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1 GAATTOGUCA CGAQCACACA CAAGCGAGGA GCACTACCTG TTGGTTGGAT

- Nucleotide sequences encoding a maize 5C9 polypeptide, the SC9 $1 TCTCTTCAGT CTAGCTACTC GATCGGTCCC TTGTCCACAG TTAASGTTTCA
polypeptide and structural and functional equivalent, and methods for 101 GACACATGGG GAGCATTGGC AGAGGCACGG CCAACTGCGC CACCGTGCOG
controlling insect infestation in plants are provided. 151 CAGCCGCCGC CGTCOACAGSG GAAGCTCATC ACGATCCTGA GCATCGATGG

201 CGGCAGCATC CGCGGCCTTA TCCOGGCUAC CATCATTGCG TACCTCOGAGS
253 CCAAGCTCCA GGAGCTOGAC QGCCCGGACG CTCGOATCOGC CGACTACTTC
301 GATGTOATTG CCGGGACGAG CACCOGCGCC CTUCTCGCGT CGATGCTGGC
351 GGOGCCGUGAC GAGAACAACC GOCCGCTGTT CGCCUCCAAG GACCTCACCA
401 CUTTCTACCT COAGAACGGC CCAAAGATCT TCCCACAGAA AAAGGCTGGG
451 . TIGCTOACGC CUCTGAGGAA CCTGCTGGGC CTUGTGCGOG GCCCCAAGTA I
501 CGACGGCGTA TTCCTGCACG ACAAGATCAA GAGCCTGACS CACGACGTCA
%5851 GAGTGGCAGA CACAGGTGACC AACGTCATCS TAUCCGGCGTT CGACGTCAAL
€01 TACCTGCAGC CCATCATCTT CTCGACGTAL GAGGCCAAGA CCGACACCOCT ]
€51 CAAGAACGCG CACCTCTCCA ACATCTGCAT CAGCACGTCS GCGGCACCCA
701 CCTACTTCCRC GGCGCACTTC TTCAAGACTG AGGCCACCGA CGGCCOGCCE
781 CCCCGCGAGT ACCACCTCGT GGACGGOGGE GTCRCGGCCA ACAACCCCAC
801 CATGGTCOGCC ATGTCCATGC TCACCAAGGA GGTGCACCGC CGCAACCCCA
851 ACTTCAACGC CGGCAGCCCC ACCGAGTACA CCAACTACCT CATCATCTCCE
901 GTCGGCACCG GGTCGGCAAA GCAGOCGGAG AAGTACACCG CGGAGCAGTG
953 CGCGAAGTGG GGCCTCATCC AGTGGCTCTA CAACGGCGAC TTCACGCCGA

1001
JO0%2
1101
1151
1201
1251
1301

1351
1401
1451

1501

TCATCGACAT CTTCTCGCAT GCCAGTTCCG ACATGGTTGA CATCCATGCG
TCGATCCTCT TTCAGGCCCT GCACTGCGAG AAGAAGSTACC TTCGCATCCA
GGATGATACT TTGACTGGGA ACGCATCGTC CGTGGACATC GCCACCAAGS
AGAACATGGA GTCTCTGATA TCGATCGACC AGGAGCTGCT CAAGAAGCCA
GTGGCGAGAG TGAACATCGA CACAGGGGTG TACGAGTCCT GCGACGGTGA

GGGCACAAAT GCACAGTCGC TAGCTOACTT CGCCAAGCAA CTCTOTIGACS
AGCOCAAGCT ACGCAAOAGC AATCTCAACT CCAACTAATA AATACCTCTC

TCAGTCACAG CATGTGCTCT TTCIGCAGAT TCACCAGTTTC TTATTTTTAM
TTTCAATTTC AATTCAGTGT ATOTGCGIGT GTGTOTGACT GTACTGTGTG
TACCAATAAA CATTTAAGTT CAATCATTTG CTTGTCTATG ATCAAAAGAA

CCATTTCCTT CTGAAAAAAA AACGGCACGA G
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MAIZE GENE AND PROTEIN FOR INSECT CONTROL
M_“—

FIELD OF THE INVENTION
5 The present invention relates to the field of plant molecular biclogy. More
specifically, the invention relates to isolated maize nucleotide sequences
encoding an insecticidal polypeptide. and methods for control of insect

Infestation in plants.
BACKGROUND

10 The use of natural products. Including proteins, is a well known method of
controlling many insect pests. For example, endotoxins of Bacillus thuringiensis
(B.t.) are used to control both lepidopteran and coleopteran insect pests. Genes
producing these endotoxins have been introduced into and expressed by various
plants, including cotton, tobacco, tomato. and maize. There are, however,

15 several economically important insect pests that are not susceptible to B.t.
endotoxins, including the boll weevil. Anthonomus grandis, and cormn rootworm
(CRW), Diabrotica spp. In addition, having other, different gene products for
control of insects which are susceptible to 8.t endotoxins is critical for resistance
management.

20 Several other known insecticidal proteins are found in plants. These
include lectins, amylase inhibitors, and protease inhibitors, which can affect
insect growth and development when ingested at high levels. See, e.g., Boulter
et al., 1989; Broadway and Duffey, 1986, Czapla and Lang, 1990; Gatehouse et
al., 1986. Huesing, et a1 1991; Ishimoto and K. Kitamura, 1989 Murdock et al.,

25  1990; Shucklé and Murdock, 1993. However, these proteins apparently do not
provide the acute mortality afforded by B8.t. proteins.

