrase "Consensus sequence” as used herein refers to an amino acid, DNA or
RNA sequence created by aligning two or more homologous sequences and deriving a new

sequence that represents the common amino acid, DNA or RNA sequence.

[0043] The term “Construct” as used herein refers to any recombinant polynucleotide
molecule such as a plasmid, cosmid, virus, autonomously replicating polynucleotide
molecule, phage, or linear or circular single-stranded or double-stranded DNA or RNA
polynucleotide molecule, derived from any source, capable of genomic integration or
autonomous replication, comprising a polynucleotide molecule where one or more
polynucleotide molecule has been linked in a functionally operative manner, i.e., operably

linked.

[0044] The phrase “biological functional equivalents” as'used herein refers to peptides,
polypeptides and proteins that contain a sequence or structural feature similar to a TIC807
protein of the present invention, and which exhibit the same or similar insect inhibitory
activity of a TIC807 protein of the present invention. Biological functional equivalents also
include peptides, polypeptides and proteins that react with (i.e., specifically bind) to
monoclonal and/or polyclonal antibodies raised against a TIC807 protein and that exhibit the

same or similar insect inhibitory activity as a TIC807 protein.

[0045] The phrase "DNA construct" as used herein refers to any DNA molecule in which
two or more ordinarily distinct DNA sequences have been covalently linked. Examples of
DNA constructs include but are not limited to plasmids, cosmids, viruses, BACs (bacterial
artificial chromosome), YACs (veast artificial chromosome), plant minichromosomes,
autonomously replicating sequences, phage, or linear or circular single-stranded or double-
stranded DNA sequences, derived from any source, that are capable of genomic integration or

autonomous replication. DNA constructs can be assembled by a variety of methods
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including, but not limited to, recombinant DNA techniques, DNA synthesis techniques, PCR

(Polymerase Chain Reaction) techniques, or any combination of techniques.

[0046] The phrase “a heterologous promoter”, as used herein in the context of a DNA
construct, refers to either: i) a promoter that is derived from a source distinct from the
operably linked structural gene or ii) a promoter derived from the same source as the
operably linked structural gene, where the promoter’s sequence is modified from its original

form.

[0047] The phrase “high stringency hybridization conditions” refers to nucleic acid
hybridization conditions comprising a salt concentration of about 1X SSC, a detergent

concentration of about 0.1% SDS, and a temperature of about 50°C, or equivalents thereof.

[0048] The term "homolog" as used herein refers to a gene related to a second gene by
identity of either the DNA sequences or the encoded protein sequences. Genes that are
homologs can be genes separated by the event of speciation (see “ortholog”). Genes that are
homologs may also be genes separated by the event of genetic duplication (see “paralog”).
Homologs can be from the same or a different organism and may perform the same biological

function in either the same or a different organism.

[0049] The term “insect” as used herein refers to any embryonic, larval, nymph or adult
form of an Arachnid, Coleopteran, Ctenophalides, Dipteran, Hemipteran, Homopteran,

Heteropteran, Hymenopteran or Lepidopteran insect.

[0050] The phrase “an insect inhibitory amount”, refers to an amount of a TIC807
polypeptide, a ribonucleotide, or a protein other than a TIC807 protein that results in any
measurable inhibition of insect growth, insect development, insect reproduction, insect
feeding behavior, insect mating behavior and/or any measurable decrease in the adverse
effects caused by insect feeding on a plant. Similarly, a “Lygus inhibitory amount” refers to
an amount of a TIC807 polypeptide, a ribonucleotide, or a protein other than a TIC807
protein that results in any measurable inhibition of Lygus growth, Lygus development, Lygus
reproduction, Lygus feeding behavior, Lygus mating behavior and/or any measurable

decrease in the adverse effects caused by Lygus feeding on a plant.
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[0051] As used herein when referring to an “isolated DNA molecule”, it is intended that the
DNA molecule be one that is present, alone or in combination with other compositions, but
not within its natural environment. For example, a coding sequence, intron sequence,
untranslated leader sequence, promoter sequence, transcriptional termination sequence, and
the like, that are naturally found within the DNA of a plant genome are not considered to be
isolated from the plant genome so long as they are within the plant genome from which it was
first observed. However, each of these components, and subparts of these components,
would be “isolated” within the scope of this disclosure so long as the structures and
components are not within the plant genome. Similarly, a nucleotide sequence encoding a
Bacillus thuringiensis insecticidal protein or any insecticidal variant of that protein would be
an isolated nucleotide sequence so long as the nucleotide sequence was not within the DNA
of the Bacillus thuringiensis bacterium from which the structure was first observed. An
artificial nucleotide sequence encoding the same amino acid sequence or a substantially
identical amino acid sequence that the native B. thuringiensis nucleotide sequence encodes
would be considered to be isolated for the purposes of this disclosure. For the purposes of
this disclosure, any transgenic nucleotide sequence, i.e., the nucleotide sequence of the DNA
inserted into the genome of the cells of a plant would be considered to be an isolated
nucleotide sequence whether it is present within the plasmid used to transform plant cells
from which transgenic event arose, within the genome of the transgenic event, present in
detectable amounts in tissues, progeny, biological samples or commodity products derived
from the transgenic event. The nucleotide sequence or any fragment derived therefrom
would therefore be considered to be isolated or isolatable if the DNA molecule can be
extracted from cells, or tissues, or homogenate from a plant or seed or plant organ; or can be
produced as an amplicon from extracted DNA or RNA from cells, or tissues, or homogenate
from a plant or seed or plant organ, any of which is derived from such materials derived from

the transgenic event.

[0052] The phrase “ribonucleotide sequence that functions upon ingestion by the insect pest
to inhibit a biological function” refers to RNA sequence that comprises a sequence that is
substantially homologous to an RNA molecule encoded by a nucleotide sequence within the

genome of the insect, that provides for inhibition of the insect.
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[0053] As used herein, the term "substantially homologous" or "substantial homology",
with reference to a nucleic acid or polypeptide sequence, refers to a nucleotide or polypeptide
sequence that has about 65% to about 70% sequence identity, or more preferably from about
80% to about 85% sequence identity, or most preferable from about 90% to about 95%
sequence identity, to about 99% or 100% sequence identity, with another nucleotide or

polypeptide sequence.

[0054] As used herein, the phrase “synergistic effect”, in reference’ to insect inhibition,
refers to an inhibitory effect obtained by combining at least two distinct insect inhibitory
agents that is either: a) quantitatively greater than the predicted additive effect of the
combination of the two agents and/or is b) qualitatively distinct from any effects obtained
from either agent administered on its own. Examples of quantitative effects include, but are
not limited to, changes in LCsy, ECsg, ICso, percent mortality, or percent stunting values
indicative of increased insect inhibitory activity against a known insect target of both insect
inhibitory agents. Examples of synergistic qualitative effects include, but are not limited to,
an expanded spectrum of insect inhibition (i.e., hemipteran, homopteran, and lepidopteran
insects inhibition) that does not reflect the simple combination of the spectrum exhibited by
each insect inhibitory agent alone (i.e., the combination of hemipteran insect inhibition

provided by one agent and lepidopteran insect inhibition provided by another agent).

[0055] The phrase “TIC807 protein” as used herein refers to an insect inhibitory protein of
at least 250 amino acids that display at least 70% sequence identity to a corresponding

polypeptide sequence contained within SEQ ID NO:5.

[0056] The phrase “TIC807 related protein” as used herein refers to an insect inhibitory
protein of at least 250 amino acids that display at least 45% sequence identity to a

corresponding polypeptide sequence contained within SEQ ID NO:5.

[0057] The phrase “operably linked” as used herein refers to the joining of nucleic acid
sequences such that one sequence can provide a required function to a linked sequence. In
the context of a promoter, "operably linked" means that the promoter is connected to a
sequence of interest such that the transcription of that sequence of interest is controlled and

regulated by that promoter. When the sequence of interest encodes a protein and when
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expression of that protein is desired, “operably linked” means that the promoter is linked to
the sequence in such a way that the resulting transcript will be efficiently translated. If the
linkage of the promoter to the coding sequence is a transcriptional fusion and expression of
the encoded protein is desired, the linkage is made so that the first translational initiation
codon in the resulting transcript is the initiation codon of the coding sequence. Alternatively,
if the linkage of the promoter to the coding sequence is a translational fusion and expression
of the encoded protein is desired, the linkage is made so that the first translational initiation
codon contained in the 5’ untranslated sequence associated with the promoter and is linked
such that the resulting translation product is in frame with the translational open reading
frame that encodes the protein desired. Nucleic acid sequences that can be operably linked
include, but are not limited to, sequences that provide gene expression functions (i.e., gene
expression elements such as promoters, 5’ untranslated regions, introns, protein coding
regions, 3’ untranslated regions, polyadenylation sites, and/or transcriptional terminators),
sequences that provide DNA transfer and/or integration functions (i.e., T-DNA border
sequences, site specific recombinase recognition sites, integrase recognition sites), sequences
that provide for selective functions (i.e., antibiotic resistance markers, biosynthetic genes),
sequences that provide scoreable marker functions (i.e., reporter genes), sequences that
facilitate in vitro or in vivo manipulations of the sequences (i.e., polylinker sequences, site
specific recombination sequences) and sequences that provide replication functions (i.e.,
bacterial origins of replication, autonomous replication sequences, centromeric sequences).

[0058] As used herein, the phrases or terms "sequence identity", "sequence similarity" or
"homology" is used to describe sequence relationships between two or more nucleotide
sequences. The percentage of "sequence identity" between two sequences is determined by
comparing two optimally aligned sequences over a comparison window, wherein the portion
of the sequence in the comparison window may comprise additions or deletions (i.e., gaps) as
compared to the reference sequence (which does not comprise additions or deletions) for
optimal alignment of the two sequences. The percentage is calculated by determining the
number of positions at which the identical nucleic acid base or amino acid residue occurs in
both sequences to yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the window of comparison, and multiplying the
result by 100 to yield the percentage of sequence identity. A sequence that is identical at

every position in comparison to a reference sequence is said to be identical to the reference
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sequence and vice-versa. A first nucleotide sequence when observed in the 5' to 3' direction
is said to be a "complement" of, or complementary to, a second or reference nucleotide
sequence observed in the 3' to 5' direction if the first nucleotide sequence exhibits complete
complementarity with the second or reference sequence. As used herein, nucleic acid
sequence molecules are said to exhibit "complete complementarity” when every nucleotide of
one of the sequences read 5' to 3' is complementary to every nucleotide of the other sequence
when read 3' to 5'. A nucleotide sequence that is complementary to a reference nucleotide
sequence will exhibit a sequence identical to the reverse complement sequence of the

reference nucleotide sequence.

[0059] As used herein, the phrase “corresponding polypeptide sequence contained within
SEQ ID NO:5” refers to polypeptide sequence within SEQ ID NO:5 that will yield the
highest percent identity when aligned with the other polypeptide sequence.

[0060] As used herein, a "comparison window" refers to a conceptual segment of at least 6
contiguous positions, usually about 50 to about 100, more usually about 100 to about 150, in
which a sequence is compared to a reference sequence of the same number of contiguous
positions after the two sequences are optimally aligned. The comparison window may
comprise additions or deletions (i.e., gaps) of about 20% or less as compared to the reference
sequence (which does not comprise additions or deletions) for optimal alignment of the two
sequences. Those skilled in the art should refer to the detailed methods used for sequence
alignment in the Wisconsin Genetics Software Package Release 7.0, Genetics Computer
Group, 575 Science Drive Madison, Wis., USA) or refer to Ausubel et al. (1998) for a

detailed discussion of sequence analysis.

[0061] The term “regeneration” as used herein refers to any method of obtaining a whole
plant from any one of a seed, a plant cell, a group of plant cells, plant callus tissue, or an

excised piece of a plant.

[0062]) The term “transformation” as used herein refers to a process of introducing an
exogenous DNA sequence (e.g., a vector, a recombinant DNA molecule) into a cell or
protoplast in which that exogenous DNA is incorporated into a chromosome or is capable of

autonomous replication.
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[0063] The phrase “transgenic plant” refers to a plant or progeny thereof derived from a
transformed plant cell or protoplast, wherein the plant DNA contains an introduced
exogenous DNA molecule not originally present in a native, non-transgenic plant of the same

species.

[0064] The phrases “stabilized RNA”, “stabilized dSRNA”, and “stabilized siRNA” refer to
combinations of sense-oriented and anti-sense-oriented, transcribed RNA separated by short

sequences that permit formation of a hairpin or stem loop structure in the RNA molecule.

[0065] The phrase “vascular tissue” as used herein refers to any tissues or cells contained
within the vascular bundle of a plant, including, but not limited to, phloem, protophloem,

metaphloem, xylem, protoxylem, or metaxylem cells or tissues.

[0066] The term “vector” as used herein refers to any recombinant polynucleotide construct
that may be used for the purpose of transformation, i.c., the introduction of heterologous

DNA into a host cell.

[0067] II. Polynucleotides of the Invention

[0068] A variety of polynucleotides that encode TIC807 insect inhibitory proteins are
contemplated by this invention. Such polynucleotides are useful for production of TIC807
insect inhibitory proteins in host cells when operably linked to suitable promoter,
transcription termination and/or polyadenylation sequences. Such polynucleotides are also
useful as probes for isolating homologous or substantially homologous polynucleotides that

encode TIC807 proteins.

[0069] One source of polynucleotides that encode TIC807 is the Bacillus thuringiensis
strain which contains the TIC807 polynucleotide of SEQ ID NO:4 that encodes the TIC807
polypeptide of SEQ ID NO:5. This polynucleotide sequence was originally isolated from a
Bacillus thuringiensis host and is thus suitable for expression of the encoded TIC807
polypeptide in other bacterial hosts. For example, SEQ ID NO:4 can be used to express
TIC807 protein in bacterial hosts that include but are not limited to Agrobacterium, a

Bacillus, an Escherichia, a Salmonella, a Pseudomonas, and a Rhizobium bacterial host cells.
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The SEQ ID NO:4 probes are also useful as probes for isolating homologous or substantially
homologous polynucleotides that encode TIC807 proteins. Such probes can be used to
identify homologous or substantially homologous polynucleotides derived from Bacillus

strains.

[0070] Polynucleotides that encode TIC807 proteins can also be synthesized de novo from a
TIC807 polypeptide sequence. The sequence of the polynucleotide gene can be deduced
from a TIC807 polypeptide sequence through use of the genetic code. Computer programs
such as “BackTranslate” (GCG™ Package, Acclerys, Inc. San Diego, CA) can be used to
convert a peptide sequence to the corresponding nucleotide sequence that encodes the
peptide. Examples of a TIC807 polypeptide sequences that can be used to obtain
corresponding nucleotide encoding sequences include, but are not limited to, the TIC807

polypeptide sequence of SEQ ID NO:5.

[0071}] Furthermore, synthetic TIC807 polynucleotide sequences of the invention can be
designed so that they will be expressed in plants. U.S. Patent No. 5,500,365 describes a
method for synthesizing plant genes to improve the expression level of the protein encoded
by the synthesized gene. This method relates to the modification of the structural gene
sequences of the exogenous transgene, to cause them to be more efficiently transcribed,
processed, translated and expressed by the plant. Features of genes that are expressed well in
plants include elimination of sequences that can cause undesired intron splicing or
polyadenylation in the coding region of a gene transcript while retaining substantially the
amino acid sequence of the toxic portion of the insecticidal protein. A similar method for
obtaining enhanced expression of transgenes in monocotyledonous plants is disclosed in U.S.
Patent No. 5,689,052. Exemplary polynucleotide sequences designed for expression of a
TIC807 protein in plants include, but are not limited to, SEQ ID NO:6, SEQ ID NO: 45, SEQ
ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51,
SEQ ID NO:52, or SEQ ID NO:53.

[0072] III. Isolated Oligonucleotides, Kits and Methods for Isolation and/or
Detection of Polynucleotides that Encode TIC807 Proteins
[0073] Isolated oligonucleotides for identifying, detecting, or isolating polynucleotides that

encode TIC807 proteins are also provided by the present invention.
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[0074] In one embodiment, the isolated oligonucleotides comprise at least 12 contiguous
nucleotides of a sequence contained within the Bacillus thuringiensis TIC807 encoding gene
of SEQ ID NO:4 or contained within the complement of SEQ ID NO:4. Such
oligonucleotides can be used in hybridization or PCR based methods for identifying or
isolating polynucleotides that encode TIC807 proteins from strains of Bacillus thuringiensis.’
Such oligonucleotides can also be used to confirm the presence or absence of a TIC807-
encoding polynucleotide in a host cell. It is further recognized that the oligonucleotides can
be used to mutagenize SEQ ID NO:4 when they comprise additional sequences that comprise
mismatches to SEQ ID NO:4. Such “mutagenesis” oligos are useful for identification of

TIC807 variants with enhanced insect inhibitory activity.

[0075] In another embodiment, the isolated oligonucleotides comprise at least 12
contiguous nucleotides of a sequence contained within the polynucleotide of SEQ ID NO:6 or
contained within the complement of SEQ ID NO:6. The polynucleotide of SEQ ID NO:6 is
specifically designed for expression in transgenic plants and encodes the TIC807 protein of
SEQ ID NO:5. In still other embodiments, the isolated oligonucleotides comprise at least 12
contiguous nucleotides of a sequence contained within the polynucleotide of SEQ ID NO: 45,
SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID
NO:51, SEQ ID NO:52, or SEQ ID NO:53 or contained within the complement of SEQ ID
NO: 45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50,
SEQ ID NO:51, SEQ ID NO:52, or SEQ ID NO:53. Such oligonucleotides can be used in
hybridization or PCR based methods for detecting SEQ ID NO:6, SEQ ID NO: 45, SEQ ID
NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51,
SEQ ID NO:52, or SEQ ID NO:53 polynucleotides in samples derived from transgenic
plants. When the sample is a ribonucleic acid sample, the oligonucleotides can be used in
hybridization or PCR based methods to quantitate levels of TIC807 transgene expression.
When the sample is a deoxyribonucleic acid sample, the oligonucleotides can be used in
hybridization or PCR based methods to determine the presence or absence of the TIC807
transgene in the sample. It is also anticipated that the SEQ ID NO:6 derived oligonucleotides
can be used to determine the presence or absence of a TIC807 transgene in a
deoxyribonucleic acid sample derived from a commodity product. Given the exquisite

sensitivity of certain nucleic acid detection methods that employ oligonucleotides, it is
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anticipated that the SEQ ID NO:6 derived oligonucleotides can also be used to detect a
TIC807 transgene in commodity products derived from pooled sources where only a fraction
of the commodity product is derived from a transgenic plant containing SEQ ID NO:6. It is
further recognized that the oligonucleotides can be used to mutagenize SEQ ID NO:6 when
they comprise additional sequences that comprise mismatches to SEQ ID NO:6. Such
“mutagenesis” oligonucleotides are useful for identification of TIC807 variants with

enhanced insect inhibitory activity and/or enhanced expression in transgenic plant host cells.

[0076] 1t is of course understood that the oligonucleotides of the invention can further
comprise additional sequences that are not identical or complementary to the polynucleotide
sequences that encode TIC807 proteins. Additional sequences may include but are not
limited to sequences used as adapters that facilitate cloning, mutagenesis, or detection. The
oligonucleotides of the invention can further comprise additional covalent modifications.
Covalent modifications would include, but are not limited to, detectable labels such as

isotopes, fluorophores, and haptens. Biotin is one particularly useful hapten.

[0077] Kits for detection of a TIC807 polynucleotide sequence in a sample that comprise at
least one oligonucleotide that specifically hybridizes to the polynucleotide sequence of SEQ
ID NO:6, SEQ ID NO: 45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49,
SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53 or a complement thereof
are further contemplated by this invention. In the context of the kits of this invention, the
term “specifically hybridize” means that the oligonucleotides will hybridize and detect SEQ
ID NO:6, SEQ ID NO: 45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49,
SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, or SEQ ID NO:53 in a sample from a
transgenic plant transformed with one or more copies of SEQ ID NO:6, SEQ ID NO: 45,
SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID
NO:51, SEQ ID NO:52, or SEQ ID NO:53 but will not specifically hybridize and detect any
sequences in a control non-transgenic plant that does not contain SEQ ID NO:6, SEQ ID NO:
45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ
ID NO:51, SEQ ID NO:52, or SEQ ID NO:53. These kits can also comprise a control
polynucleotide that hybridizes to said oligonucleotide, instructions for use, and/or reagents
for hybridizing or detecting hybridization of the oligonucleotides to SEQ ID NO:6, SEQ ID
NO: 45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50,
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SEQ ID NO:51, SEQ ID NO:52, or SEQ ID NO:53. In certain applications, including but not
limited to those application that use a Polymerase Chain Reaction, the kits will naturally
comprise more than one oligonucleotide that specifically hybridizes to the polynucleotide
sequence of SEQ ID NO:6, SEQ ID NO: 45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID
NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, or SEQ ID NO:53

[0078] IV. Degenerate Oligonucleotides, Degenerate Oligonucleotide Compositions
and Methods of Use

[0079] Degenerate oligonucleotides, compositions comprising degenerate oligonucleotides,
and methods of using such oligonucleotides to identify, detect or isolate TIC807 protein
encoding polynucleotides are also contemplated by this invention. Although such degenerate
oligonucleotides are derived from SEQ ID NO:5, those skilled in the art appreciate that such
oligonucleotides can be used to identify a variety of TIC807 proteins and TIC807-related
proteins. Such TIC807 proteins are anticipated to have at least 70%, 80%, 90%, 95%, 98%
or 100% amino acid identity to SEQ ID NO:5 and to have insect inhibitory activity. The
TIC807 related proteins have at least 45% sequence identity to SEQ ID NO:5 and have insect
inhibitory activity.

[0080] The design of degenerate oligonucleotides sequences from peptide sequences is
accomplished through use of the genetic code, whereby codons corresponding to each of the
encoded amino acids are synthesized. Degenerate oligonucleotides can comprise either pool
of oligonucleotides comprising all of the potential sequences that encode a given peptide
sequence. Alternatively, the degenerate oligonucleotides can also comprise a sequence that
contains a neutral base (i.e., a base that can base pair adequately with all nucleotides at a
given position). Neutral bases include, but are not limited to, inosine. Considerations
involved in the design and use of degenerate oligonucleotide primers or probes are well
known to those skilled in the art (see Molecular Cloning: A Laboratory Manual (Third
Edition), Sambrook and Russell, Cold Spring Harbor Press, 2001).

[0081] This invention discloses and claims compositions comprising at least two degenerate
oligonucleotide primers of at least 12 nucleotides from the polypeptide sequence of SEQ ID
NO:5. Such compositions can be used in either hybridization or polymerase chain reaction

based methods for isolation or detection of polynucleotides that encode TIC807 proteins or
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TIC807 related proteins. The degenerate oligonucleotides of this composition can further
comprise additional sequences that are not identical or complementary to the polynucleotide
sequences that encode TIC807 proteins. Additional sequences may include but are not
limited to sequences used as adapters that facilitate cloning, mutagenesis, or detection. The
degenerate oligonucleotides of the invention can further comprise additional covalent
modifications. Covalent modifications would include, but are not limited to, detectable labels

such as an isotopes, fluorophores, and haptens. Biotin is one particularly useful hapten.

[0082] Use of the degenerate oligonucleotide primers in PCR based methods of isolating or
detecting polynucleotides that encode a TIC807 protein or a TIC807 related protein in a
sample is specifically contemplated. In brief, a pair of degenerate oligonucleotide primers
capable of producing an amplicon is selected and used in a polymerase chain reaction with a
sample that contains a polynucleotide that encodes a TIC807 protein or a TIC807 related
protein. A suitable source of samples for this method include, but are not limited to, various
Bacillus thuringiensis strains. The degenerate oligonucleotides are capable of producing an
amplicon when the oligonucleotides correspond to predicted sense and antisense strand
sequences and are in a 5’ to 3’ orientation that will prime DNA polymerase-mediated
synthesis of a DNA strand that is complementary to the other opposing oligonucleotide. The
degenerate oligonucleotide primers are derived from a TIC807 polypeptide sequence of SEQ
ID NO:5. This amplicon can be detected by use of an intercalating dye to produce an
amplicon. The amplicon can also be isolated by cloning the isolated amplicon fragment into
a plasmid, cosmid, bacteriophage, or other cloning vector. Once cloned, this amplicon can be
further characterized by sequencing to determine the percent identity of the amplicon-
encoded protein to TIC807 (SEQ ID NO:5). It is anticipated that polynucleotides encoding
TIC807 proteins of at least 70% or at least 90% identity to SEQ ID NO:5 and TIC807-related
proteins of at least 45% identity to SEQ ID NO:5 can be detected or isolated by these
methods. Such TIC807 proteins or a TIC807 related proteins can subsequently be screened
for insect inhibitory activity.

[0083] The degenerate TIC807 oligonucleotides can also be used as probes in hybridization
based methods of detecting or isolating polynucleotides that encode TIC807 proteins or a
TIC807 related proteins. Methods for detecting a polynucleotide that encodes a TIC807

protein in a sample first comprise selecting a degenerate oligonucleotide or collection of
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degenerate oligonucleotide derived from a TIC807 polypeptide sequence of SEQ ID NO:5.
These degenerate oligonucleotides may further comprise detectable labels such as isotopes,
fluorophores, and haptens. Biotin is one particularly useful hapten. The samples include, but
are not limited to, samples derived from various Bacillus thuringiensis strains. The sample
can be a library of plasmid, cosmid or bacteriophage clones derived from one or more
Bacillus thuringiensis strains. The degenerate oligonucleotide or collection of degenerate
oligonucleotides are hybridized to the sample under suitable hybridization stringency
conditions. These conditions are related to the length of the degenerate oligonucleotide(s),
the degree of degeneracy, their G+C content, the desired or projected percent sequence
identity of target sequences in the sample and other factors. Hybridization to a
polynucleotide is detected by methods including, but not limited to, radiometric,
fluorometric, luminometric, and/or ELISA-based methods. Following detection, the
polynucleotide can be isolated by serial dilution and re-hybridization. All of the above listed
steps of degenerate oligonucleotide design, oligonucleotide labeling, library preparation,
hybridization, detection and isolation are well know to those skilled in the art (see Molecular
Cloning: A Laboratory Manual (Third Edition), Sambrook and Russell, Cold Spring Harbor
Press, 2001). It is anticipated that polynucleotides encoding TIC807 proteins of at least 70%
or at least 90% identity to SEQ ID NO:5 and TIC807-related proteins of at least 45% identity
to SEQ ID NO:5 can be detected or isolated by these methods. Such TIC807 proteins or a
TIC807 related proteins can subsequently be screened for insect inhibitory activity following
expression in an acrystallifeorus Bacillus thuringiensis strain. The TIC807 or TIC807 related
proteins can inhibit a hemipteran pest such as Lygus. Alternatively, the TIC807 or TIC807
related proteins can inhibit other insect pests including Arachnid, Coleopteran,
Ctenophalides, Dipteran, Hymenopteran or Lepidopteran pests, or can inhibit both

hemipteran pests and other families of insect pests.

[0084] V. DNA Constructs Comprising TIC807 Bacterial Expression Cassettes

[0085] To express TIC807 proteins in bacterial hosts, polynucleotides that encode TIC807
are operably linked to suitable promoters and transcriptional termination sequences that
function in bacterial hosts to yield bacterial expression cassettes. Promoters and termination
signals that function in bacterial cells can be derived from bacterial genes, bacteriophage
genes or synthetic methods. These expression cassettes can then be transferred to suitable

bacterial vectors that comprise replication origins and selectable markers via standard
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recombinant DNA techniques.

