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CaaX Prenyl Protease Nucleic Acids and Polypeptides and Methods of
Use Thereof

FIELD OF THE INVENTION

The invention relates to novel plant CaaX prenyl protease polynucleotides and
polypeptides. Also included are transgenic plants expressing the novel polynucleotides
and polypeptides. Also included are transgenic plant cells, tissues and plants having
novel phenotypes resulting from the expression of these polynucleotides in either the

sense or antisense orientation.

BACKGROUND OF THE INVENTION

Most higher plants encounter at least transient decreases in relative water content
at some stage of their life cycle and, as a result, have evolved a number of desiccation
protection mechanisms. If however, the change in water deficit is prolonged the effects
on the plants growth and development can be profound. Decreased water content due to
drought, cold or salt stress can irreparably damage plant cells which in turn limits plant

growth and crop productivity in agriculture.

Plants respond to adverse conditions of drought, salinity and cold with a variety
of morphological and physiological changes. Although our understanding of plant
tolerance mechanisms to these stresses is incomplete, the plant hormone abscisic acid
(ABA) is believed to be an essential mediator between environmental stimulus and plant
responses. ABA levels increase in response to water deficits and exogenously applied
ABA mimics many of the responses induced by water-stress. Once ABA is synthesized it
causes the closure of the leaf stomata thereby decreasing water loss through

transpiration.

The identification of genes that transduce ABA into a cellular response opens the
possibility of exploiting these regulators to enhance desiccation tolerance in crop species.
In principle, these ABA signaling genes can be coupled with the appropriate controlling
elements to allow optimal plant growth, development and productivity. Thus, not only
would these genes allow the genetic tailoring of crops to withstand transitory
environmental stresses, but they should also broaden the environments where traditional

crops can be grown.
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The recent isolation of an Arabidopsis mutant, eral, is hypersensitive to ABA
and has been shown to also be tolerant to conditions of water deprivation. ERA1 has
been identified as a B subunit of farnesyl transferase knockout mutant in. Farnesyl
transferase is a heterodimeric enzyme that provides the specific addition of a farnesyl
pyrophosphate moiety onto the substrate target sequence. The target sequence is defined
as a sequence of four amino acids which are present at the carboxy terminus of the
protein and is referred to as a CaaX motif in which the "C" is cysteine, "a" is any
aliphatic amino acid and "X" is any amino acid. The o subunit is common with a second
prenylation enzyme, geranylgerany! transferase, that has a different B subunit and adds a

geranylgeranyl isoprenyl pyrophosphate moiety to the target sequence.

Prenylation is a multistep pathway which includes prenylation of the cysteine
residue of the CaaX site, cleavage of the -aaX tripeptide and methylation of the prenyl-
cysteine residue. Potentially, each of these steps could represent a target for genetic
manipulation of the prenylation process to generate a desired phenotype such as stress

tolerance.

In plants, prenylation has been linked to cell cycle control, meristem
development, and phytohormone signal transduction, however, few details of the role of
prenylation, the substrate proteins or the extent to which the plant system will be
analogous to the mammalian and yeast systems are known. The most characterized
substrates for CaaX modification are the Ras and a-factor proteins of yeast. Although
there are three steps to complete protein maturation, abolition or modification of any one
step does not necessarily result in cessation of target biological activities. Ras function is
attenuated if the -aaX tripeptide is not cleaved but not abolished and some proteins retain

the -aaX tripeptide after farnesylation.

In Arabidopsis, more than 600 proteins contain a CaaX motif, suggesting a role
for the post-translational modification by prenylation in numerous cellular processes. In
Arabidopsis, it has been demonstrated that the loss-of-function of the B-subunit of
farnesyl transferase will result in a ABA-hypersensitive phenotype. Although it is still
not clear why plants lacking the functional B-subunit of farnesyl transferase become
more sensitive to ABA, it clearly suggests that protein prenylation is involved in
regulation of the homeostasis of ABA sensitivity. The balance of ABA cellular

responses, whether more sensitive or less sensitive to ABA, is possibly regulated by the
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relative activities of prenylated proteins. The changes in AtCPP expression and gene
activity may affect the activity of two pools of genes, one pool acting as positive
regulators (pool A) and the second pool (pool B) as negative regulators, which require
prenylation in order to function properly. Pool A may contain genes that can promote
ABA sensitivity, and pool B genes that may reduce ABA sensitivity. The homeostasis of
ABA sensitivity may therefore governed by the ratio of activity of pool A to pool B. For
example, in the case of up-regulation of AtCPP in Arabidopsis, the activity ratio of pool
A over pool B may be increased due to difference in substrate affinity of pool A proteins
toward AtCPP, thus the homeostasis of ABA sensitivity is changed, and the AtCPP over-

expression plants are more sensitive to ABA.

This invention is directed at the manipulation of the CaaX prenyl protease
enzyme (CPP), which catalyses the proteolytic cleavage of the -aaX tripeptide in the
second step of the prenylation process. Included in this invention are vector constructs
containing CPP sequence upder the control of appropriate regulatory sequences to

produce a water-stress tolerant phenotype.

SUMMARY OF THE INVENTION

The present invention is based in part upon the discovery of novel CaaX prenyl
protease (CPP) nucleic a;cid sequences and polypeptides isolated from Arabidopsis
thaliana, Brassica napus and Glycine max. The nucleic acids, polynucleotides, proteins
and polypeptides, or fragments thereof described herein are collectively referred to as
CPP nucleic acids and polypeptides.

Accordingly, in one aspect, the invention provides an isolated nucleic acid
molecule that includes the sequence of SEQ ID NO:1, SEQ ID NO:14, or SEQ ID NO:17
or fragment, homolog, analog or derivative thereof. The nucleic acid can include, e.g., a
nucleic acid sequence encoding a polypeptide at least 99% identical to a polypeptide that
includes the amino acid sequences of SEQ ID NO:2, SEQ ID NO:15, or SEQ ID NO:18
or a nucleic acid sequence encoding a polypeptide at least 96% identical to a polypeptide
that includes the amino acid sequences of SEQ ID NO:15. In yet another aspect, the
invention provides a nucleic acid that includes the sequence of SEQ ID NO: 68, 70, 72
or 74. The nucleic acid can be, e.g., a genomic DNA fragment, or a cDNA molecule.

Preferably, the nucleic acid is naturally occurring. The invention also provides a nucleic
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acid sequence that is complementary to the nucleic acid sequence of SEQ ID NO:1, SEQ
ID NO:14, or SEQ ID NO:17. For example, SEQ ID NO: 16, 19 or 20.

Also included in the invention is a vector containing one or more of the nucleic
acids described herein, and a cell containing the vectors or nucleic acids described
herein. In various aspects the vector comrprises the nucleic acid sequences of SEQ 1D
NO: 4, 5, 36-53.

The invention is also directed to host cells transformed with a vector comprising
any of the nucleic acid molecules described above.

The invention is also directed to plants and cells transformed with a CPP nucleic
acid or a vector comprising a CPP nucleic acid. Also included in the invention is the
seed, and progeny of the transformed plants or cells.

In a further aspect, the invention includes a substantially purified CPP
polypeptide, e.g., any of the CPP polypeptides encoded by an CPP nucleic acid, and
fragments, homologs, analogs, and derivatives thereof. Accordingly, in one aspect, the
invention provides an isolated polypeptide molecule that includes the sequence of SEQ
ID NO:2, SEQ ID NO:15, or SEQ ID NO:18.

In yet another aspect the invention provides a polypeptides that includes the
sequence of SEQ ID NO: 69, 71, 73 or 75.

In still a further aspect, the invention provides an antibody that binds specifically
to an CPP polypeptide. The antibody can be, e.g., a monoclonal or polyclonal antibody,
and fragments, homologs, analogs, and derivatives thereof. The invention is also directed
to isolated antibodies that bind to an epitope on a polypeptide encoded by any of the
nucleic acid molecules described above.

The invention also includes a method of producing a transgenic plant which has
an altered phenotype such as, but not limited to, increased tolerance to stress, delayed
senescence, increased ABA sensitivity, increased yield, increased productivity and
increased biomass compared to a wild type plant by introducing into one or more cells of
a plant a compound that alters (e.g., increases or decreases) CPP expression or activity in
the plant. In one aspect the compound is a CPP nucleic acid or polypeptide. In one
emodiment the nucleic acid is an inhibitor or farnesylation. For example, the compound
comprises SEQ ID NO: 1, 14, 17, 68, 70, 72, 74, 21, 23, 25, 27, 29, 31, 33, 2, 15, 18, 22,
24 26, 28,30, 32 34, 69, 71, 73, or 75. Alternatively, the compound is a CPP double
stranded RNA-inhibition hair-pin nucleic acid or CPP antisense nucleic acid, such as for

example, SEQ ID NO: 16, 19, 20, 5, 35, 37, 42, 45, 46, 48, 49, 51 or 51.
4
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The invention further provides a method for producing a CPP polypeptide by
providing a cell containing an CPP nucleic acid, e.g., a vector that includes a CPP
nucleic acid, and culturing the cell under conditions sufficient to express the CPP
polypeptide encoded by the nucleic acid. The expressed CPP polypeptide is then
recovered from the cell. Preferably, the cell produces little or no endogenous CPP
polypeptide. The cell can be, e.g., a prokaryotic cell or eukaryotic cell.

The invention is also directed to methods of identifying a CPP polypeptide or
nucleic acid in a sample by contacting the sample with a compound that specifically
binds to the polypeptide or nucleic acid, and detecting complex formation, if present.
The invention further provides methods of identifying a compound that modulates the
activity of a CPP polypeptide by contacting a CPP polypeptide with a compound and
determining whether the CPP polypeptide activity is modified.

The invention is also directed to compounds that modulate CPP polypeptide
activity identified by contacting a CPP polypeptide with the compound and determining
whether the compound modifies activity of the CPP polypeptide, binds to the CPP
polypeptide, or binds to a nucleic acid molecule encoding a CPP polypeptide.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, suitable
methods and materials are described below. All publications, patent applications,
patents, and other references mentioned herein are incorporated by reference in their
entirety. In the case of conflict, the present specification, including definitions, will
control. In addition, the materials, methods, and examples are illustrative only and not

intended to be limiting.

Other features and advantages of the invention will be apparent from the

following detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. is a schematic representation of the vector constructs; A) pBI121-AtCPP, B)
pBI121-antisense-AtCPP, C) pBI121-HP-AtCPP.
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Figure 2. is an illustration of (A) nucleic acid and (B) amino acid sequence identities as

determined by ClustalW analysis.

Figure 3. is a scan of a typical Southern blot of transgenic Arabidopsis T1 lines carrying
the pBI121-AtCPP construct.

Figure 4. is a scan of a typical Southern blot of transgenic Arabidopsis T3 lines carrying
the pBI121-HP-AtCPP construct.