Patatins are a family of proteins found in potato (see Gaillaird, 1971:
Racusen, 1984; Andrews et al. 1988) and other plants, particularly in
solanaceous plants (Ganal et al., 1991; Vancanneyt et al., 1989). In potato the

30 patatins are found primarily in tubers, but also at much lower levels in other plant
organs (Hofgen and Wilimitzer, 1990). Genes that encode patatins have been
Isolated. See, e.g., Mignery et al., 1984; Mignery et al., 1988: Stiekema et al.,

75529-41 (8)
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1988. Roshal et al., 1987, transferred a patatin gene to
tobacco and expressed patatin in transgenic tobacco plants.

Although the benefits of expression of heterologecus
genes 1n transgenic plants cannot be minimized, there are
additional benefits to be gained from discovering native or
autologous genes, the copy number of which and/or the
expression of which can be increased. In additicn, even when
a heterologous gene is inserted into and exXpressed in
transgenic plants, if that gene is isoclated from a somewhat
more closely related species, its expression level may be
higher than in instances where genes from unrelated species

are used, and its expression product may be more effective.

Therefore, an effective insect control protein from an
agronomic crop species is highly desirable.
SUMMARY

It 1s therefore an object of the present invention
Lo provide isolated maize nucleotide sequences showing some
sequence similarity to, but that are not substantially
nhomologous to, genes encoding patatins and the proteins
encoded thereby. It is a further object of this inventicn TO
provide expression cassettes, ‘useful in the transformaticn of
plant cells, that contain the isolated maize nucleotide
sequences encoding the proteins of the invention.

More specifically, the present invention provices a
polypeptide having the amino acid sequence shown in FIGURE 2
Or a derivative thereof having 5C9 polypeptide activity.

The present invention also provides a DNA molecule

naving the nucleotide sequence shown in FIGURE 1, or a

75529-41(S)
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structural equivalent thereof which hybridiZes under
stringent conditions to the complementary sequence of the
nucleotide sequence shown in FIGURE 1.

The present invention also provides a nucleotide

sequence encoding the amino acid sequence of the 5C9

polypeptide having the amino acid sequence shown in FIGURE 5

or a derivative thereof having 5C9 polypeptide activity.

Also, the present invention provides methods for

controlling insect infestation of plants. In one asgect o£

e’

the Invention this comprises providing an effective amount of
the insecticidal polypeptide 5C9 for ingestion by the insect.
This may be accomplished by providing an insecticidally
effective amount of the protein into the environment of the
insects, for example by spraying or other application

techniques, or by providing plant-colonizing microorganisms

that have been transformed to express the isolated nucleotide
sequences of the invention and which are introduced to the
plant, express such gene, and provide an insecticidally

effective amount of the protein.

Alteratively, the method may be effected by
genetically transforming the plant to express either
additional, insecticidally effective levels of the native
1nsecticidal protein (in instances where the transformed
plant i1s a maize plant), or to express insecticidally
effective levels of the heterologous insecticidal protein (in

1nstances where the transformed plant is other than a maize

plant) .

75529-41 (S)
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The method of the invention further envisions specifically Increasing the

expression of the active 5C9 protein in maize by increasing its copy number
and/or replacing its promoter with an over-expressing promoter, such as a
constitutive or a tissue specific promoter.

In addition, the present invention also provides the method of controlling
iInsect infestation in plants by imparting insect resistance to plants of taxons
susceptible to infestation. Fertile, insect resistant plants from sexually
compatible taxa that have been transformed with DNA encoding the 5C9
polypeptide of the invention, are selected and sexually crossed with a plant from
the infestation-susceptible taxon. Reproductive material is recovered from the
progeny of the cross, and insect resistant plants are grown up from that
reproductive material. To impart resistance in taxa consisting of substantially
homozygous plants the method further comprises repetitive backcrossing of the
Insect resistant progeny with substantially homozygous, Infestation-susceptible
plants from the taxon, and selecting for expression of insect resistance along
with any other desired characteristics of the susceptible taxon from among the
progeny of the backcross, until the desired percentage of the characteristics of
the susceptibie taxon are present in the progeny, along with insect resistance.

Alternatively, the invention also envisions the screening of maize plants
for mutants having. altered expression patterns of 5C9 such that protection
against insects or other plant pathogens is increased in tissues in which 5C9 is
not normally expressed, or in tissues in which expression does not occur at such
effective levels.

Other objects, features and advantages of the present invention will
become apparent from the following detailed description. It should be
understood, however, that the detailed description and the specific examples,
while indicating preferred embodiments of the invention, are given by way of
lllustration only, since various changes and modifications within the spirit and
scope of the invention will become apparent to those skilled in the art from the

following detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is the sequence of the isolated maize cDNA sequence
encoding the 5C9 polypeptide.

FIGURE 2 is the deduced amino acid sequence of the 5C9 polypeptide.

5 FIGURE 3 is a schematic of 5C9 genomic and cDNA inserts.

FIGURE 4 is a plasmid map of the pPHP5379 piasmid, containing the 5C9

CDNA.
DETAILED DESCRIPTION

The present invention provides isolated maize nucleotide sequences

10 encoding a 5C9 polypeptide, the polypeptide itself, and methods for controlling

insect infestation in plants using the nucleic acids and protein of the invention.
As used herein, the term "controlling insect infestation" means reducing

the number of insects that cause reduced beneficial plant yield. The reduction of

iInsect numbers can occur either through mortality, retardation of larval

15 development (stunting), or reduced reproductive efficiency, or a combination
thereof. As used herein, the terms "insecticidal" means capable of reducing the
number of insects which cause reduced beneficial yield. This reduction of insect
number can, again, occur through mortality, retardation of larval development
(stunting),or reduced reproductive efficiency, or a combination thereof.

20 As used herein, the term "nucleotide sequence" means a DNA or RNA
molecule or sequence, and can inciude, for example, a cDNA, genomic DNA. or
synthetic DNA sequence, a structural gene or a fragment thereof, or an mRNA
sequence, that encodes an active or functional polypeptide.