[0086] In the practice of this invention, bacterial promoters, termination signals and vectors
that function in Bacillus hosts are particularly useful for expression of TIC807 polypeptides.
In many instances, the TIC807 gene comprising its endogenous promoter and termination
sequences can be used for expression of TIC807 proteins in Bacillus host cells that include
but are not limited to Bacillus thuringiensis hosts. For such experiments, use of a shuttle
vector that functions in both E.coli and Bacillus hosts is particularly useful. Examples of
such shuttle vectors include, but are not limited to, vectors such as pEG854 described in U.S.
Patent No. 5,650,308. These shuttle vectors include antibiotic resistance marker genes
permitting transformation of Bacillus hosts. Preferred Bacillus thuringiensis hosts include,
but are not limited to, acrystalliferous (Cry protein deficient) B. thuringiensis host strains
such as EG10368 and EG10650 (described in U.S. Patent No. 5,759,538). When the TIC807
protein is expressed in a acrystalliferous (Cry protein deficient) B. thuringiensis host strains,
the TIC807 protein is easily isolated as a parasporal crystal following induction of
sporulation in the host cells. This facile Bacillus thuringiensis expression system can thus be

used to test large numbers of TIC807 protein variants for insect inhibitory activity.

[0087] VI. DNA Constructs Comprising TIC807 Plant Expression Cassettes

[0088] The construction of expression cassettes for use in monocotyledonous plants or
dicotyledonous plants is well established. Expression cassettes are DNA constructs where
various promoter, coding, and polyadenylation sequences are operably linked. In general,
expression cassettes typically comprise a promoter that is operably linked to a sequence of
interest which is operably linked to a polyadenylation or terminator region. In certain
instances including, but not limited to, the expression of transgenes in monocot plants, it may
also be useful to include an intron sequence. When an intron sequence is included, it is
typically placed in the 5° untranslated leader region of the transgene. In certain instances, it
may also be useful to incorporate specific 5’ untranslated sequences in a transgene to enhance

transcript stability or to promote efficient translation of the transcript.

[0089] A variety of promoters can be used in the practice of this invention. One broad class
of useful promoters is referred to as “constitutive” promoters in that they are active in most

plant organs throughout plant development. For example, the promoter can be a viral
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promoter such as a CaMV35S or FMV35S promoter. The CaMV35S and FMV35S
promoters are active in a variety of transformed plant tissues and most plant organs (e.g.,
callus, leaf, seed and root). Enhanced or duplicate versions of the CaMV35S and FMV35S
promoters are particularly useful in the practice of this invention (U.S. Patent. No.
5,378,619). Other useful nopaline synthase (NOS) and octopine synthase (OCS) promoters
(which are carried on tumor-inducing plasmids of A. tumefaciens), the cauliflower mosaic
virus (CaMV) 19S promoters, a maize ubiquitin promoter, the rice Actl promoter and the
Figwort Mosaic Virus (FMV) 35S promoter (see e.g., U.S. Patent No. 5,463,175). 1t is
understood that this group of exemplary promoters is non-limiting and that one skilled in thé
art could employ other promoters that are not explicitly cited here in the practice of this

invention.

[0090] Promoters that are active in certain plant tissues (i.e., tissue specific promoters) can
also be used to drive expression of TIC807 proteins or other insect inhibitory agents. Since
certain hemipteran insect pests are “piercing/sucking” insect that typically feed by inserting
their proboscis into the vascular tissue of host plants, promoters that direct expression of
insect inhibitory agents in the vascular tissue of the transgenic plants are particularly useful in
the practice of this invention. Various Caulimovirus promoters, including but not limited to
the CaMV35S, CaMV19S, FMV35S promoters and enhanced or duplicated versions thereof,
typically deliver high levels of expression in vascular tissues and are thus useful for
expression of TIC807 proteins or other insect inhibitory agents. Phloem-limited viruses such
as the rice tungro virus (Bhattacharyya-Pakrasi et al., Plant J. 4[1] 71-79, 1993) and the
commelina yellow mottle virus (Medberry et al., Plant Cell 4:185-192, 1992) also contain
useful promoters that are active in vascular tissues. For control of hemipteran insects that
feed on phloem, phloem cell-specific or phloem-preferred promoters can be used to express
TIC807 proteins or other insect inhibitory agents in phloem of transgenic plants. Examples
of useful phloem specific promoters include, but are not limited to, PP2-type gene promoters
(U.S. Patent No. 5,495,007), sucrose synthase promoters (Yang and Russell, Proc. Natl.
Acad. Sci. USA 87:4144-4148, 1990), glutamine synthetase promoters (Edwards et al., Proc.
Natl. Acad. Sci. USA 87:3459-3463, 1990), and phloem-specific plasma membrane H+-
ATPase promoters (DeWitt et al., Plant J. 1[1]: 121-128, 1991), prunasin hydrolase
promoters (U.S. Patent No. 6,797,859), and a rice sucrose transporter (U.S. Patent No.

7,186,821). For control of hemipteran pests that feed on xylem tissue, a variety of promoters
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that are active in xylem tissue including, but not limited to, protoxylem or metaxylem can be
used. Promoters active in xylem tissue include, but are not limited to, promoters associated
with phenylpropanoid biosynthetic pathways, such as the phenylalanine ammonia-lyase
(PAL) promoters, cinnamate 4-hydroxylase (C4H) promoters, coumarate 3-hydroxylase
promoters, O-methyl transferase (OMT) promoters, 4-coumarate:CoA ligase (4CL)
promoters (U.S. Patent No. 6,831,208), cinnamoyl-CoA reductase (CCR) promoters and

cinnamyl alcohol dehydrogenase (CAD) promoters.

[0091] Transcriptional enhancer elements can also be used in conjunction with any
promoter that is active in a plant cell or with any basal promoter element that requires an
enhancer for activity in a plant cell. Transcriptional enhancer elements can activate
transcription in various plant cells and are usually 100-200 base pairs long. The enhancer
elements can be obtained by chemical synthesis or by isolation from regulatory elements that
include such elements, and can comprise additional flanking nucleotides that contain useful
restriction enzyme sites to facilitate subsequence manipulation. Enhancer elements can be
typically placed within the region 5’ to the mRNA cap site associated with a promoter, but
can also be located in regions that are 3’ to the cap site (i.e., within a 5’ untranslated region,
an intron, or 3’ to a polyadenylation site) to provide for increased levels of expression of
operably linked genes. Enhancer elements can also be multimerized (provided in any finite
number of linked copies) to provide for increased expression of operably linked genes.
Multimerized enhancers include, but are not limited to, duplicate, triplicate, or quadruplicate
copies of enhancers in any orientation or combination of orientations. Enhancers are often
derived from plant viral promoters, particularly those of the of the double-stranded DNA
Culimoviridae group comprising the caulimoviruses and the badnaviruses. The plant viral
promoters or derived plant viral enhancers can provide strong constitutive expression of
operably linked genes in transgenic plants. Enhancers derived from fragments of these
promoters have been demonstrated to effectively enhance the performance of promoters
driving the expression of transgenes in plants. Examples of plant viruses useful for isolating
enhancers include, but are not limited to, the cauliflower mosaic virus (CaMV) (see, e.g.,
Odel et al., Nature 313:810, 1985), the figwort mosaic virus (U.S. Patent No. 5,378,619), the
carnation etched ring virus (CERV) (Hull et al., (1986) EMBO Journal 5:3083-3090), the
cassava vein mosaic virus (CsVMYV) (Calvert et al. (1995) J. Gen. Virol. 76: 1271-1278 and
U.S. Patent No. 6,963,021), the mirabilis mosaic virus (MMV) (Dey et al. (1999) Plant Mol
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Biol. 40:771-82), the Cestrum yellow leaf curling virus (CmYLCV) (Stavolone et al. (2003)
Plant Mol Biol. 53:663-73), the cotton leaf curl Multan virus (CLCuMYV) (Xie et al. (2003)
Plant Mol Biol. 53:1-14), the commelina yellow mottle virus (CoYMV) (U.S. Patent No.
6,963,021) and the peanut chlorotic streak caulimovirus (PCLSV) (U.S. Patent No.
5,850,019). Duplications of enhancers are used in enhanced versions of the CaMV 35S and
FMYV 358 promoters

[0092] Various 5’ untranslated leader sequences can also be operably linked to a coding
sequence of interest in a plant expression cassette. Thus the plant expression cassette can
contain one or more 5' non-translated leader sequences which serve to increase expression of
operably linked nucleic acid coding sequences encoding either TIC807 or other proteins of
interest. Without seeking to be limited by theory, such 5’ untranslated leader sequences can
increase the translational efficiency of the resultant mRNA and/or increase the stability of the
resultant mRNA to provide increased levels of the operably linked and encoded protein of
interest in the transgenic plant. Examples of other useful 5' leader sequences include, but are
not limited to, the dSSU 5', PetHSP70 5', and GmHSP17.9 5' untranslated leader sequences.
A translational enhancer sequence derived from the untranslated leader sequence from the
mRNA of the coat protein gene of alfalfa mosaic virus coat protein gene can be placed
between the promoter and the gene of interest to increase translational efficiency of the

operably linked gene of interest (U.S. Patent No. 6,037,527).

[0093] An intron may also be included in the DNA expression construct, especially in
instances when the sequence of interest is to be expressed in monocot plants. For monocot
plant use, introns such as the maize hsp70 intron (U.S. Patent No. 5,424,412), the maize
ubiquitin intron, the Adh intron 1 (Callis et al., 1987), the sucrose synthase intron (Vasil et
al., 1989) or the rice Actl intron (McElroy et al., 1990) can be used. Dicot plant introns that
are useful include introns such as the CAT-1 intron (Cazzonnelli and Velten,2003), the
pKANNIBAL intron (Wesley et al., 2001; Collier et al., 2005), the PIV2 intron (Mankin et al.
, 1997) and the “Super Ubiquitin” intron (U.S. Patent No. 6,596,925; Collier et al., 2005) that
have been operably integrated into transgenes. It is understood that this group of exemplary
introns is non-limiting and that one skilled in the art could employ other introns that are not

explicitly cited here in the practice of this invention.
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[0094] In other embodiments of the invention, sequences encoding peptides that provide for
the localization of a TIC807 protein in subcellular organelles can be operably linked to the
sequences that encode the TIC807 polypeptide. TIC807 polypeptides that are operably
linked to a signal peptide are expected to enter the secretion pathway and can be retained by
organelles such as the endoplasmic reticulum (ER) or targeted to the vacuole by operably
linking the appropriate retention or targeting peptides to the C-terminus of the TIC807
polypeptide. Examples of vacuolar targeting peptides include, but are not limited to, a CTPP
vacuolar targeting signal from the barley lectin gene. Examples of ER targeting peptides
include, but are not limited to, a peptide comprising a KDEL amino acid sequence. Without
seeking to be limited by theory, localization of TIC807 polypeptides in either the
endoplasmic reticulum or the vacuole can provide for desirable properties such as increased
expression in transgenic plants and /or increased efficacy in inhibiting insects in transgenic

plants.

[0095] Localization of TIC807 proteins to plant plastids including, but not limited to,
chloroplasts is specifically contemplated herein. Plastid localization is typically
accomplished by the operable linkage of a chloroplast transit peptide sequence to the N-
terminus of the TIC807 protein. Chloroplast transit peptides (or CTPs) that can be used to
localize TIC807 proteins in transgenic plants can be derived from nuclear encoded plant
proteins that are targeted to plastids. Nuclear encoded plant proteins that are targeted to
plastids include, but are not limited to, proteins involved in lipid, starch, or amino acid
biosynthesis, as well as proteins involved in photosynthesis. Specific chloroplast transit
peptides that can be used include, but are not limited to, CTPs from nuclear encoded Granule
Bound Starch Synthase genes, plastidial Fatty Acid Desaturase genes, EPSPS genes, and
RUBISCO small subunit genes. An exemplary CTP is the Arabidopsis EPSPS CTP. An
exemplary nucleic acid (SEQ ID NO:7) encoding an Arabidopsis EPSPS CTP that is
operably linked to a TIC807 protein is provided herein. Without seeking to be limited by
theory, localization of TIC807 polypeptides in plastids can provide for desirable properties
such as increased expression in transgenic plants and /or increased efficacy in inhibiting
insects in transgenic plants. Increased expression of other Bacillus thuringiensis proteins
through use of chloroplast targeting peptides such as Cryl1Bb (U.S. Patent Application No.
10/525318), Cry2Ab (U.S. Patent No. 6,489,542), and Cry3Bb (U.S. Patent No. 6,501,009)
has been documented. Without being limited by theory, increased expression of TIC807
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protein in a transgenic plant can provide for increased levels of insect inhibition, an expanded
spectrum of insect pest inhibition, and/or an increased degree of insect pest resistance

management.

[0096] As noted above, the sequence of interest can also be operably linked to a 3' non-
translated region containing a polyadenylation signal. This polyadenylation signal provides
for the addition of a polyadenylate sequence to the 3' end of the RNA. The Agrobacterium
tumor-inducing (Ti) plasmid nopaline synthase (NOS) gene 3’ and the pea ssRUBISCO E9
gene 3' un-translated regions contain polyadenylate signals and represent non-limiting
examples of such 3’ untranslated regions that can be used in the practice of this invention. It
is understood that this group of exemplary polyadenylation regions is non-limiting and that
one skilled in the art could employ other polyadenylation regions that are not explicitly cited

here in the practice of this invention.

[0097] The DNA constructs that comprise the plant expression cassettes described above
are typically maintained in various vectors. Vectors contain sequences that provide for the
replication of the vector and covalently linked sequences in a host cell. For example,
bacterial vectors will contain origins of replication that permit replication of the vector in one
or more bacterial hosts. Agrobacterium-mediated plant transformation vectors typically
comprise sequences that permit replication in both E.coli and Agrobacterium as well as one
or more “border” sequences positioned so as to permit integration of the expression cassette
into the plant chromosome. Such Agrobacterium vectors can be adapted for use in either
Agrobacterium tumefaciens or Agrobacterium rhizogenes. Selectable markers encoding
genes that confer resistance to antibiotics are also typically included in the vectors to provide

for their maintenance in bacterial hosts.

[0098] VII. Insect Inhibitory Transgenic Plants and Methods for Obtaining Insect
Inhibitory Transgenic Plants

[0099] Methods of obtaining a transgenic plant capable of inhibiting insects are also
provided by this invention. First, expression vectors suitable for expression of the TIC807
protein in various dicot and monocot plants are introduced into a plant, a plant cell or a plant
tissue using transformation techniques as described herein. Next a transgenic plant

containing or comprising the TIC807 expression vector is obtained by regenerating that
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transgenic plant from the plant, plant cell or plant tissue that received the expression vector.
The final step is to obtain a transgenic plant that expresses an insect inhibitory amount of the
TIC807 polypeptide. Transgenic plants expressing insect inhibitory amounts of TIC807
proteins contemplated herein include, but not limited to, barley, corn, oat, rice, rye, sorghum,
turf grass, sugarcane, wheat, alfalfa, banana, broccoli, bean, cabbage, canola, carrot, cassava,
cauliflower, celery, citrus, cotton, a cucurbit, eucalyptus, flax, garlic, grape, onion, lettuce,
pea, peanut, pepper, potato, poplar, pine, sunflower, safflower, soybean, strawberry, sugar
beet, sweet potato, tobacco, tomato, ornamental, shrub, nut, chickpea, pigeonpea, millets,

hops, and pasture grass plants.

[00100] TIC807 expression vectors can be introduced into the chromosomes of a host plant
via methods such as Agrobacterium-mediated transformation, Rhizobium-mediated
transformation, Sinorhizobium-mediated transformation, particle-mediated transformation,
DNA transfection, DNA electroporation, or “whiskers”-mediated transformation. Suitable
methods for transformation of plants include any method by which DNA can be introduced
into a cell, such as by electroporation as illustrated in U.S. Patent No. 5,384,253
microprojectile bombardment as illustrated in U.S. Patent Nos. 5,015,580; 5,550,318,
5,538,880; 6,160,208; 6,399,861; and 6,403,865; Agrobacterium-mediated transformation as
illustrated in U.S. Patent Nos. 5,635,055; 5,824,877; 5,591,616; 5,981,840; and 6,384,301,
and protoplast transformation as illustrated in U.S. Patent No. 5,508,184, erc.
Aforementioned methods of introducing transgenes are well known to those skilled in the art
and are described in U.S. Patent Application No. 20050289673 (A4grobacterium-mediated
transformation of corn), U.S. Patent No. 7,002,058 (4grobacterium-mediated transformation
of soybean), U.S. Patent No. 6,365,807 (particle mediated transformation of rice), and U.S.
Patent No. 5,004,863 (dgrobacterium-mediated transformation of cotton). Through the
application of techniques such as these, the cells of virtually any plant species may be stably
transformed, and these cells developed into transgenic plants. Other techniques that may be
particularly useful in the context of cotton transformation are disclosed in U.S. Patent Nos.
5,846.797, 5,159,135, and 6,624,344; and techniques for transforming Brassica plants in
particular are disclosed, for example, in U.S. Patent No. 5,750,871; and techniques for
transforming soybean are disclosed in for example in Zhang et al., 1999, and U.S. Patent No.
6,384,301; and techniques for transforming corn are disclosed in W09506722. Methods of

using bacteria such as Rhizobium or Sinorhizobium to transform plants are described in
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Broothaerts, et al., Nature. 2005,10;433:629-33. It is further understood that the TIC807
expression vector can comprise cis-acting site-specific recombination sites recognized by
site-specific recombinases, including Cre, Flp, Gin, Pin, Sre, pinD, Int-B13, and R. Methods
of integrating DNA molecules at specific locations in the genomes of transgenic plants
through use of site-specific recombinases can then be used (U.S. Patent No. 7,102,055).
Those skilled in the art will further appreciate that any of these gene transfer techniques can
be used to introduce the expression vector into the chromosome of a plant cell, a plant tissue

or a plant.

[00101] The use of plant transformation vectors comprising two separate T-DNA molecules,
one T-DNA containing the gene or genes of interest (i.e., one or more insect inhibitory genes
of interest) and another T-DNA containing a selectable and/or scoreable marker gene are also
contemplated. In these two T-DNA vectors, the plant expression cassette or cassettes
comprising the gene or genes of interest are contained within one set of T-DNA border
sequences and the plant expression cassette or cassettes comprising the selectable and/or
scoreable marker genes are contained within another set of T-DNA border sequences. In
preferred embodiments, the T-DNA border sequences flanking the plant expression cassettes
comprise both a left and a right T-DNA border sequence that are operably oriented to provide
for transfer and integration of the plant expression cassettes into the plant genome. When
used with a suitable Agrobacterium host in Agrobacterium-mediated plant transformation, the
two T-DNA vector provides for integration of one T-DNA molecule containing the gene or
genes of ihterest at one chromosomal location and integration of the other T-DNA containing
the selectable and/or scoreable marker into another chromosomal location. Transgenic plants
containing both the gene(s) of interest and the selectable and/or scoreable marker genes are
first obtained by selection and/or scoring for the marker gene(s) and screened for expression
of the genes of interest. Distinct lines of transgenic plants containing both the marker gene(s)
and gene(s) of interest are subsequently outcrossed to obtain a population of progeny
transgenic plants segregating for both the marker gene(s) and gene(s) of interest. Progeny
plants containing only the gene(s) of interest can be identified by any combination of DNA,
RNA or protein analysis techniques. Methods for using two T-DNA vectors have been
described in U.S. Patent No. 6,265,638, U.S. Patent No. 5,731, 179, U.S. Patent Application
Publication No. 2003110532A1, and U.S. Patent Application Publication No.
20050183170A1.
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[00102] Methods of introducing plant minichromosomes comprising plant centromeres that
provide for the maintenance of the recombinant minichromosome in a transgenic plant can
also be used in practicing this invention (U.S. Patent No. 6,972,197). In these embodiments
of the invention, the transgenic plants harbor the minichromosomes as extrachromosomal

elements that are not integrated into the chromosomes of the host plant.

[00103] Transgenic plants are typically obtained by linking the gene of interest (i.e., in this
case a TIC807 expression cassette) to a selectable marker gene, introducing the linked
transgenes into a plant cell, a plant tissue or a plant by any one of the methods described
above, and regenerating or otherwise recovering the transgenic plant under conditions
requiring expression of said selectable marker gene for plant growth. The selectable marker
gene can be a gene encoding a neomycin phosphotransferase protein, a phosphinothricin
acetyltransferase protein, a glyphosate resistant 5-enol-pyruvylshikimate-3-phosphate
synthase (EPSPS) protein, a hygromycin phosphotransferase protein, a dihydropteroate
synthase protein, a sulfonylurea insensitive acetolactate synthase protein, an atrazine
insensitive Q protein, a nitrilase protein capable of degrading bromoxynil, a dehalogenase
protein capable of degrading dalapon, a 2,4-dichlorophenoxyacetate monoxygenase protein, a
methotrexate insensitive dihydrofolate reductase protein, and an aminoethylcysteine
insensitive octopine synthase protein. The corresponding selective agents used in
conjunction with each gene can be: neomycin (for neomycin phosphotransferase protein
selection), phosphinotricin (for phosphinothricin acetyltransferase protein selection),
glyphosate (for glyphosate resistant 5-enol-pyruvylshikimate-3-phosphate synthase (EPSPS)
protein selection), hygromycin (for hygromycin phosphotransferase protein selection),
sulfadiazine (for a dihydropteroate synthase protein selection), chlorsulfuron (for a
sulfonylurea insensitive acetolactate synthase protein selection), atrazine (for an atrazine
insensitive Q protein selection), bromoxiny! (for a nitrilase protein selection), dalapon (for a
dehalogenase  protein  selection), 2,4-dichlorophenoxyacetic acid (for a 2,4-
dichlorophenoxyacetate monoxygenase protein selection), methotrexate (for a methotrexate
insensitive dihydrofolate reductase protein selection), or aminoethylcysteine (for an

aminoethylcysteine insensitive octopine synthase protein selection).

[00104] Transgenic plants can also be obtained by linking a gene of interest (i.e., in this case
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an TIC807 expression cassette) to a scoreable marker gene, introducing the linked transgenes
into a plant cell by any one of the methods described above, and regenerating the transgenic
plants from transformed plant cells that test positive for expression of the scoreable marker
gene. The scoreable marker gene can be a gene encoding a beta-glucuronidase protein, a
green fluorescent protein, a yellow fluorescent protein, a red fluorescent protein, a beta-
galactosidase protein, a luciferase protein derived from a luc gene, a luciferase protein
derived from a lux gene, a sialidase protein, streptomycin phosphotransferase protein, a
nopaline synthase protein, an octopine synthase protein or a chloramphenicol acetyl

transferase protein.

[00105] When the expression vector is introduced into a plant cell or plant tissue, the
transformed cells or tissues are typically regenerated into whole plants by culturing these
cells or tissues under conditions that promote the formation of a whole plant (i.e., the process
of regenerating leaves, stems, roots, and , in certain plants, reproductive tissues). The
development or regeneration of transgenic plants from either single plant protoplasts or
various explants is well known in the art (Horsch, R. B. et al. 1985). This regeneration and
growth process typically includes the steps of selection of transformed cells and culturing
selected cells under conditions that will yield rooted plantlets. The resulting transgenic
rooted shoots are thereafter planted in an appropriate plant growth medium such as soil.
Alternatively, transgenes can also be introduced into isolated plant shoot meristems and
plants regenerated without going through callus stage tissue culture (U.S. Patent No.
7,002,058). When the transgene is introduced directly into a plant, or more specifically into
the meristematic tissue of a plant, seed can be harvested from the plant and selected or scored
for presence of the transgene. In the case of transgenic plant species that reproduce sexually,
seeds can be collected from plants that have been “selfed” (self-pollinated) or out-crossed
(i.e., used as a pollen donor or recipient) to establish and maintain the transgenic plant line.
Transgenic plants that do not sexually reproduce can be vegetatively propagated to establish
and maintain the transgenic plant line. As used here, transgenic plant line refers to transgenic
plants derived from a transformation event where the transgene has inserted into one or more
locations in the plant genome. In a related aspect, the present invention also encompasses a
seed produced by the transformed plant, a progeny from such seed, and a seed produced by
the progeny of the original transgenic plant, produced in accordance with the above process.

Such progeny and seeds will have an TIC807 protein-encoding transgene stably incorporated
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into their genome, and such progeny plants will inherit the traits afforded by the introduction
of a stable transgene in Mendelian fashion. All such transgenic plants having incorporated
into their genome transgenic DNA segments encoding one or more TIC807 proteins or
polypeptides are aspects of this invention. It is further recognized that transgenic plants
containing the DNA constructs described herein, and materials derived therefrom, may be
identified through use of PCR or other methods that can specifically detect the sequences in
the DNA constructs.

[00106] Once a transgenic plant is regenerated or recovered, a variety of methods can be
used to identify or obtain a transgenic plant that expresses a insect inhibitory amount of
TIC807. One general set of methods is to perform assays that measure the amount of TIC807
that is produced. For example, various antibody-based detection methods employing
antibodies that recognize TIC807 can be used to quantitate the amount of TIC807 produced.
Examples of such antibody based assays include, but are not limited to, ELISAs, RIAs, or
other methods wherein an TIC807-recognizing antibody is detectably labelled with an
enzyme, an isotope, a fluorophore, a lanthanide, and the like. By using purified or isolated
TIC807 protein as a reference standard in such assays (i.e., providing known amounts of
TIC807), the amount of TIC807 present in the plant tissue in a mole per gram of plant
material or mass per gram of plant material can be determined. The TIC807 protein will
typically be expressed in the transgenic plant at the level of “parts per million” or “ppm”
where microgram levels of TIC807 protein are present in gram amounts of fresh weight plant
tissue. In this case, 1 microgram of TIC807 protein per 1 gram of fresh weight plant tissue
would represent a TIC807 concentration of 1 ppm. An insect inhibitory amount of TIC807
protein is at least 5 ppm (i.e., 5 pg TIC807 protein per gram fresh weight plant tissue). In
preferred embodiments, a insect inhibitory amount of TIC807 protein is at least 50 ppm (i.e.,
50 pug TIC807 protein per gram fresh weight plant tissue). In more preferred embodiments,
the amount of TIC807 is at least 250 ppm (i.e. 50 pg TIC807 protein per gram fresh weight

plant tissue).

[00107] Alternatively, the amount of TIC807 mRNA produced by the transgenic plant can be
determined to identify plants that express insect inhibitory amounts of TIC807 protein.
Techniques for relating the amount of protein produced to the amount of RNA produced are

well known to those skilled in the art and include methods such as constructing a standard
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curve that relates specific RNA levels (i.e., TIC807 mRNA) to levels of the TIC807 protein
(determined by immunologic or other methods). Methods of quantitating TIC807 mRNA
typically involve specific hybridization of a polynucleotide to either the TIC807 mRNA or fo
a cDNA (complementary DNA) or PCR product derived from the TIC807 RNA. Such
polynucleotide probes can be derived from either the sense and/or antisense strand nucleotide
sequences of the TIC807 protein-encoding transgene. Hybridization of a polynucleotide
probe to the TIC807 mRNA or cDNA can be detected by methods including, but not limited
.to, use of probes labelled with an isotope, a fluorophore, a lanthanide, or a hapten such as
biotin or digoxigenin. Hybridization of the labelled probe may be detected when the TIC807
RNA is in solution or immobilized on a solid support such as a membrane. When
quantitating TIC807 RNA by use of a quantitative reverse-transcriptase Polymerase Chain
Reaction (QRT-PCR), the TIC807-derived PCR product can be detected by use of any of the
aforementioned labelled polynucleotide probes, by use of an intercalating dye such as
ethidium bromide or SYBR green, or use of a hybridization probe containing a fluorophore
and a quencher such that emission from the fluorophore is only detected when the
fluorophore is released by the 5° nuclease activity of the polymerase used in the PCR reaction
(i.e., a TagMan ™ reaction; Applied Biosystems, Foster City, CA) or when the fluorophore
and quencher are displaced by polymerase mediated synthesis of the complementary strand
(i.e., Scorpion ™ or Molecular Beacon ™ probes). Various methods for conducting qRT-
PCR analysis to quantitate mRNA levels are well characterized (Bustin, S.A.; Journal of
Molecular Endocrinology 29, 23, 2002). Fluorescent probes that are activated by the action
of enzymes that recognize mismatched nucleic acid complexes (i.e., Invader ™, Third Wave,
Technologies, Madison, WI) can also be used to quantitate RNA. Those skilled in the art will
also understand that RNA quantitation techniques such as Quantitative Nucleic Acid
Sequence Based Amplification (Q-NASBA TM) can be used to quantitate TIC807 protein-
encoding mRNA and identify expressing plants.