Figure 5. is a scan of a typical Southern blot of transgenic Arabidopsis lines carrying the

pRD29A-AtCPP construct.

Figure 6. is a scan of a typical Southern blot of transgenic Arabidopsis lines carrying the

pRD29A-HP-AtCPP construct.

Figure 7 is an illustration showing the relative expression of AtCPP mRNA transcript
(solid bars) and AtCPP protein levels (stippled bars) in several pBI121-AtCPP

transgenic lines.

Figure 8. is a histogram showing the percentage of lines which were categorized as
ABA sensitive, moderately ABA sensitive or ABA insensitive. Seedlings were
assessed on agar plates containing 1 pM ABA and scored at 21 days growth.
Thirty-six lines of the pBI121-AtCPP over-expression construct were assessed at
21 days by leaf and seedling development. Thirty-two lines of the 35S-HP-
AtCPP down-regulation construct were assessed at 21 days for leaf and seedling
development. Each line was assessed by plating approximately 100 seeds per
plate and the seedlings scored and recorded as the percent insensitive seedlings
per plate. Each line was then expressed as a percent of wild type (Wt). Lines were
categorized as sensitive (less than 1% of Wt) solid bars, intermediate (1-50% of
Wt) diagonally lined or insensitive (greater than 50% of Wt) stippled, based on
their relationship to Wt and the percentage of each category plotted as a

histogram.

Figure 9. is an illustration showing the response of wild type and a pRD29A-HP-AtCPP

transgenic line to various concentrations of ABA in two week old seedlings.

Figure 10. is a histogram showing the analysis of transgenic plants containing the
pBI121-AtCPP over-expression construct, (SEQ ID NO:4). Water loss per gram

shoot dry weight after four days of water stress treatment. Lines that are marked

6
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with a star are those which were strongly ABA sensitive. Lines marked with a
triangle are moderately ABA sensitive. Bars represent means of eight replicates.
Lines marked with a filled dot above the bar represents lines which were

significantly different from control at a p=0.05 value.

Figure 11. is a histogram showing seed yield in grams of transgenic Arabidopsis lines of

pBI121-AtCPP grown under optimal water conditions

Figure 12. is a bar chart howing growth and yield of transgenic Arabidopsis lines of
pBI121-AtCPP grown under optimal watering conditions plus a biotic stress
condition. Tields as a % of wild type, rosette leaf number, rosette leaf fresh

weight and shoot dry weight are plotted.

Figure 13. are photographs showing rowth of transgenic Arabidopsis lines of pBI121-
AtCPP grown on agar plates. Changes to root growth visible.

Figure 14. is a bar chart showing rowth of transgenic Arabidopsis lines of pRD29A-HP-
AtCPP grown under optimal watering conditions. Rosette leaf number, rosette

leaf dry weight and shoot dry weight are plotted.

DETAILED DESCRIPTION OF INVENTION

The present invention provides novel CaaX prenyl protease (CPP) nucleic acid
sequences (SEQ ID No:1, SEQ ID NO:14 and SEQ ID NO:17) the encoded
polypeptides: SEQ ID NO:2, SEQ ID NO:15 and SEQ ID NO:18) isolated from
Arabidopsis thaliana (At) Brassica napus (Bn) and Glycine Max (Gm) respectively. The
invention also provides CaaX prenyl protease antisense nucleic acids. (SEQ ID NO: 16,
SEQ ID NO:19 and SEQ ID NO:20). The sequences are collectively referred to as “CPP
nucleic acids”, CPP polynucleotides” or “CPP antisense nucleic acids” and the
corresponding encoded polypeptide is referred to as a “CPP polypeptide” or “CPP
protein”. Unless indicated otherwise, “CPP” is meant to refer to any of the novel
sequences disclosed herein. Table A below summarizes the nucleic acids and

polypeptides according to the invention

Table A

SEQ ID NO. SEQ Type Species
Transformed
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1 AtCPP NA |PCR

2 AtCPP AA |Translation
3 At-AFC1 AA |Ref.

4 pBI1121-AtCPP NA |Construct At, Bn
5 pBI121-HP-AtCPP NA |Construct At
6 AtCPP BamFW NA |Primer

7 AtCPP SmaRV NA |Primer

8 AtCPP-HP-SacFW NA |Primer

9 AtCPP-HP-SacRV NA |Primer

10 pBI121-AtCPP Forward NA |Primer

11 pBI1121-antiAtCPP-SmaFW NA [Primer

12 pBI121-antiAtCPP-BamRV NA |Primer

13 p35S-HP-AtCPP Reverse NA |Primer

14 BnCPP NA |PCR

15 BnCPP AA |Translation
16 BnCPP antisense NA [PCR

17 GmCPP NA |{PCR

18 GmCPP AA |Translation
19 GmCPP antisense NA |PCR
20 AtCPP antisense NA |PCR
21 BASF-ATI NA |Ref.
22 BASF-ATI AA  [Ref.
23 BASF-AT2 NA |Ref.
24 BASF-AT2 AA |Ref.
25 BASF-Corn NA |[Ref.
26 BASF-Corn AA |Ref.
27 BASF-Soy NA |Ref.
28 BASF-Soy AA |Ref.
29 AFCI NA [Ref.
30 AFC1 AA |Ref.
31 AT4g01320 NA |Ref.
32 AT4g01320 AA |Ref.
33 AF007269 NA |Ref.
34 AF007269 AA |Ref.

35 pBI121-antisense-AtCPP NA |Construct
36 pRD29A-AtCPP NA |Construct At, Bn
37 pRD29A-HP-AtCPP NA [Construct At
38 pRD29A-antisense-AtCPP NA |Construct
39 MuA-AtCPP NA |Construct Gm, Zm
40 MuA-GmCPP NA |Construct
41 pBI1121-GmCPP Construct
42 pBI1121-HP-GmCPP Construct
43 pBI121-antisense-GmCPP Construct
44 pRD29A-GmCPP Construct
45 pRD29A-HP-GmCPP Construct
46 pRD29A-antisense-GmCPP Construct
47 pBI121-BnCPP Construct
48 pBI121-HP-BnCPP Construct
49 pBI121-antisense-BnCPP Construct
50 pRD29A-BnCPP Construct
51 pRD29A-HP-BnCPP Construct
52 pRD29A-antisense-BnCPP Construct
53 MuA-BnCPP Construct
54 GmCPP SmaFW Primer
55 GmCPP SacRV Primer
56 BnCPP-anti-SmaFW Primer
57 BnCPP-anti-BamRV Primer
58 BnCPP-HP-Sac-FW Primer
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59 BnCPP-HP-Sac-RV Primer
60 BnCPP-HP-BamFW Primer
61 BnCPP-HP-XbaRV Primer
62 GmCPP-HP-Sac-FW Primer
63 GmCPP-HP-Sac-RV Primer
64 GmCPP-HP-BamFW Primer
65 GmCPP-HP-XbaRV Primer
66 pRD29AP Primer
67 Nosterm-RV Primer
68 Consensus- BASF NA
69 Consensus- BASF AA
70 Consensus- Generic NA
71 Consensus- Generic AA
72 Consensus- PPI NA
73 Consensus- PPI AA
74 Consensus- PPI/Generic NA
75 Consensus- PPI/Genreric AA

In a BLAST search of public sequence databases, it was found, for example,
that the Arabidopsis thaliana nucleic acid sequence has 99.5 % identity to an
Arabidopsis thaliana CaaX processing zinc-metallo endoprotease (AFC1) mRNA
(Genbank Accesion No.: AF353722). The full amino acid sequence of the protein of the
invention was found to be 98.8 % identical to Arabidopsis thaliana CaaX processing
zinc-metallo endoprotease (AFC1) polypeptide (Genbank Accesion No.:AAK39514). A
ClustalW alignment of the Arabidopsis thaliana CPP polypeptide (SEQ ID NO:2), the
Brassica napus CPP polypeptide (SEQ ID NO:15), the Glycine max CPP polypeptide
(SEQ ID NO:18) and seven other published CPP sequences is illustrated in Table 6B.
ClustalW alignment of these polypeptides indicate that SEQ ID NO:2, SEQ ID NO:15
and SEQ ID NO:18 are 99%, 93% and 83% identical to the published AFC sequence
(SEQ ID NO:30) respectively. The Glycine max CPP polypeptide (SEQ ID NO:18) is
99% identical to the published sequence shown as SEQ ID NO:28. Similarly, Clustal W
alignment of the Arabidopsis thaliana CPP polynucleotide (SEQ ID NO:1), the Brassica
napus CPP polynucleotide (SEQ ID NO:14), the Glycine max CPP polynucleotide (SEQ
ID NO:17) and seven other published CPP sequences is illustrated in Table 6a indicate
that SEQ ID NO:1, SEQ ID NO:14 and SEQ ID NO:17 are 99%, 93% and 77% identical
to the published AFC sequence (SEQ ID NO:30) respectively. The Glycine max CPP
polynucleotide (SEQ ID NO:17) is 93% identical to the published sequence shown as
SEQ ID NO:27.

CaaX prenyl proteases belong to a family of putative membrane-bound proteins
that are involved in protein and/or peptide modification (i.e., prenylation) and secretion.

Prenylation is a post translational modification of specific proteins and is required for the
9
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proper localization of these polypeptides to the correct cellular site for functionality.
Prenylation is a three step process involving the addition of either a C15 farnesyl, or C20
geranylgeranyl group to the cysteine residue of the target 3' terminal CaaX sequence,
where "C" is a cysteine, "a" is any aliphatic amino acid and "X" is any amino acid.
Secondly, a CaaX prenyl protease (CPP) cleaves the -aaX tripeptide from the protein and
thirdly the exposed a-carboxyl group of the cysteine is methylated by a prenyl-cysteine
methyltransferase.

Protein farnesylation, the addition of a C-terminal, 15 carbon chain to protein and
subsequent processing is a three step enzymatic reaction including farnesylation,
proteolytic cleavage and methylation. First, a farnesyltransferase adds the C-terminal 15
carbon chain to a conserved cysteine residue of the CaaX terminal motif, where "C" is a
Cystine, "a" is an aliphatic amino acid and "X" is any amino acid. Second, the last three
amino acid residues (aaX) are cleaved by a prenyl protease. Lastly, the
modified cysteine is methylated by a methylase to create the final active product of the
protein farnesylation pathway. The Applicant's have shown previously that over
expression and down-regulation of the alpha or the beta farnesyl transferase gene in plant
cells ( i.e, the first step in farnesylation) results in plants with an altered phenotype such
as but not limited to drought tolerance and delayed senescence. The present invention
shows that over expression and down-regulation of the prenyl protease gene (i.e, the
second step in farnesylation) in plant cells also results in a plant displaying an altered
phenotype including for example but not limited to drought tolerance and increased
resistance to biotic and abiotic stress. These results taken together support the
hypothesis that modification of the expression of any of the enzymes in the
farnnesylation pathway in a plant cell will result in a plant displaying an altered

phenotype

Based on their structural and functional relatedness to known CaaX prenyl
protease proteins, the CPP proteins are novel members of the CaaX prenyl protease
family of proteins. CPP nucleic acids, and their encoded polypeptides, according to the
invention are useful in a variety of applications and contexts. For example, the nucleic
acids (i.e., sense or antisense CPP nucleic acids) can be used produce transgenic plants
that have an increase resistance to biotic and abiotic stresses, e.g., chilling stress, salt
stress, water stress, wound healing, pathogen challenge, or herbicides. Additionally, the

transgenic plants have an increased productivity during both optimal and suboptimal

10
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growth conditions, increased yield, or increased biomass. Alternatively, the transgenic
plants have an increased sensitivity to the phytohormone abscisic acid (ABA).