By "transgenic plant" is meant any plant or plant cell that has become

25  transformed by the introduction, through stable and heritable incorporation, into
the subject plant or plant cell, of either native DNA that is under the control of a
promoter other than the promoter that typically drives expression of that DNA in

a wild-type plant, and that has been introduced back into the host plant, or
foreign DNA, i.e. DNA encoding for a protein not normally found within that plant

30 species.

"Plantlet” refers to a plant sufficiently developed to have a shoot and a

root that is asexually reproduced by cell culture.
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"Explant” refers to a section or piece of tissue from any part of a plant for

cuituring.

The term "callus” and its plural "calli", refer to an unorganized group of
cells formed In response to cutting, severing, or other injury inflicted on plant
tissue. Excised pieces of plant tissue and isolated cells can be induced to form
callus under the appropriate culture conditions. Callus can be maintained in
culture for a considerable time by transferring or subculturing parts of the callus
to fresh medium at regular intervals. The transfer of callus to liquid medium
leads to dispersion of the tissue and the formation of a plant cell suspension
culture. Callus can be induced to undergo organized development to form
shoots and roots.

"Embryoid” refers to a structure similar in appearance to a plant zygotic
embryo.

"Somatic hybrid" and "somatic hybridization" refers generally to stable
combination of cellular material, be it protoplast/protoplast or protoplast/cytoplast
combinations, and includes cybrids and cybridization.

A "replicon” is any genetic element (e.g., plasmid, chromosome, virus)
that functions as an autonomous unit of DNA replication in vivo; i.e., capable of
replication under its own control.

A "vector” is a replicon, such as a plasmid, phage, or cosmid, to which
another DNA segment may be attached so as to bring about the replication of the
attached segment.

A DNA "coding sequence” is a DNA sequence which is transcribed and
translated into a polypeptide in vivo when placed under the control of appropriate
regulatory sequences. The boundaries of the coding sequence are determined
by a start codon at the §' (amino) terminus and a translation stop codon at the 3'
(Carboxy) terminus. A coding sequence can include, but is not limited to,
procaryotic sequences, cDNA from eucaryotic mRNA, genomic DNA sequences
from eucaryotic (e.g., mammailian) DNA, and even synthetic DNA sequences. A
polyadenylation signal and transcription termination sequence will usually be
located 3' to the coding sequence.

A "promoter sequence” or a "promoter" is a DNA regulatory region

capable of binding RNA polymerase in a cell and initiating transcription of a
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downstream (3' direction) coding sequence. For purposes of defining the

present invention, the promoter sequence is bound at its 3' terminus by the
translation start codon (ATG) of a coding sequence and extends upstream (5'
direction) to include the minimum number of bases or elements necessary to
initiate transcription. Within the promoter sequence will be found a transcription
Initiation site, as well as protein binding domains responsible for the binding of
RNA polymerase. Eucaryotic promoters will often, but not always, contain
"TATA" boxes and "CAT" boxes. Procaryotic promoters can contain Shine-
Dalgarno sequences.

DNA "control sequences" refers collectively to promoter sequences.
ribosome binding sites, polyadenylation signals, transcription termination
sequences, upstream regulatory domains, enhancers, and the like, which
collectively provide for the transcription and translation of a coding sequence in
a host cell.

A coding sequence is "operably linked to" or "under the control of" control
sequences In a cell when RNA polymerase will bind the promoter sequence and
transcribe the coding sequence into mRNA, which is then translated into the
polypeptide encoded by the coding sequence.

A "host cell” is a cell which has been transformed, or is capable of
undergoing transformation, by an autologous or an exogenous DNA sequence.

A cell has been "transformed" by autologous or exogenous DNA when
such DNA has been introduced inside the cell membrane. The DNA may or may
not be integrated into (covalently linked to) chromosomal DNA making up the
genome of the transformed cell. In procaryotes and yeasts, for example, the DNA
may be maintained on an episomal element, such as a plasmid. With respect to
eucaryotic cells, a stably transformed cell is one in which the DNA has become
integrated into the chromosome so that it is inherited by daughter cells through
chromosome replication. This stability is demonstrated by the ability of the
eucaryotic cell to establish cell lines or clones comprised of a population of
daughter cells containing the DNA.

A "clone" is a population of cells derived from a single cell or common
ancestor by mitosis. A "cell line” is a clone of a primary cell that is capable of

stable growth in vitro for many generations.
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Two DNA, RNA or polypeptide sequences are "substantiaily homologous"
or "structurally equivalent" when at least about 85% (preferably at least about
90%, and most preferably at least about 95%) of the nucleotides or amino acids
match over a defined length of the molecule. DNA sequences that are
substantially homologous can be identified in a Southern hybridization
experiment under, for example, stringent conditions, as defined for that particular
system. Defining appropriate hybridization conditions is within the skill of the art

See, e.g., Maniatis et al.,, Molecular Cioning, A Laboratory Manual, Cold Spring
Harbor Laboratory, New York (1982); Brown T.A., Gene Cloning: An Introduction

(2d Ed.), Chapman & Hall, London (1990).

A "heterologous" region of a DNA construct is an identifiable segment of
DNA within or attached to another DNA molecule that is not found in association
with the other molecule in nature. Thus, when the heterologous region encodes a
bacterial gene, the gene will usually be flanked by DNA that does not flank the
bacterial gene in the genome of the source bacterium. Another example of a
heterologous coding sequence is a construct where the coding sequence itself is
not found in nature (e.g., synthetic sequences having codons different from the
native gene). "Heterologous" DNA aiso refers to DNA not found within the host

cell in nature. Allelic variation or naturally occurring mutational events do not
give rise to a heterologous region of DNA, as these terms are used herein
"Native", "autologous" or "endogenous" DNA, as used herein, refer to DNA that
IS typically present in the host in nature.