[00108] Transgenic plants that express insect inhibitory amounts of TIC807 can also be
identified by directly assaying such plants for insect inhibition. Since Lygus is a
phytophagous, piercing-sucking insect, in planta expression and testing of toxin proteins
must be presented in a manner that will permit feeding by the insect from the plant and its
associated tissues. Several factors are critical in selecting a plant species for transformation

that will allow for testing of the toxin proteins. The plant must be easily transformable and
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the tissue derived from the plant must be of the type that is preferred by the insect pest. For
this purpose, it is preferable to use a plant that has leaves or other organs that have a large
enough surface area to attach a barrier that inhibits the mobility of the insect pest and forces
the organism to feed from the plant organ. In addition, the vascular tissue of the plant organ
must be close enough to the surface of the organ to allow for the insect pest to probe,
penetrate and subsequently feed. It is also preferable that the plant used in transformation be

of the type that can easily be induced to develop from undifferentiated callus.

[00109] Insect pests such as Lygus, when feeding on a cotton plant, typically feed primarily
at the flower buds or bolls. Cotton transformation is well known in the art; however the time
it takes to go from transformation of plant cells to a fully developed cotton plant is too long to
be practical for screening purposes. Therefore, undifferentiated cotton callus tissue would be
the preferred initial transgenic plant testing material when studying Lygus feeding on cotton
cells transformed with TIC807 proteins. Cotton cells are transformed with constructs
containing the TIC807 protein encoding gene. Callus tissue is allowed to develop in tissue
culture after transformation in a Petri dish. The Lygus nymphs are then placed into the Petri
dish containing the callus. The secured lid of the Petri dish prevents the escape of the Lygus
nymphs. Any material that will prevent Lygus escape but allow gas exchange in the Petri
dish, for example, Parafilm® can be used to secure the Petri dish lid. A percentage of Lygus
nymphs will find the callus tissue and feed. Scores for mortality and stunting are then
calculated taking into account the background death that will occur from those insects which
fail to feed on the callus tissue. Lygus nymphs would also be presented with control callus
tissue that is not transformed with a TIC807 encoding gene as a control for normal nymph

growth on callus tissue.

[00110] An alternate tissue for TIC807 protein mediated inhibition is leaf tissue. Any plant
that possesses leaf tissue with a surface area sufficient to place a barrier preventing Lygus
escape could be used. For example, alfalfa, corn, soybean or lettuce cells can be transformed
with constructs containing the toxin protein encoding gene or genes of interest that have been
optimized for monocot or dicot expression. The transformed cells are allowed to develop
into callus tissue and then subsequently regenerated into plants. Insect pests such as Lygus
nymphs are then allowed to feed when the plant has reached a sufficient level of maturity,

such as when the leaves have grown to a size permitting the use of a physical barrier to
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prevent Lygus escape. The barrier to prevent escape of the Lygus nymphs can be any
commercially available or home made device that permits contact of the Lygus nymphs with
the leaf tissue and allows the insect to probe and feed from the vascular tissue of the leaf.
Clip cages similar to those described by Mowry (1993) (J. Agric. Entomol.10:181-184)
would be sufficient to contain the Lygus nymphs for feeding. Mortality and stunting scores
are then determined with respect to the background death that will occur from those insects
which fail to feed on the leaf tissue. Lygus nymphs would also be presented with control leaf
that is not transformed with a TIC807 encoding gene as a control for normal nymph growth

on callus tissue.

[00111] The in planta insect inhibition assays can be used to identify transgenic plants that
inhibit any of the large variety of insect pests that pierce and/or suck the fluids from the cells
and tissues of plants that must be restricted to the assay tissue. In particular, such insect
inhibition assays can be used to test plants expressing TIC807 and/or other insect inhibitory
agents. Other insect inhibitory agents include, but are not limited to, i) ribonucleotide
sequences that functions upon ingestion by said insect pest to inhibit a biological function
within said insect and ii) non-TIC807 proteins that are insect inhibitory. These insect pests
include those insect pests that pierce and then suck the phloem sap or cell contents as well as
those that macerate the cells in the vicinity of the feeding zone and then take up the fluid that
is released from the macerated cells through there proboscis. Insects targeted by the TIC807
proteins and other insect inhibitory agents described herein include various hemipteran,
homopteran and heteropteran insects. Inhibition of insects such as Lygus, whiteflies, hoppers
and aphids is specifically contemplated by use of TIC807 and other insect inhibitory agents

as described herein.

[00112] VIIL Transgenic Plant Insect Control Methods

[00113] Transgenic plants of the present invention comprising polynucleotides encoding
TIC807 or insecticidal fragments thereof can be used in methods of controlling insect
infestations. Transgenic barley, corn, oat, rice, rye, sorghum, turf grass, sugarcane, wheat,
alfalfa, banana, broccoli, bean, cabbage, canola, carrot, cassava, cauliflower, celery, citrus,
cotton, a cucurbit, eucalyptus, flax, garlic, grape, onion, lettuce, pea, peanut, pepper, potato,
poplar, pine, sunflower, safflower, soybean, strawberry, sugar beet, sweet potato, tobacco,

tomato, ornamental, shrub, nut, chickpea, pigeonpea, millets, hops, and pasture grass plants
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can be used in these methods. Transgenic plants such as alfalfa, canola, cotton, lettuce and
strawberry plants that are attacked by hemipteran insect pests inhibited by TIC807 proteins
are specifically contemplated by this invention. Even more specifically contemplated by the
present invention are transgenic cotton plants comprising polynucleotides encoding TIC807
or insecticidal fragments thereof that are protected from Lygus species insect infestation.
Transgenic plants of the present invention are particularly effective for controlling species of
insects that pierce and/or suck the fluids from the cells and tissues of plants, including but not
limited to, plant bugs in the Miridae family such as western tarnished plant bugs (Lygus
hesperus species), tarnished plant bugs (Lygus lineolaris species), and pale legume bugs

(Lygus elisus) and stinkbugs (Pentatomidae family species).

[00114] Specific types of transgenic plants expressing TIC807 proteins that inhibit specific
insect pests are contemplated by this invention. Transgenic cotton plants expressing TIC807
proteins that inhibit Hemipteran insects including Lygus, hoppers and aphids are specifically
contemplated. Transgenic cotton plants that express the TIC807 protein of SEQ ID NO:5 are
anticipated to inhibit Lygus hesperus or Lygus lineolaris. Transgenic alfalfa, canola, lettuce
and strawberry plants that express the TIC807 protein of SEQ ID NO:5 and that inhibit Lygus

are also specifically contemplated.

[00115] The transgenic plants expressing insect inhibitory amounts of the TIC807 proteins
are first identified by any one of the methods described herein. Initial insect inhibition can be
conducted in controlled environmental conditions (i.e., in enclosed growth chambers or green
houses). Transgenic plants can also be subjected to insect infestation in field tests and
compared against non-transgenic control plants. Typically, the non-transgenic control plants
will include both plants treated with insecticides and untreated plants. Transgenic plant lines
(i.e., transgenic plants derived from distinct transformation events comprising transgene
insertions into different genomic locations) that display the best insect inhibitory activity are
selected for potential development for use in a variety of different genetic backgrounds (i.e.,
genetically distinct cultivars, varieties, and/or hybrid germplasms). Methods of introgressing
transgenes into distinct germplasms and producing seed lots that primarily comprise
transgenic seed are known to those skilled in the art. For example, the transgene can be fixed
in a homozygous state in a desired genetic background. Once the transgene fixed in that

background, the homozygous transgenic plant can be used to produce transgenic seed of non-
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hybrid crops. Alternatively, the homozygous transgenic plant can be used as a pollen donor

or recipient to produce transgenic seed of hybrid crops.

[00116] Specific types of transgenic plants expressing TIC807 proteins that inhibit specific
insect pests are contemplated by this invention. Transgenic cotton plants expressing TIC807
proteins that inhibit hemipteran insects including Lygus, hoppers and aphids are specifically
contemplated. Transgenic cotton plants that express the TIC807 protein of SEQ ID NO:5 are
anticipated to inhibit Lygus hesperus or Lygus lineolaris. Transgenic alfalfa, canola, and
strawberry plants that express the TIC807 protein of SEQ ID NO:5 and that inhibit Lygus are

also specifically contemplated.

[00117] IX. Non- Transgenic Control Methods and Compositions

[00118] The TIC807 protein compositions disclosed herein will find particular utility as
insect inhibitory agents for topical and/or systemic application to field crops, grasses, fruits
and vegetables, and ornamental plants. More specifically, TIC807 can be used in
compositions comprising an insect inhibitory amount of a TIC807 protein composition. In
this regard, TIC807 protein compositions made up of TIC807 crystal protein preparations for
Bacillus thuringiensis spores are particularly useful. The TIC807 protein composition can
comprise the amino acid sequence of SEQ ID NO:5 or to an insect inhibitory protein of at
least 250 amino acids that displays at least 70% sequence identity to a corresponding

polypeptide sequence contained within SEQ ID NO:5.

[00119] The insect inhibitory composition can also comprise a Bacillus thuringiensis cell, or
a culture of these cells, or a mixture of one or more B. thuringiensis cells which express one
or more of the TIC807crystal proteins of the invention. In certain aspects it may be desirable
to prepare compositions which contain a plurality of crystal proteins, either native or

modified, for treatment of one or more types of susceptible insects.

[00120] The inventors contemplate that any formulation methods known to those of skill in
the art may be employed using the proteins disclosed herein to prepare such insect inhibitory
compositions. It may be desirable to formulate whole cell preparations, cell extracts, cell
suspensions, cell homogenates, cell lysates, cell supernatants, cell filtrates, or cell pellets of a

cell culture (preferably a bacterial cell culture such as a Bacillus thuringiensis culture) that
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expresses one or more TIC807 DNA segments to produce the encoded TIC807 protein(s) or
peptide(s). The methods for preparing such formulations are known to those of skill in the
art, and may include, e.g., desiccation, lyophilization, homogenization, extraction, filtration,
centrifugation, sedimentation, or concentration of one or more cultures of bacterial cells, such
as Bacillus SIC8091, SIC8092, SIC8093, and SIC8094 cells , which express the TIC807
peptide(s) of interest.

[00121] In one embodiment, the insect inhibitory composition comprises an oil flowable
suspension comprising lysed or unlysed bacterial cells, spores, or crystals which contain one
or more of the novel crystal proteins disclosed herein. Preferably the cells are B.
thuringiensis cells, however, any such bacterial host cell expressing the novel nucleic acid
segments disclosed herein and producing a crystal protein is contemplated to be useful, such
as Bacillus spp., including B. megaterium, B. subtilis, B. cereus, Escherichia spp., including
E. coli, and/or Pseudomonas spp., including P. cepacia, P. aeruginosa, and P. fluorescens.
Alternatively, the oil flowable suspension may consist of a combination of one or more of the
following compositions: lysed or unlysed bacterial cells, spores, crystals, and/or purified

crystal proteins.

[00122] In a second embodiment, the insect inhibitory composition comprises a water
dispersible granule or powder. This granule or powder may comprise lysed or unlysed
bacterial cells, spores, or crystals which contain one or more of the novel crystal proteins
disclosed herein. Preferred sources for these compositions include bacterial cells such as B.
thuringiensis cells, however, bacteria of the genera Bacillus, Escherichia, and Pseudomonas
which have been transformed with a DNA segment disclosed herein and expressing the
crystal protein are also contemplated to be useful. Alternatively, the granule or powder may
consist of a combination of one or more of the following compositions: lysed or unlysed

bacterial cells, spores, crystals, and/or purified crystal proteins.

[00123] In a third important embodiment, the insect inhibitory composition comprises a
wettable powder, spray, emulsion, colloid, aqueous or organic solution, dust, pellet, or
collodial concentrate. Such a composition may contain either unlysed or lysed bacterial cells,
spores, crystals, or cell extracts as described above, which contain one or more of the novel

crystal proteins disclosed herein. Preferred bacterial cells are B. thuringiensis cells, however,
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bacteria such as B. megaterium, B. subtilis, B. cereus, E. coli, or Pseudomonas spp. cells
transformed with a DNA segment disclosed herein and expressing the crystal protein are also
contemplated to be useful. Such dry forms of the insecticidal compositions may be
formulated to dissolve immediately upon wetting, or alternatively, dissolve in a controlled-
release, sustained-release, or other time-dependent manner. Alternatively, such a
composition may consist of a combination of one or more of the following compositions:

lysed or unlysed bacterial cells, spores, crystals, and/or purified crystal proteins.

[00124] In a fourth embodiment, the insect inhibitory composition comprises an aqueous
solution or suspension or cell culture of lysed or unlysed bacterial cells, spores, crystals, or a
mixture of lysed or unlysed bacterial cells, spores, and/or crystals, such as those described
above which contain one or more of the novel crystal proteins disclosed herein. Such
aqueous solutions or suspensions may be provided as a concentrated stock solution which is

diluted prior to application, or alternatively, as a diluted solution ready-to-apply.

[00125] For these methods involving application of bacterial cells, the cellular host
containing the TIC807 protein gene(s) may be grown in any convenient nutrient medium,
where the DNA construct provides a selective advantage, providing for a selective medium so
that substantially all or all of the cells retain the B. thuringiensis gene. These cells may then
be harvested in accordance with conventional ways. Alternatively, the cells can be treated

prior to harvesting.

[00126] When the insecticidal compositions comprise B. thuringiensis cells, spores, and/or
crystals containing the modified crystal protein(s) of interest, such compositions may be
formulated in a variety of ways. They may be employed as wettable powders, granules or
dusts, by mixing with various inert materials, such as inorganic minerals (phyllosilicates,
carbonates, sulfates, phosphates, and the like) or botanical materials (powdered corncobs, rice
hulls, walnut shells, and the like). The formulations may include spreader-sticker adjuvants,
stabilizing agents, other pesticidal additives, or surfactants. Liquid formulations may be
aqueous-based or non-aqueous and employed as foams, suspensions, emulsifiable
concentrates, or the like. The ingredients may include rheological agents, surfactants,

emulsifiers, dispersants, or polymers.
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[00127] Alternatively, the TIC807 proteins can be prepared by native or recombinant
bacterial expression systems in vitro and isolated for subsequent field application. Such
protein may be either in crude cell lysates, suspensions, colloids, etc., or alternatively may be
purified, refined, buffered, and/or further processed, before formulating in an active biocidal
formulation. Likewise, under certain circumstances, it may be desirable to isolate crystals
and/or spores from bacterial cultures expressing the crystal protein and apply solutions,
suspensions, or collodial preparations of such crystals and/or spores as the active

bioinsecticidal composition.

[00128] Regardless of the method of application, the amount of the active component(s) are
applied at an insect inhibitory amount, which will vary depending on such factors as, for
example, the specific hemipteran, homopteran, or heteropteran insects to be controlled, the
specific plant or crop to be treated, the environmental conditions, and the method, rate, and

quantity of application of the insect inhibitory composition.

[00129] The insect inhibitory compositions described may be made by formulating either the
bacterial cell, crystal and/or spore suspension, or isolated protein component with the desired
agriculturally-acceptable carrier. The compositions may be formulated prior to
administration in an appropriate means such as lyophilized, freeze-dried, dessicated, or in an
aqueous carrier, medium or suitable diluent, such as saline or other buffer. The formulated
compositions may be in the form of a dust or granular material, or a suspension in oil
(vegetable or mineral), or water or oil/water emulsions, or as a wettable powder, or in
combination with any other carrier material suitable for agricultural application. Suitable
agricultural carriers can be solid or liquid and are well known in the art. The term
"agriculturally-acceptable carrier" covers all adjuvants, e.g., inert components, dispersants,
surfactants, tackifiers, binders, etc. that are ordinarily used in insecticide formulation
technology; these are well known to those skilled in insecticide formulation. The
formulations may be mixed with one or more solid or liquid adjuvants and prepared by
various means, e.g., by homogeneously mixing, blending and/or grinding the insecticidal

composition with suitable adjuvants using conventional formulation techniques.

[00130] The insect inhibitory compositions of this invention are applied to the environment

of the target hemipteran, homopteran, or heteropteran insect, typically onto the foliage of the
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plant or crop to be protected, by conventional methods, preferably by spraying. The strength
and duration of insecticidal application will be set with regard to conditions specific to the
particular pest(s), crop(s) to be treated and particular environmental conditions. The
proportional ratio of active ingredient to carrier will naturally depend on the chemical nature,
solubility, and stability of the insecticidal composition, as well as the particular formulation

contemplated.

[00131] Other application techniques, e.g., dusting, sprinkling, soaking, soil injection, seed
coating, seedling coating, spraying, aerating, misting, atomizing, and the like, are also
feasible and may be required under certain circumstances such as e.g., insects that cause root
or stalk infestation, or for application to delicate vegetation or ornamental plants. These

application procedures are also well-known to those of skill in the art.

[00132] The insect inhibitory composition of the invention may be employed in the method
of the invention singly or in combination with other compounds, including and not limited to
other pesticides. The method of the invention may also be used in conjunction with other
treatments such as surfactants, detergents, polymers or time-release formulations. The
insecticidal compositions of the present invention may be formulated for either systemic or

topical use.

[00133] The concentration of insect inhibitory agent in the insect inhibitory composition
which is used for environmental, systemic, or foliar application will vary widely depending
upon the nature of the particular formulation, means of application, environmental conditions,
and degree of insect inhibitory activity. Typically, the insect inhibitory agent in the
composition will be present in the applied formulation at a concentration of at least about 1%
by weight and may be up to and including about 99% by weight. Dry formulations of the
compositions may be from about 1% to about 99% or more by weight of the composition,
while liquid formulations may generally comprise from about 1% to about 99% or more of
the active ingredient by weight. Formulations which comprise intact bacterial cells will

generally contain from about 10* to about 10'? cells/mg of the composition.

[00134] The insect inhibitory formulation may be administered to a particular plant or target

area in one or more applications as needed, with a typical field application rate per hectare
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ranging on the order of from about 1 g to about 1 kg, 2 kg, 5, kg, or more of active ingredient.

[00135] XI. Commodity Products

[00136] It is also contemplated that various commodity products may be obtained with the
compositions and methods of this invention. Moreover, it is specifically contemplated that
one or more advantages can be associated with the commodity products derived from this
invention. It is anticipated that the use of the TIC807 insect inhibitory protein and associated
methods can provide for commodity products with lowered pesticide residue levels. In
certain instances, growers will be prompted to use fewer pesticides such as
organophosphates, carbamates, neonicotinoid, and pyrethroid insecticides. Exposure of
individuals who grow, harvest, process or otherwise come into contact with the commodity
products of this invention to these pesticides is thus anticipated to be reduced. Reduced use
of pesticides is also anticipated to provide for reduced costs of commodity product
production, reduced levels of environmental contamination and reduced undesirable side
effects on beneficial (non-target) insects and fauna. It is further contemplated that the use of
this invention will provide for commodity products with lower costs of production due to

factors including, but not limited to, increased yield and /or decreased insecticide usage.

[00137] XII. Methods of Using TIC807 Insect Inhibitory Proteins in Combination with
Other Insect Inhibitory Agents

[00138] Several methods by which increased resistance to a specific insect pest or broader
resistance to several classes of insect pests are contemplated by this invention. Both methods
entail contacting the insect pest(s) with a TIC807 protein in combination with a distinct insect
inhibitory agent. This distinct insect inhibitory agent can inhibit the same hemipteran insect
pests inhibited by the TIC807 to provide for a decreased incidence of hemipteran insect
resistance to the TIC807 protein or other hemipteran insect inhibitory agent. Alternatively,
the distinct insect inhibitory agent can inhibit an insect that is not inhibited by TIC807 to

expand the spectrum of insect inhibition obtained.

[00139] The potential for insects to develop resistance to certain insecticides is well
documented. Most insect resistance management strategies using genetically modified crops
expressing insect inhibitory agents rely on the use of refuge areas that are comprised of crop

plants that lack the insect inhibitory gene. In theory, the refuge provides a region in which
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non-resistant insect populations harboring non-resistant genetic alleles are maintained,
lowering the potential for resistance to develop within the insect population. However, the
refuge strategy suffers from several short-comings. First, the growers must accept reduced
yields on the acreage planted with the insect inhibitory gene. Second, it is not clear that
refuges will effectively control dominant resistance alleles that can arise in the insect

population.

[00140] An alternative insect resistance management strategy can employ transgenic crops
that express two distinct insect inhibitory agents that operate through different modes of
action. In this case, any insects with resistance to either one of the insect inhibitory agents
will be controlled by the other insect inhibitory agent, thus reducing the chances of resistance

developing in the insect population.

[00141] In addition, a single crop may be subject to destruction by several different classes
of insect pests operating at the same time in the field. For example, a cotton plant can be
attacked by both Hemipteran pests, such as Lygus, and Lepidopteran pests such as
Spodoptera exigua (beet armyworm), Heliothis zea (cotton bollworm) and/or Helicoverpa
armigera (armyworm) in the course of a growing season. Expression of distinct inhibitory
agents which are active to each of these pests would provide greater protection to the cotton
plant and would increase the yield per acre due to a reduction of loss caused by the insect

pests.

[00142] A first group of insect inhibitory agents that can be used in combination with a
TIC807 protein for insect resistance management or expanded insect inhibitory spectrum
comprise ribonucleotide sequences that function upon ingestion by said insect pest to inhibit
a biological function within said insect pest. Specific nucleotide sequences selected from the
sequences native to the cells of a particular pest that are involved in an essential biological
pathway can be expressed in a cell in such a way as to result in the formation of a double
stranded RNA, or even a stabilized double stranded RNA. By inhibiting the essential gene
product of the target insect pest with the ribonucleotide, the organism fails to develop and
eventually dies. The use of such ribonucleotide sequences to control insect pests such as
Lygus is described in United States Patent Application Publication No. 20060021087.

Essential insect genes that provide essential biological function that include, but are not
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limited to, muscle formation, juvenile hormone formation, juvenile hormone regulation, ion
regulation and transport, digestive enzyme synthesis, maintenance of cell membrane
potential, amino acid biosynthesis, amino acid degradation, sperm formation, pheromone
synthesis, pheromone sensing, antennae formation, wing formation, leg formation,
development and differentiation, egg formation, larval maturation, digestive enzyme
formation, haemolymph synthesis, haemolymph maintenance, neurotransmission, cell
division, energy metabolism, respiration, and apoptosis are targeted for inhibition. Insect
genes that can be inhibited include, but are not limited to, genes encoding a V-ATPase
protein, a ubiquitin protein, a polyglacturonase protein, a pectinase protein, a GABA
neurotransmitter transporter protein, a EFI alpha protein, a cytochrome P-450 mono-
oxygenase protein, a cuticle protein precursor protein, a CHD3 protein, and a 20S proteasome
protein. The ribonucleotide based insect control agent may also comprise sequences directed
against multiple insect target genes. For control of Lygus, inhibitory ribonucleotides directed
against SEQ ID NO:24 through SEQ ID NO:39 or combinations of inhibitory ribonucleotides
directed against SEQ ID NO:24 through SEQ ID NO:39 are specifically contemplated. The
use of SEQ ID NO:24 through SEQ ID NO:39 in the control of insects is disclosed in United
States Patent Application Publication No. 20060021087. When multiple insect genes are
targeted for suppression, a polycistronic DNA element can be fabricated as illustrated and

disclosed in Fillatti, U.S. Application Publication No. 2004-0029283 Al.

[00143] A variety of methods can be used to produce inhibitory ribonucleotides directed
against a target pest in a transgenic plant. In general, the inhibitory dsRNA and the portion of
the insect target gene share at least from about 80% sequence identity, or from about 90%
sequence identity, or from about 95% sequence identity, or from about 99% sequence
identity, or even about 100% sequence identity. Alternatively, the duplex region of the RNA
may be defined functionally as a nucleotide sequence that is capable of hybridizing with a
portion of the target gene transcript. A less than full length sequence exhibiting a greater
homology compensates for a longer less homologous sequence. The length of the identical
nucleotide sequences may be at least 25, 50, 100, 200, 300, 400, 500 or 1000 bases.
Normally, a sequence of greater than 20-100 nucleotides should be used, though a sequence
of greater than about 200-300 nucleotides would be preferred, and a sequence of greater than

500-1000 nucleotides would be especially preferred depending on the size of the target gene.
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[00144] In another embodiment, the insect inhibitory ribonucleotide can be produced by an
inverted repeat separated by a "spacer sequence”. The spacer sequence may be a region
comprising any sequence of nucleotides that facilitates secondary structure formation
between each repeat, where this is required. In one embodiment of the present invention, the
spacer sequence is part of the sense or antisense coding sequence for mRNA. The spacer
sequence may alternatively comprise any combination of nucleotides or homologues thereof
that are capable of being linked covalently to a nucleic acid molecule. The spacer sequence
may comprise a sequence of nucleotides of at least about 10-100 nucleotides in length, or
alternatively at least about 100-200 nucleotides in length, at least about 200-400 nucleotides
in length, or at least about 400-500 nucleotides in length.

[00145] A transgene sequence for producing a dsSRNA may comprise a promoter that is
operatively linked to an intron encoding sequence and a hairpin RNA derived from a
sequence in the target gene (Miki and Shimamoto, Plant Cell Physiol. Apr 2004; 45(4):490-
495). Alternatively, a-transgene sequence for producing an siRNA may comprise an RNA
pol III promoter operably linked to a hairpin RNA (Lu et al., Nucleic Acids Res. Dec 2 2004;
32(21):e€171). The hairpin RNA may comprise a 5’ sequence of roughly 19-24 nucleotides of
sense strand target gene sequence followed by a spacer nucleotide of about 8-10 nucleotides
followed by a sequence of roughly 19-24 nucleotides of antisense sequence that is capable of
base pairing with the preceding sense strand sequence. However, hairpin RNA-expressing
plant transgenes containing sense/anti-sense arms ranging from 98 to 853 nucleotides can
also be used (Wesley et al., Plant J. 2001, 27(6):581-90). Vectors and methods for transgene-
mediated expression of hairpin RNAs are disclosed in U.S. Patent Application Nos.
20050164394, 20050160490, and 20040231016.

[00146] A first group of insect inhibitory agents that can be used in combination with a
TIC807 protein for insect resistance management or expanded insect inhibitory spectrum
comprise insect inhibitory proteins other than TIC807. A wide variety of insect inhibitory
proteins derived from B. thuringiensis, Photorhabdus sp., and/or Xenorhabdus sp. can be

used.