This invention includes methods to up-regulate the CPP enzyme activity in
transgenic plants, cells and tissue cultures by using an over-expression vector construct
and methods to down-regulate the CPP enzyme activity in transgenic plants, cells and
tissue cultures by using a double stranded RNA-inhibition, hairpin vector constructs or
antisense constructs. Alteration (i.e., upregulation or downregulation) of CPP enzyme
activity or expression results in transgenic plants with altered phenotypes as described
below. These methods are by way of example to produce the up-regulation or down-
regulation effects and are not meant to be limiting as to the method of achieving this

outcome.

Additionally, the nucleic acids and polypeptides according to the invention may
be used as targets for the identification of small molecules that modulate or inhibit, CPP
activity. Alternatively, the CPP nucleic acids and polypeptides can be used to identify

proteins that are members of the CaaX prenyl protease family of proteins.

Additional utilities for CPP nucleic acids and polypeptides according to the

invention are disclosed herein.

CPP Nucleic Acids

The nucleic acids of the invention include those that encode a CPP polypeptide or
protein. As used herein, the terms polypeptide and protein are interchangeable.

In some embodiments, a CPP nucleic acid encodes a mature CPP polypeptide. As
used herein, a “mature” form of a polypeptide or protein described herein relates to the
product of a naturally occurring polypeptide or precursor form or proprotein. The
naturally occurring polypeptide, precursor or proprotein includes, by way of nonlimiting
example, the full length gene product, encoded by the corresponding gene.

Alternatively, it may be defined as the polypeptide, precursor or proprotein encoded by
an open reading frame described herein. The product “mature” form arises, again by
way of nonlimiting example, as a result of one or more naturally occurring processing
steps that may take place within the cell in which the gene product arises. Examples of
such processing steps leading to a “mature” form of a polypeptide or protein include the
cleavage of the N-terminal methionine residue encoded by the initiation codon of an

open reading frame, or the proteolytic cleavage of a signal peptide or leader sequence.

11
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Thus a mature form arising from a precursor polypeptide or protein that has residues 1 to
N, where residue 1 is the N-terminal methionine, would have residues 2 through N
remaining after removal of the N-terminal methionine. Alternatively, a mature form
arising from a precursor polypeptide or protein having residues 1 to N, in which an N-
terminal signal sequence from residue 1 to residue M is cleaved, would have the residues
from residue M+1 to residue N remaining. Further as used herein, a “mature” form of a
polypeptide or protein may arise from a step of post-translational modification other than
a proteolytic cleavage event. Such additional processes include, by way of non-limiting
example, glycosylation, myristoylation or phosphorylation. In general, a mature
polypeptide or protein may result from the operation of only one of these processes, or a
combination of any of them.

Among the CPP nucleic acids is the nucleic acid whose sequence is provided in
SEQ ID NO: 1, SEQ ID NO:14 OR SEQ ID NO:17 or a fragment thereof. Additionally,
the invention includes mutant or variant nucleic acids of SEQ ID NO: 1, SEQ ID NO:14
OR SEQ ID NO:17 or a fragment thereof, any of whose bases may be changed from the
corresponding base shown in SEQ ID NO: 1, SEQ ID NO:14 or SEQ ID NO:17, while
still encoding a protein that maintains at least one of its CPP-like activities and
physiological functions. The invention further includes the complement of the nucleic
acid sequence of SEQ ID NO: 1, SEQ ID NO:14 or SEQ ID NO:17, including
fragments, derivatives, analogs and homologs thereof. Complement nucleic acid CPP
sequences include SEQ ID NO: 16, 19 or 20. The invention additionally includes
nucleic acids or nucleic acid fragments, or complements thereto, whose structures
include chemical modifications.

One aspect of the invention pertains to isolated nucleic acid molecules that
encode CPP proteins or biologically active portions thereof. Also included are nucleic
acid fragments sufficient for use as hybridization probes to identify CPP-encoding
nucleic acids (e.g., CPP mRNA) and fragments for use as polymerase chain reaction
(PCR) primers for the amplification or mutation of CPP nucleic acid molecules. As used
herein, the term “nucleic acid molecule” is intended to include DNA molecules (e.g.,
¢DNA or genomic DNA), RNA molecules (e.g., mRNA), analogs of the DNA or RNA
generated using nucleotide analogs, and derivatives, fragments and homologs thereof.
The nucleic acid molecule can be single-stranded or double-stranded, but preferably is
double-stranded DNA.
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“Probes” refer to nucleic acid sequences of variable length, preferably between at
least about 10 nucleotides (nt), 100 nt, or as many as about, e.g., 6,000 nt, depending on
use. Probes are used in the detection of identical, similar, or complementary nucleic acid
sequences. Longer length probes are usually obtained from a natural or recombinant
source, are highly specific and much slower to hybridize than oligomers. Probes may be
single- or double-stranded and designed to have specificity in PCR, membrane-based
hybridization technologies, or ELISA-like technologies.

An "isolated" nucleic acid molecule is one that is separated from other nucleic
acid molecules that are present in the natural source of the nucleic acid. Examples of
isolated nucleic acid molecules include, but are not limited to, recombinant DNA
molecules contained in a vector, recombinant DNA molecules maintained in a
heterologous host cell, partially or substantially purified nucleic acid molecules, and
synthetic DNA or RNA molecules. Preferably, an "isolated" nucleic acid is free of
sequences which naturally flank the nucleic acid (i.e., sequences located at the 5' and 3'
ends of the nucleic acid) in the genomic DNA of the organism from which the nucleic
acid is derived. For example, in various embodiments, the isolated CPP nucleic acid
molecule can contain less than about 50 kb, 25 kb, 5 kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb or
0.1 kb of nucleotide sequences which naturally flank the nucleic acid molecule in
genomic DNA of the cell from which the nucleic acid is derived. Moreover, an
"isolated" nucleic acid molecule, such as a cDNA molecule, can be substantially free of
other cellular material or culture medium when produced by recombinant techniques, or
of chemical precursors or other chemicals when chemically synthesized.

A nucleic acid molecule of the present invention, e.g., a nucleic acid molecule
having the nucleotide sequence of SEQ ID NO: 1, SEQ ID NO:14, or SEQ ID NO:170r a
complement of any of this nucleotide sequence, can be isolated using standard molecular
biology techniques and the sequence information provided herein. Using all or a portion
of the nucleic acid sequence of SEQ ID NO: 1, SEQ ID NO:14 or SEQ ID NO:17 as a
hybridization probe, CPP nucleic acid sequences can be isolated using standard
hybridization and cloning techniques (e.g., as described in Sambrook et al., eds.,
MOLECULAR CLONING: A LABORATORY MANUAL 2™ Ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, 1989; and Ausubel, et al., eds., CURRENT
PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons, New York, NY, 1993.)

A nucleic acid of the invention can be amplified using cDNA, mRNA or

alternatively, genomic DNA, as a template and appropriate oligonucleotide primers
13



10

15

20

25

30

WO 03/012116 PCT/IB02/03887

according to standard PCR amplification techniques. The nucleic acid so amplified can
be cloned into an appropriate vector and characterized by DNA sequence analysis.
Furthermore, oligonucleotides corresponding to CPP nucleotide sequences can be
prepared by standard synthetic techniques, e.g., using an automated DNA synthesizer.

As used herein, the term “oligonucleotide” refers to a series of linked nucleotide
residues, which oligonucleotide has a sufficient number of nucleotide bases to be used in
a PCR reaction. A short oligonucleotide sequence may be based on, or designed from, a
genomic or cDNA sequence and is used to amplify, confirm, or reveal the presence of an
identical, similar or complementary DNA or RNA in a particular cell or tissue.
Oligonucleotides comprise portions of a nucleic acid sequence having about 10 nt, 50 nt,
or 100 nt in length, preferably about 15 nt to 30 nt in length. In one embodiment, an
oligonucleotide comprising a nucleic acid molecule less than 100 nt in length would
further comprise at lease 6 contiguous nucleotides of SEQ ID NO: 1, 14 or 17, 0r a
complement thereof. Oligonucleotides may be chemically synthesized and may be used
as probes.

In another embodiment, an isolated nucleic acid molecule of the invention
includes a nucleic acid molecule that is a complement of the nucleotide sequence shown
in SEQ ID NO: 1, SEQ ID NO:14 or SEQ ID NO:17. In another embodiment, an
isolated nucleic acid molecule of the invention comprises a nucleic acid molecule that is
a complement of the nucleotide sequence shown in SEQ ID NO: 1, SEQ ID NO:14 or
SEQ ID NO:17, or a portion of these nucleotide sequence. A nucleic acid molecule that
is complementary to the nucleotide sequence shown in SEQ ID NO: 1, SEQ ID NO:14 or
SEQ ID NO:17 is one that is sufficiently complementary to the nucleotide sequence
shown in SEQ ID NO: 1, SEQ ID NO:14 or SEQ ID NO:17 that it can hydrogen bond
with little or no mismatches to the nucleotide sequence shown in SEQ ID NO: 1, SEQ ID
NO:14 or SEQ ID NO:17, thereby forming a stable duplex. Exemplary complement
nucleic acid sequences include the sequences of SEQ ID NO: 16, 19 or 20.

As used herein, the term “complementary” refers to Watson-Crick or Hoogsteen
base pairing between nucleotide units of a nucleic acid molecule, and the term “binding”
means the physical or chemical interaction between two polypeptides or compounds or
associated polypeptides or compounds or combinations thereof. Binding includes ionic,
non-ionic, Von der Waals, hydrophobic interactions, etc. A physical interaction can be
either direct or indirect. Indirect interactions may be through or due to the effects of

another polypeptide or compound. Direct binding refers to interactions that do not take
14



10

15

20

25

30

WO 03/012116 PCT/IB02/03887

place through, or due to, the effect of another polypeptide or compound, but instead are
without other substantial chemical intermediates.