The term "polypeptide" as used herein is used in its broadest sense, i.e.,
any polymer of amino acids (dipeptide or greater) linked through peptide bonds.
Thus, the term "polypeptide" includes proteins, oligopeptides, protein fragments,
analogues, fusion proteins and the like. The term also encompasses amino acid
polymers as described above that include additional non-amino acid moieties.
Thus, the term ‘“polypeptide" includes glycoproteins, lipoproteins,
phosphoproteins, metalioproteins, nucleoproteins, as well as other conjugated
proteins. The term "polypeptide” contemplates polypeptides as defined above

that are recombinantly produced, isolated from an appropriate source. or

synthesized.
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Insecticidally effective amounts of the 5C9
polypeptide can be effectively applied to infested plants by
spray, dust or other formulation common in the art. This can
be achieved by spraying or dusting with appropriate
compositions comprising insecticidally effective amounts of
the 5C9 protein in an appropriate carrier, as necessary,
taking into account the environmental conditions at and
around the time of application, the location and extent of
insect infestation, and the like. The 5C9 protein for such
application can be produced in bacterial or plant bioreactors
capable of expressing large amounts of active protein that
can be purified to the extent necessary and prepared for such
application.

Alternatively, the peptide can be incorporated into
the tissues of a susceptible plant so that in the course of
infesting the plant the insects will be exposed to
insecticidally effective amounts of the peptide. Known
methods of doing this are to incorporate the peptide in a
non-phytotoxic carrier which is adapted for systemic
administration to the susceptible plants, such as an
endophytic bacterium or a lipid vesicle or microsphere.

See, for example, U.S. 5,157,207, issued October
20, 1992 to Carlson, et al., directed to modified plants
contalning bacterial inoculants. According to the 207
patent, certain types of microorganisms, such as hybrid
agricultural-chemical-producing endosymbiotic microorganisms,
can colonize the interior of plants and provide useful

agricultural chemicals, such as pesticides, to the plants.

75529-41 (S)
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Certain microbial endophytes are capable of inducing enhanced
resistance in a host to phytopathogens. The bacteria that
are suiltable for use in such a method in this invention
belong to a species of bacteria that is capable of
replicating in the interior tissues of a plant and of
producing the desired compound of this invention. Under
normal field conditions, the bacterium does not ordinarily
inhabit the seed or the plant into which the bacterium is
introduced. Such a bacterium can be a gram-positive
bacterium, a gram-negative bacterium or a species of
actinomycetes. The bacterium is modified by genetic
engineering techniques to incorporate the gene coding for the
compound of this invention. In a preferred embodiment, the
bacterial cell is a genetically modified species of either
Corynebacteria, Clavibacter, Pseudomonas, Xanthomonas or
Erwinia, the Corynebacteria and Clavibacters being as defined
in Davis M. J. et al. (1984), loc. cit. In a particularly
preferred embodiment, the bacterial cell is a strain of
Clavibacter xyli. In a most preferred embodiment, the
bacterial cell is a Clavibacter xyli subspecies cynodontis.

Reference also may be had to U.S. 5,252,348, issued
October 12, 1993 and directed to "Artificial viral
envelopes". According to the 348 patent, lipid vesicles of
the patent can be used to transfer biological material to
plant cells.

Further reference may be had to U.S. 5,071,654,

issued December 10, 1991, which are directed to insecticidal

compositions involving a phospholipid vesicle with insect

75529-41(S)
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midgut brush border and a Bacillus thuringiensis protein
endotoxin incorporated therein and an agriculturally-
acceptable carrier. Such phospholipid vesicle compositions
are stated to provide a vehicle for the application of delta
endotoxin to plants. The vesicles are stated to act in much
the same fashion as liposomes do in vertebrates, to
facilitate the delivery of the toxins to the target midgut
cells 1n susceptible insects.

Reference may also be had to U.S. 5,034,322, issued
July 23, 1991 to Rogers, et al., which are directed to
chimeric genes suitable for expression in plant cells, but
which discusses methods capable of inserting the chimeric
genes of this invention into plant cells, although the
reported transformation efficiencies achieved to date by such
methods have been low. Discussed methods include use of
lipid vesicles, also called liposomes, from which DNA may be
taken up by plant cells.

Still further reference may be had to U.S.
4,588,578, 1ssued May 13, 1986 to Fountain, et al. and
directed to monophasic vesicles for delivery of
antimicrobials and other compounds to plants, and U.S.
4,522,803, 1ssued June 11, 1985 to Lenk, et al. and directed,
inter alia, to methods for treatment of infections in plants,
comprising administering stable plurilamellar vesicles
containing a compound effective for treating said infection.

The foregoing and similar methods are commonly
employed with insecticidal materials which are designed to

attack chewing insects and are well

75529-41 (S)
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within the purview of one of ordinary skill in the art of insecticide and larvicide
formulation and are fully contemplated in the practice of this invention. However,
genes which code for the peptides of this invention can be readily synthesized
using automated methods, cloned, inserted into an appropriate expression
cassette, and introduced directly into cells of a susceptible plant species.
Accordingly, an especially preferred embodiment of this method involves
inserting into the genome of the plant a DNA sequence coding for the
polypeptide of this invention in proper reading frame, together with transcription
initiator and promoter sequences active in the plant. Transcription and
translation of the DNA sequence(s) under control of the regulatory sequences
can cause expression of the polypeptide sequence(s) at levels which provide an
insecticidally effective amount of the polypeptide(s) in the tissues of the piant
which are normally infected by the pests.