[00147] For the control of sucking piercing insects such as Lygus, several non-TIC807 insect

inhibitory proteins can be combined with TIC807 expression in planta for greater control
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and/or resistance management. Such molecules expressed in planta along with TIC807 may
include ET29, ET37, TIC809, TIC810, TIC812, TIC127, TIC128 (PCT US 2006/033867),
AXMI-027, AXMI-036, and AXMI-038 (WO 06/107761), AXMI-018, AXMI-020, and
AXMI-021 (WO 06/083891), AXMI-010 (WO 05/038032), AXMI-003 (WO 05/021585),
AXMI-008 (US 2004/0250311), AXMI-006 (US 2004/0216186), AXMI-007 (US
2004/0210965), AXMI-009 (US 2004/0210964), AXMI-014 (US 2004/0197917), AXMI-004
(US 2004/0197916), AXMI-028 and AXMI-029 (WO 06/119457) and AXMI-007, AXMI-
008, AXMI-0080rf2, AXMI-O09, AXMI-014 and AXMI-004 (WO 04/074462). Presenting
the combination of the inhibitory protein molecules, TIC809 (presented as SEQ ID NO:10)
and TIC810 (presented as SEQ ID NO:12) has been previously shown to be inhibitory to the
Western Tarnished Plant Bug (WTPB), Lygus hesperus Knight in bioassay (PCT US
2006/033867). The fusion proteins of TIC809 and TIC810, TIC127 (presented as SEQ ID
NO:14) and TIC128 (presented as SEQ ID NO:16) may also be active against Lygus. The
polynucleotide encoding TIC127 is comprised of the nucleic acid molecule encoding TIC809
linked to the nucleic acid molecule encoding TIC810 by a polylinker nucleotide sequence
(presented as SEQ ID NO:17) encoding the amino acid linker presented as SEQ ID NO:18.
The polynucleotide encoding TIC128 is comprised of the nucleic acid molecule encoding
TIC810 linked to the nucleic acid molecule encoding TIC809 by a polylinker nucleotide
sequence (presented as SEQ ID NO:17) encoding the amino acid linker presented as SEQ ID
NO:18. Expression of TIC807 in combination with TIC127 or TIC128 may provide
enhanced control of Lygus. Dicot plants such as cotton could be transformed with plant
expression constructs containing dicot-optimized nucleotide sequences encoding TIC807
(presented as SEQ ID NO:6) along with TIC809 (presented as SEQ ID NO:9) and TIC810
(presented as SEQ ID NO:11), or TIC127 (presented as SEQ ID NO:13), or TIC128
(presented as SEQ ID NO:15) to provide enhanced resistance to Lygus or inhibition of

additional species contained within the genus, Lygus.

[00148] For control of Lepidopteran pests, combinations of TIC807 proteins with
Lepidopteran-active proteins such as CrylA proteins (U.S. Patent No. 5,880,275), CrylB
(U.S. Patent Application No. 10/525,318), CrylC (U.S. Patent No. 6,033,874), CrylF,
CrylA/F chimeras (U.S. Patent Nos. 7,070,982; 6,962,705; and 6,713,063), and a Cry2Ab
protein (U.S. Patent No. 7,064,249) are specifically contemplated.
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[00149] DNA sequences encoding TIC807 protein molecules and other insect inhibitory
agents such as double stranded RNA molecules and/or non-TIC807 proteins can be combined
in a single plant either through direct transformation, by breeding, or a combination thereof.
Multiple transcription units comprising a promoter and an insect inhibitory agent encoding
region can be introduced on the same plant transformation vector or on different plant
transformation vectors. When the two insect inhibitory agents are proteins, the coding
regions for each may be separated by a protease sensitive linker or even a self-processing
protease cleavage site (see U.S. Patent No. 5,846,767). When the insect inhibitory agents are
each introduced into distinct transgenic plants, those plants may be crossed to obtain a plant

containing all of the insect inhibitory agent encoding transgenes.

[00150] It is further anticipated that the combination of TIC807 protein molecules and other
insect inhibitory agents such as double stranded RNA molecules and/or non-TIC807 proteins
can result in unexpected synergistic insect inhibitory effects that are not observed with either
the TIC807 insecticidal protein alone, the insect inhibitory ribonucleotide alone, or the non-
TIC807 insect inhibitory protein alone. Synergistic effects include but are not limited to: i)
quantitative changes in LCso ECso, ICso, percent mortality, or percent stunting values and ii)
qualitative changes in the spectrum of insect inhibition (i.e., Hemipteran, Homopteran, and
Lepidopteran insects inhibition) that does not reflect the simple combination of the spectrum
exhibited by each insect inhibitory agent alone (i.e., the combination of Hemipteran insect
inhibition provided by one agent and Lepidopteran insect inhibition provided by another
agent). A non-limiting example of a quantitative synergistic effect is a decrease in any LCsp,
ECso, and/or ICso, value or an increase in percent mortality, or percent stunting values
observed in a combination that is more than additive. A non-limiting example of a qualitative
synergistic effect is control of an insect pest with the combination of insect agents that is not
observed with either member alone. In this instance, the new insect pest controlled by the
combination may be an insect pest within an order of insects (i.e., Hemipterans) where the
insect inhibitory agents only inhibit other insect pests within that order of insects when used

alone.

[00151] XIII. Isolated TIC807 Proteins and Biological Equivalents
[00152] Isolated TIC807 proteins are also provided herein. In one embodiment, the TIC807

proteins comprise proteins of at least 250 amino acids that have at least 70% sequence
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identity to SEQ ID NO:5 and display insect inhibitory activity. The biologically functional
equivalent peptides, polypeptides, and proteins contemplated herein should possess about
70% or greater sequence identity, preferably about 85% or greater sequence identity, and
most preferably about 90% to 95% or greater sequence identity, to the sequence of, or
corresponding moiety within, the TIC807 polypeptide sequence. In certain embodiments of
the invention, biologically functional equivalent peptides, polypeptides, and proteins
possessing about 80% or greater sequence identity, preferably about 85%, 86%, 87%, 88%,
89% or greater sequence identity, and most preferably about 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or greater sequence identity, to the sequence of TIC807 (SEQ ID
NO:5)

[00153] Peptides, polypeptides, and proteins biologically functionally equivalent to TIC807
include, but are not limited to, amino acid sequences containing conservative amino acid
substitutions in the TIC807 protein sequences. An example of TIC807 proteins that can be
substituted to obtain biological equivalents include, but are not limited to, the TIC807 protein
sequence (SEQ ID NO:5). In such amino acid sequences, one or more amino acids in the
sequence is (are) substituted with another amino acid(s), the charge and polarity of which is
similar to that of the native amino acid, i.e., a conservative amino acid substitution, resulting

in a silent change.

[00154] Substitutes for an amino acid within the TIC807 polypeptide sequence can be
selected from other members of the class to which the naturally occurring amino acid
belongs. Amino acids can be divided into the following four groups: (1) acidic amino acids;
(2) basic amino acids; (3) neutral polar amino acids; and (4) neutral non-polar amino acids.
Representative amino acids within these various groups include, but are not limited to: (1)
acidic (negatively charged) amino acids such as aspartic acid and glutamic acid; (2) basic
(positively charged) amino acids such as arginine, histidine, and lysine; (3) neutral polar
amino acids such as glycine, serine, threonine, cysteine, cystine, tyrosine, asparagine, and
glutamine; (4) neutral nonpolar (hydrophobic) amino acids such as alanine, leucine,

isoleucine, valine, proline, phenylalanine, tryptophan, and methionine.

[00155] Conservative amino acid changes within the TIC807 polypeptide sequence can be

made by substituting one amino acid within one of these groups with another amino acid
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within the same group. Biologically functional equivalents of TIC807 can have 10 or fewer
conservative amino acid changes, more preferably seven or fewer conservative amino acid
changes, and most preferably five or fewer conservative amino acid changes. The encoding
nucleotide sequence (gene, plasmid DNA, cDNA, or synthetic DNA) will thus have
corresponding base substitutions, permitting it to encode biologically functional equivalent

forms of TIC807.

[00156] As indicated, modification and changes may be made in the structure of the peptides
of the present invention and DNA segments which encode them and still obtain a functional
molecule that encodes a protein or peptide with desirable characteristics. The following is a
discussion based upon changing the amino acids of a protein to create an equivalent, or even
an improved, second-generation molecule. In particular embodiments of the invention,
mutated TIC807 proteins are contemplated to be useful for increasing the insect inhibitory
activity of the protein, and consequently increasing the insect inhibitory activity and/or
expression of the recombinant transgene in a plant cell. The amino acid changes may be
achieved by changing the codons of the DNA sequence, according to the codons given in

Table 1.

[00157] TABLE 1

Amino Acids Amino Acid Codons

Codes
Alanine Ala (A) GCA GCC GCG GCU
Cysteine Cys (C) UGC UGU
Aspartic acid Asp (D) GAC GAU
Glutamic acid Glu (E) GAA GAG
Phenylalanine Phe (F) UuC uuu
Glycine Gly (G) GGA GGC GGG GGU
Histidine His (H) CAC CAU
Isoleucine Ile (I) AUA AUC AUU
Lysine Lys (K) AAA AAG
Leucine Leu (L) UUA UUG CUA CUC CUG CUU
Methionine Met (M) AUG
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Asparagine Asn (N) AAC AAU

Proline Pro (P) CCA CCCCCG CCU

Glutamine Gln (Q) CAA CAG

Arginine Arg (R) AGA AGG CGA CGC CGG CGU
Serine Ser (S) AGC AGU UCA UCCUCG UCU
Threonine Thr (T) ACA ACC ACG ACU

Valine Val (V) GUA GUC GUG GUU
Tryptophan Trp (W) UGG

Tyrosine Tyr (Y) UAC UAU

[00158] For example, certain amino acids may be substituted for other amino acids in a
protein structure without appreciable loss of biochemical or biological activity. Since it is the
interactive capacity and nature of a protein that defines that protein's biological functional
activity, certain amino acid sequence substitutions can be made in a protein sequence, and, of
course, its underlying DNA coding sequence, and nevertheless obtain a protein with like
properties. It is thus contemplated by the inventors that various changes may be made in the
peptide sequences of the disclosed compositions, or corresponding DNA sequences which

encode said peptides without appreciable loss of their biological utility or activity.

[00159] In making such changes, the hydropathic index of amino acids may be considered.
The importance of the hydropathic amino acid index in conferring interactive biologic
function on a protein is generally understood in the art (Kyte and Doolittle, ] Mol Biol.
157(1):105-32, 1982). It is accepted that the relative hydropathic character of the amino acid
contributes to the secondary structure of the resultant protein, which in turn defines the
interaction of the protein with other molecules, for example, enzymes, substrates, receptors,

DNA, antibodies, antigens, and the like.

[00160] Each amino acid has been assigned a hydropathic index on the basis of its
hydrophobicity and charge characteristics (Kyte and Doolittle, Ibid). These are: isoleucine
(+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine (+2.5);
methionine (+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-
0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5); glutamine (-3.5);
aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5).
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[00161] It is known in the art that certain amino acids may be substituted by other amino
acids having a similar hydropathic index or score and still result in a protein with similar
biological activity, i.e., still obtain a biological functionally equivalent protein. In making
such changes, the substitution of amino acids whose hydropathic indices are within .+ 2 is
preferred, those which are within + 1 are particularly preferred, and those within + 0.5 are

even more particularly preferred.

[00162] It is also understood in the art that the substitution of like amino acids can be made .
effectively on the basis of hydrophilicity. U.S. Patent. No. 4,554,101, states that the greatest
local average hydrophilicity of a protein, as governed by the hydrophilicity of its adjacent

amino acids, correlates with a biological property of the protein.

[00163] As detailed in U.S. Patent No. 4,554,101, the following hydrophilicity values have
been assigned to amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0.+ 0.1);
glutamate (+3.0.+ 0.1); serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0);
threonine (-0.4); proline (-0.5.+ 0.1); alanine (-0.5); histidine (-0.5); cysteine (-1.0);
methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3);

phenylalanine (-2.5); tryptophan (-3.4).

[00164] Non-conservative substitutions in the TIC807 polypeptides

[00165] It is further recognized that non-conservative substitutions in TIC807 polypeptide
sequences can be made to obtain TIC807 polypeptides that are the functional biological
equivalents of the TIC807 polypeptides disclosed herein. In these instances, the non-
conservative substitutions can simply be tested for inhibition of fungal growth to identify
non-conservative substitutions that provide for functional biological equivalents of a given

TIC807 polypeptide.

[00166] Fragments and Variants of TIC807

[00167] While the insect inhibitory polypeptide of the present invention preferably comprise
a TIC807 protein sequence, fragments and variants of this sequence possessing the same or
similar insect inhibitory activity as that of this insect inhibitory protein are also encompassed

by the present invention. Thus contiguous sequences of at least 250 or more amino acids in
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an TIC807 protein with insect inhibitory activity are anticipated by this invention. Fragments
or variants of TIC807 with insect inhibitory activity that are anticipated by this invention can
also comprise amino acid substitutions, deletions, insertions or additions in an TIC807

protein sequence.

[00168] The insect inhibitory polypeptide of the present invention preferably comprises the
TIC807 protein sequence (SEQ ID NO:5), fragments and variants of this sequence possessing
the same or similar insect inhibitory activity as that of this particular TIC807 protein are also
encompassed by the present invention are anticipated by this invention. Thus contiguous
sequences of at least 250 or more amino acids in SEQ ID NO:5 with insect inhibitory activity
are anticipated by this invention. The insect inhibitory TIC807 fragments can also comprise
fragments with at least 260, at least 270, at least 280, at least 290, or at least 300 amino acid
residues of the 309 amino acid TIC807 sequence of SEQ ID NO:5. The fragments or variants
with insect inhibitory activity that are anticipated by this invention can also comprise amino

acid substitutions, deletions, insertions or additions of the sequence shown in SEQ ID NO:5.

[00169] Fragments of the mature TIC807 protein can be truncated forms wherein one or
more amino acids are deleted from the N-terminal end, C-terminal end, the middle of the
protein, or combinations thereof with insect inhibitory activity are also anticipated by this
invention. These fragments can be naturally occurring or synthetic mutants of TIC807, and
retain the insect inhibitory activity of TIC807. A preferred TIC807 protein that can be used
to obtain truncated derivatives with insect inhibitory activity is the TIC807 protein of SEQ ID
NO:5.

[00170] Variants of TIC807 include forms wherein one or more amino acids has (have) been
inserted into the natural sequence. These variants can also be naturally occurring or synthetic

mutants of TIC807, and retain the insect inhibitory activity of TIC807.

[00171] Combinations of the foregoing, i.e., forms of the insect inhibitory polypeptide
containing both amino acid deletions and additions, are also encompassed by the present
invention. Amino acid substitutions can also be present therein as well.

[00172] The fragments and variants of TIC807 encompassed by the present invention should
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preferably possess about 70-75% or greater sequence identity, more preferably about 80%,
85%, 88% or greater sequence identity, and most preferably about 90% to 95% or greater
amino acid sequence identity, to the corresponding regions of the mature TIC807 protein

having the corresponding amino acid sequences shown in SEQ ID NO:S.

[00173]) Use of Structure Function Relationships to Design Insect Inhibitory TIC807
Variants

[00174) This invention also contemplates the use of structure function relationships to design
additional insect inhibitory TIC807 protein variants. It is first contemplated that a structure
could be obtained by crystallographic analysis of TIC807 crystals. Such structures are
anticipated to reveal domains of the TIC807 protein involved in insect receptor binding, pore
formation in the insect gut, multimerization with TIC807, protease sensitivity and/or protease

resistance that contribute to the insect inhibitory activity of TIC807.

[00175] It is further anticipated that comparisons between TIC807 and other related proteins
may permit extrapolation of protein domains that contribute to the insecticidal activity of
TIC807 proteins. In this regard, it is noted that TIC807 has some similarity to a family of
MTX-like proteins. This Mtx-like family of proteins is named after the Bacillus sphericus
proteins Mtx2 (Thanabalu and Porter, Gene. 170(1):85, 1996; NCBI Accession No.
2211294A) and Mtx3 (Liu et al., Appl Environ Microbiol. 62(6):2174, 1996; NCBI
Accession No. AAB36661) and includes Cryl5Aa (SEQ ID NO:41), Cry33Aa (NCBI
Accession No. AAL26871), Cry23Aa (NCBI Accession No. AAF76375), Cry38Aa (NCBI
Accession No. AAK64559), CryC35 (NCBI Accession No. CAA63374), the 40KD protein
(NCBI Accession No. AAA22332), and CryNT32 (NCBI Accession No. AAL26870). It is
also believed that TIC807 is distantly related to the aerolysin family of proteins that include
cryET33 (WO 97/17600), and TIC901 (U.S. Patent Application No. 20060191034).
Aerolysins are a group of proteins that multimerize and form pores in membranes and are
known toxins (Parker et al., Mol. Microbiol. 19(2):205, 1996). In particular, crystallographic
structure determinations indicate that beta-sheet domains of aerolysins are involved in
forming membrane pores (Rossjohn et al., J Struct Biol. 121(2):92, 1998). Domains of
TIC807 proteins could be swapped with similar domains from other MTX-like or Aerolysin
family proteins to identify domains involved in insect receptor binding, pore formation in the

insect gut, multimerization with TIC807, protease sensitivity and/or protease resistance that
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contribute to the insect inhibitory activity of TIC807. Data from the domain swapping
experiments can be compared and otherwise extrapolated to structural data for Mtx-like
protein family members to elucidate domains that provide for different insecticidal activities,
improved insecticidal activities, improved binding characteristics, improved pore forming

capabilities.

[00176] Having identified certain protein domains of the TIC807 proteins that provide for
insect inhibitory properties of the TIC807 protein (i.e., insect receptor binding, pore
formation in the insect gut, multimerization with TIC807, protease sensitivity and/or protease
resistance), it is further anticipated that these regions can be more extensively mutagenized.
Once mutagenized, variant TIC807 proteins can be subjected to either biochemical (i..e.,
insect receptor binding, pore formation in the insect gut, multimerization with TIC807,
protease sensitivity and/or protease resistance) or biological assays (i.e., insect inhibition
assays) to identify those variants that confer improved biochemical and/or insect inhibitory
activities. Additional iterative rounds of mutagenesis and assay of those identified variants is
also contemplated. Various procedures for the molecular evolution of isolated proteins that
are either known to those skilled in the art (Stemmer, W., Proc. Natl. Acad. Sci. USA 91:
10747,1994; Yuan et al., Microbiol. Mol. Biol. Rev. 69(3):373, 2005) or are provided by

other entirely distinct methods can be employed to generate the TIC807 protein variants.

[00177] Isolated TIC807 Proteins of at Least 9 Amino Acids

[00178] In other embodiments of this invention, isolated proteins that comprise a polypeptide
sequence of at least 9 amino acids in length that is contained within SEQ ID NO:5 are
provided. At least two distinct uses for TIC807 peptide sequences of at least 9 amino acids

are contemplated.

[00179] First, it is contemplated that TIC807 peptide sequences of at least 9 amino acids can
be substituted into distinct protein sequences to confer all or a subset of the insect inhibitory
activities of a TIC807 protein on the resultant TIC807-peptide substituted protein. Insect
inhibitory activities conferred by the TIC807 peptide sequences can comprise inhibition of a
hemipteran pest including, but not limited to, Lygus. Without being limited by theory, it is
believed that TIC807 peptide sequences of at least 9 amino acids can provide: 1) improved

crystal formation, 2) improved protein stability or reduced protease degradation, 3) improved
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insect membrane receptor recognition and binding, 4) improved oligomerization or channel
formation in the insect midgut endothelium, and 5) improved insecticidal activity or
insecticidal specificity due to any or all of the reasons stated above when inserted into
another protein. Larger TIC807 peptide sequences of at least 12, at least 16, at least 32, at
least 50 or at least 100 amino acid residues from SEQ ID NO:5 can also be substituted into
distinct protein sequences to obtain insect inhibitory TIC807-peptide substituted proteins.

[00180] TIC807-peptide substituted protein can be synthesized by techniques including, but
not limited to, site-specific mutagenesis (Kunkel, T. A. et al. Meth. Enzymol. 154: 367,
1987), DNA shuffling (Stemmer, W., Proc. Natl. Acad. Sci. USA 91: 10747,1994), PCR ™
overlap extension (Horton et al., Gene 77: 61, 1989), any of the protein molecular evolution
methods (Yuan et al., Microbiol. Mol. Biol. Rev. 69(3):373, 2005), direct synthesis,
combinations of these methods, or by other entirely distinct methods that provide for TIC807-
peptide substituted proteins. In particular, TIC807-substituted proteins derived by insertion
or substitution of TIC807 peptide sequences of at least 9 amino acids into insect inhibitory
proteins derived from Bacillus thuringiensis are contemplated. Exemplary Bacillus
thuringiensis proteins that can be substituted with TIC807 polypeptides to obtain TIC807-
substituted proteins with insect inhibitory activity include, but are not limited to, Cry15Aal
(Brown & Whiteley, 1992, J Bacteriol 174 549-557; SEQ ID NO:41), CryET29 (U.S. Patent
No. 6,093,695), Cyt1Bal (U.S. Patent No. 5,723,440), Bacillus thuringiensis israclensis Cyt
toxins (U.S. Patent No. 5,885,963), and distinct Lygus active Bacillus thuringiensis crystal
proteins AXMI-027, AXMI-036 and AXMI-038 disclosed in U.S. Patent Application
Publication No. 20060242732. Other proteins that can be substituted with TIC807
polypeptides to obtain TIC807-substituted proteins with insect inhibitory activity include, but
are not limited to, the Mtx2 (Thanabalu and Porter, Gene. 170(1):85, 1996; NCBI Accession
No. 2211294A), Mtx3 (Liu et al., Appl Environ Microbiol. 62(6):2174, 1996; NCBI
Accession No. AAB36661), Cryl5Aa (SEQ ID NO:41), Cry33Aa (NCBI Accession No.
AAL26871), Cry23Aa (NCBI Accession No. AAF76375), Cry38Aa (NCBI Accession No.
AAK64559), CryC35 (NCBI Accession No. CAA63374), the 40KD protein (NCBI
Accession No. AAA22332), CryNT32 (NCBI Accession No. AAL26870), cryET33 (WO
97/17600), and TIC901 (U.S. Patent Application Publication No. 20060191034).

[00181] It is also contemplated that isolated TIC807 proteins of between about 250 and about
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309 amino acids can also be used for antibody production or insect inhibition. These isolated
TIC807 polypeptide sequences of the invention have at least about 70%, at least about 90%,
at least about 95% or 100% sequence identity to a corresponding polypeptide sequence
contained within SEQ ID NO:5. These TIC807 proteins can further comprise a covalently
linked indicator reagent, an amino acid spacer, an amino acid linker, a signal sequence, a
chloroplast transit peptide sequence, a vacuolar targeting sequence, or a stop transfer

se€quence.

[00182] It is also contemplated that isolated TIC807 peptide sequences of at least 9
contiguous amino acids of SEQ ID NO:5 can be used as immunogens or epitopes to prepare
antibodies that recognize TIC807 proteins. Such antibodies are useful for detecting TIC807
proteins in transgenic plants, in commodity products derived from transgenic plants, in
microorganisms or in recombinant DNA expression libraries that contain cloned TIC807
sequences. The TIC807 polypeptides can be at least 9, at least 12, at least 16, or at least 32
amino acids in length. When the TIC807 peptide sequence is at least 32 amino acids in
length it has at least about 80%, 90%, or 95% sequence identity to a corresponding
polypeptide sequence contained within SEQ ID NO:5. The peptides can be linked to a carrier

protein such as KLH or albumin to facilitate antibody production.

[00183] The identification of TIC807 protein immunodominant epitopes, and/or their
functional equivalents, suitable for use in vaccines is a relatively straightforward matter. For
example, one may employ the methods of Hopp, as taught in U.S. Patent No. 4,554,101,
which teaches the identification and preparation of epitopes from amino acid sequences on
the basis of hydrophilicity. The methods described in several other papers, and software
programs based thereon, can also be used to identify epitopic core sequences (see, for
example, U.S. Patent No. 4,554,101). The amino acid sequence of these "epitopic core
sequences" may then be readily incorporated into peptides, either through the application of

peptide synthesis or recombinant DNA technology.

[00184] Preferred TIC807 peptides for use in accordance with the present invention will
generally be on the order of about 9 to about 20 amino acids in length, and more preferably
about 9 to about 15 amino acids in length. It is proposed that shorter antigenic TIC807

protein-derived peptides will provide advantages in certain circumstances, for example, in the
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preparation of immunologic detection assays. Exemplary advantages include the ease of
preparation and purification, the relatively low cost and improved reproducibility of

production, and advantageous biodistribution.

[00185] It is proposed that particular advantages of the present invention may be realized
through the preparation of synthetic peptides which include modified and/or extended
epitopic/immunogenic core sequences which result in a "universal" epitopic peptide directed
to TIC807 proteins, and in particular to TIC807-related sequences. These epitopic core
sequences are identified herein in particular aspects as hydrophilic regions of the particular
polypeptide antigen. It is proposed that these regions represent those which are most likely to

promote T-cell or B-cell stimulation, and, hence, elicit specific antibody production.

[00186] An epitopic core sequence, as used herein, is a relatively short stretch of amino acids
that is "complementary” to, and therefore will bind, antigen binding sites on the TIC807
protein-directed antibodies disclosed herein. Additionally or alternatively, an epitopic core
sequence is one that will elicit antibodies that are cross-reactive with antibodies directed
against the peptide compositions of the present invention. Thus, certain epitope core
sequences of the present invention may be operationally defined in terms of their ability to
compete with or perhaps displace the binding of the desired protein antigen with the

corresponding protein-directed antisera.

[00187] In general, the size of the polypeptide antigen is not believed to be particularly
crucial, so long as it is at least large enough to carry the identified core sequence or
sequences. The smallest useful core sequence anticipated by the present disclosure would
generally be on the order of about 9 amino acids in length, with sequences on the order of 10
to 20 being more preferred. Thus, this size will generally correspond to the smallest peptide
antigens prepared in accordance with the invention. However, the size of the antigen may be

larger where desired, so long as it contains a basic epitopic core sequence.

[00188] XIV. TIC807 Antibody Compositions and Methods of Making Antibodies
[00189] In particular embodiments, the inventors contemplate the use of antibodies, either
monoclonal or polyclonal which bind to the TIC807 proteins disclosed herein. Means for

preparing and characterizing antibodies are well known in the art (see, e.g., Using

63



WO 2008/134072 PCT/US2008/005542

Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 1999). The methods for
generating monoclonal antibodies (mAbs) generally begin along the same lines as those for
preparing polyclonal antibodies. Briefly, a polyclonal antibody is prepared by immunizing an
animal with an immunogenic composition in accordance with the present invention and
collecting antisera from that immunized animal. A wide range of animal species can be used
for the production of antisera. Typically the animal used for production of antisera is a
rabbit, a mouse, a rat, a hamster, a guinea pig or a goat. Because of the relatively large blood

volume of rabbits, a rabbit is a preferred choice for production of polyclonal antibodies.

[00190] As is well known in the art, a given composition may vary in its immunogenicity. It
is often necessary therefore to boost the host immune system, as may be achieved by
coupling a peptide or protein immunogen to a carrier. Exemplary and preferred carriers are
keyhole limpet hemocyanin (KLH) and bovine serum albumin (BSA). Other albumins such
as ovalbumin, mouse serum albumin or rabbit serum albumin can also be used as carriers.
Means for conjugating a peptide, polypeptide, or protein to a carrier protein are well known
in the art and include using glutaraldehyde, m-maleimidobenzoyl-N-hydroxysuccinimide

ester, carbodiimide and bis-biazotized benzidine.

[00191] As is also well known in the art, the immunogenicity of a particular immunogen
composition can be enhanced by the use of non-specific stimulators of the immune response,
known as adjuvants. Exemplary and preferred adjuvants include complete Freund's adjuvant
(a non-specific stimulator of the immune response containing killed Mjycobacterium

tuberculosis), incomplete Freund's adjuvants and aluminum hydroxide adjuvant.

[00192] The amount of immunogen composition used in the production of polyclonal
antibodies varies upon the nature of the immunogen as well as the animal used for
immunization. A variety of routes can be used to administer the immunogen (subcutaneous,
intramuscular, intradermal, intravenous and intraperitoneal). The production of polyclonal
antibodies may be monitored by sampling blood of the immunized animal at various points
following immunization. A second, booster, injection may also be given. The process of
boosting and titering is repeated until a suitable titer is achieved. When a desired level of
immunogenicity is obtained, the immunized animal can be bled and the serum isolated and

stored, and/or the animal can be used to generate mAbs.
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[00193] Monoclonal antibodies (mAbs) may be readily prepared through use of well-known
techniques, such as those exemplified in U.S. Patent No. 4,196,265. Typically, this technique
involves immunizing a suitable animal with a selected immunogen composition, e.g., a
purified or partially purified antifungal protein, polypeptide or peptide. The immunizing
composition is administered in a manner effective to stimulate antibody producing cells.
Rodents such as mice and rats are preferred animals, however, the use of rabbit, sheep, or
frog cells is also possible. The use of rats may provide certain advantages but mice are
preferred, with the BALB/c mouse being most preferred as this is most routinely used and

generally gives a higher percentage of stable fusions.