Moreover, the nucleic acid molecule of the invention can comprise only a portion
of the nucleic acid sequence of SEQ ID NO: 1, SEQ ID NO:14 or SEQ ID NO:17, e.g.,
a fragment that can be used as a probe or primer, or a fragment encoding a biologically
active portion of CPP. Fragments provided herein are defined as sequences of at least 6
(contiguous) nucleic acids or at least 4 (contiguous) amino acids, a length sufficient to
allow for specific hybridization in the case of nucleic acids or for specific recognition of
an epitope in the case of amino acids, respectively, and are at most some portion less
than a full length sequence. Fragments may be derived from any contiguous portion of a
nucleic acid or amino acid sequence of choice. Derivatives are nucleic acid sequences or
amino acid sequences formed from the native compounds either directly or by
modification or partial substitution. Analogs are nucleic acid sequences or amino acid
sequences that have a structure similar to, but not identical to, the native compound but
differs from it in respect to certain components or side chains. Analogs may be synthetic
or from a different evolutionary origin and may have a similar or opposite metabolic
activity compared to wild type.

Derivatives and analogs may be full length or other than full length, if the
derivative or analog contains a modified nucleic acid or amino acid, as described below.
Derivatives or analogs of the nucleic acids or proteins of the invention include, but are
not limited to, molecules comprising regions that are substantially homologous to the
nucleic acids or proteins of the invention, in various embodiments, by at least about 70%,
80%, 85%, 90%, 95%, 98%, or even 99% identity (with a preferred identity of 80-99%)
over a nucleic acid or amino acid sequence of identical size or when compared to an
aligned sequence in which the alignment is done by a computer homology program
known in the art, or whose encoding nucleic acid is capable of hybridizing to the
complement of a sequence encoding the aforementioned proteins under stringent,
moderately stringent, or low stringent conditions. See e.g. Ausubel, ef al., CURRENT
PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons, New York, NY, 1993, and
below. An exemplary program is the Gap program (Wisconsin Sequence Analysis
Package, Version 8 for UNIX, Genetics Computer Group, University Research Park,
Madison, WI) using the default settings, which uses the algorithm of Smith and
Waterman (Adv. Appl. Math., 1981, 2: 482-489, which is incorporated herein by

reference in its entirety). A “homologous nucleic acid sequence” or “homologous amino
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acid sequence,” or variations thereof, refer to sequences characterized by a homology at
the nucleotide level or amino acid level as discussed above. Homologous nucleotide
sequences encode those sequences coding for isoforms of a CPP polypeptide. Isoforms
can be expressed in different tissues of the same organism as a result of, for example,
alternative splicing of RNA. Alternatively, isoforms can be encoded by different genes.
Homologous nucleotide sequences also include, but are not limited to, naturally
occurring allelic variations and mutations of the nucleotide sequences set forth herein.
Exemplary homologous nucleic acid sequences include the nucleic acid sequences of
SEQ ID NO: 68, 70, 72 and 74. Homologous nucleic acid sequences include those
nucleic acid sequences that encode conservative amino acid substitutions (see below) in
SEQ ID NO:2, SEQ ID NO:15 and SEQ ID NO:18 , as well as a polypeptide having CPP
activity, e.g. substrate binding.

The nucleotide sequence determined from the cloning of the Arabidopsis
thaliana, Brassica napus or Glycine max CPP gene allows for the generation of probes
and primers designed for use in identifying and/or cloning CPP homologues in other cell
types, e.g., from other tissues, as well as CPP homologues from other plants. The
probe/primer typically comprises a substantially purified oligonucleotide. The
oligonucleotide typically comprises a region of nucleotide sequence that hybridizes
under stringent conditions to at least about 12, 25, 50, 100, 150, 200, 250, 300, 350 or
400 or more consecutive sense strand nucleotide sequence of SEQ ID NO: 1, SEQ ID
NO:14 or SEQ ID NO:17; or an anti-sense strand nucleotide sequence of SEQ ID NO: 1,
SEQ ID NO:14 or SEQ ID NO:17; or of a naturally occurring mutant of SEQ ID NO: 1,
SEQ ID NO:14 or SEQ ID NO:17.

Probes based on the Arabidopsis thaliana, Brassica napus or Glycine max CPP
nucleotide sequence can be used to detect transcripts or genomic sequences encoding the
same or homologous proteins. In various embodiments, the probe further comprises a
label group attached thereto, e.g., the label group can be a radioisotope, a fluorescent
compound, an enzyme, or an enzyme co-factor. Such probes can be used as a part of a
diagnostic test kit for identifying cells or tissue which misexpress a CPP protein, such as
by measuring a level of a CPP-encoding nucleic acid in a sample of cells from a subject
e.g., detecting CPP mRNA levels or determining whether a genomic CPP gene has been
mutated or deleted.

A “polypeptide having a biologically active portion of CPP” refers to

polypeptides exhibiting activity similar, but not necessarily identical to, an activity of a
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polypeptide of the present invention, including mature forms, as measured in a particular
biological assay, with or without dose dependency. A nucleic acid fragment encoding a
"biologically active portion of CPP" can be prepared by isolating a portion of SEQ ID
NO: 1, SEQ ID NO:14 or SEQ ID NO:17 that encodes a polypeptide having a CPP
biological activity (biological activities of the CPP proteins are described below),
expressing the encoded portion of CPP protein (e.g., by recombinant expression in vitro)
and assessing the activity of the encoded portion of CPP. In another embodiment, a
nucleic acid fragment encoding a biologically active portion of CPP includes one or

more regions.

CPP Variants

The invention further encompasses nucleic acid molecules that differ from the
nucleotide sequences shown in SEQ ID NO: 1, SEQ ID NO:14 or SEQ ID NO:17 due to
the degeneracy of the genetic code. These nucleic acids thus encode the same CPP
protein as that encoded by the nucleotide sequence shown in SEQ ID NO: 1, SEQ ID
NO:14 or SEQ ID NO:17, e.g., the polypeptide of SEQ ID NO: 2, SEQ ID NO:15, SEQ
ID NO: 18. In another embodiment, an isolated nucleic acid molecule of the invention
has a nucleotide sequence encoding a protein having an amino acid sequence shown in
SEQ ID NO: 2, SEQ ID NO:15, SEQ ID NO: 18.

In addition to the Arabidopsis thaliana, Brassica napus or Glycine max CPP
nucleotide sequence shown in SEQ ID NO: 1, SEQ ID NO:14 or SEQ ID NO:17, it will
be appreciated by those skilled in the art that DNA sequence polymorphisms that lead to
changes in the amino acid sequences of CPP may exist within a population (e.g., the
plant). Such genetic polymorphism in the CPP gene may exist among individuals within
a population due to natural allelic variation. As used herein, the terms "gene" and
"recombinant gene" refer to nucleic acid molecules comprising an open reading frame
encoding a CPP protein, preferably a plant CPP protein. Such natural allelic variations
can typically result in 1-5% variance in the nucleotide sequence of the CPP gene. Any
and all such nucleotide variations and resulting amino acid polymorphisms in CPP that
are the result of natural allelic variation and that do not alter the functional activity of
CPP are intended to be within the scope of the invention.

Moreover, nucleic acid molecules encoding CPP proteins from other species, and
thus that have a nucleotide sequence that differs from the sequence of SEQ ID NO: 1,

SEQ ID NO:14 or SEQ ID NO:17 are intended to be within the scope of the invention.
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Nucleic acid molecules corresponding to natural allelic variants and homologues of the
CPP cDNAs of the invention can be isolated based on their homology to the Arabidopsis
thaliana, Brassica napus or Glycine max CPP nucleic acids disclosed herein using the
cDNAs, or a portion thereof, as a hybridization probe according to standard
hybridization techniques under stringent hybridization conditions.

Accordingly, in another embodiment, an isolated nucleic acid molecule of the
invention is at least 6 nucleotides in length and hybridizes under stringent conditions to
the nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO: 1, SEQ
ID NO:14 or SEQ ID NO:17. In another embodiment, the nucleic acid is at least 10, 25,
50, 100, 250, 500 or 750 nucleotides in length. In another embodiment, an isolated
nucleic acid molecule of the invention hybridizes to the coding region. As used herein,
the term "hybridizes under stringent conditions" is intended to describe conditions for
hybridization and washing under which nucleotide sequences at least 60% homologous
to each other typically remain hybridized to each other.

Homologs (i.e., nucleic acids encoding CPP proteins derived from species other
than Arabidopsis thaliana, Brassica napus or Glycine max) or other related sequences
(e.g., paralogs) can be obtained by low, moderate or high stringency hybridization with
all or a portion of the particular sequence as a probe using methods well known in the
art for nucleic acid hybridization and cloning.

As used herein, the phrase “stringent hybridization conditions” refers to
conditions under which a probe, primer or oligonucleotide will hybridize to its target
sequence, but to no other sequences. Stringent conditions are sequence-dependent and
will be different depending upon circumstances. Longer sequences hybridize
specifically at higher temperatures than shorter sequences. Generally, stringent
conditions are selected to be about 5°C lower than the thermal melting point (T,) for the
specific sequence at a defined ionic strength and pH. The Tm is the temperature (under
defined ionic strength, pH and nucleic acid concentration) at which 50% of the probes
complementary to the target sequence hybridize to the target sequence at equilibrium.
Since the target sequences are generally present at excess, at Tm, 50% of the probes are
occupied at equilibrium. Typically, stringent conditions will be those in which the salt
concentration is less than about 1.0 M sodium ion, typically about 0.01 to 1.0 M sodium
ion (or other salts) at pH 7.0 to 8.3 and the temperature is at least about 30°C for short

probes, primers or oligonucleotides (e.g., 10 nt to 50 nt) and at least about 60°C for

18



10

15

20

25

30

WO 03/012116 PCT/IB02/03887

longer probes, primers and oligonucleotides. Stringent conditions may also be achieved
with the addition of destabilizing agents, such as formamide.

Stringent conditions are known to those skilled in the art and can be found in
CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons, N.Y. (1989),
6.3.1-6.3.6. Preferably, the conditions are such that sequences at least about 65%, 70%,
75%, 85%, 90%, 95%, 98%, or 99% homologous to each other typically remain
hybridized to each other. A non-limiting example of stringent hybridization conditions is
hybridization in a high salt buffer comprising 6X SSC, 50 mM Tris-HCl (pH 7.5), ]| mM
EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA, and 500 mg/ml denatured salmon sperm
DNA at 65°C. This hybridization is followed by one or more washes in 0.2X SSC,
0.01% BSA at 50°C. An isolated nucleic acid molecule of the invention that hybridizes
under stringent conditions to the sequence of SEQ ID NO: 1, SEQ ID NO:14 or SEQ ID
NO:17 corresponds to a naturally occurring nucleic acid molecule. As used herein, a
"naturally-occurring" nucleic acid molecule refers to an RNA or DNA molecule having a
nucleotide sequence that occurs in nature (e.g., encodes a natural protein).