With a working knowledge of conventional techniqdes for cloning, DNA
isolation, amplification and purification, for enzymatic reactions involving DNA
ligase, DNA polymerase, restriction endonucleases and the like, and various
separation techniques known and commonly employed by those skilled in the art
(See, for example, R. Wu, ed. (1979) Meth. Enzymol. 68; R. Wu et al.. eds.
(1983) Meth. Enzymol. 100, 101: L. Grossman and K. Moldave, eds. (1980)

Meth. Enzymol. 65: J. H. Miller (1972) Experiments in Molecular Genetics: R.
Davis et al. (1980) Advanced Bacterial Genetics: R. F. Schieif and P. C.

Wensink (1982) Practical Methods in Molecular Biology; and T. Manniatis et al.
(1982) Molecular Cloning.), one of ordinary skill can employ any suitable gene
construct containing the structural genes coding for the peptides of this
Invention.

The nucleotide sequence which when expressed imparts insecticidal
activity is a structural gene which codes for the polypeptide of this invention, or
its structural and functional equivalents. Given the amino acid sequence
provided herein, any of several translationally equivalent synthetic DNA
sequences can then be prepared which code for the sequence of amino acids
using commercially available software, such as PC Gene™ or GCG™, and this
synthetic sequence can be Inserted into an appropriate plant expression

cassette.
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In carrying out this invention, it will be appreciated that numerous plant

expression cassettes and vectors are well known in the art. By the term
‘expression cassette” is meant a complete set of control sequences including
initiation, promoter and termination sequences which function in a plant cell
when they flank a structural gene in the proper reading frame. Expression
cassettes frequently and preferably contain an assortment of restriction sites
suitable for cleavage and insertion of any desired structural gene. It is important
that the cloned gene have a start codon in the correct reading frame for the
structural sequence. In addition, the plant expression cassette preferably
iIncludes a strong promoter sequence at one end to causes the gene to be
transcribed at a higher frequency, and a poly-A recognition sequence at the
other end for proper processing and transport of the messenger RNA. An
example of a preferred (empty) expression cassette into which the DNA
sequence of the present invention can be inserted is the pPHI414 plasmid
developed by Beach et al. of Pioneer Hi-Bred International, inc.. Johnston, IA.
Preferred plant expression cassettes can be designed to include one or more
selectable marker genes, including, for example, kanamycin resistance or
herbicide tolerance genes.

By the term "vector" herein is meant a DNA sequence which is able to
replicate and express a foreign gene in a host cell. Typically, the vector has one
Or more endonuclease recognition sites which may be cut in a predictable
fashion by use of the appropriate enzyme. Such vectors are preferably
constructed to include additional structural gene sequences imparting antibiotic
or herbicide resistance, which then serve as selectable markers to identify and
separate transformed cells. Preferred selection agents include, for example,
kanamycin, chlorosulfuron, phosphonothricin, hygromycin and methotrexate, and
preferred markers are genes conferring resistance to these compounds. A cell in
which the foreign genetic material in a vector is functionally expressed has been
‘transformed” by the vector and is referred to as a "transformant". A "foreign"
gene refers to any gene introduced into a plant by transformation technigues,
and can include autologous genes re-introduced into the plant species from

which the gene or nucleotide sequence was isolated. Typically such autologous
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genes will have been put under the control of a promoter different from the

promoter that is operably linked to the autologous gene in a wild type piant.

A particularly preferred vector is a plasmid, by which is meant a circular
double-stranded DNA molecule that is not a part of the chromosomes of the cell.

As mentioned above, genomic, synthetic and cDNA representing the 5C9
gene and encoding the 5C9 polypeptide may be used in this invention. The
vector of interest may also be constructed partially from a cDNA clone, partially
from a synthetic sequence and/or partially from a genomic clone. When the 5C9
gene sequence is in hand, genetic constructs are made which contain the
necessary regulatory sequences to provide for efficient expression of the gene in
the host cell. According to this invention, the genetic construct will contain a
genetic sequence coding for the 5C9 polypeptide and one or more regulatory
sequénces operably linked on either side of the nucleotide sequence encoding
the 5C9 polypeptide. Typically, the regulatory sequences will be selected from
the group comprising of promoters and terminators. The regulatory sequences
may be from autologous or heterologous sources.

Promoters that may be used in the genetic sequence include, for example,
nos, ocs, phaseolin, caMV, FMV, ubiquitin and other promoters isolated from the
DNA of plants or other sources, both natural and synthetic. A tissue-specific
promoter can be used in instances where it may be desirable to localize
production of the 5C9 expression product to a particular tissue type.

An efficient plant promoter that may be used is an overproducing plant
promoter. Overproducing plant promoters that may be used in this invention
iInclude the promoter of the small sub-unit (ss) of the ribulose-1, 5-bisphosphate
carboxylase from soybean (Berry-Lowe et al., J. Molecular and App. Gen., 1:483-
498 (1982)), and the promoter of the chlorophyli a-b binding protein. These two
promoters are known to be light-included in eukaryotic plant cells (see, for
example, Genetic Engineering of Plants. An Agricultural Perspective, Cashmore.
Pelham, New York, 1983, pp. 29-38, G. Coruzzi et al., J. Biol. Chem., 258:1399
(1983), and P. Dunsmuir, et al., J. Molecular and App. Gen., 2:285 (1983)) and
may be particularly desirable in the practice of the present invention. An

especially preferred constitutive promoter is the 35S promoter from Cauliflower

Mosaic Virus.
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Root-specific promoters are also.known and can be selected from the
many available from the literature or isolated de novo from various compatible
species. For example, Hirel, B., Marsolier, M.C., Hoarau, A., Hoarau, J.
Brangeon, J., Schafer, R., and Verma, D.P.S., Plant Molecular Biology, Oct.
1992. v. 20 (2), pp. 207-218, describe a root-specific glutamine synthetase gene
from soybean. Keller, B. and Baumgartner, C., The Plant Cell, Oct. 1991, v. 3
(10), pp. 1051-1061, describe a root-specific control element in the GRP 1.8
gene of French bean. Sanger, M., Daubert, S., and Goodman, R.M., Plant