[00194] Also contemplated are methods of genetic immunization to obtain either monoclonal
or polyclonal antibodies which bind to the TIC807 proteins disclosed herein. In these
methods, the gene encoding the TIC807 protein is operably linked to a promoter that is active
in mammalian cells. Isolated plasmid DNA comprising the mammalian cell expression
cassette comprising the TIC807 encoding protein is then directly injected into the animal to
elicit an immune response to the encoded TIC807 protein. Animals that can be used as
injection hosts for genetic immunization include, but are not limited to, mice, rats, rabbits,
goats, cows, or horses. Although a variety of injection regimens can be used, one exemplary
regimen would comprise injection of plasmid DNA dissolved in phosphate-buffered saline or
other suitable buffer at a concentration of approximately 1-2 mg plasmid DNA/ml and at a
dose of about 100 ug/injection/animal (i.e., for a mouse, rat or rabbit). About 3-4 injections
can be made in each animal in two week intervals. Genetic immunization is described in
Chambers and Johnston, Nature Biotechnol. (21): 1088, 2003). Contract research
organizations also conduct genetic immunization experiments to obtain antibodies (QED

Bioscience Inc., San Diego, CA, USA).

[00195] Examples of useful mammalian expression cassettes that can be used for genetic
immunization include, but are not limited to, the pcDNA3.1 vector (Invitrogen, Carlsbad,
CA, USA) that provides a CMV promoter for expression of operably linked genes or the
pRc/RSV vector (Invitrogen, Carlsbad, CA, USA). In cases where high levels of antigen
expression is cytotoxic, a weaker promoter, such as the SV40 promoter, can be used to

express the antigen. It is anticipated that either the native TIC807 gene (SEQ ID NO:4) or
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the synthetic TIC807 gene (SEQ ID NO:6) can be operably linked to promoters and
polyadenylation elements that are active in mammalian cells to obtain plasmids suitable for
genetic immunization. However, the design and synthesis of other TIC807 encoding
sequences for expression in mammalian hosts by backtranslation of the TIC807 amino acid
sequence (SEQ ID NO:5) is also contemplated. Mammalian expression vectors that further
comprise signal peptide sequences that provide for extracellular secretion and/or
transmembrane insertion of operably linked sequences encoding TIC807 proteins are also

contemplated.

[00196] XV. TIC807 Protein Screening and Detection Kits

[00197) The present invention contemplates methods and kits for screening samples
suspected of containing TIC807 proteins or TIC807 protein-related polypeptides, or cells
producing such polypeptides. In the particular embodiments contemplated herein, the
methods and kits detect the TIC807 protein. A kit may contain one or more antibodies of the
present invention, and may also contain reagent(s) for detecting an interaction between a
sample and an antibody of the present invention. The provided reagent(s) can be radio-,
spectrophotometrically-, fluorescently- or enzymatically-labeled. The provided reagents may
include a substrate that is converted to a product that can be detected by spectrophotometry,
luminometry, or fluorescence. The kit can contain a known radiolabeled or hapten-labeled

agent capable of binding or interacting with an antibody of the present invention.

[00198] The reagent(s) of the kit may be provided as a liquid solution, attached to a solid
support or as a dried powder. Preferably, when the reagent(s) are provided in a liquid
solution, the liquid solution is an aqueous solution. Preferably, when the reagent(s) provided
are attached to a solid support, the solid support can be chromatograph media, a test plate
having a plurality of wells, or a microscope slide. When the reagent(s) provided are a dry
powder, the powder can be reconstituted by the addition of a suitable solvent, that may be

provided.

[00199]) In still further embodiments, the present invention concerns immunodetection
methods and associated kits. It is proposed that the TIC807 proteins or peptides of the
present invention may be employed to detect antibodies having reactivity therewith, or,

alternatively, antibodies prepared in accordance with the present invention, may be employed
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to detect TIC807 proteins or TIC807 protein-related epitope-containing peptides. In general,
these methods will include first obtaining a sample suspected of containing such a protein,
peptide or antibody, contacting the sample with an antibody or peptide in accordance with the
present invention, as the case may be, under conditions effective to allow the formation of an

immunocomplex, and then detecting the presence of the immunocomplex.

[00200] In general, the detection of immunocomplex formation is quite well known in the art
and may be achieved through the application of numerous approaches. For example, the
present invention contemplates the application of ELISA, RIA, immunoblot (e.g., dot blot),
indirect immunofluorescence techniques and the like. Generally, immunocomplex formation
will be detected through the use of a label, such as a radiolabel or an enzyme tag (such as
alkaline phosphatase, horseradish peroxidase, o'r the like). Of course, one may find additional
advantages through the use of a secondary binding ligand such as a second antibody or a

biotin/avidin ligand binding arrangement, as is known in the art.

[00201] For assaying purposes, it is proposed that virtually any sample suspected of
comprising either a TIC807 protein or peptide or a TIC807 protein-related peptide or
antibody sought to be detected, as the case may be, may be employed. It is contemplated that
such embodiments may have application in the titering of antigen or antibody samples, in the
selection of hybridomas, and the like. In related embodiments, the present invention
contemplates the preparation of kits that may be employed to detect the presence of TIC807
proteins or related peptides and/or antibodies in a sample. Samples may include cells, cell
supernatants, cell suspensions, cell extracts, enzyme fractions, protein extracts, or other cell-
free compositions suspected of containing TIC807 proteins or peptides. Generally speaking,
kits in accordance with the present invention will include a suitable TIC807 protein, peptide
or an antibody directed against such a protein or peptide, together with an immunodetection
reagent for detecting antibody/antigen complexes, instructions for the use of these materials,
and a means for containing the antibody or antigen and reagent. The immunodetection
reagent will typically comprise a label associated with the antibody or antigen, or associated
with a secondary binding ligand. Exemplary ligands might include a secondary antibody
directed against the first antibody or antigen or a biotin or avidin (or streptavidin) ligand
having an associated label. Of course, as noted above, a number of exemplary labels are

known in the art and all such labels may be employed in connection with the present
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invention.

[00202] The container will generally include a vial into which the antibody, antigen or
detection reagent may be placed, and preferably suitably aliquotted. The kits of the present
invention will also typically include a means for containing the antibody, antigen, and reagent
containers in close confinement for commercial sale. Such containers may include injection

or blow-molded plastic containers into which the desired vials are retained.

[00203] In view of the foregoing, it will be seen that the several advantages of the invention

are achieved and attained.

[00204] The embodiments were chosen and described in order to best explain the principles
of the invention and its practical application to thereby enable others skilled in the art to best
utilize the invention in various embodiments and with various modifications as are suited to

the particular use contemplated.

EXAMPLES
[00205] The following disclosed embodiments are merely representative of the invention,
which may be embodied in various forms. Thus, specific structural and functional details

disclosed herein are not to be interpreted as limiting.

[00206] Example 1: Identification of Bacillus thuringiensis strain EG2934
[00207] This example describes Bacillus thuringiensis strain EG2934 and crystal proteins

derived from this strain.

[00208] Bacillus thuringiensis strains are well known for their ability to produce parasporal
crystals that contain proteins with diverse insecticidal activities against Lepidopteran,
Coleopteran, and Dipteran insect species. Th_ese parasporal crystals exhibit a variety of
geometric shapes when viewed by phase-contrast microscopy and have been described as
irregular, cuboidal, rod-shaped, rhomboidal, bipyramidal, et cetera. B. thuringiensis strains
exhibiting Lepidopteran toxic activity appear to be more common than B. thuringiensis
strains exhibiting toxicity to other insect species. Parasporal crystals exhibiting a

bipyramidal shape are frequently associated with Lepidopteran toxic B. thuringiensis isolates.
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This bipyramidal crystal structure-function relationship with Lepidopteran activity provides
an advantage when screening uncharacterized B. thuringiensis strains, allowing a rapid
selection of strains that may exhibit insecticidal activity directed to insects other than
Lepidopteran species. Strain EG2934 was selected on this basis as it appeared when viewed
by phase-contrast microscopy to contain well defined crystals lacking a bipyramidal
structure. In order to establish which crystal proteins produced by this strain possessed
insecticidal activity, the genes encoding these proteins were cloned and expressed in a well-
characterized toxin-free and acrystalliferous B. thuringiensis host strain. Four crystal
proteins, ranging in size from approximately 35 kilodaltons (kDa) to approximately 120 kDa
were identified in crystal preparations produced by B. thuringiensis strain EG2934. As a
matter of routine screening these proteins were submitted for testing against known plant
insect pests for toxicity. One protein from B. thuringiensis strain EG2934, designated as
TIC807, was found to be toxic to the piercing-sucking insects, Lygus hesperus and Lygus

lineolaris.

[00209] Example 2: Characterization of crystal proteins produced by the B.
thuringiensis strain EG2934

[00210] This example illustrates the characterization of crystal proteins isolated from the B.
thuringiensis strain EG2934 and the subsequent initial characterization of the Lygus active

toxin protein, TIC807.

[00211] B. thuringiensis strain EG2934 was grown at 25 to 28 degrees Celsius in C2
sporulation medium (Donovan et al., Mol. Gen. Gent. 214: 365-372, 1988) for 3 to 4 days or
until fully sporulated and lysed. Spores and crystals were collected by centrifugation and
resuspended in wash buffer (10 mM Tris-HCI, 0.1 mMr EDTA, 0.005 percent Triton X-100,
pH 6.8) and collected again by centrifugation. The spore-crystal pellets were resuspended in
wash buffer at one tenth the original culture volume. Crystal proteins in the 10X concentrates
were analyzed by SDS polyacrylamide gel electrophoresis (SDS-PAGE).  Protein
concentrations were determined by densitometry using bovine serum albumin (BSA) as a

standard.

[00212] B. thuringiensis strain EG2934 produces crystal proteins of approximately 120, 110,
65 and 35 kilodaltons (kDA) upon sporulation. Proteins from EG2934 were resolved by
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SDS-PAGE. After electrophoresis, the proteins were transferred to a PVDF membrane
(BioRad, Hercules, CA) following standard western blotting procedures. After transfer, the
proteins bound to each membrane were subjected to N-terminal sequencing, using standard
automated Edman degradation procedures. The N-terminal amino acid sequence of TIC807
is presented as SEQ ID NO:1. Queries of available public databases failed to identify a
significant match to this sequence, suggesting the TIC807 protein may be novel. Two
degenerate oligonucleotides primers, designated djc-pr12 (SEQ ID NO:2) and djc-prl13 (SEQ
ID NO:3) were designed based upon the amino acid sequence, SEQ ID NO:1 to serve as
hybridization probes for the isolation of a B. thuringiensis genes encoding the TIC807 protein

and TIC807 homologs.

[00213] Example 3: Isolation and characterization of TIC807 isolated from B.
thuringiensis strain EG2934

[00214] This example illustrates the screening for phage clones containing DNA encoding
the TIC807 protein. The cloning and sequencing of the DNA encoding the TIC807 protein is
also described. The method described below can also be applied to recovery of DNA
sequences encoding TIC807 homologs and related genes in plasmid, cosmid or phage

libraries derived from other B. thuringiensis strains.

[00215] The oligonucleotide primers described in example 2, djc-pr12 and djc-prl13 (SEQ ID
NO:2 and SEQ ID NO:3, respectively), were used as hybridization probes to probe a library
constructed using size selected DNA isolated from B. thuringiensis strain EG2934. In the
degenerate oligonucleotides of SEQ ID NO:2 (AAYGCDATHA AYTAYTGGGG
DCCDAARAAY) and SEQ ID NO:33 (TGGGGDCCDA ARAAYAAYAA
YGARATWCAR), Y residues represent a mixture of C or T residues, D residues represent a
mixture of A, G, or T residues, H residues represent a mixture of A, C, or T residues, R
residues represent a mixture of A or G residues, and W residues represent a mixture of A or T
residues. Total DNA from B. thuringiensis strain EG2934 was prepared using a protocol that
employs a CTAB extraction step (Current Protocols in Molecular Biology (1997) John Wiley
and Sons, Inc.). This DNA failed to cut with the restriction enzyme Sau3Al, a 4-base cutter
typically used to prepare genomic libraries. Surprisingly, an isoschizimer of Sau3Al that is
sensitive to DNA methylation, Mbol, digested the genomic DNA efficiently. The digested
DNA was size fractionated on a 1% agarose 1X TBE gel. Mbol fragments of 7-12 kb were
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extracted from gel slices using standard protocols and ligated into a BamHI-digested A-Zap
Express vector and packaged into phage particles using a GigaPack III Gold kit (Stratagene,
La Jolla, CA). After phage amplification, transfections were plated and plaque lifts
performed with Duralon UV nylon membranes (Stratagene, La Jolla, CA). The membranes
were incubated at 50 degrees Celsius in a standard prehybridization/hybridization buffer
containing 5X SSC, 0.1% N-lauroyl sarcosine, 0.02% SDS, 1% Blocking Reagent (Roche,
Indianapolis, IN, Cat. No. 1585762), 0.1 mg/mL poly-A, and 4 ug/mL poly- dA for several
hours. The oligonucleotides were labelled on the 3’ end with digoxigenin (DIG) using
terminal transferase, DIG-11-dUTP (DIG oligonuceotide tailing kit; Roche, Indianapolis, IN,
Cat. No. 1 417 231) and protocols recommended by the manufacturer. A 1:1 mixture of the
DIG-labeled oligos djc-pr12 and djc-prl3 was added and the membranes incubated overnight
at 50 degrees Celsius. Filters were washed twice for 15 minutes at room temperature in 3X
SSC, 0.1% SDS and twice for 15 minutes at 50 degrees Celsius in 1X SSC, 0.1% SDS.
Hybridizing plaques were visualized by chemiluminescence using the Roche (Indianapolis,
IN) Wash and Block buffer set and protocols (Roche, Indianapolis, IN, Cat. No.
11585762001), anti-DIG-alkaline phosphatase Fab fragments (Roche, Indianapolis, IN, Cat.
No. 11093274910) and the substrate CSPD (Disodium 3-(4-methoxyspiro {1,2-dioxetane-
3,2-(5-chloro)tricyclo [3.3.1.13,7]decan}-4-yl)phenyl phosphate) (Roche, Indianapolis, IN).
Twelve recombinant clones were picked from the primary plates, diluted, plated, and re-
probed with the DIG-labeled oligos. Only two rounds of plating/probing were required to
obtain pure clones. All twelve phage clones were subjected to excision reactions yielding 12
individual phagemid clones. These were digested with Sall and Notl to release the cloned
inserts. The digests were resolved on a 1% agarose 1X TBE gel and blotted to a Nytran®
membrane for Southern analysis. The insert sizes were much smaller than expected, ranging
in size from 2-5 kb. Nevertheless, the Southern analysis demonstrates the presence of

hybridizing DNAs in 9 of 12 clones.

[00216] Thermal amplification reactions using combinations of the degenerate oligos, djc-
pr12 and djc-pr13 with primers specific for vector sequences flanking the inserts were run to
map the location of the TIC807 coding region on the phagemid clones. Based upon these
results, it was determined that the entire gene was present on four different phagemid clones
designated pIC17039 through pIC17042. The insert size and strain identification

corresponding to each of these phagemid clones is shown in Table 2.
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[00217] Table 2. Escherichia coli strains containing TIC807 phagemids and the associated

insert size.

Estimated Insert
Strain Phagemid size (kilobases)

SIC8087 pIC17039 23
SIC8088 pIC17040 35
SIC8089 pIC17041 5.5
SIC8090 pIC17042 1.5

[00218] The TIC807 gene insert on plasmid pIC17042 was sequenced. The deduced coding
region (presented as SEQ ID NO:4) encodes a protein of 309 amino acids and is presented as
SEQ ID NO:5. A BlastP (version 2.2.9) search of the non-redundant protein database
revealed the closest match to the TIC807 protein sequence was to the B. thuringiensis crystal
protein Cryl5Aal (SEQ ID NO:41). A Needleman-Wunsch global alignment of the two
proteins demonstrated a 25.5% sequence identity between the TIC807 protein sequence and
the protein sequence of Cryl5Aal. The alignment of TIC807 (SEQ ID NO:5) and Cryl5Aa
(SEQ ID NO:41) is illustrated in Figure 1. Although the TIC807 and Cryl5Aalproteins are
not highly conserved, localized regions of the proteins display complete sequence
conservation over short stretches of contiguous amino acid sequences of up to seven residues

in length.

[00219] Escherichia coli strain SIC8088 harboring vector pIC17040 was deposited on
March 16, 2007 with the Agricultural Research Culture Collection, Northern Regional
Research Laboratory (NRRL) in Peoria, Illinois and given Accession No. NRRLB-50030.

[00220] Example 4: Expression of TIC807 in a toxin-free B. thuringiensis host strain

This example illustrates the cloning of the TIC807 coding region into a plasmid for
expression in a toxin-free B. thuringiensis host strain. This example also illustrates a process
by which a protein toxin such as TIC807 can be produced in purity for bioassay against insect

pests.
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[00221] The TIC807 plasmids pIC17040 and pIC17041 (Table 1) were digested with the
restriction endonucleases Nofl and Xmal and electrophoresed on a 1% agarose gel in 1X
TBE. The resulting single DNA fragments were purified following agarose gel
electrophoresis using a Qiagen (Valencia, CA) DNA purification kit following the
manufacturer’s protocol. Likewise, the E. coli- B. thuringiensis shuttle vector pEG854
(Baum et al. 1990) was digested with the restriction endonucleases Nofl and Xmal and an
approximate 4.3 kilobase DNA fragment containing the Bt plasmid replication origin ori43
and the chloramphenicol acetyltransferase (cat) gene was purified following agarose gel
electrophoresis. Ligation of the TIC807 gene fragments with the ori43-cat gene fragment
yielded plasmids capable of replicating in B. thuringiensis. The ligation products were used
to transform the acrystalliferous (Cry-) B. thuringiensis host strain EG10650 to
chloramphenicol resistance by electroporation, yielding the recombinant B. thuringiensis

isolates SIC8091, SIC8092, SIC8093, and SIC8094 depicted in Table 3.

[00222] Table 3. B. thuringiensis strain containing plasmids for the expression of TIC807

Estimated Insert

Strain Plasmid  size (kilobases)
SIC8091 pIC17043 3.5
SIC8092 pIC17044 3.5
SIC8093 pIC17045 5.5
SIC8094 pIC17046 5.5

[00223] The recombinant strains were grown at 25 to 28 degrees Celsius in C2 medium for
3-4 days or until fully sporulated and lysed. Spores and crystals were collected by
centrifugation (e.g., 4000 x g for 30 minutes), resuspended in wash buffer (10 mM Tris-HCI,
0.1 mM EDTA, 0.005% Triton X-100, pH 6.8), and collected again by centrifugation. The
spore-crystal pellets were resuspended in wash buffer at 1/10th the original culture volume.
Crystal proteins present in these 10X C2 concentrates were analyzed by SDS polyacrylamide
gel electrophoresis (SDS-PAGE). All four recombinant strains produced a crystal protein of
the expected apparent molecular mass of approximately 35 kDa. Protein concentrations were

determined by densitometry using bovine serum albumin (BSA) as a standard.
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[00224] Example 5: TIC807 is toxic to Lygus hesperus and Lygus lineolaris

This example illustrates the feeding assay used to identify the TIC807 protein molecule as
being toxic to the western tarnished plant bug (WTPB), Lygus hesperus and the tarnished
plant bug (TPB), Lygus lineolaris. The WTPB and TPB are phytophagous, piercing-sucking
insects that attack numerous weeds and crops. The WTPB and TPB damage agricultural
crops, including cotton, by direct feeding damage. Because the WTPB and TPB feed by
piercing-sucking, the assay used to test protein toxins for this class of insects must allow for
the insect’s natural feeding behavior. The feeding assay employed was based on a 96 well
format and a sachet system as described by Habibi et al., (Archives of Insect Biochem. and
Phys. 50: 62-74 (2002)). The artificial diet was supplied by Bio-Serv ® (Bio-Serv ® Diet
F9644B, Frenchtown, NJ), the components of which are presented in Table 4.

[00225] Table 4. The Bio-Serv ® F9644B WTPB artificial diet.

Diet Ingredients Grams/Liter
Wheat Germ, Stabilized | 44.60
Cholesterol 0.50

RNA 5.00

Vitamin mix, Vanderzant | 8.90

Para-Aminobenzoic acid | 0.18

Niacin 0.18
Vitamin E Acetate 0.10
Aureomycin 0.10
Streptomycin Sulfate 0.135
Carageenan (Irish Moss) | 3.00
Lima Beans, ground 45.00
Casein Hydrolaysate 17.90
Salt Mix, Hesperus 2.90
Sucrose 27.10
Lecithin, Liquid, Soy 0.50
Safflower Oil 0.20
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Chicken eggs (4) Not added

[00226] Five hundred and eighteen milliliters of autoclaved, boiling water were combined
with 156.3 grams of Bio-Serv ® Diet F9644B in a surface sterilized blender. Four surface
sterilized chicken eggs were broken and the contents were added to the blender containing the
diet mix. The mixture was blended until smooth and adjusted to one liter of volume and
allowed to cool. Toxin samples were prepared by mixing the TIC807 toxin protein

preparation in the desired concentration with an equivalent volume of the blended diet.

[00227] A sheet of Parafilm® (Pechiney Plastic Packing, Chicago, IL) was placed over a 96-
well format vacuum manifold (Analytical Research Systems, Gainesville, FL) with a vacuum
of approximately -20 millimeters mercury, which is sufficient to cause extrusion of the
Parafilm® into the wells. Forty microliters of test sample were added to the Parafilm® wells.
A sheet of Mylar film (Clear Lam Packaging, Inc., Elk Grove Village, IL) was then placed
over the Parafilm® and sealed gently with a tacking iron (Bienfang Sealector II, Hunt
Corporation, Philadelphia, PA). The Parafilm® sachets were then placed over a flat-bottom
96-well plate containing the Lygus eggs suspended in agarose. Upon hatching, Lygus
nymphs will feed by piercing the sachet that is presented above them. Without being limited
by theory, it is believed that extraoral digestion in the sachet may lead to proteolysis and
degradation prior to ingestion by the insect. To assure intact protein was being presented to
the insect in its diet, the diet sachets were replaced every two days. This enhancement in
theory allows for longer presentation of the intact toxin proteins in the insect diet over the
course of the feeding assay. In addition, lower concentrations of putative toxin protein can be
tested since greater amounts of protein will not be required to compensate for potential
extraoral digestive effects. Insect diet sachets were replaced on days two and four. Stunting

and mortality scores were determined on day 5 and compared to the untreated check (UTC).

[00228] Tables 5 through 8 illustrate the toxicity of TIC807 to western tarnished plant bug
(WTPB), Lygus hesperus and the tarnished plant bug (TPB), Lygus lineolaris. The diet was
less than optimal for the TPB, reducing the rate of growth of the nymphs in the UTC (un-
treated check) sample relative to the UTC for WTPB. However, significant mortality and
stunting was demonstrated against TPB.
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[00229] Table 5. TIC807 stunting scores for western tarnished plant bug (WTPB), Lygus

hesperus
concentration Mean Standard
Treatment {mg/ml) N stunting Deviation P>t
uTC 0.00 12 0.00 0.00
TIC807 1.00 5 1.60 0.55 <0.0001

[00230] Table 6. TIC807 per cent mortality scores for western tarnished plant bug (WTPB),

Lygus hesperus
concentration Mean % Standard
Treatment (mg/mil) N mortality Deviation P>t
uTC 0.00 12 0.00 0.00
TIC807 1.00 5 56.79 15.89 <0.0001

[00231] Table 7. TIC807 stunting scores for the tarnished plant bug (TPB), Lygus lineolaris

concentration Mean Standard
Treatment (mg/mt) stunting Deviation P>|t|
uTC 0.00 0.00 0.00
TIC807 1.00 1.20 0.20 <0.05

[00232] Table 8. TIC807 per cent mortality scores for the tarnished plant bug (TPB), Lygus

lineolaris
concentration Mean % Standard
Treatment (mg/ml) mortality Deviation P>|t|
uTC 0.00 6 0.00 0.00
TIC807 1.00 5 45.33 7.65 <0.05

[00233] Example 6: Synthesis of a gene encoding a TIC807 protein that is designed for

expression in plants
[00234] A nucleotide sequence encoding a TIC807 protein is designed and synthesized. This

non-native coding region designed for plant expression is provided here as SEQ ID NO:6.
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The coding sequence is characterized by a lower A+T content than the native TIC807 coding
region that was derived from Bacillus thuringiensis, eliminating regions of the native TIC807

gene that are A+T rich and replacing those with sequences that have fewer A+T residues.

[00235] Example 7: Expression cassettes for expression of a TIC807 protein in
transgenic plant cells or transgenic plants

[00236] A variety of plant expression cassettes were constructed with the non-native TIC807
coding region (SEQ ID NO:6). Such expression cassettes are useful for transient expression

in plant protoplasts or plant callus.

[00237] A first TIC807 plant expression cassette comprises an enhanced CaMV33S
promoter that is operably linked to a coding region comprising a non-native TIC807 encoding
sequence with an in-frame C-terminal fusion to a myc-protein epitope tag (SEQ ID NO:19).
This coding region is operably linked to a 3’ terminal nopaline synthase (NOS)
polyadenylation site. The sequence of this non-targeted and tagged 5’-€35S-TIC807-myc-
NOS-3’ expression cassette is provided as (SEQ ID NO:20) and was cloned in pMON59221.
The entire 5’-e35S-TIC807-myc-NOS-3’ expression cassette is contained on a Not/
restriction fragment in the pMONS59221 shuttle vector.

[00238] A second TIC807 plant expression cassette comprises an enhanced CaMV33S
promoter that is operably linked fo a coding region comprising an N-terminal Arabidopsis
shkG chloroplast peptide encoding sequence (i.e., CTP2) fused in frame to a non-native
TIC807 encoding seq'uence with an in-frame C-terminal fusion to a myc-protein epitope tag
(SEQ ID NO:21). This coding region is operably linked to a 3’ terminal nopaline synthase
(NOS) polyadenylation site. The sequence of this targeted and tagged €35S-CTP2-TIC807-
myc-NOS expression cassette is provided as (SEQ ID NO:22) and was cloned in
pMONS59223. The entire 5°-¢35S-CTP2-TIC807-myc —NOS-3’ expression cassette is
contained on a Not/ restriction fragment in the pMONS59223 shuttle vector.

[00239] A third TIC807 plant expression cassette comprises an enhanced CaMV35S
promoter that is operably linked to a coding region comprising a non-native TIC807 encoding
sequence (SEQ ID NO:6). This coding region is operably linked to a 3’ terminal nopaline
synthase (NOS) polyadenylation site. The sequence of this non-targeted TIC807 expression
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cassette is provided as (SEQ ID NO:40) and was cloned in pMON59224. The entire 5°-¢35S-
TIC807-NOS-3’ expression cassette is contained on a Notl restriction fragment in the

pMONS59224 shuttle vector.

[00240] A fourth TIC807 plant expression cassette comprises an enhanced CaMV35S
promoter that is operably linked to a coding region comprising an N-terminal 4rabidopsis
shkG chloroplast peptide encoding sequence (i.e., CTP2) fused in frame to a non-native
TIC807 encoding sequence (SEQ ID NO:7). The peptide sequence of the CTP2-TIC807
fusion protein encoded by this construct is provided as SEQ ID NO:8. This coding region is
operably linked to a 3’ terminal nopaline synthase (NOS) polyadenylation site. The sequence
of this targeted 5°-€35S-CTP2-TIC807-NOS-3’ expression cassette is provided as (SEQ ID
NO:23) and was cloned in pMON59222. The entire 5’-e35S-CTP2-TIC807-NOS-3’
expression cassette is contained on a Not restriction fragment in the pMON59222 shuttle

vector.