In a second embodiment, a nucleic acid sequence that is hybridizable to the
nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO: 1, SEQ ID
NO:14 or SEQ ID NO:17, or fragments, analogs or derivatives thereof, under conditions
of moderate stringency is provided. A non-limiting example of moderate stringency
hybridization conditions are hybridization in 6X SSC, 5X Denhardt's solution, 0.5% SDS
and 100 mg/ml denatured salmon sperm DNA at 55°C, followed by one or more washes
in 1X SSC, 0.1% SDS at 37°C. Other conditions of moderate stringency that may be
used are well known in the art. See, e.g., Ausubel et al. (eds.), 1993, CURRENT
PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons, NY, and Kriegler, 1990,
GENE TRANSFER AND EXPRESSION, A LABORATORY MANUAL, Stockton Press, NY.

In a third embodiment, a nucleic acid that is hybridizable to the nucleic acid
molecule comprising the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO:14, or
SEQ ID NO: 17 or fragments, analogs or derivatives thereof, under conditions of low
stringency, is provided. A non-limiting example of low stringency hybridization
conditions are hybridization in 35% formamide, 5X SSC, 50 mM Tris-HCI (pH 7.5), 5
mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 mg/ml denatured salmon sperm
DNA, 10% (wt/vol) dextran sulfate at 40°C, followed by one or more washes in 2X SSC,
25 mM Tris-HCI (pH 7.4), 5 mM EDTA, and 0.1% SDS at 50°C. Other conditions of

low stringency that may be used are well known in the art (e.g., as employed for
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cross-species hybridizations). See, e.g., Ausubel et al. (eds.), 1993, CURRENT
PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons, NY, and Kriegler, 1990,
GENE TRANSFER AND EXPRESSION, A LABORATORY MANUAL, Stockton Press, NY; Shilo
and Weinberg, 1981, Proc Natl Acad Sci USA 78: 6789-6792.

Conservative mutations

In addition to naturally-occurring allelic variants of the CPP sequence that may
exist in the population, the skilled artisan will further appreciate that changes can be
introduced by mutation into the nucleotide sequence of SEQ ID NO: 1, SEQ ID NO:14
or SEQ ID NO: 17, thereby leading to changes in the amino acid sequence of the
encoded CPP protein, without altering the functional ability of the CPP protein. For
example, nucleotide substitutions leading to amino acid substitutions at "non-essential"
amino acid residues can be made in the sequence of SEQ ID NO: 1, SEQ ID NO:14 or
SEQ ID NO: 17. A "non-essential" amino acid residue is a residue that can be altered
from the wild-type sequence of CPP without altering the biological activity, whereas an
"essential" amino acid residue is required for biological activity. For example, amino
acid residues that are conserved among the CPP proteins of the present invention, are
predicted to be particularly unamenable to alteration.

Another aspect of the invention pertains to nucleic acid molecules encoding CPP
proteins that contain changes in amino acid residues that are not essential for activity.
Such CPP proteins differ in amino acid sequence from SEQ ID NO: 2, SEQ ID NO:15
or SEQ ID NO:18, yet retain biological activity. In one embodiment, the isolated nucleic
acid molecule comprises a nucleotide sequence encoding a protein, wherein the protein
comprises an amino acid sequence at least about 75% homologous to the amino acid
sequence of SEQ ID NO: 2, SEQ ID NO:15 or SEQ ID NO:18. Preferably, the protein
encoded by the nucleic acid is at least about 80% homologous to S SEQ ID NO: 2, SEQ
ID NO:15 or SEQ ID NO:18 more preferably at least about 90%, 95%, 98%, and most
preferably at least about 99% homologous to SEQ ID NO: 2, SEQ ID NO:15 or SEQ ID
NO:18.

An isolated nucleic acid molecule encoding a CPP protein homologous to the
protein of SEQ ID NO: 2, SEQ ID NO:15 or SEQ ID NO:18 can be created by
introducing one or more nucleotide substitutions, additions or deletions into the

nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO:14, or SEQ ID NO:17 such that
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one or more amino acid substitutions, additions or deletions are introduced into the
encoded protein.

Mutations can be introduced into the nucleotide sequence of SEQ ID NO: 1, SEQ
ID NO:14 or SEQ ID NO:17 by standard techniques, such as site-directed mutagenesis
and PCR-mediated mutagenesis. Preferably, conservative amino acid substitutions are
made at one or more predicted non-essential amino acid residues. A "conservative
amino acid substitution” is one in which the amino acid residue is replaced with an
amino acid residue having a similar side chain. Families of amino acid residues having
similar side chains have been defined in the art. These families include amino acids with
basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid,
glutamic acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine,
threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine,
isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side chains
(e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine,
phenylalanine, tryptophan, histidine). Thus, a predicted nonessential amino acid residue
in CPP is replaced with another amino acid residue from the same side chain family.
Alternatively, in another embodiment, mutations can be introduced randomly along all or
part of a CPP coding sequence, such as by saturation mutagenesis, and the resultant
mutants can be screened for CPP biological activity to identify mutants that retain
activity. Following mutagenesis of SEQ ID NO: 1, SEQ ID NO:14 or SEQ ID NO:17
the encoded protein can be expressed by any recombinant technology known in the art
and the activity of the protein can be determined.

In one embodiment, a mutant CPP protein can be assayed for (1) the ability to
form protein:protein interactions with other CPP proteins, other cell-surface proteins, or
biologically active portions thereof, (2) complex formation between a mutant CPP
protein and a CPP receptor; (3) the ability of a mutant CPP protein to bind to an
intracellular target protein or biologically active portion thereof; (e.g., avidin proteins);
(4) the ability to bind CPP protein; or (5) the ability to specifically bind an anti-CPP

protein antibody.

Antisense CPP Nucleic Acids
Another aspect of the invention pertains to isolated antisense nucleic acid
molecules that are hybridizable to or complementary to the nucleic acid molecule

comprising the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO:14 or SEQ ID
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NO:17, or fragments, analogs or derivatives thereof. An "antisense" nucleic acid
comprises a nucleotide sequence that is complementary to a "sense" nucleic acid
encoding a protein, e.g., complementary to the coding strand of a double-stranded cDNA
molecule or complementary to an mRNA sequence. In specific aspects, antisense
nucleic acid molecules are provided that comprise a sequence complementary to at least
about 10, 25, 50, 100, 250 or 500 nucleotides or an entire CPP coding strand, or to only a
portion thereof. Nucleic acid molecules encoding fragments, homologs, derivatives and
analogs of a CPP protein of SEQ ID NO: 2 or SEQ ID NO:15 or SEQ ID NO:18 or
antisense nucleic acids complementary to a CPP nucleic acid sequence of SEQ ID NO: 1,
SEQ ID NO:14 or SEQ ID NO:17 are additionally provided. Exemplary CPP anti-sense
nucleic acid include the nucleic acid sequences of SEQ ID NO:16, 19, and 20.

In one embodiment, an antisense nucleic acid molecule is antisense to a "coding
region" of the coding strand of a nucleotide sequence encoding CPP. The term "coding
region" refers to the region of the nucleotide sequence comprising codons which are
translated into amino acid residues (e.g., the protein coding region of Arabidopsis
thaliana, Brassica napus or Glycine max CPP corresponds to SEQ ID NO: 2 or SEQ ID
NO:15 or SEQ ID NO:18). In another embodiment, the antisense nucleic acid molecule
is antisense to a "noncoding region" of the coding strand of a nucleotide sequence
encoding CPP. The term "noncoding region" refers to 5' and 3' sequences which flank
the coding region that are not translated into amino acids (i.e., also referred to as 5' and 3'
untranslated regions).

Given the coding strand sequences encoding CPP disclosed herein (e.g., SEQ ID
NO: 1 or SEQ ID NO:14 or SEQ ID NO:17), antisense nucleic acids of the invention can
be designed according to the rules of Watson and Crick or Hoogsteen base pairing. The
antisense nucleic acid molecule can be complementary to the entire coding region of
CPP mRNA, but more preferably is an oligonucleotide that is antisense to only a portion
of the coding or noncoding region of CPP mRNA. For example, the antisense
oligonucleotide can be complementary to the region surrounding the translation start site
of CPP mRNA. An antisense oligonucleotide can be, for example, about 5, 10, 15, 20,
25, 30, 35, 40, 45 or 50 nucleotides in length. An antisense nucleic acid of the invention
can be constructed using chemical synthesis or enzymatic ligation reactions using
procedures known in the art. For example, an antisense nucleic acid (e.g., an antisense
oligonucleotide) can be chemically synthesized using naturally occurring nucleotides or

variously modified nucleotides designed to increase the biological stability of the
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molecules or to increase the physical stability of the duplex formed between the
antisense and sense nucleic acids, e.g., phosphorothioate derivatives and acridine
substituted nucleotides can be used.

Examples of modified nucleotides that can be used to generate the antisense
nucleic acid include: 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil,
hypoxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil,
5-carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluracil,
dihydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine,
1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-methyladenine,
2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 7-methylguanine,
5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil,
beta-D-mannosylqueosine, 5'-methoxycarboxymethyluracil, S-methoxyuracil,
2-methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine,
pseudouracil, queosine, 2-thiocytosine, S-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil,
5-methyluracil, uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v),
5-methyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and
2,6-diaminopurine. Alternatively, the antisense nucleic acid can be produced
biologically using an expression vector into which a nucleic acid has been subcloned in
an antisense orientation (i.e., RNA transcribed from the inserted nucleic acid will be of
an antisense orientation to a target nucleic acid of interest, described further in the
following subsection).

The antisense nucleic acid molecules of the invention are generated in situ such
that they hybridize with or bind to cellular mRNA and/or genomic DNA encoding a CPP
protein to thereby inhibit expression of the protein, e.g., by inhibiting transcription
and/or translation. The hybridization can be by conventional nucleotide
complementarity to form a stable duplex, or, for example, in the case of an antisense
nucleic acid molecule that binds to DNA duplexes, through specific interactions in the
major groove of the double helix. An example of a route of administration of antisense
nucleic acid molecules of the invention includes direct injection at a tissue site.
Alternatively, antisense nucleic acid molecules can be modified to target selected cells
and then administered systemically. For example, for systemic administration, antisense
molecules can be modified such that they specifically bind to receptors or antigens
expressed on a selected cell surface, e.g., by linking the antisense nucleic acid molecules

to peptides or antibodies that bind to cell surface receptors or antigens. The antisense
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nucleic acid molecules can also be delivered to cells using the vectors described herein.
To achieve sufficient intracellular concentrations of antisense molecules, vector
constructs in which the antisense nucleic acid molecule is placed under the control of a
strong pol II or pol III promoter are preferred.

In yet another embodiment, the antisense nucleic acid molecule of the invention
is an a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms
specific double-stranded hybrids with complementary RNA in which, contrary to the
usual B-units, the strands run parallel to each other (Gaultier et al. (1987) Nucleic Acids
Res 15: 6625-6641). The antisense nucleic acid molecule can also comprise a
2'-0-methylribonucleotide (Inoue et al. (1987) Nucleic Acids Res 15: 6131-6148) or a
chimeric RNA -DNA analogue (Inoue et al. (1987) FEBS Lett 215: 327-330).