Molecular Biology, Mar. 1990, v. 14 (3), pp. 433-443, discuss the root-specific
promoter of the Mannopine Synthase (MAS) gene of Agrobacterium tumefaciens.
Miao, G.H., Hirel, B., Marsolier, M.C., Ridge, R.W., and Verma, D.P.S., The
Plant Cell, Jan. 1991, v. 3 (1), pp. 11-22, describe a full-length cDNA clone
encoding cytosolic glutamine synthetase (GS), which is expressed in roots and
root nodules of soybean. Bogusz, D., Liewellyn, D.J., Craig, S., Dennis, E.S.,
Appleby, C.A., and Peacock, W.J., The Plant Cell, July 1990, v. 2(7), pp. 633-
641, discusses two root-specific promoters isolated from hemoglobin genes from
the nitrogen-fixing nonlegume Parasponia andersonii and the related non-
nitrogen-fixing nonlegume Trema tomentosa. The promoters of these genes
were linked to a beta-glucuronidase reporter gene and introduced into both the
nonlegume Nicotiana tabacum and the legume Lotus corniculatus, and in both
Instances root-specific promoter activity was preserved. Leach, F. and Aoyagi,
K., Plant Science (Limerick) 1991, 79 (1):69-76, describe their analysis of the
promoters of the highly expressed ro1C and ro1D root-inducing genes of
Agrobacterium rhizogenes. They concluded that enhancer and tissue-specific
DNA determinants are dissociated in those promoters. Teeri, T.H., Lehvaslaiho.
H., Franck, M., Uatila, J., Heino, P., Palva, E.T., Montagu, M. van, and Herrera-
Estrella, L., EMBO Journal, 1989, 8 (2):343-350, used gene fusions to lacZ to
show that the Agrobacterium T-DNA gene encoding octopine synthase is
especially active in the epidermis of the root tip and that the TR2' gene was root
specific in the instant plant and stimulated by wounding in leaf tissue, an

especially desirable combination of characteristics for use with an insecticidal or

larvicidal gene. The TR1' gene, fused to NPTII, (neomycin phosphotransferase

[l) showed similar characteristics.
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Various promoters particularly useful in plants are disclosed and
discussed in U.S. Patent No. 5,234,834 (Fischer et al., Aug. 10, 1993). Fischer
et al. also discuss expression cassette and vector construction useful for plant
genetic applications.

The expression cassette comprising the nucleotide sequence coding for
the 5C9 polypeptide operably linked to the desired control sequences can be
ligated into a suitable cloning vector. In general, plasmid or viral (bacteriophage)
vectors containing replication and control sequences derived from species
compatible with the host cell are used. The cloning vector will typically carry a
replication origin, as well as specific genes that are capable of providing
phenotyic selection markers in transformed host cells. Typically, genes
conferring resistance to antibiotics or selected herbicides are used. After the

genetic material is introduced into the target cells, successfully transformed celis

and/or colonies of cells can be isolated by selection on the basis of these
markers.

Typically, an intermediate host cell will be used in the practice of this
invention to increase the copy number of the cloning vector. With an increased
copy number, the vector containing the gene of interest can be isolated in
significant quantities for introduction into the desired plant cells. Host cells that
can be used in the practice of this invention inciude prokaryotes, including
bacterial hosts such as E. coli, S. typhimurium, and S. marcescens. Eukaryotic
hosts such as yeast or filamentous fungi may also be used in this invention.

The isolated cloning vector will then be introduced into the plant cell using
any convenient technique, including, for example, chemically induced uptake,
electroporation, liposomes, retroviruses, electrophoresis, microparticle
bombardment, and microinjection into cells from any plant species, including
monocotyledonous or dicotyledonous plants, in cell or tissue culture or in whole
plants where applicable, to provide transformed plant cells or plants containing
as foreign DNA at least one copy of the DNA sequence of the plant expression
cassette. Using known techniques, protoplasts can be regenerated and cell or
tissue culture can be regenerated to form whole fertile plants which carry and

express the desired gene for the selected protein. See generally Chapters 6, 7
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and 9 in Glick and Thompson, Methods in Plant Molecular Biology and
Biotechnology, CRC Press, Boca Raton, 1993.

It will also be appreciated by those of ordinary skill that the plant vectors
provided herein can be incorporated into Agrobacterium tumefaciens, which can
then be used to transfer the vector into susceptible plant cells. Thus, this
Invention provides a method for insect control in Agrobacterium tumefaciens-
susceptible plants in which the expression cassette is introduced into the cells by
infecting the cells with Agrobacterium tumefaciens, a plasmid of which has been
modified to include a plant expression cassette which expresses 5C89 in the
manner of this invention.

The invention envisions transformation of both monocotyledonous and
aicotyledonous species of plants. Preferred monocot species include for
example, maize, sorghum, wheat, and rice. Preferred dicots Include, for
example, soybeans, sunflowers, rapeseed (for example, canola), and peanuts.
These monocots and dicots can be transformed using microprojectile
bombardment methods that have been widely published. Other monocot
species, such as Asparagus, and many of the dicot species listed above, as well
as sunflower, alfalfa, tobacco, cotton and tomato can be transformed using an
Agrobacterium species such as Agrobacterium rhizogenes or Agrobacterium

tumefaciens.