[00241] A fifth plastid-targeted expression cassette comprises an enhanced CaMV35S
promoter that is operably linked to a 5’ untranslated leader sequence derived from the
Glycine max Hsp17.9 gene which is operably linked to a coding region comprising an N-
terminal Arabidopsis shkG chloroplast peptide encoding sequence (i.e., CTP2) fused in frame
to a non-native TIC807 encoding sequence (SEQ ID NO:6). The peptide sequence of the
CTP2-TIC807 fusion protein encoded by this construct is provided as SEQ ID NO:8. This
coding region is operably linked to a 3’ terminal nopaline synthase (NOS) polyadenylation
site. The sequence of this targeted 5’-e35S-Hspl17.9-CTP2-TIC807-NOS-3’ expression
cassette is provided as (SEQ ID NO:42).

[00242] A sixth expression cassette comprises an enhanced CaMV35S promoter that is
operably linked to a 5> untranslated leader sequence derived from the Glycine max Hsp17.9
gene which is operably linked to a coding region comprising a non-native TIC807 encoding
sequence (SEQ ID NO:6). The peptide sequence of the TIC807 protein encoded by this
construct is provided as SEQ ID NO:5. This coding region is operably linked to a 3’ terminal
nopaline synthase (NOS) polyadenylation site. The sequence of this 5’-e35S-Hsp17.9-
TIC807-NOS-3’ expression cassette is provided as (SEQ ID NO:43).
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[00243] Example 8: Construction of Agrobacterium-mediated transformation vectors
containing TIC807 expression cassettes and transfer to agrobacterium

[00244] To construct Agrobacterium mediated transformation vectors, TIC807 expression
cassettes are cloned into suitable vectors between the Agrobacterium border sequences such
that they would be transferred to the genome of a host plant cell by Agrobacterium hosts
containing the constructed vectors along with a selectable marker gene. More specifically,
the restriction fragment containing the entire 5’-e35S-Hspl17.9-CTP2-TIC807-NOS-3’
expression cassette (SEQ ID NO:42) is cloned into an Agrobacterium plant transformation
vector. Similarly, the restriction fragment containing the entire 5°-e35S-Hsp17.9-TIC807-
NOS-3’ expression cassette (SEQ ID NO:43) is cloned into an Agrobacterium plant
transformation vector. The vectors containing the TIC807 expression cassettes (i.e., non-
targeted cassette of SEQ ID NO:43 and targeted cassette of SEQ ID NO:42) are introduced

into Agrobacterium by electroporation or by tri-parental mating.

[00245] Example 9. Transformation of cotton with TIC807 Agrobacterium
transformation vectors

[00246] Cotton can be transformed with the TIC807 Agrobacterium transformation vectors
pMON105863 and pMON105864 or their equivalents using a procedure substantially similar
to the procedure described in U.S. Patent No. 5,159,135.

[00247] To initiate the transformation and regeneration process for cotton plants, it is
necessary to first surface sterilize cotton seeds to prevent inadvertent contamination of the
resulting culture. The seeds are then allowed to germinate on an appropriate germinating

medium containing a fungicide.

[00248] Four to six days after germination the hypocotyl portion of the immature plant is
removed and sectioned into small segments averaging approximately 0.5 centimeters apiece.
The hypocotyl explants are allowed to stabilize and remain viable in a liquid or agar plant

tissue culture medium.

[00249] Once the hypocotyl segments have stabilized, they can promptly be inoculated with
a suspension culture of transformation competent non-oncogenic Agrobacterium.

Agrobacterium strains such as LBA4404 can be used. The inoculation process is allowed to
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proceed for three to five days at room temperatures, i.€., 24.degree. C.

[00250] At the end of the inoculation time period, it is necessary first to rinse off the excess
Agrobacterium. Then the remaining treated tissues can be transferred to a second agar
medium, which also contains one or more antibiotics toxic to Agrobacterium, but not to
hypocotyl tissues, at a concentration sufficient to kill any Agrobacterium remaining in the
culture. Suitable antibiotics for use in such a medium include carbenicillin and cefotaxime.
The tissues are then given a period of from one to ten days to recover from the transformation

process and are then continued in culture.

[00251] The tissues are now cultivated on a tissue culture medium which, in addition to its
normal components, contains a selection agent, the selection agent being one toxic to non-
transformed cotton cells but not to transformed cotton cells which have incorporated genetic
resistance to the selection agent and are expressing that resistance. A suitable tissue culture
medium is the MS medium to which is added the phytohormones 2,4 dichlorophenoxy-acetic
acid (2-4,D), 6-furfurylaminopurine and a gelling agent. Suitable selection agents include
both antibiotics and herbicides. Suitable antibiotic traits which may serve as dominant
selectable markers include the aminoglycoside phosphotransferase-3'-II (APH-(3")-1I) gene,
also referred to as the neomycin phosphotransferase II gene (NPTII), which code for
resistance to the antibiotic kanamycin, and the APH-(3')-IV gene which codes for resistance
to Hygromycin B. Kanamycin, G418 and Hygromycin B are aminoglycosides that will stop
the growth of non-transformed cotton cells, but these antibiotics are phosphorylated by the
appropriate enzyme if it is expressed in the transformed cells. Another suitable selection
agent is the herbicide glyphosate which can be used to select for transformed cotton cells
containing glyphosate resistant EPSPS genes. When wusing pMON105863 and
pMON105864, the transformed plant cells are selected for resistance to kanamycin or another
antibiotic that is closely related to kanamycin and inactivated by the neomycin
phosphotransferase II gene (NPTII) encoded by these vectors. Antibiotic or herbicide dosed
media allows only transformed cells to continue to grow and thrive. Thus the transformed
cells, or calli, are allowed to grow on the selective medium. The surviving transformed
tissues are transferred to a secondary medium to induce somatic embryogenesis. The
surviving transformed tissue will thus continue to form into somatic embryos, which can then

be regenerated through the regeneration technique of the present invention or through any
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other alternative plant regeneration protocols which use cotton somatic embryos as their

starting point.

[00252] The selection process should continue for an extended time, i.e., 3-4 months,
because of the slow growth of even transformed tissues on the antibiotic medium.
Subcultures are made every 4-6 weeks to replenish nutrients and antibiotics. As the
transformed cells are selected and amplified, individually derived cell lines are identifiable

and can be removed and separately amplified.

[00253] The regeneration technique in accordance with the present invention begins with the
tissues resulting from the transformation process. These tissues are putatively transformed
calli which can generate somatic embryos when cultivated on appropriate embryo induction
media. One technique for regenerating these somatic embryos to whole plants is disclosed
here, but it is to be understood that other techniques are also possible, once transformed

embryogenic tissues are produced.

[00254] The regeneration technique used by the applicants here thus begins with the tissues
resulting from the transformation process. The cotton tissue calli, generated from the
hypocotyl segments of the cotton plants, and putatively transformed, are placed onto somatic
embryo induction media directly. At this point, the antibiotic selection agent should be
removed from the culture medium, but otherwise the medium may remain constant. These
calli, cultured on the somatic embryo induction medium, will form small embryoidal
structures, which have been termed somatic embryos. It may take as long as two to three
months for the somatic embryos to emerge and mature. Approximately 5 to as many as 20
somatic embryos will emerge from a single callus in an agar formulation of a somatic embryo
induction medium. Many of the somatic embryos thus produced will be regenerable into

whole plants in accordance with the technique described here.

[00255] When the developing somatic embryos are large enough, i.e., to a size of 4 mm or
more in length, and if they appeared to have good embryonic development, i.e., usually
having a cotyledon and a radicle, they may be transferred to large test tubes and hosted on
fine vermiculite. The vermiculite is saturated with Stewart and Hsu (SH) medium (Planta

137:113 (1977)) plus the phytohormones indole acetic acid, 6-furfurylaminpurine and
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gibberellic acid. Small plantlets, having two to three leaves, eventually develop.

[00256] Once plantlet growth is established, i.e., the 2-3 leaf stage, the plants can now move
into plant pots with vermiculite soil. They may be watered and fertilized as needed. They
may also need to be hardened off, before greenhouse exposure. The plantlets may be
repotted when they have 4-6 leaves after which they will continue to grow until mature.
Samples from the plantlets can be assayed for expression of TIC807 to identify transgenic

plants with insect inhibitory activity.

[00257) Example 11: In-planta testing of TIC807 in callus tissue
[00258] This example illustrates a non-limiting example of in planta expression of TIC807
for bioassay against Lygus and other insect pests that pierce and/or suck the fluids from the

cells and tissues of plants.

[00259] Cotton cells are transformed with constructs containing the TIC807 protein encoding
genes of interest. In this case, non-native A+T rich nucleic acid sequences encoding a
TIC807 protein are expressed in cotton cells using the TIC807 expression cassettes in the
TIC807 transformation vectors described in the preceding examples. These expression
cassettes provide for either targeting of TIC807 to the chloroplast (i.., with the 5°-e33S-
Hsp17.9-CTP2-TIC807-NOS-3’ or 5’-e35S-CTP2-TIC807-NOS-3" expression cassette) or
non-targeted (cytoplasmic) expression of TIC807 (i.e., with the 5°-e35S-Hsp17.9-TIC807-
NOS-3’ or the 5’-e35S-TIC807-NOS-3’ expression cassettes). The transformation vectors
provide a selectable marker, in this case for selection of kanamycin resistance in transformed
plant tissue. Either the pMON105863 vector or other equivalent TIC807 plant expression
vectors that contain TIC807 plant expression cassettes and a selectable marker can be used.
Callus tissue is allowed to develop in tissue culture after transformation and selection in a
Petri dish. The Lygus nymphs are then placed into a Petri dish or microtiter plate well
containing callus that is transformed with a TIC807 plant expression cassette. Lygus nymphs
are also placed into a Petri dish or microtiter plate well containing control callus that is not
transformed with a TIC807 plant expression cassette. The secured lid of the Petri dish or
microtiter plate well prevents the escape of the Lygus nymphs. Any material that will prevent
Lygus escape but allow gas exchange in the Petri dish, for example, Parafilm® can be used to

secure the Petri dish lid or microtiter plate well. A percentage of Lygus nymphs will find the
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callus tissue and feed. Scores for mortality and stunting are then calculated taking into
account the background death that will occur from those insects which fail to feed on the
callus tissue to obtain an adjusted score. The adjusted scores for the Lygus nymphs presented
with the TIC807 transformed tissue are compared with the adjusted scores for the Lygus
nymphs presented with control tissue. Scores for mortality and/or stunting for the Lygus
nymphs presented with the TIC807 transformed tissue are significantly increased relative to

the scores for the Lygus nymphs presented with control tissue.

[00260] Example 12: In-planta testing of TIC807 in leaf tissue

[00261] Alfalfa, cotton, canola, soybean, or lettuce cells are transformed using the TIC807
expression cassettes in the TIC807 transformation vectors described in the preceding
examples. These expression cassettes provide for either targeting of TIC807 to the
chloroplast (i.e., with the 5’-e35S-CTP2-TIC807-myc-NOS-3" or 5’-e35S-CTP2-TIC807—
NOS-3’ expression cassettes) or non-targeted (cytoplasmic) expression of TIC807 (i.e., with
the 5°-€35S-TIC807-myc —-NOS-3’ or 5’-e35S-TIC807-NOS-3’ expression cassettes). The
transformation vectors provide a selectable marker, in this case for selection of kanamycin
resistance in transformed plant tissue. The transformed cells are selected for resistance to
kanamycin and regenerated into transgenic plants. Insect pests such as Lygus nymphs are
then allowed to feed when the plant has reached a sufficient level of maturity, such as when
the leaves have grown to a size permitting the use of a physical barrier to prevent Lygus
escape. The barrier to prevent escape of the Lygus nymphs can be any commercially
available or home made device that permits contact of the Lygus nymphs with the leaf tissue
and allows the insect to probe and feed from the vascular tissue of the leaf. Clip cages
similar to those described by Mowry (1993) (J. Agric. Entomol.10:181-184) would be
sufficient to contain the Lygus nymphs for feeding. Lygus nymphs are thus presented with
leaf tissue from either transgenic plants that express the TIC807 protein or with control leaf
tissue that does not express TIC807 protein. The control leaf tissue is ideally provided by a
transgenic plant that was selected and regenerated in parallel but does not contain a TIC-
encoding transgene. However, leaf tissue from other plants of similar origin and age can also
be used so long as the tissue does not contain significant amounts of TIC807 protein.
Mortality and stunting scores are then determined with respect to the background death that
will occur from those insects which fail to feed on the leaf tissue to obtain an adjusted score.

The adjusted scores for the Lygus nymphs presented with the TIC807 transformed leaf tissue
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are compared with the adjusted scores for the Lygus nymphs presented with control leaf
tissue. Scores for mortality and/or stunting for the Lygus nymphs presented with the TIC807
transformed leaf tissue are significantly increased relative to the scores for the Lygus nymphs

presented with control leaf tissue.

[00262] Example 13: Insect control using TIC807 in combination with other insect
control agents

[00263] Having obtained transgenic cotton plants that express either cytoplasmic or targeted
TIC807 protein, it is also desirable to obtain cotton plants that express other insect inhibitory
proteins in combination with TIC807. This example illustrates several methods by which
increased resistance to a specific insect pest or broader resistance to several classes of insect
pests can be achieved to provide greater insect protection for a crop plant. All of the
strategies described below can also be used to enhance an insect resistance management

program.

[00264] 1) Combination of TIC807 with Insect Inhibitory dsRNAi Molecules in Plants
[00265] Double stranded RNA mediated gene suppression of biological function within
target insect pests can be combined with genes encoding a TIC807 protein. Insect genes that
perform key biological functions that can be targeted by dsRNAI are described in U.S. Patent
Application Publication No. US 2006/0021087.

[00266] Such dsRNAi molecules can be directed to inhibiting Lygus, which is the same
target insect that is inhibited by TIC807. By simultaneously inhibiting Lygus with a dsRNAi
molecule and TIC807, inhibition is achieved through two distinct modes of action. Inhibition
by distinct modes of action is expected to result in improved insect resistance management.
For control of Lygus, dsRNAi molecules are derived from any one of SEQ ID NO:4 through
SEQ ID NO:39 that corresponds to genes expressed in Lygus. The use of SEQ ID NO:24
through SEQ ID NO:39 in the control of insects is disclosed in U.S. Patent Application
Publication No. 20060021087. The dsRNAi molecules directed against any one of SEQ ID
NO:24 through SEQ ID NO:39 are expressed in transgenic cotton plants with
Agrobacterium—mediated transformation vectors designed for expression of ds RNAI
molecules. Expression of dsRNAi molecules is achieved by recovery of transgenic plants

comprising a promoter active in those plants that is operably linked to fragments of the Lygus
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sequences (i.e., SEQ ID NO:24 through SEQ ID NO:39) of at least 19-24 nucleotides in

length and the reverse complements of those sequences.

[00267] Such dsRNAi molecules also can be directed to other piercing sucking insects such
as aphids, hoppers, or whiteflies. For control of aphids, dSRNAi molecules derived from or
homologous to sequences from Toxoptera citricida or Acyrthosiphon pisum from U.S. Patent
Application Publication No. 2006/0021087 are expressed in transgenic plants with
Agrobacterium—mediated transformation vectors designed for expression of ds RNAI
molecules. For control of hoppers, dsRNAi molecules derived from or homologous to
sequences from Homalodisca coagulate from Patent Application Publication No. U.S.
2006/0021087 are expressed in transgenic plants with Agrobacterium-mediated
transformation vectors designed for expression of ds RNAi molecules. For control of
whiteflies, suitable dsRNAi molecules can be expressed in transgenic plants with
Agrobacterium-mediated transformation vectors designed for expression of ds RNAi
molecules. Expression of dsSRNAi molecules is achieved by recovery of transgenic plants
comprising a promoter active in those plants that is operably linked to fragments of the
respective aphid, hopper, or whitefly sequences of at least 19-24 nucleotides in length and the

reverse complements of those sequences.

[00268] Such dsRNAi molecules also can be directed to coleopteran pests. In this case,
expression of the dsRNAi molecule in conjunction with TIC807 provides for control of both
a coleopteran pest and a dipteran pest in a transgenic plant. For control of the boll weevil,
Anthonomus grandis Boheman, dsRNAi molecules derived from a V-ATPase A ortholog
sequence described in U.S. Patent Application Publication No. 2006/0021087 are expressed
in transgenic cotton plants with Agrobacterium—mediated transformation vectors designed for
expression of ds RNAi molecules. Expression of dsSRNAi molecules is achieved by recovery
of transgenic cotton plants comprising a promoter active in those plants that is operably
linked to fragments of the boll weevil V-ATPase A of at least 19-24 nucleotides in length and

the reverse complements of those sequences.

[00269] Such dsRNAi molecules also can be directed to Lepidopteran pests. In this case,
expression of the dsSRNAi molecule in conjunction with TIC807 provides for control of both

a Lepidopteran pest and a Dipteran pest in a transgenic plant. For control of the army worm,
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dsRNAi molecules derived from a midgut-expressed Army worm sequence (i.e., Helicoverpa
armigera sequences from U.S. Patent Application No. 2006/0021087) are expressed in
transgenic cotton plants with Agrobacterium-mediated transformation vectors designed for
expression of ds RNAi molecules. Expression of dsSRNAi molecules is achieved by recovery
of transgenic cotton plants comprising a promoter active in those plants that is operably
linked to fragments of the Armyworm sequence of at least 19-24 nucleotides in length and

the reverse complements of those sequences.

[00270] I) Combination of TIC807 with Insect Inhibitory Proteins Other Than TIC807 in
Plants

[00271] For the control of piercing sucking insects such as aphids, hoppers, Lygus, or
whiteflies, several toxin molecules can be combined with TIC807 expression in planta for
greater control. Such molecules expressed in planta along with TIC807 may include: i)
ET29, ET37 or TIC809 and TIC810, TIC812, TIC127 or TIC128 (PCT US 2006/033867,
U.S. Patent No. 6,093,695); ii) AXMI-027, AXMI-036, and/or AXMI-038 (WO 06/107761);
iii) AXMI-018, AXMI-020, and/or AXMI-021 (WO 06/083891); iv) AXMI-010 (WO
05/038032); v) AXMI-003 (WO 05/021585) vi) AXMI-008 (US 2004/0250311); vii) AXMI-
006 (US 2004/0216186) viii) AXMI-007 (US 2004/0210965); ix) AXMI-009 (US
2004/0210964); x) AXMI-014 (US 2004/0197917); xi) AXMI-004 (US 2004/0197916); xii)
AXMI-028 and/or AXMI-029 (WO 06/119457) and xiii) AXMI-007, AXMI-008, AXMI-
0080rf2, AXMI-009, AXMI-014 and AXMI-004 (WO 04/074462). The combination of the
toxin protein molecules TIC809 (presented as SEQ ID NO:10) and TIC810 (presented as
SEQ ID NO:12) has been previously shown to be inhibitory to the Western Tarnished Plant
Bug (WTPB), Lygus hesperus Knight in bioassay (PCT US 2006/033867). The fusion
proteins of TIC809 and TIC810, TIC127 (presented as SEQ ID NO:14) and TIC128
(presented as SEQ ID NO:16) may also be active against Lygus. The polynucleotide
encoding TIC127 is comprised of the nucleic acid molecule encoding TIC809 linked to the
nucleic acid molecule encoding TIC810 by a polylinker nucleotide sequence (presented as
SEQ ID NO:17) encoding the amino acid linker presented as SEQ ID NO:18. The
polynucleotide encoding TIC128 is comprised of the nucleic acid molecule encoding TIC810
linked to the nucleic acid molecule encoding TIC809 by a polylinker nucleotide sequence
(presented as SEQ ID NO:17) encoding the amino acid linker presented as SEQ ID NO:18.
Expression of TIC807 in combination with TIC127 or TIC128 may provide enhanced control
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of Lygus. Dicot plants such as cotton could be transformed with plant expression constructs
containing dicot-optimized nucleotide sequences encoding TIC807 (presented as SEQ ID
NO:6) along with TIC809 (presented as SEQ ID NO:9) and TIC810 (presented as SEQ ID
NO:11), or TIC127 (presented as SEQ ID NO:13), or TIC128 (presented as SEQ ID NO:15)
to provide enhanced resistance to Lygus or broader specificity to species contained within the
genus, Lygus. Optimal expression of the toxin molecules may require targeted expression
such as to the chloroplast of the cells. This can be achieved by the addition of a transit
peptide-encoding nucleic acid molecule, well known in the art to direct the translated protein

to the chloroplast of the cell, to the 5’ end of the nucleic acid molecule encoding the toxins.

[00272] DNA sequences encoding the TIC807 expression cassettes can be combined with
either one or both of DNA sequences that encode insect inhibitory double stranded RNA
and/or insect inhibitory protein molecules other than TIC807. These DNA molecules can be
combined either through direct transformation or breeding, or a combination thereof, to

produce elite or hybrid plant lines demonstrating enhanced resistance to Lygus.

[00273] The combination of an insecticidal protein or proteins with one or more double
stranded RNA, all independently active against a Hemipteran pest such as Lygus, is preferred
as it provides two different modes of action (resistance management), and results in
unexpected synergistic effects that are not observed with either the insecticidal protein alone,
the double stranded RNA alone, or combinations of two different insecticidal proteins, both
active against a Hemipteran pests, or combinations of two different dsRNA's, both active
against a Hemipteran pests. In addition, the spectrum of resistance of the crop plant could be
broadened to contain resistance to additional classes of insect pests such as Coleopteran,
Lepidopteran or Dipteran pests in addition to a Hemipteran pest such as Lygus using both the

expression of insect toxin proteins and double stranded RNA molecules within the plant.

[00274] For control of Lepidopteran pests and Hemipteran pests in a transgenic plant, plants
expressing both a TIC807 protein and one or more proteins active against Lepidopteran pests
can be obtained. Methods of obtaining transgenic plants that are express Lepidopteran-active
proteins such as CrylA proteins (U.S. Patent No. 5880275), Cry1B (U.S. Patent Application
No. 10/525318), Cry1C (U.S. Patent No. 6033874), CrylF, Cryl A/F chimeras (U.S. Patent
Nos. 7070982, 6962705, and 6713063), and a Cry2Ab protein (U.S. Patent No. 7064249) are
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well characterized. Plants expressing both a TIC807 protein and a Lepidopteran active
protein can be obtained by making crosses of individual transgenic plants that express
TIC807 or the Lepidopteran protein(s). Alternatively, plant transformation vectors that
provide for expression of both TIC807 or one or more Lepidopteran active protein(s) can be

used to transform plants.

[00275] Example 14. Toxicity of purified crystal spore preps of TIC807 to Lygus
hesperus .

[00276] Toxicity of TIC807 to Lygus hesperus was also tested using a purified crystal spore
prep. Parasporal crystals containing the TIC807 protein were partially purified by sucrose
gradient centrifugation. A 10X-concentrated spore-crystal preparation of the TIC807 protein
was treated with Benzonase™ (Novagen; 10 U/ml sample) to reduce sample viscosity. The
treated sample was allowed to sit overnight at 4 C. Sucrose gradients in Ultraclear™ or
Polyclear™ tubes suitable for a SW28 rotor were prepared: 10 mL steps of 79%, 70%, and
55% sucrose in 10 mM Tris-HCl, 0.1 mM EDTA, 0.005% Triton X-100 (pH 7).
Approximately 6-7 mL sample were loaded per gradient (tubes filled to % inch from the top).
The gradients were run at 18K overnight (16-18 hr) in a SW28 rotor at 4 C. Crystals were
pulled from either the 55-70% interface or the 70-79% interface. Crystals were diluted at
least 5-fold in gradient buffer and pelleted by centrifugation (e.g. 8K for 20 min at 4 °C).
The crystal pellets were resuspended in buffer and examined under a phase-contrast
microscope to assess spore contamination. Purified crystals were subsequently treated with
50 mM CAPS-NaOH (pH 11) and incubated at 37 C until the suspension cleared. The
solubilized protein was dialyzed against 25 mM sodium carbonate, 10 mM NaCl (pH 8.0),
loaded onto a Q-Sepharose column equilibrated with the same buffer, and eluted using a
linear 10 mM-500 mM NaCl gradient. The eluted protein was dialyzed against 25 mM
sodium carbonate (pH 8.5). The protein was judged to be highly purified by SDS-PAGE
analysis. This TIC807 protein preparation was observed to cause significant mortality and
stunting (mass reduction) of Lygus hesperus nymphs in the feeding assay when compared to

the untreated check and are presented in Tables 9 and Table 10 below.

[00277] Table 9. TIC807 stunting scores for western tarnished plant bug (WTPB), Lygus

hesperus

Treatment concentration N [ Mean stunting Standard P>t
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(mg/ml) Deviation

UTC 0 0 0

TIC807 0.05 20 0 <0.0001

[00278] Table 10. TIC807 per cent mortality scores for western tarnished plant bug (WTPB),

Lygus Hesperus
Concentration Standard
Treatment (mg/ml) Mean % mortality Deviation P>|t|
uTC 0 0 0
TIC807 0.05 39.0 16.7 0.0003

[00279] Similar results were obtained in feeding assays with Lygus lineolaris.

[00280] Example 15. Synthesis of additional genes encoding a TIC807 protein that are
designed for expression in plants |
[00281] Additional nucleotide sequences encoding a TIC807 protein were designed and
synthesized. These non-native coding region designed for plant expression are provided here
as SEQ ID NO: 44 through SEQ ID NO: 53. The coding sequences presented as SEQ ID
NO: 44 through SEQ ID NO: 53 are characterized by a lower A+T content than the native
TIC807 coding region that was derived from Bacillus thuringiensis, eliminating regions of
the native TIC807 gene that are A+T rich and replacing those with sequences that have fewer
SEQ ID NO: 44 is the native TIC807 coding region with the initiating
Methionine start codon changed from the bacterial start codon of “TTG” to the plant start
codon, “ATG’.

A+T residues.

[00282]

Protein in transgenic plant cells or transgenic plants

Example 16: Additional expression cassettes for expression of a TIC807
[00283] A seventh plastid-targeted expression cassette comprises an enhanced CaMV35S
promoter that is operably linked to a 5° untranslated leader sequence derived from the
Glycine max Hspl17.9 gene which is operably linked to a coding region comprising an N-
terminal Arabidopsis shkG chloroplast peptide encoding sequence (i.e. CTP2) fused in frame
to a non-native TIC807 encoding sequence (SEQ ID NO:6). The peptide sequence of the
CTP2-TIC807 fusion protein encoded by this construct is provided as SEQ ID NO:8. This
coding region is operably linked to a 3’ terminal CaMV35S polyadenylation site (T-35S).
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The sequence of this targeted 5’-e35S-Hsp17.9-CTP2-TIC807-T-35S-3" expression cassette
is provided as SEQ ID NO:54.

[00284] An eighth expression cassette comprises an enhanced CaMV35S promoter that is
operably linked to a 5’ untranslated leader sequence derived from the Glycine max Hspl17.9
gene which is operably linked to a coding region comprising a non-native TIC807 encoding
sequence (SEQ ID NO:6). The peptide sequence of the TIC807 protein encoded by this
construct is provided as SEQ ID NO:5. This coding region is operably linked to a 3’ terminal
CaMV35S polyadenylation site. The sequence of this 5’-e35S-Hsp17.9-TIC807-T-35S-3"
expression cassette is provided as SEQ ID NO:55.

[00285] A ninth plastid-targeted expression cassette comprises a Sugarcane Badnavirus
(ScBV) promoter (U.S. Patent 5,994,123) that is operably linked to a 5’ untranslated leader
sequence derived from the Glycine max Hspl7.9 gene which is operably linked to a coding
region comprising an N-terminal Arabidopsis shkG chloroplast peptide encoding sequence
(i.e. CTP2) fused in frame to a non-native TIC807 encoding sequence (SEQ ID NO:6). The
peptide sequence of the CTP2-TIC807 fusion protein encoded by this construct is provided as
SEQ ID NO:8. This coding region is operably linked to a 3’ terminal CaMV35S
polyadenylation site. The sequence of this targeted 5’-P-ScBV-Hsp17.9-CTP2-TIC807-T-
35S-3’ expression cassette is provided as SEQ ID NO:56.