Such modifications include, by way of nonlimiting example, modified bases, and
nucleic acids whose sugar phosphate backbones are modified or derivatized. These
modifications are carried out at least in part to enhance the chemical stability of the
modified nucleic acid, such that they may be used, for example, as antisense binding

nucleic acids in applications.

Double Stranded RNA Inhibition (RNAi) by Hairpin Nucleic Acids

Another aspect of the invention pertains to the use of post transcriptional gene
silencing (PTGS) to repress gene expression. Double stranded RNA can initiate the
sequence specific repression of gene expression in plants and animals. Double stranded
RNA is processed to short duplex oligomers of 21-23 nucleotides in length. These small
interfering RNA's suppress the expression of endogenous and heterologous genes in a
sequence specific manner (Fire et al. Nature 391:806-811, Carthew, Curr. Opin. in Cell
Biol., 13:244-248, Elbashir et al., Nature 411:494-498). A RNAI suppressing construct
can be designed in a number of ways, for example, transcription of a inverted repeat
which can form a long hair pin molecule, inverted repeats separated by a spacer sequence
that could be an unrelated sequence such as GUS or an intron sequence. Transcription of
sense and antisense strands by opposing promoters or cotranscription of sense and

antisense genes.

CPP Ribozymes and PNA moieties
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In still another embodiment, an antisense nucleic acid of the invention is a
ribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity that are
capable of cleaving a single-stranded nucleic acid, such as a mRNA, to which they have
a complementary region. Thus, ribozymes (e.g., hammerhead ribozymes (described in
Haselhoff and Gerlach (1988) Nature 334:585-591)) can be used to catalytically cleave
CPP mRNA transcripts to thereby inhibit translation of CPP mRNA. A ribozyme having
specificity for a CPP-encoding nucleic acid can be designed based upon the nucleotide
sequence of a CPP DNA disclosed herein (i.e., SEQ ID NO: 1, SEQ ID NO:14 or SEQ
ID NO:17). For example, a derivative of a Tetrahymena L-19 IVS RNA can be
constructed in which the nucleotide sequence of the active site is complementary to the
nucleotide sequence to be cleaved in a CPP-encoding mRNA. See, e.g., Cecheral. U.S.
Pat. No. 4,987,071; and Cech et al. U.S. Pat. No. 5,116,742. Alternatively, CPP mRNA
can be used to select a catalytic RNA having a specific ribonuclease activity from a pool
of RNA molecules. See, e.g., Bartel et al., (1993) Science 261:1411-1418.

Alternatively, CPP gene expression can be inhibited by targeting nucleotide
sequences complementary to the regulatory region of the CPP (e.g., the CPP promoter
and/or enhancers) to form triple helical structures that prevent transcription of the CPP
gene in target cells. See generally, Helene. (1991) Anticancer Drug Des. 6: 569-84;
Helene. et al. (1992) Ann. N.Y. Acad. Sci. 660:27-36; and Maher (1992) Bioassays 14:
807-15.

In various embodiments, the nucleic acids of CPP can be modified at the base
moiety, sugar moiety or phosphate backbone to improve, e.g., the stability, hybridization,
or solubility of the molecule. For example, the deoxyribose phosphate backbone of the
nucleic acids can be modified to generate peptide nucleic acids (see Hyrup et al. (1996)
Bioorg Med Chem 4: 5-23). As used herein, the terms "peptide nucleic acids" or "PNAs"
refer to nucleic acid mimics, e.g., DNA mimics, in which the deoxyribose phosphate
backbone is replaced by a pseudopeptide backbone and only the four natural nucleobases
are retained. The neutral backbone of PNAs has been shown to allow for specific
hybridization to DNA and RNA under conditions of low ionic strength. The synthesis of
PNA oligomers can be performed using standard solid phase peptide synthesis protocols
as described in Hyrup et al. (1996) above; Perry-O'Keefe et al. (1996) PNAS 93:
14670-675.

PNAs of CPP can be used in therapeutic and diagnostic applications. For

example, PNAs can be used as antisense or antigene agents for sequence-specific
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modulation of gene expression by, e.g., inducing transcription or translation arrest or
inhibiting replication. PNAs of CPP can also be used, e.g., in the analysis of single base
pair mutations in a gene by, e.g., PNA directed PCR clamping; as artificial restriction
enzymes when used in combination with other enzymes, e.g., S1 nucleases (Hyrup B.
(1996) above); or as probes or primers for DNA sequence and hybridization (Hyrup et al.
(1996), above; Perry-O'Keefe (1996), above).

In another embodiment, PNAs of CPP can be modified, e.g., to enhance their
stability or cellular uptake, by attaching lipophilic or other helper groups to PNA, by the
formation of PNA-DNA chimeras, or by the use of liposomes or other techniques of drug
delivery known in the art. For example, PNA-DNA chimeras of CPP can be generated
that may combine the advantageous properties of PNA and DNA. Such chimeras allow
DNA recognition enzymes, e.g., RNase H and DNA polymerases, to interact with the
DNA portion while the PNA portion would provide high binding affinity and specificity.
PNA-DNA chimeras can be linked using linkers of appropriate lengths selected in terms
of base stacking, number of bonds between the nucleobases, and orientation (Hyrup
(1996) above). The synthesis of PNA-DNA chimeras can be performed as described in
Hyrup (1996) above and Finn et al. (1996) Nucl Acids Res 24: 3357-63. For example, a
DNA chain can be synthesized on a solid support using standard phosphoramidite
coupling chemistry, and modified nucleoside analogs, e.g., 5'-(4-methoxytrityl)
amino-5'-deoxy-thymidine phosphoramidite, can be used between the PNA and the 5’
end of DNA (Mag et al. (1989) Nucl Acid Res 17: 5973-88). PNA monomers are then
coupled in a stepwise manner to produce a chimeric molecule with a 5' PNA segment
and a 3' DNA segment (Finn ef al. (1996) above). Alternatively, chimeric molecules can
be synthesized with a 5' DNA segment and a 3' PNA segment. See, Petersen et al.
(1975) Bioorg Med Chem Lett 5: 1119-11124.

CPP Polypeptides

A CPP polypeptide of the invention includes the protein whose sequence is
provided in SEQ ID NO: 2, SEQ ID NO:15 or SEQ ID NO:18. The invention also
includes a mutant or variant protein any of whose residues may be changed from the
corresponding residue shown in SEQ ID NO: 2, SEQ ID NO:15 or SEQ ID NO:18 while
still encoding a protein that maintains its CPP-like activities and physiological functions,
or a functional fragment thereof. In some embodiments, up to 20% or more of the
residues may be so changed in the mutant or variant protein. In some embodiments, the

CPP polypeptide according to the invention is a mature polypeptide.
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In general, a CPP -like variant that preserves CPP-like function includes any
variant in which residues at a particular position in the sequence have been substituted by
other amino acids, and further include the possibility of inserting an additional residue or
residues between two residues of the parent protein as well as the possibility of deleting
one or more residues from the parent sequence. Any amino acid substitution, insertion,
or deletion is encompassed by the invention. In favorable circumstances, the substitution
is a conservative substitution as defined above.

One aspect of the invention pertains to isolated CPP proteins, and biologically
active portions thereof, or derivatives, fragments, analogs or homologs thereof. Also
provided are polypeptide fragments suitable for use as immunogens to raise anti-CPP
antibodies. In one embodiment, native CPP proteins can be isolated from cells or tissue
sources by an appropriate purification scheme using standard protein purification
techniques. In another embodiment, CPP proteins are produced by recombinant DNA
techniques. Alternative to recombinant expression, a CPP protein or polypeptide can be
synthesized chemically using standard peptide synthesis techniques.

An "isolated" or "purified" protein or biologically active portion thereof is
substantially free of cellular material or other contaminating proteins from the cell or
tissue source from which the CPP protein is derived, or substantially free from chemical
precursors or other chemicals when chemically synthesized. The language "substantially
free of cellular material" includes preparations of CPP protein in which the protein is
separated from cellular components of the cells from which it is isolated or
recombinantly produced. In one embodiment, the language "substantially free of cellular
material” includes preparations of CPP protein having less than about 30% (by dry
weight) of non-CPP protein (also referred to herein as a "contaminating protein"), more
preferably less than about 20% of non-CPP protein, still more preferably less than about
10% of non-CPP protein, and most preferably less than about 5% non-CPP protein.
When the CPP protein or biologically active portion thereof is recombinantly produced,
it is also preferably substantially free of culture medium, i.e., culture medium represents
less than about 20%, more preferably less than about 10%, and most preferably less than
about 5% of the volume of the protein preparation.

The language "substantially free of chemical precursors or other chemicals"
includes preparations of CPP protein in which the protein is separated from chemical
precursors or other chemicals that are involved in the synthesis of the protein. In one

embodiment, the language "substantially free of chemical precursors or other chemicals"
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includes preparations of CPP protein having less than about 30% (by dry weight) of
chemical precursors or non-CPP chemicals, more preferably less than about 20%
chemical precursors or non-CPP chemicals, still more preferably less than about 10%
chemical precursors or non-CPP chemicals, and most preferably less than about 5%
chemical precursors or non-CPP chemicals.

Biologically active portions of a CPP protein include peptides comprising amino
acid sequences sufficiently homologous to or derived from the amino acid sequence of
the CPP protein, e.g., the amino acid sequence shown in SEQ ID NO: 2 that include
fewer amino acids than the full length CPP proteins, and exhibit at least one activity of a
CPP protein, e.g. substrate binding. Typically, biologically active portions comprise a
domain or motif with at least one activity of the CPP protein. A biologically active
portion of a CPP protein can be a polypeptide which is, for example, 10, 25, 50, 100 or
more amino acids in length.

A biologically active portion of a CPP protein of the present invention may
contain at least one of the above-identified domains conserved between the CPP proteins,
e.g.. Moreover, other biologically active portions, in which other regions of the protein
are deleted, can be prepared by recombinant techniques and evaluated for one or more of
the functional activities of a native CPP protein.

A biologically active portion or a CPP protein can be the N-terminal domain of
the CPP polypeptide. Alternatively, a biologically active portion or a CPP protein can be
the C-terminal domain of the CPP polypeptide. Preferably, the biologically active
portion comprises at least 75 amino acids of the C- terminal domain. More preferably,
the biologically active portion comprises at least 25 amino acids of the C- terminal
domain. Most preferably, the biologically active portion comprises at least 10 amino
acids of the C- terminal.