This invention also provides methods of imparting resistance to insects to
plants of a susceptible taxon comprising culturing regenerable cells or tissues
from at least one plant from the taxon, introducing into the cells of the cell or
tissue culture at least one copy of an expression cassette comprising a gene
which codes for the polypeptide of this invention, operably linked to plant
regulatory sequences which cause the expression of peptide(s) in the cells. and
regenerating insect resistant whole plants from the cell or tissue culture. Once
whole plants have been obtained, they can be sexually or clonally reproduced in
such manner that at least one copy of the sequence provided by the expression
cassette Is present in the cells of progeny of the reproduction.

Alternatively, once a single transformed plant has been obtained by the
toregoing recombinant DNA method, conventional plant breeding methods can

be used to transfer the structural gene for the 5C9 polypeptide and associated
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regulatory sequences via crossing and backcrossing. Such intermediate

methods will further comprise sexualily crossing the insect-resistant plant with a
plant from the infestation-susceptible taxon, recovering reproductive material
from the progeny of the cross, and growing insect-resistant plants from the
reproductive material. Where desirable or necessary, the agronomic
Charactenistics of the susceptible taxon can be substantially preserved Dy
expanding this method to include the further steps of repetitively backcrossing
the insect-resistant progeny with infestation-susceptibie plants from the
susceptible taxon, and selecting for expression of insecticidal activity (or an
associated marker gene) among the progeny of the backcross. until the desired
percentage of the charaderistics of the susceptible taxon are present in the
progeny along with the gene imparting insecticidal activity.

The following description further exemplifies the compositions of this
invention and the methods of making and using them. However it will be
understood that other methods, known by those of ordinary skill in the art to be

equivalent, can aiso be employed.
EXAMPLE 1

.Generation of 5C9 cDNA

A subtracted maize tassel cDNA library was constructed for the isolation

of tissue specific genes. Weiss et al., Isolation of cDNAs Encoding Guanine
Nucleotide-binding Protein R-submit Homologues From Maize (ZGB1) and
Arabidopsis (AGB1), P.N.A.S. 91:9554-9558 1994. |Individual clones were
transferred to microtiter plates, in glycerol stocks. Clones were selected at
random and used to probe Northern blots using Enhanced Chemiluminescence
(ECL’; system from Amersham. An ECL labeled probe of approximately 0.6kb
nybndized only with approximately 1.9kb mRNA from tasseis at different
developmental stages.

A second tassel CDNA library was screened with the approximately 0.6kb
probe and two more cDNA clones were isolated. Restriction digest analysis

indicated that plasmid pPHPS379 contains nearly full length coding sequence for
5C9.

*Trade-mark

75529-41 (8)
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A maize genomic librar constructed from inbred line A632, was probed
with inserts from pPHP5379, and two overlapping clones. 5C9.5 and 5C9.10,
were isolated and purified. Restriction digest analysis and subcloning of genomic
fragments from 5C9.5 were performed, in pPHP5827 and PPHP5828, with Xbal
genomic fragment into pSKIil plus in both orientations. and pPHPS5530, Bam
HI/Notl genomic fragment into pKSI| plus.

Another Northern membrane was probed with *P labeled 5C9. After 24
hours exposure, high levels of hybridization signal was visible with mRNA from
premeiotic stage tassels, as well as from 7 day post-pollinated kernels, and
lesser signal was detected with meiotic stage tassels, quartet stage tassels and
uninucleate stage tassels. The hybridization signal was parely detectable with
MRNA from binucieate stage tassels, 21 day post-pollinated kernels, 14 day
post-poliinated kernels, and from 12cm long ear shoot. After 90 hours exposure,
signal was faintly detectable with mRNA from 6 day seedling green leaves, 6 day
old seedling roots, and from ear shoots.

EXAMPLE 2
Protein Expression in Plants

Transgenic plants can be produced using any of several art-recognized
methods. See, generally, Glick and Thompson, Methods in Plant Molecular
Biology and Biotechnology, CRC Press, Boca Raton, 1993. For example,
microprojectile bombardment can be utilized to transform maize callus, and
whole, stably transformed plants regenerated therefrom. Such plants are
transformed with a cDNA or genomic DNA or synthetic DNA sequence coding for
the 5C9 polypeptide or a structural equivalent, operably linked to an over-
producing promoter that drives expression of the polypeptide, either
constitutively or in a tissue specific manner. Such plants are then tested for
resistance to insect infestation using art-recognized techniques.

A plant expression cassette, employing the regulatory sequences
developed by Beach, et al., and containing the 5C9 protein gene, is constructed.
This plasmid contains an enhanced 35S promoter spanning nucleotides - 421 to
+2 of Cauliflower Mosaic Virus with the region from - 421 to - 90 duplicated in

tandem, a 79 bp Hindlll Sa11 fragment from pJil101 spanning the 5' leader
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sequence of Tobacco Mosaic Virus, a 579 bp fragment spanning the first intron
from maize AdH1-S, and a 281 bp fragment spanning the polyadenylation site
from the nopaline synthase gene in plTiT37. Alternative promoters, for example
the ubiquitin promoter or the wheat Ta peroxidase promoter, and including tissue
specific promoters, can also be utilized.

Another construct that can be used as an expression cassette differs from
pPHI414 in that it lacks the AdH intron segment. However, like pPHI414, it is
constructed to have numerous restriction sites between the Q' segment and the
NOS segment, which sites can be conveniently used for splicing any desired
protein structural gene into position.

The vector can be cotransformed with a similar plasmid containing a
selectable marker, for example a marker for antibiotic or herbicide resistance,
into Black Mexican Sweet corn protoplasts using art recognized transformation
methods, for example electroporation or microprojectile bombardment. These
protoplasts can then be induced to regenerate cell walls and develop into callus
by conventional techniques. Likewise, this calilus can then be subjected to
selection to select for transformed colonies, and these colonies can be tested for
expression of protein with antisera for the appropriate protein using known
methods. The efficiency of protection can be measured by infesting calius (or
suspension cultures derived from callus) with the target insect and measuring
survival percentages.