[00286] A tenth expression cassette comprises a Sugarcane Badnavirus promoter (ScBV)
that is operably linked to a 5> untranslated leader sequence derived from the Glycine max
Hspl17.9 gene which is operably linked to a coding region comprising a non-native TIC807
encoding sequence (SEQ ID NO:6). The peptide sequence of the TIC807 protein encoded by
this construct is provided as SEQ ID NO:5. This coding region is operably linked to a 3’
terminal CaMV35S polyadenylation site. The sequence of this 5’-P-ScBV-Hsp17.9-TIC807-
T-35S-3’ expression cassette is provided as SEQ ID NO:57.

[00287] Example 17. Construction of additional Agrobacterium-mediated
transformation vectors containing TIC807 Expression Cassettes and transfer to

Agrobacterium

[00288] To construct Agrobacterium mediated transformation vectors, TIC807 expression
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cassettes are cloned into suitable vectors between the Agrobacterium border sequences such
that they would be transferred to the genome of a host plant cell by Agrobacterium hosts
containing the constructed vectors along with a selectable marker gene. More specifically,
the restriction fragment containing the entire 5’-e35S-Hspl17.9-CTP2-TIC807-T-35S-3’
expression cassette (SEQ ID NO:54) is cloned into an Agrobacterium plant transformation
vector to obtain pMON105863 (Figure 2). Similarly, the restriction fragment containing the
entire 5’°-e35S-Hsp17.9-TIC807-T-35S-3’ expression cassette (SEQ ID NO:55) is cloned into
an Agrobacterium plant transformation vector to obtain pMON105864 (Figure 3). For
expression using a different promoter, the restriction fragment containing the entire 5°-P-
ScBV-Hspl17.9-CTP2-TIC807-T-35S-3" expression cassette (SEQ ID NO:56) is cloned into
an Agrobacterium plant transformation vector to obtain pMON78892 (Figure 4). Similarly,
the restriction fragment containing the entire 5°-P-ScBV-Hspl7.9-TIC807-T-358-3°
expression cassette (SEQ ID NO:57) is cloned into an Agrobacterium plant expression vector
to obtain pMON78893 (Figure 5). The vectors containing the TIC807 expression cassettes
(i.e. non-targeted cassette of SEQ ID NO:55 and SEQ ID NO:57 and targeted cassette of SEQ
ID NO:54 and SEQ ID NO:56) are introduced into Agrobacterium by electroporation or by

tri-parental mating.

[00289] The binary plant transformation vectors contain a selectable marker (indicated as
“Selectable Marker” in figures 2 through 5) for selection of transformed plant cells using the
antibiotic Kanamycin. Antibiotic selection using Spectinomycin is used for bacterial
selection. This is indicated as “SPC/STR” in figures 2 through 5 which is comprised of a
promoter for Tn7 adenyltransferase, the coding region for a gene encoding 3” (9)-0-
aminoglycoside adenyltransferase (AAD) derived from Staphylococcus aureus and the
transcription terminator region from Tn7 adenyltransferase conferring spectinomycin and
streptomycin resistance. Two origins for bacterial replication are included in each plasmid,
an origin of replication for Agrobacterium tumefaciens replication (indicated as “Ec.oriV-
RK2” in figures 2 through 5) and an origin for replication in Escherichia coli (indicated as
“Ori-322” in figures 2 through 5). An Escherichia coli coding region encoding a repressor
primer used in conjunction with the E. coli replication origin is indicated as “Ec.rop” in
figures 2 through 5. The left and right borders used for stable integration of the T-DNA into
the plant genome are indicated as “LB” and “RB”, respectively in figures 2 through 5.

Figure 5 also shows an additional expression cassette used in which the TIC128 toxin protein
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(PCT US 2006/033867) is expressed and is labeled, “TIC128 Expression Cassette” in Figure
5.

[00290] Example 18. Additional In-planta testing of TIC807 in Callus Tissue
[00291] This example illustrates additional non-limiting examples of in planta expression of
TIC807 for bioassay against Lygus and other insect pests that pierce and/or suck the fluids

from the cells and tissues of plants.

[00292] Alfalfa, cotton, canola, soybean, or corn cells are transformed using the TIC807
expression cassettes in the TIC807 transformation vectors described in the preceding
examples. These expression cassettes provide for either targeting of TIC807 to the
chloroplast (i.e.; with the 5’-e35S-Hsp17.9-CTP2-TIC807-T-35S-3" or 5’-P-ScBV-Hspl17.9-
CTP2-TIC807-T-35S-3" expression cassette) or non-targeted (cytoplasmic) expression of
TIC807 (i.e; with the 5°-€35S-Hspl7.9-TIC807-T-35S-3’ or the 5’-P-ScBV-Hspl7.9-
TIC807-T-35S-3 expression cassettes). The transformation vectors provide a selectable
marker, in this case for selection for kanamycin resistance in transformed plant tissue. The
transformed cells are selected for resistance to kanamycin and regenerated into transgenic
plants. Insect pests such as Lygus nymphs are then allowed to feed when the plant has
reached a sufficient level of maturity, such as when the leaves have grown to a size
permitting the use of a physical barrier to prevent Lygus escape. The barrier to prevent
escape of the Lygus nymphs can be any commercially available or home made device that
permits contact of the Lygus nymphs with the leaf tissue and allows the insect to probe and
feed from the vascular tissue of the leaf. Clip cages similar to those described by Mowry
(1993) (J. Agric. Entomol.10:181-184) would be sufficient to contain the Lygus nymphs for
feeding. Lygus nymphs are thus presented with leaf tissue from either transgenic plants that
express the TIC807 protein or with control leaf tissue that does not express TIC807 protein.
The control leaf tissue is ideally provided by a transgenic plant that was selected and
regenerated in parallel but does not contain a TIC-encoding transgene. However, leaf tissue
from other plants of similar origin and age can also be used so long as the tissue does not
contain significant amounts of TIC807 protein. Mortality and stunting scores are then
determined with respect to the background death that will occur from those insects which fail
to feed on the leaf tissue to obtain an adjusted score. The adjusted scores for the Lygus

nymphs presented with the TIC807 transformed leaf tissue are compared with the adjusted
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scores for the Lygus nymphs presented with control leaf tissue. Scores for mortality and/or
stunting for the Lygus nymphs presented with the TIC807 transformed leaf tissue are
significantly increased relative to the scores for the Lygus nymphs presented with control leaf

tissue.

[00293] Example 19: In-planta testing of TIC807 in Lettuce Leaf Tissue

[00294] Lettuce cells are transformed using the TIC807 expression cassettes in the TIC807
transformation vectors described in the preceding examples. These expression cassettes
provide for either targeting of TIC807 to the chloroplast (i.e. with the 5’-e35S-Hsp17.9-
CTP2-TIC807-T-35S8-3° or 5°-P-ScBV-Hsp17.9-CTP2-TIC807-T-35S-3"  expression
cassettes) or non-targeted (cytoplasmic) expression of TIC807 (i.e. with the 5’-e35S-
Hspl7.9-TIC807-T-35S-3° or the 5’-P-ScBV-Hspl17.9-TIC807-T-35S-3’ expression
cassettes). The transformation vectors provide a selectable marker, in this case for selection
of kanamycin resistance in transformed plant tissue. The transformed cells are selected for

resistance to kanamycin and regenerated into transgenic plants.

[00295] Lettuce seeds are surface sterilized for 20 minutes in 1.2% sodium hypochlorite
solution followed by 3 washes in sterilized deionized water. The seeds are allowed to dry
overnight in a Petri dish in a laminar flow hood. The seeds are then plated on 100 ml 0.5X
Hoagland’s salts (see Table 11 below) in phytatrays (Sigma, St. Louis, MO, Catalog no:
P1552) at a density of 60 seeds/tray. The seeds are grown under the light at 22 to 23 degrees
Celsius for 4 to 5 days with a 16 hour photoperiod. Agrobacterium transformed with the
plant transformation vector of interest are prepared by inoculating 10 mls of liquid Mannitol-
Glutamate/Luria medium with 100 microliters of bacterial suspension. The medium is

comprised of the following ingredients:

LB broth, Miller (Difco #044-017-3) 125¢g
Mannitol 50g
Monosodium glutamate(glutamic acid) 1.16 g
KH2PO4 025¢g
MgS0O47H20 0.10g
Biotin 0.001 g
Total volume 1000 ml
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pH to 7.00 and autoclave

[00296] The liquid culture is incubated on a gyratory shaker at 28 degrees Celsius for 24
hours. Five milliliters of the first overnight cultures are diluted with 15 milliliters of
Tryptone Yeast Extract media supplemented with 40 mg/L Acetosyringone (5 grams of
Tryptone, 3 grams of Yeast Extract and 20 ml of 2 mg/mL Acetosyringone in total volume of
1000 ml, pH 5.5 and autoclaved). This is then allowed to incubate on a gyratory shaker at 28
degrees Celsius for 24 hours in the dark with 50 mg/L kanamycin and 100 mg/L
spectinomycin. One ml of overnight culture is added to 19 milliliters of Tryptone Yeast
Extract media and the 600 nm wavelength optical density of the culture is adjusted to 0.08 to
0.09.

[00297] Lettuce seedling cotyledons are cut at both the base and the tip and soaked in the
diluted Agrobacterium medium for 15 minutes. The cotyledons are then plated on MSO-C
medium without blotting and kept at 22 to 23 degrees Celsius with a 16 hour photoperiod.
Plates are sealed with micropore tape. After 48 hours, cotyledons are transferred to MSO-I
medium in 100 mm X 25 mm Petri dishes. Explants are subsequently subcultured at 7 and 14
days to MSO-I medium. As shoots develop they are excised and transferred to MSO-SE
medium. Shoots are transferred after elongation to phytatrays containing 100 ml of MSO-SE
medium. After 6 to 8 weeks, developing shoots are transferred to Magenta boxes containing
100 ml of MSO-R medium. In 7 to 14 days of incubation at 23 degrees Celsius, roots will
begin to develop. The shoots are then transferred to 3 inch pots containing soil and allowed
to grow. The composition of the MSO mediums is shown in table 11.

[00298] Table 11. MSO medium components.

[00299]
05X
Hoagland's | MSO- | MSO- | MSO- | MSO-
Ingredients salt C I SE R
MSO salts (minimal salts) 346g (34.6g|346g |346¢g
Hoagland's salt 08¢
Naphthaleneacetic acid (1 0.1ml | 0.1 0.05 ml
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mg/ml) ml
0.1

Benzyl adenine (1 mg/ml) 0.1 ml | ml 0.01 ml
Acetosyringone (2 mg/ml) 20 ml
Kanamycin (50 mg/ml) 2ml |2ml 2 ml
Carbenicillin (250 mg/ml) 2ml |[2ml 2 ml
Tissue culture grade agar 75¢g 75g [75g |8¢g 8¢g

1000 1000 1000
Total volume 1000 mi ml ml 1000 ml | ml
pH 5.7 5.7 5.7 5.7

[00300] The transgenic plants are self-fertilized and allowed to set seed or are used directly
for testing. The leaves of the transformed lettuce plants are used in a culture system to test
against Lygus. Ten milliliters of sterile plant growth media (Murashige & Skoog, Gamborg
BS vitamins, 3% sucrose and 1.5% agar) is added while in liquid state to sterile 50 milliliter
polypropylene conical tubes. The media is allowed to cool and set under sterile conditions.
Once set, a sterile circular foam divider, approximately the diameter of the tube containing a
small hole in the middle is placed over the plant growth media. Young lettuce leaves are
excised with a sterile razor blade and rinsed in sterile deionized water, leaving a portion of
the petiole attached to the leaf. The petiole of the excised lettuce leaf is inserted through the
hole and allowed to make contact with the media. Ten newly hatched (<12 hours post-hatch)
Lygus nymphs are added to the tube and a foam stopper is used to close the tube to allow gas
exchange. The tube is kept in an incubator set to 25 degrees Celsius with a 14:10 day:night
photoperiod. Mortality and stunting scores are then determined with respect to the
background death that will occur from those insects which fail to feed on the leaf tissue to
obtain an adjusted score. The adjusted scores for the Lygus nymphs presented with the
TIC807 transformed leaf tissue are compared with the adjusted scores for the Lygus nymphs
presented with control leaf tissue. Scores for mortality and/or stunting for the Lygus nymphs
presented with the TIC807 transformed leaf tissue are significantly increased relative to the

scores for the Lygus nymphs presented with control leaf tissue.

[00301] Example 20: Expression of TIC807 in transgenic Lettuce and demonstration of

in planta toxicity
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[00302]) This example demonstrates Lygus hesperus toxicity of the TIC807 protein when
expressed in Lettuce plants. Lettuce plants were transformed with the plant transformation
vector, pMON105863 which contains the TIC807 expression cassette, 5’-e35S-Hsp17.9-
CTP2-TIC807--T-35S-3’ (SEQ ID NO:54) by the method described in Example 18. A
control line of lettuce was transformed using a vector control in which only the selection
cassette for transformation was contained. F1 seed was produced from the transformed
plants. Plants were grown from F1 seed and sampled for expression of the TIC807 protein.
Protein expression levels were determined for the F1 progeny using standard ELISA methods
and TIC807 polyclonal antibody. Plants were selected for Lygus hesperus testing based upon
TIC807 protein expression levels. Leaves were sampled from selected F1 progeny and
tested for Lygus hesperus toxicity using the assay method described in Example 18. Data
from selected transgenic lettuce lines are presented in Table 12. Line events A028 and A055
performed significantly better than the control (i.e. the untransformed lettuce line SVR3606).
Overall analysis of the lines expressing the TIC807 protein demonstrated significant

mortality relative to the control transformed plants.

Table 12. Mean =+ standard error of percentage Lygus hesperus mortality on TIC807 transformed

of 15 infested teneral nymphs (n = 16) six days after infestation.

Event TIC807 Concentration Percentage Mortality
(ppm)

A028 43.22 67.71 £ 5.55 P>0.05

A055 41.62 62.08 + 5.83 P> 0.05

A035 30.77 51.04 £2.73

A002 33.02 50.00 + 5.51

A059 42.90 48.96 +2.83
Control 0.00 28.33 £2.15

[00303] Example 21: TIC807 is toxic fo Colorado Potato Beetle
This example illustrates the toxicity of the insect toxin molecules TIC807 to the coleopteran,
Colorado potato beetle (CPB), Leptinotarsa decemlineata. Bioassays with CPB were

conducted using an artificial diet consisting of 13.2g/L agar (Serva 11393), 140.3 g/L Bio-

96



WO 2008/134072 PCT/US2008/005542

Serve pre-mix (Bio-Serve, Frenchtown, NJ Catalog #F9380B), 5 ml/L Potassium hydroxide
(18.3% w/w) and 1.25 ml/L formalin (37%). The diet was dispensed in 200 microliter
aliquots into wells of a 96-well plate and dried briefly prior to sample application. Twenty
microliters of test sample were applied per well, with sterile water serving as the untreated
check (UTC). Plates were allowed to dry before adding insect larvae. One neonate CPB
larva was added per well with a fine paintbrush. Plates were sealed with mylar and ventilated
using an insect pin. Forty larvae were tested per treatment. The bioassay plates were
incubated at 27 degrees Celsius with 60% relative humidity in complete darkness for 10 to 12
days. The plates were scored for larval mortality. Data were analyzed using IMP® 4
statistical software (SAS Institute, Cary, NC). TIC807 demonstrated mortality when fed to
CPB. The mean percent mortality scores for TIC807 is presented in Table 13.

[00304] It is thus contemplated that TIC807 proteins of the invention can be used to control
Coleopteran insects. Coleopteran insects controlled by TIC807 proteins of the invention

include, but are not limited to, Colorado potato beetle, wire worm and boll weevil.

[00305] _Table 13. TIC807 percent mortality scores for the Colorado potato beetle

(CPB), Leptinotarsa decemlineata.

concentration Mean % Standard
Treatment (mg/ml) N mortality Deviation P>|t|
UTC 0 3 13.10 1.03
TIC807 0.5 3 68.45 23.03 0.0142

[00306] Example 22: Transformation of Cotton with TIC807 and toxin testing using
whole cotton plants.

[00307) Cotton cells are transformed with constructs containing a TIC807 protein encoding
gene of interest. In this case, codon redesigned nucleic acid sequences encoding for TIC807
protein are expressed in cotton cells using the TIC807 expression cassettes in the TIC807
transformation vectors described in the preceding examples. These expression cassettes
provide for either targeting of TIC807 protein to the chloroplast (i.e. with the expression
cassettes, 5’-e35S-Hsp17.9-CTP2-TIC807-T-35S-3" found in pMON105863 or 5°-P-ScBV-
Hsp17.9-CTP2-TIC807-T-35S-3" found in pMON78892) or non-targeted (cytoplasmic)
expression of TIC807 protein (i.e. with the expression cassettes, 5’-e35S-Hsp17.9-TIC807—-
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T-35S-3’ found in pMON105864 or the 5°-P-ScBV-Hsp17.9-TIC807-T-35S-3’ found in
pMON78893). The transformation vectors provide a selectable marker, in this case for
selection of kanamycin resistance in transformed plant tissue. Either the pMON105863
vector (Figure 2), the pMON105864 vector (Figure 3) or the pMON78892 vector (Figure 4)
or the pMON78893 vector (Figure 5) or other equivalent TIC807 plant expression vectors

that contain TIC807 plant expression cassettes and a selectable marker can be used.

[00308] Bioassay on plants expressing the TIC807 toxin molecule can be performed using an
enclosed cotton branch assay. Cotton plants are grown to an early bloom stage where several
fruiting branches containing squares (i.e. immature cotton flowers) are available. Sleeves are
prepared using breathable plastic sheets (Vilutis and Co. Inc., Frankfort, IL). Sleeves are
made using a standard photography or arts and craft tacking iron to create a seam producing a
bag with an approximate dimension of 5 inches X 5 inches X 12 inches long. Terminal
branches including at least one pre-bloom square and unfolded terminal leaf are inserted into
the open end of the sleeve. Alternatively, bags can be set up to enclose bolls or other tissues
if desired. The bag is closed around the branch using a twist tie. Leaves and squares below
the desired enclosed tissue can be removed to facilitate secure closer with the twist tie. The
other end of the sleeve is left open to allow insect infestation. Lygus nymphs are collected
with an aspirator and 4 nymphs are put into a 2 dram shell vial. Initial mass of the nymphs is
recorded for each vial containing the nymphs. The tube is tapped gently to assure the
nymphs are at the bottom of the tube and the cap of the tube is removed. The tube is placed
inside the sleeve exposing the nymphs to the cotton plant tissue. The open end of the sleeve
is then closed using a twist tie. The insects are allowed to remain in the sleeves and feed
upon the enclosed cotton plant material for a specified number of days. After the specified
time, the cotton branches are removed. The sleeves are carefully opened to count the
surviving nymphs. All nymphs are collected and weighed. Mortality and stunting scores are
then determined with respect to non-transformed control plants. The adjusted scores for the
Lygus nymphs presented with the TIC807 transformed cotton tissue are compared with the
adjusted scores for the Lygus nymphs presented with control cotton tissue that lacks the
TIC807 protein. Scores for mortality and/or stunting for the Lygus nymphs presented with
the TIC807 transformed cotton tissue are significantly increased relative to the scores for the

Lygus nymphs presented with control cotton tissue.
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[00309] Example 23: Combining TIC807 toxin with nectariless cotton

[00310] This example illustrates using the nectariless phenotype of cotton in combination
with TIC807 protein expression to provide greater control of an insect pest. Lack of nectaries
has been identified as arising from homozygosity for recessive mutations at two duplicate
loci in Gossypium tomentosum (Meyer and Meyer, 1961, Crop Science, 1: 167-169).
Crosses with Gossypium hirsutum with Gossypium tomentosum demonstrated a significant
reduction in populations of cabbage loopers and cotton leafworms in caged experiments
relative to ordinary varieties of cotton in which floral nectarines are present (Lukefahr and
Rhyne, 1960, Econ. Entomol. 53: 242-244). This is presumably the direct result of
nectariless cotton lines being less palatable to the insect pest as well as the lack of sustenance
provided by the nectars. Multiple mechanisms of resistance may be particularly crucial in
Gossypieae species because extrafloral nectaries can directly attract some herbivore species.
Extrafloral nectaries in cultivated cotton can enhance the abundance of or damage by several
crop pests including lepidopterans and plant bugs (Trelease, 1879, Nectar; what it is, and
some of its uses. In J. H. Comstock [ed.], Report upon cotton insects, 319-343. U.S.
Department of Agriculture Publication, U.S. Government Publication Office, Washington,
D.C., USA. Lukefahr and Rhyne, 1960; Lukefahr et al., 1960, Journal of Econ Entom 53:
516-518; Benschoter and Leal, 1974, Journal of Econ Entom 67: 217-218; Schuster et al.,
1976, Journal of Econ Entom 69: 400-402; Wilson and Wilson, 1976, Journal of Econ Entom
69: 623—624; Henneberry et al., 1977, Journal of Econ Entom 70: 797-799; Adjei-Maafo et
al., 1983, Environ Entom 12: 353-358; Beach et al., 1985, Journal of Entomological Science
20: 233-236; Smith, 1992, Advances in Agronomy 48: 251-296; Summy and King, 1992,
Crop Protection 11: 307-319), mainly because adults of these taxa consume extrafloral

nectar.

[00311] Lines produced by crosses of G. hirsutum with G. tomentosum are selected for the
presence of the nectariless phenotype and favorable agronomic traits. In other embodiments,
lines obtained from the commercial germplasm Stoneville 825 can be used as a source of
germplasm comprising the nectariless phenotype. In one embodiment of the method, the
selected nectariless lines are then transformed with the an expression cassette encoding either
a TIC807 protein, the TIC809/TIC810 proteins, the TIC128 protein or combinations thereof,
or any other toxin molecule directed to a pest of cotton in which the presence of nectaries act

as an attractant to the insect pest. In another embodiment of the method, transgene inserts
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comprising an expression cassette encoding either a TIC807 protein, the TIC809/TIC810
proteins, the TIC128 protein or combinations thereof, or any other toxin molecule directed to
a pest of cotton in which the presence of nectaries act as an attractant to the insect pest are
obtained in any suitable cotton germplasm and then introgressed into lines produced by
crosses of G. hirsutum with G. tomentosum that have been selected for the presence of the
nectariless phenotype and favorable agronomic traits. Through breeding methods known to
one of ordinary skill in the art, the transformant lines expressing the nectariless phenotypes
are selected and maintained in subsequent generations to contain both the nectariless

phenotype and the insect toxin molecule.

[00312] Example 24. Comparison of the TIC807 and CryS1Aa proteins

[00313] To identify conserved and non-conserved regions of the TIC807 (SEQ ID NO:5) and
Cry51Aa (SEQ ID NO: 59) proteins, an alignment of the two proteins was created using
ClustalW. The Cry51Aa protein was isolated from Bt strain F14-1, has a reported identity of
22% to cryl5Aa, and is reported to have activity against Bombyx mori, a lepidopteran insect
(Huang et al., J. Invertebr. Pathol. 95 (3), 175-180, 2007). A sequence for the cry51Aal gene
(SEQ ID NO: 58)and the encoded Cry51Aal protein (SEQ ID NO: 59) was reported as the
NCBI GenBank Accession number DQ836184. The Clustal W comparison of TIC807 (SEQ
ID NO:5) and Cry51Aal demonstrate that the two proteins have an overall sequence identity
of about 97.4% over a length of 301 amino acids (see Figure 6 and Table 14). The GenBank
accession number DQ836184 reports a deduced N-terminus for Cry51Aal that corresponds
to use of a putative ATG start codon that would result in a 309 amino acid primary translation
product. In contrast, the TIC807 protein has a distinct amino terminus based on an N-
terminal peptide sequence of isolated TIC807 protein that was determined by Edman
degradation (see Example 2 and SEQ ID NO:1). A TTG initiator methionine codon of SEQ
ID NO:4 is apparently used to generate the TIC807 protein of SEQ ID NO:5. Consequently,
the reported Cry51Aal protein comprises an additional three amino acids at its’ N-terminus
that do not occur in TIC807(SEQ ID NO:5). In Cry51Aal, the amino acid residue
corresponding to phenylalanine 46 of TIC807 is substituted for a serine residue, the amino
acid residue corresponding to tyrosine 54 of TIC807 is substituted for a histidine residue, the
amino acid residue corresponding to serine 167 of TIC807 is substituted for an arginine
residue, the three (3) amino acid residues corresponding to histidine 199 to Serine 201 of

TIC807 are deleted, and the amino acid residue corresponding to serine 217 of TIC807 is
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substituted for an asparagine residue. This comparison of the TIC807 and Cry51Aal proteins

is shown in Figure 6.

[00314] Table 14.

# Sequence | 2
1| TIC807 - 97.4 (301)
(SEQID NO:5)
2 | Cry51Aal 97.4 (301) |-
(SEQ ID NO:59)

[00315] Although the TIC807 protein shares significant sequence identity to the Cry51Aal
protein, the TIC807 protein surprisingly displayed no significant level of activity when fed to
certain lepidopteran insects. Purified TIC807 protein was tested against European Corn
Borer (ECB; Ostrinia nubilalis) and tobacco budworm (TBW: Heliothis virescens) and had
no activity against either of those lepidopteran insects. The same sample of TIC807 protein
displayed activity against Colorado Potato Beetle CPB but not Corn Rootworm (CRW;
Diabroticus ). Thus the absence of activity of the purified TIC807 against ECB and TBW is
not due to inactivity of the purified TIC807 protein.

[00316] The present invention thus contemplates TIC807 proteins that are active against
hemipteran and coleopteran insects but are inactive against lepidopteran insects. In certain
embodiments, the TIC807 proteins of the invention can comprise TIC807 proteins wherein
the corresponding residue 54 of the TIC807 protein is not a histidine, wherein the
corresponding residue 167 of the TIC807 protein is not an arginine, wherein the three (3)
amino acid residues corresponding to histidine 199 to Serine 201 of TIC807 are present,
and/or wherein the corresponding residue 217 of the TIC807 is not an asparagine residue. In
still other embodiments, the TIC807 protein of the invention can comprise a protein that has
at least 98% or at least 99% identity over a length of 301 amino acids corresponding to amino
acid residues 2 to 309 of SEQ ID NO:5.

[00317] Various patent and non-patent publications are cited herein, the disclosures of each
of which are, to the extent necessary, incorporated herein by reference in their entireties.

Documents cited herein as being available from the World Wide Web at certain internet
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addresses are also incorporated herein by reference in their entireties. Certain biological
sequences referenced herein by their “NCBI Accession Number” can be accessed through the

National Center of Biotechnology Information on the world wide web at ncbi.nlm.nih.gov.

[00318] As various modifications could be made in the constructions and methods herein
described and illustrated without departing from the scope of the invention, it is intended that
all matter contained in the foregoing description or shown in the accompanying drawings
shall be interpreted as illustrative rather than limiting. Thus, the breadth and scope of the
present invention should not be limited by any of the above-described exemplary
embodiments, but should be defined only in accordance with the following claims appended

hereto and their equivalents.

102



WO 2008/134072 PCT/US2008/005542

What is Claimed Is:

1. An isolated polynucleotide which encodes a TIC807 insect inhibitory protein or an
insect inhibitory protein fragment derived therefrom, wherein said insect inhibitory protein or
protein fragment comprises a polypeptide sequence that has at least about 70% sequence

identity to a corresponding polypeptide sequence contained within SEQ ID NO:5.

2. The isolated polynucleotide of claim 1, wherein said polypeptide sequence has at least
about 80% sequence identity to said corresponding polypeptide sequence contained within

SEQ ID NO:5.