In an embodiment, the CPP protein has an amino acid sequence shown in SEQ ID
NO: 2, SEQ ID NO:15 or SEQ ID NO:18. In other embodiments, the CPP protein is
substantially homologous to SEQ ID NO: 2, SEQ ID NO:15 or SEQ ID NO:18 and
retains the functional activity of the protein of SEQ ID NO: 2, SEQ ID NO:15 or SEQ ID
NO:18, yet differs in amino acid sequence due to natural allelic variation or mutagenesis,
as described in detail below. Accordingly, in another embodiment, the CPP protein is a
protein that comprises an amino acid sequence at least about 45% homologous to the

amino acid sequence of S SEQ ID NO: 2, SEQ ID NO:15 or SEQ ID NO:18 and retains
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the functional activity of the CPP proteins of SEQ ID NO: 2, SEQ ID NO:15 or SEQ ID
NO:18.

Exemplary homologous CPP polypeptides include for example the polypeptide
sequences of SEQ ID NO: 69, 71, 73 and 75.

Determining homology between two or more sequence

To determine the percent homology of two amino acid sequences or of two
nucleic acids, the sequences are aligned for optimal comparison purposes (e.g., gaps can
be introduced in either of the sequences being compared for optimal alignment between
the sequences). The amino acid residues or nucleotides at corresponding amino acid
positions or nucleotide positions are then compared. When a position in the first
sequence is occupied by the same amino acid residue or nucleotide as the corresponding
position in the second sequence, then the molecules are homologous at that position (i.e.,
as used herein amino acid or nucleic acid "homology" is equivalent to amino acid or
nucleic acid "identity").

The nucleic acid sequence homology may be determined as the degree of identity
between two sequences. The homology may be determined using computer programs
known in the art, such as GAP software provided in the GCG program package. See,
Needleman and Wunsch 1970 J Mol Biol 48: 443-453. Using GCG GAP software with
the following settings for nucleic acid sequence comparison: GAP creation penalty of 5.0
and GAP extension penalty of 0.3, the coding region of the analogous nucleic acid
sequences referred to above exhibits a degree of identity preferably of at least 70%, 75%,
80%, 85%, 90%, 95%, 98%, or 99%, with the CDS (encoding) part of the DNA sequence
shown in SEQ ID NO:1 or SEQ ID NO:14 or SEQ ID NO:17.

The term “sequence identity” refers to the degree to which two polynucleotide or
polypeptide sequences are identical on a residue-by-residue basis over a particular region
of comparison. The term “percentage of sequence identity” is calculated by comparing
two optimally aligned sequences over that region of comparison, determining the number
of positions at which the identical nucleic acid base (e.g., A, T, C, G, U, or I, in the case
of nucleic acids) 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 region
of comparison (i.e., the window size), and multiplying the result by 100 to yield the
percentage of sequence identity. The term “substantial identity” as used herein denotes a
characteristic of a polynucleotide sequence, wherein the polynucleotide comprises a

sequence that has at least 80 percent sequence identity, preferably at least 85 percent
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identity and often 90 to 95 percent sequence identity, more usually at least 99 percent
sequence identity as compared to a reference sequence over a comparison region. The
term “percentage of positive residues” is calculated by comparing two optimally aligned
sequences over that region of comparison, determining the number of positions at which
the identical and conservative amino acid substitutions, as defined above, occur in both
sequences to yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the region of comparison (i.e., the window

size), and multiplying the result by 100 to yield the percentage of positive residues.

Chimeric and fusion proteins

The invention also provides CPP chimeric or fusion proteins. As used herein, a
CPP "chimeric protein" or "fusion protein" comprises a CPP polypeptide operatively
linked to a non-CPP polypeptide. An "CPP polypeptide" refers to a polypeptide having
an amino acid sequence corresponding to CPP, whereas a "non-CPP polypeptide" refers
to a polypeptide having an amino acid sequence corresponding to a protein that is not
substantially homologous to the CPP protein, e.g., a protein that is different from the
CPP protein and that is derived from the same or a different organism. Within a CPP
fusion protein the CPP polypeptide can correspond to all or a portion of a CPP protein.
In one embodiment, a CPP fusion protein comprises at least one biologically active
portion of a CPP protein. In another embodiment, a CPP fusion protein comprises at
least two biologically active portions of a CPP protein. Within the fusion protein, the
term "operatively linked" is intended to indicate that the CPP polypeptide and the
non-CPP polypeptide are fused in-frame to each other. The non-CPP polypeptide can be
fused to the N-terminus or C-terminus of the CPP polypeptide.

A CPP chimeric or fusion protein of the invention can be produced by standard
recombinant DNA techniques. For example, DNA fragments coding for the different
polypeptide sequences are ligated together in-frame in accordance with conventional
techniques, e.g., by employing blunt-ended or stagger-ended termini for ligation,
restriction enzyme digestion to provide for appropriate termini, filling-in of cohesive
ends as appropriate, alkaline phosphatase treatment to avoid undesirable joining, and
enzymatic ligation. In another embodiment, the fusion gene can be synthesized by
conventional techniques including automated DNA synthesizers. Alternatively, PCR
amplification of gene fragments can be carried out using anchor primers that give rise to

complementary overhangs between two consecutive gene fragments that can
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subsequently be annealed and reamplified to generate a chimeric gene sequence (see, for
example, Ausubel et al. (eds.) CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John
Wiley & Sons, 1992). Moreover, many expression vectors are commercially available
that already encode a fusion moiety (e.g., a GST polypeptide). A CPP-encoding nucleic
acid can be cloned into such an expression vector such that the fusion moiety is linked

in-frame to the CPP protein.

CPP agonists and antagonists

The present invention also pertains to variants of the CPP proteins that function
as either CPP agonists (mimetics) or as CPP antagonists. Variants of the CPP protein
can be generated by mutagenesis, e.g., discrete point mutation or truncation of the CPP
protein. An agonist of the CPP protein can retain substantially the same, or a subset of,
the biological activities of the naturally occurring form of the CPP protein. An
antagonist of the CPP protein can inhibit one or more of the activities of the naturally
occurring form of the CPP protein by, for example, competitively binding to a
downstream or upstream member of a cellular signaling cascade which includes the CPP
protein. Thus, specific biological effects can be elicited by treatment with a variant of
limited function.

Variants of the CPP protein that function as either CPP agonists (mimetics) or as
CPP antagonists can be identified by screening combinatorial libraries of mutants, e.g.,
truncation mutants, of the CPP protein for CPP protein agonist or antagonist activity. In
one embodiment, a variegated library of CPP variants is generated by combinatorial
mutagenesis at the nucleic acid level and is encoded by a variegated gene library. A
variegated library of CPP variants can be produced by, for example, enzymatically
ligating a mixture of synthetic oligonucleotides into gene sequences such that a
degenerate set of potential CPP sequences is expressible as individual polypeptides, or
alternatively, as a set of larger fusion proteins (e.g., for phage display) containing the set
of CPP sequences therein. There are a variety of methods which can be used to produce
libraries of potential CPP variants from a degenerate oligonucleotide sequence.
Chemical synthesis of a degenerate gene sequence can be performed in an automatic
DNA synthesizer, and the synthetic gene then ligated into an appropriate expression
vector. Use of a degenerate set of genes allows for the provision, in one mixture, of all
of the sequences encoding the desired set of potential CPP sequences. Methods for

synthesizing degenerate oligonucleotides are known in the art (see, e.g., Narang (1983)
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Tetrahedron 39:3; Itakura et al. (1984) Annu Rev Biochem 53:323; Itakura et al. (1984)
Science 198:1056; Ike et al. (1983) Nucl Acid Res 11:477.

Polypeptide libraries

In addition, libraries of fragments of the CPP protein coding sequence can be
used to generate a variegated population of CPP fragments for screening and subsequent
selection of variants of a CPP protein. In one embodiment, a library of coding sequence
fragments can be generated by treating a double stranded PCR fragment of a CPP coding
sequence with a nuclease under conditions wherein nicking occurs only about once per
molecule, denaturing the double stranded DNA, renaturing the DNA to form double
stranded DNA that can include sense/antisense pairs from different nicked products,
removing single stranded portions from reformed duplexes by treatment with S1
nuclease, and ligating the resulting fragment library into an expression vector. By this
method, an expression library can be derived which encodes N-terminal and internal
fragments of various sizes of the CPP protein.

Several techniques are known in the art for screening gene products of
combinatorial libraries made by point mutations or truncation, and for screening cDNA
libraries for gene products having a selected property. Such techniques are adaptable for
rapid screening of the gene libraries generated by the combinatorial mutagenesis of CPP
proteins. The most widely used techniques, which are amenable to high throughput
analysis, for screening large gene libraries typically include cloning the gene library into
replicable expression vectors, transforming appropriate cells with the resulting library of
vectors, and expressing the combinatorial genes under conditions in which detection of a
desired activity facilitates isolation of the vector encoding the gene whose product was
detected. Recrusive ensemble mutagenesis (REM), a new technique that enhances the
frequency of functional mutants in the libraries, can be used in combination with the
screening assays to identify CPP variants (Arkin and Yourvan (1992) PNAS
89:7811-7815; Delgrave et al. (1993) Protein Engineering 6:327-331).

CPP Antibodies

CPP polypeptides, including chimeric polypeptides, or derivatives, fragments,
analogs or homologs thereof, may be utilized as immunogens to generate antibodies that
immunospecifically-bind these peptide components. Such antibodies include, e.g.,

polyclonal, monoclonal, chimeric, single chain, Fab fragments and a Fab expression
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library. In a specific embodiment, fragments of the CPP polypeptides are used as
immunogens for antibody production. Various procedures known within the art may be
used for the production of polyclonal or monoclonal antibodies to a CPP polypeptides, or
derivative, fragment, analog or homolog thereof.

For the production of polyclonal antibodies, various host animals may be immunized by
injection with the native peptide, or a synthetic variant thereof, or a derivative of the
foregoing. Various adjuvants may be used to increase the immunological response and
include, but are not limited to, Freund's (complete and incomplete), mineral gels (e.g.,
aluminum hydroxide), surface active substances (e.g., lysolecithin, pluronic polyols,
polyanions, peptides, oil emulsions, dinitrophenol, etc.) and human adjuvants such as
Bacille Calmette-Guerin and Corynebacterium parvum.

For preparation of monoclonal antibodies directed towards a CPP polypeptides,
or derivatives, fragments, analogs or homologs thereof, any technique that provides for
the production of antibody molecules by continuous cell line culture may be utilized.
Such techniques include, but are not limited to, the hybridoma technique (see, Kohler
and Milstein, 1975. Nature 256: 495-497); the trioma technique; the human B-cell
hybridoma technique (see, Kozbor, et al., 1983. Immunol Today 4: 72) and the EBV
hybridoma technique to produce human monoclonal antibodies (see, Cole, ef al., 1985.
In: Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). Human
monoclonal antibodies may be utilized in the practice of the present invention and may
be produced by the use of human hybridomas (see, Cote, et al., 1983. Proc Natl Acad Sci
USA 80: 2026-2030) or by transforming human B-cells with Epstein Barr Virus in vitro
(see, Cole, et al., 1985. In: Monoclonal Antibodies and Cancer Therapy (Alan R. Liss,
Inc., pp. 77-96).