The protein gene can be introduced into embryogenic maize callus and
other tissues by methods similar to those used for Black Mexican Sweet. A
particularly preferred transformation method is microprojectile bombardment.
Embryogenic callus of numerous elite lines has been regenerated to produce
whole fertile plants. When normal integration of the transgene occurs, the insect
resistance imparted by the endogenous production of the protein can be
expected to be simply inherited, dominant trait and can therefore be introduced
into other plant varieties of the species by simple crossing or backcrossing if
desired.

Using the foregoing techniques, the gene that codes for the 5C8 protein of
this invention can be introduced into maize cells, and the expression of protein in

such cells can be determined by transient assays.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY

OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A polypeptide having the amino acid sequence shown in
FIGURE 2 or a derivative thereof having 5C9 polypeptide

activity.

2. A DNA molecule having the nucleotide sequence shown 1in
FIGURE 1, or a structural equivalent thereof which hybridizes
under stringent conditions to the complementary sequence of the

nucleotide sequence shown 1n FIGURE 1.

3. A nucleotide sequence encoding the amilno acid sequence

P

of the 5C9 polypeptide having the amino acid sequence shown 1in

Figure 2 or a derivative hereof having 5C9 polypeptide activity.

4, An RNA sequence according to claim 3.
0. A DNA sequence according to claim 3.
6. An expression cassette containing the DNA sequence of

claims 2 or 5, operably linked to one or more regulatory

sequences that cause the expression of the DNA sequence 1n plant

cells.

7. Transformed plant cells containing at least one copy

of the DNA sequence of an expression cassette according to claim

0.




8 . Transformed
further characterized

species.

O . Transformed
further characterized

cells.

10. Transformed
further characterized

species.

11. Transformed

further characterized
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plant cells according to claim 7,

as being cells of a monocotyledonous

plant cells according to claim 8,

as being maize, sorghum, wheat, or rice

plant cells according to claim 7,

as being cells of a dicotyledonous

plant cells according to claim 10,

as being soybean, alfalfa, rapeseed,

tobacco, sunflower, cotton, or tomato cells.

12. Transformed plant cells according to claim 9,

wherein the cells are

malilze cells.

13. A tilissue culture comprising the cells according to

any one of claims 7 to 12.

14 . An 1insecticidally effective composition for

application to plants

comprising an linsecticidally effective

amount of the 5C9 polypeptide having the amino acid sequence

of FIGURE 2 1n a non-phytotoxic carrier.

15. The composition of claim 14 wherein the carrier is

adapted for systemic administration to a plant.
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The composition of Claim 14 wherein the carrier is adapted for topical
administration to a plant.

An expression cassette comprising the DNA sequence of Claims 2 or 9,
operably linked to one or more bacterial expression regulatory sequences
that cause the expression of the DNA in bacterial cells.

Bacterial cells containing, as a foreign plasmid, at least one copy of an
expression cassette of Claim 17.

A method of controlling insect infestation of a plant comprising providing
an insecticidally effective amount of the polypeptide of Claim 1. or a
structural equivalent, for ingestion by the insect.

The method of Claim 19 wherein the polypeptide is provided by plant-
colonizing microorganisms which produce the polypeptide after the

microorganisms are applied to the plant.

The method of Claim 19 wherein the polypeptide is provided by
expression of a nucleotide sequence encoding the polypeptide, the
nucleotide sequence having been incorporated in the plant by previous
genetic transformation of a parent cell of the plant.

The method of Claim 19 wherein the polypeptide is provided by delivery of
the composition of Claim 14 into the environment of the plant.

A method of controlling insect infestation of a plant comprising inserting
Into the genome of the plant a nucleotide sequence that codes for the
polypeptide of Claim 1, in proper reading frame relative to transcription
initiator and promoter sequences active in plants, to cause expression of
the nucleotide sequence at levels that provide an Insecticidally effective
amount of the polypeptide in the tissues of the plant that are normailly
affected by the insects.

The method of Claim 23 wherein the plant is a monocotyledonous
species.

The method of Claim 24 wherein the plant is a species selected from the
group consisting of maize, wheat, rice, and sorghum.

The method of Claim 23 wherein the plant is a dicotyledonous species.
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The method of Claim 26 wherein the plant is a species selected from the

group consisting of soybean, alfalfa, sunflower, safflower, rape, tobacco,
cotton, and tomato.

The method of Claim 23, further comprising culturing cells or tissues from
the plant, introducing into the cells of the cell or tissue culture by a
transformation method at least one copy of an expression cassette
comprising a nucleotide sequence encoding the polypeptide of Claim 1 or
a structural equivalent, and regenerating whole plants from the cell or
tissue culture.

The method of Claim 28 further comprising sexually or clonally

reproducing the whole plant so that at least one copy of the sequence
provided by the expression cassette is present in the cells of progeny of
the reproduced plant.

A method of controlling insect infestation of a plant by imparting insect
resistance to plants of a taxon susceptible to infestation, the method
comprising selecting a fertile insect resistant plant prepared by the
method of Claim 29 from a sexually compatible taxon, sexually crossing
the insect resistant plant with a plant from the infestation-susceptible
taxon, recovering reproductive material from the progeny of the cross, and

growing insect resistant plants from the reproductive material.

The method of Claim 30 for imparting insect resistance in a taxon
consisting of substantially homozygous plants, the method further
comprising repetitively crossing the insect resistant progeny with
substantially homozygous, infestation-susceptible plants from the taxon,
and selecting for expression of insect resistance along with any other
desired characteristics of the susceptible taxon from among the progeny
of the cross, until the desired percentage of the characteristics of the

susceptible taxon are present in the progeny along with insect resistance.
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