3. The isolated polynucleotide of claim 2, wherein said polypeptide sequence has at least
about 90% sequence identity to said corresponding polypeptide sequence contained within

SEQ ID NO:5.

4. The isolated polynucleotide of claim 3, wherein said polypeptide sequence has at least
about 95% sequence identity to said corresponding polypeptide sequence contained within

SEQ ID NO:5.

5. The isolated polynucleotide of claim 4, wherein said polypeptide sequence has 100%
identity to said corresponding polypeptide sequence contained within SEQ ID NO:5.

6. The isolated polynucleotide of claim 5, wherein said polypeptide sequence is SEQ ID
NO:S.

7. The isolated polynucleotide of claim 1, wherein said TIC807 insect inhibitory protein
or insect inhibitory protein fragment derived therefrom inhibits a Hemipteran insect, a

Heteropteran insect, a Leptinotarsa sp. insect or a Homopteran insect.
8. The isolated polynucleotide of claim 7, wherein said Hemipteran insect is Lygus.

9. The isolated polynucleotide of claim 7, wherein said Homopteran insect is an aphid, a

hopper, or a whitefly.
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10.  The isolated polynucleotide of claim 8, wherein said TIC807 insect inhibitory protein
or insect inhibitory protein fragment derived therefrom inhibits Lygus at a Lygus diet

concentration of at least about 5 ppm of said TIC807 protein or protein fragment in said diet.

11.  The isolated polynucleotide of claim 10, wherein said TIC807 insect inhibitory
protein or insect inhibitory protein fragment derived therefrom inhibits Lygus at a Lygus diet
concentration of at least about 50 ppm of said TIC807 protein or protein fragment in said

diet.

12.  The isolated polynucleotide of claim 11, wherein said TIC807 insect inhibitory
protein or insect inhibitory protein fragment derived therefrom inhibits Lygus at a Lygus diet
concentration of at least about 250 ppm of said TIC807 protein or protein fragment in said
diet.

13.  The isolated polynucleotide of claim 12, wherein said TIC807 insect inhibitory
protein or insect inhibitory protein fragment derived therefrom inhibits Lygus at a Lygus diet
concentration of at least about 500 ppm of said TIC807 protein or protein fragment in said

diet.

14, The isolated polynucleotide of claim 1, wherein said protein fragment comprises a

peptide sequence of at least 250 amino acid residues.

15.  The isolated polynucleotide of claim 1, wherein said polynucleotide hybridizes under

high stringency conditions with SEQ ID NO:4 or SEQ ID NO:6.

16.  The polynucleotide according to claim 1, wherein said nucleotide sequence is selected
from the group consisting of SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:44,
SEQ ID NO: 45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID
NO:50, SEQ ID NO:51, SEQ ID NO:52, and SEQ ID NO:53.

17.  The isolated polynucleotide of claim 1, wherein said polynucleotide sequence has

been designed for expression in plants.
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18. A transgenic plant or plant part derived therefrom comprising a TIC807 insect
inhibitory protein or an insect inhibitory protein fragment derived therefrom, wherein said
insect inhibitory protein or protein fragment comprises a polypeptide sequence that has at
least about 70% sequence identity to a corresponding polypeptide sequence contained within

SEQ ID NO:5.

19.  The transgenic plant or plant part of claim 18, wherein said plant or plant part
comprises said TIC807 protein or protein fragment at a concentration of at least about Spg

said TIC807 protein or protein fragment per gram fresh weight plant tissue.

20.  The transgenic plant or plant part of claim 19, wherein said plant or plant part
comprises said TIC807 protein or protein fragment at a concentration of at least about S50ug

of said TIC807 protein or protein fragment per gram fresh weight plant tissue.

21. The transgenic plant or plant part of claim 20, wherein said plant or plant part
comprises said TIC807 protein or protein fragment at a concentration of at least about 250ug

of said TIC807 protein or protein fragment per gram fresh weight plant tissue.

22.  The transgenic plant part of claim 18, wherein said plant part is a cell, a leaf, a stem, a

flower, a sepal, a fruit, a root, or a seed.

23. A transformed host cell comprising a polynucleotide which encodes a TIC807 insect
inhibitory protein or an insect inhibitory protein fragment derived therefrom, wherein said
insect inhibitory protein or protein fragment comprises a polypeptide sequence that has at
least about 70% sequence identity to a corresponding polypeptide sequence contained within

SEQ ID NO:5.

24. The transformed host cell of claim 23, wherein said host cell is a bacterial cell or a

plant cell.

25.  The transformed host cell of claim 24, wherein said plant cell is selected from the
group consisting of barley, corn, oat, rice, rye, sorghum, turf grass, sugarcane, wheat, alfalfa,

banana, broccoli, bean, cabbage, canola, carrot, cassava, cauliflower, celery, citrus, cotton, a
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cucurbit, eucalyptus, flax, garlic, grape, onion, lettuce, pea, peanut, pepper, potato, poplar,
pine, sunflower, safflower, soybean, strawberry, sugar beet, sweet potato, tobacco, tomato,

ornamental, shrub, nut, chickpea, pigeonpea, millets, hops, and pasture grass plant cells.

26.  The transformed host cell of claim 25, wherein said plant cell is a cotton plant cell.

27. A plant derived from said transformed plant host cell of claim 24.

28. A seed produced from the plant of claim 27.

29. A progeny plant from the seed of claim 28.

30.  The bacterial cell of claim 24, wherein said bacterial cell is selected from the group
consisting of an Agrobacterium, a Bacillus, an Escherichia, a Salmonella, a Pseudomonas,

and a Rhizobium bacterial cell.

31. The bacterial cell of claim 30, wherein said bacterial cell is a Bacillus thuringiensis

cell.

32. A method for controlling Lygus comprising the steps of:
(a) providing a Lygus inhibitory amount of a TIC807 insect inhibitory protein or
an insect inhibitory protein fragment derived therefrom, wherein said insect inhibitory
protein or protein fragment comprises a polypeptide sequence that has at least about
70% sequence identity to a corresponding polypeptide sequence contained within
SEQ ID NO:5; and
(b) contacting said Lygus with said inhibitory amount of said polypeptide

sequence, thereby controlling a Lygus insect.
33.  The method of claim 32, wherein said polypeptide sequence has at least about 90%

sequence identity to said corresponding polypeptide sequence contained within SEQ ID

NO:5.

106



WO 2008/134072 PCT/US2008/005542

34.  The method of claim 33, wherein said polypeptide sequence has 100% sequence

identity to said corresponding polypeptide sequence contained within SEQ ID NO:5.

35.  The method of claim 32, wherein said Lygus inhibitory amount of said polypeptide
sequence is provided in a Lygus diet in step (a) and said Lygus is contacted in step (b) by
permitting said Lygus to feed on said diet.

36.  The method of claim 35, wherein said Lygus diet is a transgenic plant.

37.  The method of claim 36, wherein said Lygus inhibitory amount of said polypeptide

sequence is at least about 5 microgram per gram fresh weight tissue of said transgenic plant.

38.  The method of claim 37, wherein said Lygus inhibitory amount of said polypeptide

sequence is at least about 50 microgram per gram fresh weight tissue of said transgenic plant.

39.  The method of claim 38, wherein said Lygus inhibitory amount of said polypeptide
sequence is at least about 250 microgram per gram fresh weight tissue of said transgenic

plant.

40.  The method of claim 32, wherein said Lygus inhibitory amount of said polypeptide
sequence is provided in step (a) by spraying a composition comprising said polypeptide on a

plant.

41.  The method of claim 40, wherein said composition comprises bacterial cells or

bacterial spores that express said polypeptide.

42.  The method of claim 41, wherein said bacterial cells or bacterial spores are Bacillus

cells or Bacillus spores.

43,  The method of claim 42, wherein said composition comprises a parasporal crystal

containing said polypeptide.

44, The method of claim 43, wherein said plant is infested with a Lygus.
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45.  Anisolated oligonucleotide comprising at least 12 contiguous nucleotides of a
sequence contained within SEQ ID NO:4 or contained within the complement of SEQ ID
NO:4.

46.  Anisolated oligonucleotide comprising at least 12 contiguous nucleotides of a
sequence contained within SEQ ID NO:6, SEQ ID NO: 45, SEQ ID NO:46, SEQ ID NO:47,
SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, or SEQ ID
NO:53 or contained within the complement of SEQ ID NO:6, SEQ ID NO: 45, SEQ ID
NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51,
SEQ ID NO:52, or SEQ ID NO:53.

47. A Kkit for detection of a polynucleotide sequence in a sample, said kit comprising an
oligonucleotide that specifically hybridizes to a polynucleotide sequence of SEQ ID NO:6,
SEQ ID NO: 45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID
NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53 or a complement thereof and a

control polynucleotide that hybridizes to said oligonucleotide.

48. A composition comprising at least two degenerate oligonucleotide primers of at least
12 nucleotides, wherein nucleotide sequences of said degenerate oligonucleotide primers are

derived from the polypeptide sequence of SEQ ID NO:5.

49. A method for detecting or isolating a polynucleotide that encodes a TIC807 protein or
a TIC807 related protein in a sample, said method comprising the steps of:
(a) selecting a pair of degenerate oligonucleotide primers capable of producing an
amplicon, wherein nucleotide sequences of said degenerate oligonucleotide primers
are derived from a TIC807 polypeptide sequence of SEQ ID NO:5;
(b) producing an amplicon from said polynucleotide sequence in said sample; and
(©) detecting or isolating said amplicon, thereby detecting or isolating a

polynucleotide that encodes a TIC807 protein or a TIC807 related protein in a sample.

50.  The method of claim 49, wherein said detected or isolated amplicon encodes a

TIC807 related protein that has at least 45% sequence identity to TIC807 (SEQ ID NO:5).
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51.  The method of claim 50, wherein said detected or isolated amplicon encodes a

polypeptide that has at least 70% sequence identity to TIC807 (SEQ ID NO:5).

52. The method of claim 51, wherein said detected or isolated amplicon encodes a

polypeptide that has at least 90% sequence identity to TIC807 (SEQ ID NO:5).

53. A method for detecting or isolating a polynucleotide that encodes a TIC807 protein in
a sample, said method comprising the steps of: (a) selecting a degenerate oligonucleotide or
collection of degenerate oligonucleotide, wherein nucleotide sequences of said degenerate
oligonucleotide primers are derived from a TIC807 polypeptide sequence of SEQ ID NO:5;
(b) hybridizing said degenerate oligonucleotide or collection of degenerate oligonucleotides
to said sample; (c) detecting hybridization in said sample to a polynucleotide, thereby
detecting polynucleotide that encodes a TIC807 protein in a sample; and (d) isolating the
polynucleotide detected by hybridization in step (c). |

54.  The method of claim 53, wherein said detected or isolated polynucleotide encodes a

polypeptide that has at least 45% sequence identity to TIC807 (SEQ ID NO:5).

55.  The method of claim 54, wherein said detected or isolated polynucleotide encodes a

polypeptide that has at least 70% sequence identity to TIC807 (SEQ ID NO:5).

56.  The method of claim 55, wherein said detected or isolated polynucleotide encodes a

polypeptide that has at least 90% sequence identity to TIC807 (SEQ ID NO:5).

57. A method for expressing a TIC807 protein in a plant, comprising the steps of:
(a) inserting into a plant cell genome a nucleic acid sequence comprising in the 5’
to 3” direction an operably linked recombinant, double-stranded DNA molecule,
wherein the recombinant, double-stranded DNA molecule comprises:
i. a promoter that functions in the plant cell;
ii. a polynucleotide sequence encoding a polypeptide comprising a
TIC807 insect inhibitory protein or an insect inhibitory protein fragment

derived therefrom, wherein said insect inhibitory protein or protein fragment
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comprises a polypeptide sequence that has at least about 70% sequence
identity to a corresponding polypeptide sequence contained within SEQ ID
NO:5;

iii. a 3’ non-translated nucleotide sequence that functions in the cells of
the plant to cause transcription termination and polyadenylation, wherein said
promoter, said polynucleotide sequence, and said 3’ non-translated nucleotide
sequence are operably linked;

(b) obtaining a transformed plant cell containing the nucleic acid sequence of step
(a); and
(©) regenerating from said transformed plant cell a transformed plant that

expresses said TIC807 protein, thereby expressing a TIC807 protein in a plant.

58.  The method of claim 57, wherein said polynucleotide sequence of step (a) encodes a

TIC807 protein that has at least 90% sequence identity to SEQ ID NO:5.

59.  The method of claim 58, wherein said polynucleotide sequence of step (a) encodes

SEQ ID NO:5.

60.  The method of claim 59, wherein said polynucleotide sequence of step (a) that
encodes a TIC807 protein is operably linked to a polynucleotide sequence that encodes a

plastid targeting polypeptide.

61.  The method of claim 60, wherein said polynucleotide sequence of step (a) encodes the

polypeptide of SEQ ID NO:8.

62. A recombinant DNA vector for expressing a TIC807 protein in a plant, said vector
comprising in the 5’ to 3’ direction:
1. a promoter that functions in the plant cell;
il. a polynucleotide sequence encoding a polypeptide comprising a
TIC807 insect inhibitory protein or an insect inhibitory protein fragment
derived therefrom, wherein said insect inhibitory protein or protein fragment

comprises a polypeptide sequence that has at least about 70% sequence

110



WO 2008/134072 PCT/US2008/005542

identity to a corresponding polypeptide sequence contained within SEQ ID
NO:5; and

iii. a 3’ non-translated nucleotide sequence that functions in the cells of
the plant to cause polyadenylation, wherein said promoter, said polynucleotide

sequence, and said 3’ non-translated nucleotide sequence are operably linked.

63.  The vector of claim 62, wherein said polynucleotide sequence encodes a TIC807

protein that has at least 90% sequence identity to SEQ ID NO:5.

64.  The vector of claim 63, wherein said polynucleotide sequence encodes the TIC807

protein of SEQ ID NO:5.

65.  The vector of claim 64, wherein said polynucleotide sequence comprises SEQ ID
NO:6, SEQ ID NO: 45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49,
SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, or SEQ ID NO:53.

66.  The vector of claim 62, wherein said polynucleotide sequence that encodes a TIC807
protein is operably linked to a polynucleotide sequence that encodes a plastid targeting

polypeptide.

67.  The vector of claim 66, wherein said polynucleotide sequence encodes the

polypeptide of SEQ ID NO:8.

68.  The vector of claim 67, wherein said polynucleotide sequence is SEQ ID NO:7.

69.  The vector of claim 68, said vector further comprising a polynucleotide that encodes

selectable marker gene.
70.  The vector of claim 69, wherein said selectable marker gene confers resistance to

AMPA, atrazine, bromoxynil, dalapon, dicamba, glyphosate, hygromycin, methotrexate,

neomycin, phosphinotricin, a sulfonylurea or 2,4-D, and combinations thereof.
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71. A commodity product produced from a plant or seed wherein said product contains a

detectable amount of a TIC807 protein or a polynucleotide that encodes a TIC807 protein.

72.  The commodity product of claim 71, wherein said plant or seed is a cotton plant or

cotton plant seed.

73.  The commodity product of claim 72, wherein commodity product is lint, oil, meal, or

hulls.

74. A method for controlling at least one insect pest comprising the steps of:

(a) providing at least two different insect pest inhibitory agents in a composition,

said composition comprising:
1. an insect inhibitory amount of a TIC807 protein, and
ii. an insect inhibitory amount of at least one ribonucleotide sequence that
functions upon ingestion by said insect pest to inhibit a biological function
within said insect pest, and/or
iii. an insect inhibitory amount of at least one insect inhibitory protein
other than a TIC807 protein; and

(b) contacting said at least one insect pest with an inhibitory amount of said

composition, thereby controlling said at least one insect pest.

75. The method of claim 74, wherein said at least one insect pest is a Hemipteran

insect, a Heteropteran insect, a Leptinotarsa sp. insect or a Homopteran insect.

76. The method of claim 75, wherein said Hemipteran insect is a Lygus insect.

77. The method of claim 75, wherein said Homopteran insect is an aphid, a hopper or a
whitefly.

78. The method of claim 74, wherein said biological function within said insect pest in

(a) ii. is an essential biological function.
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79. The method of claim 78, wherein said essential biological function is provided by
an essential protein or ribonucleic acid of said insect pest, the predicted function of which is
selected from the group consisting of muscle formation, juvenile hormone formation, juvenile
hormone regulation, ion regulation and transport, digestive enzyme synthesis, maintenance of
cell membrane potential, amino acid biosynthesis, amino acid degradation, sperm formation,
pheromone synthesis, pheromone sensing, antennae formation, wing formation, leg
formation, development and differentiation, egg formation, larval maturation, digestive
enzyme formation, haemolymph synthesis, haemolymph maintenance, neurotransmission,
cell division, energy metabolism, respiration, and apoptosis.

80. The method of claim 78, wherein said essential biological function is inhibited by a
ribonucleotide sequence that comprises from about 21 to about 5000 contiguous nucleotides
exhibiting from about 80 to about 100% sequence identity to a nucleotide coding sequence

selected from the group consisting of SEQ ID NO:24 through SEQ ID NO:39.

81. The method of claim 74, wherein said one insect inhibitory protein other than a

TIC807 protein is derived from Bacillus thuringiensis.

82. The method of claim 81, wherein said insect inhibitory protein is selected from the
group consisting of AXMI-027, AXMI-036, AXMI-038, AXMI-018, AXMI-020, AXMI-
021, AXMI-010, AXMI-003, AXMI-008, AXMI-006, AXMI-007, AXMI-009, AXMI-014,
ET29, ET37, AXMI-004, AXMI-028, AXMI-029, AXMI-007, AXMI-008, AXMI-0080rf2,
AXMI-009, AXMI-014, TIC809, TIC810, TIC812, TIC127 and TIC128.

83. The method of claim 74, wherein said composition comprises two insect inhibitory
proteins other than TIC807 and wherein said two insect inhibitory proteins are TIC809 and
TIC810.

84. The method of claim 74, wherein a second insect pest is controlled by said
composition.
85. The method of claim 84, wherein said second insect pest is inhibited by either said

ribonucleotide sequence of ii. or by said protein other than a TIC807 protein of iii.
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86. The method of claim 85, wherein said second insect pest is a Lepidopteran insect
pest.
87. The method of claim 86, wherein said second insect pest is inhibited by a protein

selected from the group consisting of a Cryl A protein, a Cry1B protein, a CrylC, a
CrylA/Cry1F chimeric protein, and a Cry2Ab protein.

88. The method of claim 74, wherein said composition provides for a synergistic insect
inhibitory effect.

89. The method of claim 74, wherein said composition provides for an additive insect
inhibitory effect.

90. The method of claim 74, wherein said composition is a transgenic plant.

91. A method for protecting a plant from Lygus infestation comprising the step of:

expressing a Lygus inhibitory amount of at least two different Lygus inhibitory agents in said
plant, wherein said Lygus inhibitory agents comprise:
i. a Lygus inhibitory amount of a TIC807 protein ;
il. a Lygus inhibitory amount of at least one Lygus inhibitory protein other
than a TIC807 protein; and/or
iii. a Lygus inhibitory amount of at least one ribonucleotide sequence that
functions upon ingestion by said Lygus to inhibit a biological function within
said Lygus, thereby protecting said plant from Lygus infestation.

92. The method of claim 91, wherein said biological function within said Lygus in ii. is

an essential biological function.

93. The method of claim 92, wherein said essential biological function is provided by
an essential protein or ribonucleic acid of said Lygus, the predicted function of which is
selected from the group consisting of muscle formation, juvenile hormone formation, juvenile
hormone regulation, ion regulation and transport, digestive enzyme synthesis, maintenance of

cell membrane potential, amino acid biosynthesis, amino acid degradation, sperm formation,
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pheromone synthesis, pheromone sensing, antennae formation, wing formation, leg
formation, development and differentiation, egg formation, larval maturation, digestive
enzyme formation, haemolymph synthesis, haemolymph maintenance, neurotransmission,

cell division, energy metabolism, respiration, and apoptosis.

94. The method of claim 93, wherein said essential biological function is inhibited by a
ribonucleotide sequence that comprises from about 21 to about 5000 contiguous nucleotides
exhibiting from about 80 to about 100% sequence identity to a nucleotide coding sequence

selected from the group consisting of SEQ ID NO:24 through SEQ ID NO:39.

9s. The method of claim 91, wherein said Lygus inhibitory protein other than a TIC807

protein is derived from Bacillus thuringiensis.

96. The method of claim 95, wherein said Lygus inhibitory protein is selected from the
group consisting of AXMI-027, AXMI-036, AXMI-038, AXMI-018, AXMI-020, AXMI-
021, AXMI-010, AXMI-003, AXMI-008, AXMI-006, AXMI-007, AXMI-009, AXMI-014,
ET29, ET37, AXMI-004, AXMI-028, AXMI-029, AXMI-007, AXMI-008, AXMI-0080rf2,
AXMI-009, AXMI-014, TIC809, TIC810, TIC812, TIC127 and TIC128.

97. The method of claim 91, wherein two Lygus inhibitory proteins other than a
TIC807 protein are expressed in said plant, said two Lygus inhibitory proteins comprising
TIC809 and TICS810.

98. The method of claim 91, wherein said expression of Lygus inhibitory agents
provides for a synergistic Lygus inhibitory effect.

99. The method of claim 91, wherein said expression of Lygus inhibitory agents
provides for an additive Lygus inhibitory effect.

100. The method of claim 91, wherein said Lygus is Lygus hesperus or Lygus lineolaris.

101. An isolated protein, wherein said protein comprises a polypeptide sequence of at

least 9 amino acids in length that is contained within SEQ ID NO:5.
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102. The isolated protein of claim 101, wherein said polypeptide sequence is at least 12

amino acids in length.

103. The isolated protein of claim 102, wherein said polypeptide sequence is at least 16

amino acids in length.

104. The isolated protein of claim 103, wherein said polypeptide sequence is at least 32

amino acids in length.

105. The isolated protein of claim 104, wherein said polypeptide sequence has at least
about 80% sequence identity to a corresponding polypeptide sequence contained within SEQ

ID NO:5.

106. The isolated protein of claim 105, wherein said polypeptide sequence has at least
about 90% sequence identity to a corresponding polypeptide sequence contained within SEQ

ID NO:S.
107. The isolated protein of claim 106, wherein said polypeptide sequence has at least
about 95% sequence identity to a corresponding polypeptide sequence contained within SEQ

ID NO:5.

108. The isolated protein of claim 107, wherein said protein is SEQ ID NO:35.

109. The isolated protein of claim 101, wherein said protein further comprises a carrier
protein.

110. The isolated protein of claim 109, wherein said carrier protein is an albumin or a
KLH protein. |

111. The isolated protein of claim 101, wherein said protein further comprises a covalent

modification selected from the group consisting of an indicator reagent, an amino acid spacer,

an amino acid linker, a signal sequence, a chloroplast transit peptide sequence, a vacuolar
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targeting sequence, a stop transfer sequence, a transmembrane domain, a protein purification

ligand, or a combination thereof.

112. An antibody that specifically binds to a TIC807 protein or peptide epitope derived
therefrom, said protein or epitope comprising at least 9 contiguous amino acids of SEQ ID

NO:5.

113. A kit for detection of a TIC807 protein in a sample, said kit comprising;:
a) an antibody that specifically binds to a TIC807 protein or peptide epitope
derived therefrom, said protein or epitope comprising at least 9 contiguous amino
acids of SEQ ID NO:5; and
b) a control TIC807 protein or peptide epitope derived therefrom, said protein or

epitope comprising at least 9 contiguous amino acids of SEQ ID NO:5.

114. Anisolated Escherichia coli strain SIC8088 harboring vector pIC17040 and
comprising a nucleotide sequence encoding an insecticidal fragment of TIC807, deposited on
March 16, 2007 with the Agricultural Research Culture Collection, Northern Regional
Research Laboratory (NRRL) and having Accession No. NRRLB-50030.
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(25.5%)
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Figure 2

T-Ec.aadA-SPC/STR-1:1.
CR-Ec.aadA-SPC/STR-1:1:

-AGRtu.right border-1:1:25
-CaMV.35S-enh-1:1:13
L-Gm.Hsp17.9-1:1:1
TS-At.ShkG-CTP2-1:1:1

P-Ec.aadA-SPC/STR-1:1:

ORI-322
CR-Bt.TIC807_nno-1:1:1

pMON105863
35S/CTP2/TIC807

9220 bp T-CaMV.358-1:1:1

CR-Ec.rop-1:1:3 P-CaMV.35S-1:1:17

T-AGRtu.nos-1:1:13

-AGRtu.left border-1:1:5
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Figure 3

T-Ec.aadA-SPC/STR-1:1:
CR-Ec.aadA-SPC/STR-1:1:

B-AGRtu.right border-1:1:25
P-CaMV.35S-enh-1:1:13

P-Ec.aadA-SPC/STR-1:1: L-Gm.Hsp17.9-1:1:1

ORI-322 CR-Bt.TIC807_nno-1:1:1

pMON105864
e35S/TIC807

T-CaMV.35S-1:1:1

P-CaMV.358-1:1:17
CR-Ec.rop-1:1:3

CR-Ec.npth-Tn5-1:1:2

T-AGRtu.nos-1:1:13
OR-Ec.oriV-RK2-1:1:4

-AGRtu.left border-1:1:5
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L-Gm.Hspl7.9
Selectable

Marker
TIC807

pMON78892

SPC/STR
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TIC128
Expression
Cassette

pMON78893
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Figure 6

---MAILDLKSLVLNAINYWGPKNNNGIQGGDFGYPISEKQIDTSIITFTHPRLIPYDLT
MIFLAILDLKSLVLNAINYWGPKNNNGIQGGDFGYPISEKQIDTSIITSTHPRLIPHDLT

ehkkkhkhkhkhkhkhk bbb hkhhhkhhkdhhkbkrrhbhkhkhk b hhbhbdhkrhkhkhhkdhbrhdk *hhkhkhkdhkk o khk

IPONLETIFTTTQVLTNNTDLQQSQTVSFAKKTTTTTSTSTTNGWTEGGKISDTLEEKVS
IPQNLETIFTTTQVLTNNTDLOQSQTVSFAKKTTTTTSTSTTNGWTEGGKISDTLEEKVS

kkkhhkhkhk kb hkhkdhhkdhhkhkhkhkhkhkdhkhkhhkhhdhdohkhkhhhrhhhkddhbkrhdhddhdhbhkhhhkdkrhkhkik

VSIPFIGEGGGKNSTTIEANFAHNSSTTTFQQASTDIEWNISQPVLVPPSKQVVATLVIM
VSIPFIGEGGGKNSTTIEANFAHNSSTTTFQQOASTDIEWNISQPVLVPPRKQVVATLVIM

hkkkhkkhkhhkhkhkhkhkhdhhdhdhhdrhhdhdhdrdbhdhhdhbhddhhdrhhhhhkkhhd khhdodhddkhdhk

GGNFTIPMDLMTTIDSTEHYSHYSGYPILTWISSPDNSYSGPFMSWYFANWPNLPSGFGP
GGNFTIPMDLMTTIDSTEHYS---GYPILTWISSPDNSYNGPFMSWYFANWPNLPSGFGP

dokokododok ok ok ok ok ko okk ok k ok ok ok hhkkhkhkhkhkdhdhdkhkdkdhdk dhkhkhkdkhkhhkhkhhkhdhkdhdkhkhkdkdki

LNSDNTVTYTGSVVSQVSAGVYATVRFDQYDIHNLRTIEKTWYARHATLHNGKKISINNV
LNSDNTVTYTGSVVSQVSAGVYATVREFDQYDIHNLRTIEKTWYARHATLHNGKKISINNV

ko kdhhkdkhhkkdk ko hhhhkhhkhkdhhkkhkhkhkkdrhkkhkdhhhkhhhhk bk dhhkkhkkdhhkdkhkdhh

TEMAPTSPIKTN (SEQ ID NO:5)
TEMAPTSPIKTN (SEQ ID NO:59)

ok k ok ok ok ok okok ok ok ke
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