According to the invention, techniques can be adapted for the production of
single-chain antibodies specific to a CPP polypeptides (see, e.g., U.S. Patent No.
4,946,778). In addition, methodologies can be adapted for the construction of Fab
expression libraries (see, e.g., Huse, et al., 1989. Science 246: 1275-1281) to allow rapid
and effective identification of monoclonal Fab fragments with the desired specificity for
a CPP polypeptides or derivatives, fragments, analogs or homologs thereof. Antibody
fragments that contain the idiotypes to a CPP polypeptides may be produced by
techniques known in the art including, e.g., (i) an F(ab'); fragment produced by pepsin

digestion of an antibody molecule; (i) an Fab fragment generated by reducing the
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disulfide bridges of an F(ab'), fragment; (iii) an Fab fragment generated by the treatment
of the antibody molecule with papain and a reducing agent and (iv) Fv fragments.

In one embodiment, methodologies for the screening of antibodies that possess the
desired specificity include, but are not limited to, enzyme-linked immunosorbent assay
(ELISA) and other immunologically-mediated techniques known within the art. Ina
specific embodiment, selection of antibodies that are specific to a particular domain of a
CPP polypeptides is facilitated by generation of hybridomas that bind to the fragment of
a CPP polypeptides possessing such a domain. Antibodies that are specific for a domain
within a CPP polypeptides, or derivative, fragments, analogs or homologs thereof, are
also provided herein. The anti-CPP polypeptide antibodies may be used in methods
known within the art relating to the localization and/or quantitation of a CPP
polypeptide(e.g., for use in measuring levels of the peptide within appropriate
physiological samples, for use in diagnostic methods, for use in imaging the peptide, and

the like).

CPP Recombinant Expression Vectors and Host Cells

Another aspect of the invention pertains to vectors, preferably expression vectors,
containing a nucleic acid encoding a CPP protein, or derivatives, fragments, analogs or
homologs thereof. As used herein, the term "vector" refers to a nucleic acid molecule
capable of transporting another nucleic acid to which it has been linked. Exemplary
expression vector constructs include for example the constructs of SEQ ID NO: 4,, 5, 36,
37, 39,40, 441, 42, 44, 45,47, 48, 50, 51 and 53. Additional exemplary expression
vector constructs include contructs comprising CPP anti-sense nucleic acid such as SEQ
ID NO: 38. 43, 46, 49, 52. One type of vector is a "plasmid", which refers to a circular
double stranded DNA loop into which additional DNA segments can be ligated. Another
type of vector is a viral vector, wherein additional DNA segments can be ligated into the
viral genome. Certain vectors are capable of autonomous replication in a host cell into
which they are introduced (e.g., bacterial vectors having a bacterial origin of replication).
Other vectors are integrated into the genome of a host cell upon introduction into the host
cell, and thereby are replicated along with the host genome. Moreover, certain vectors
are capable of directing the expression of genes to which they are operatively-linked.
Such vectors are referred to herein as "expression vectors". In general, expression
vectors of utility in recombinant DNA techniques are often in the form of plasmids. In

the present specification, "plasmid" and "vector" can be used interchangeably as the
34



10

15

20

25

30

WO 03/012116 PCT/IB02/03887

plasmid is the most commonly used form of vector. However, the invention is intended
to include such other forms of expression vectors, such as viral vectors or plant
transformation vectors, binary or otherwise, which serve equivalent functions.

The recombinant expression vectors of the invention comprise a nucleic acid of
the invention in a form suitable for expression of the nucleic acid in a host cell, which
means that the recombinant expression vectors include one or more regulatory
sequences, selected on the basis of the host cells to be used for expression, that is
operatively-linked to the nucleic acid sequence to be expressed. Within a recombinant
expression vector, "operably-linked" is intended to mean that the nucleotide sequence of
interest is linked to the regulatory sequence(s) in a manner that allows for expression of
the nucleotide sequence (e.g., in an in vitro transcription/translation system or in a host
cell when the vector is introduced into the host cell).

The term "regulatory sequence" is intended to includes promoters, enhancers and
other expression control elements (e.g., polyadenylation signals). Such regulatory
sequences are described, for example, in Goeddel, GENE EXPRESSION TECHNOLOGY:
METHODS IN ENZYMOLOGY 185, Academic Press, San Diego, Calif. (1990). Regulatory
sequences include those that direct constitutive expression of a nucleotide sequence in
many types of host cell and those that direct expression of the nucleotide sequence only
in certain host cells (e.g., tissue-specific regulatory sequences). Examples of suitable
promoters include for example constitutive promoters, ABA inducible promoters, tissue
specific promters or guard cell specific promoters. It will be appreciated by those skilled
in the art that the design of the expression vector can depend on such factors as the
choice of the host cell to be transformed, the level of expression of protein desired, etc.
The expression vectors of the invention can be introduced into host cells to thereby
produce proteins or peptides, including fusion proteins or peptides, encoded by nucleic
acids as described herein (e.g., CPP proteins, mutant forms of CPP proteins, fusion
proteins, etc.).

The recombinant expression vectors of the invention can be designed for
expression of CPP proteins in prokaryotic or eukaryotic cells. For example, CPP
proteins can be expressed in bacterial cells such as Escherichia coli, insect cells (using
baculovirus expression vectors) yeast cells, plant cells or mammalian cells. Suitable host
cells are discussed further in Goeddel, GENE EXPRESSION TECHNOLOGY: METHODS IN
ENZYMOLOGY 185, Academic Press, San Diego, Calif. (1990). Alternatively, the
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recombinant expression vector can be transcribed and translated in vitro, for example
using T7 promoter regulatory sequences and T7 polymerase.

Expression of proteins in prokaryotes is most often carried out in Escherichia coli
with vectors containing constitutive or inducible promoters directing the expression of
either fusion or non-fusion proteins. Fusion vectors add a number of amino acids to a
protein encoded therein, usually to the amino terminus of the recombinant protein. Such
fusion vectors typically serve three purposes: (i) to increase expression of recombinant
protein; (#7) to increase the solubility of the recombinant protein; and (iii) to aid in the
purification of the recombinant protein by acting as a ligand in affinity purification.
Often, in fusion expression vectors, a proteolytic cleavage site is introduced at the
junction of the fusion moiety and the recombinant protein to enable separation of the
recombinant protein from the fusion moiety subsequent to purification of the fusion
protein. Such enzymes, and their cognate recognition sequences, include Factor Xa,
thrombin and enterokinase. Typical fusion expression vectors include pGEX (Pharmacia
Biotech Inc; Smith and Johnson, 1988. Gene 67: 31-40), pMAL (New England Biolabs,
Beverly, Mass.) and pRITS (Pharmacia, Piscataway, N.J.) that fuse glutathione
S-transferase (GST), maltose E binding protein, or protein A, respectively, to the target
recombinant protein.

Examples of suitable inducible non-fusion E. coli expression vectors include pTrc
(Amrann et al., (1988) Gene 69:301-315) and pET 11d (Studier et al., GENE EXPRESSION
TECHNOLOGY: METHODS IN ENZYMOLOGY 185, Academic Press, San Diego, Calif.
(1990) 60-89).

One strategy to maximize recombinant protein expression in E. coli is to express
the protein in a host bacteria with an impaired capacity to proteolytically cleave the
recombinant protein. See, e.g., Gottesman, GENE EXPRESSION TECHNOLOGY: METHODS
IN ENZYMOLOGY 185, Academic Press, San Diego, Calif. (1990) 119-128. Another
strategy is to alter the nucleic acid sequence of the nucleic acid to be inserted into an
expression vector so that the individual codons for each amino acid are those
preferentially utilized in E. coli (see, e.g., Wada, et al., 1992. Nucl. Acids Res. 20:
2111-2118). Such alteration of nucleic acid sequences of the invention can be carried
out by standard DNA synthesis techniques.

In another embodiment, the CPP expression vector is a yeast expression vector.
Examples of vectors for expression in yeast Saccharomyces cerivisae include pYepSecl

(Baldari, et al., 1987. EMBO J. 6: 229-234), pMFa (Kurjan and Herskowitz, 1982. Cell
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30: 933-943), pJRY88 (Schultz et al., 1987. Gene 54: 113-123), pYES2 (Invitrogen
Corporation, San Diego, Calif.), and picZ (InVitrogen Corp, San Diego, Calif.).
Alternatively, CPP can be expressed in insect cells using baculovirus expression vectors.
Baculovirus vectors available for expression of proteins in cultured insect cells (e.g., SF9
cells) include the pAc series (Smith, et al., 1983. Mol. Cell. Biol. 3: 2156-2165) and the
pVL series (Lucklow and Summers, 1989. Virology 170: 31-39).

In yet another embodiment, a nucleic acid of the invention is expressed in mammalian
cells using a mammalian expression vector. Examples of mammalian expression vectors
include pCDMS (Seed, 1987. Nature 329: 840) and pMT2PC (Kaufman, et al., 1987.
EMBO J. 6: 187-195). When used in mammalian cells, the expression vector's control
functions are often provided by viral regulatory elements. For example, commonly used
promoters are derived from polyoma, adenovirus 2, cytomegalovirus, and simian virus
40. For other suitable expression systems for both prokaryotic and eukaryotic cells see,
e.g., Chapters 16 and 17 of Sambrook, et al., MOLECULAR CLONING: A LABORATORY
MANUAL. 2nd ed., Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y., 1989.

In yet another embodiment, a nucleic acid of the invention is expressed in plants
cells using a plant expression vector. Examples of plant expression vectors systems
include tumor inducing (Ti) plasmid or portion thereof found in Agrobacterium,
cauliflower mosaic virus (CAMV) DNA and vectors such as pBI121 .

For expression in plants, the recombinant expression cassette will contain in
addition to the CPP nucleic acids, a plant promoter region, a transcription initiation site
(if the coding sequence to transcribed lacks one), and a transcription
termination/polyadenylation sequence. The termination/polyadenylation region may be
obtained from the same gene as the promoter sequence or may be obtained from different
genes. Unique restriction enzyme sites at the 5' and 3' ends of the cassette are typically
included to allow for easy insertion into a pre-existing vector.

Examples of suitable promotors include promoters from plant viruses such as the 35S
promoter from cauliflower mosaic virus (CaMV). Odell, et al., Nature, 313: 810-812
(1985). and promoters from genes such as rice actin (McElroy, et al., Plant Cell, 163-171
(1990)); ubiquitin (Christensen, et al., Plant Mol. Biol., 12: 619-632 (1992); and
Christensen, et al., Plant Mol. Biol., 18: 675-689 (1992)); pEMU (Last, et al., Theor.
Appl. Genet., 81: 581-588 (1991)); MAS (Velten, et al., EMBO J., 3: 2723-2730 (1984));

maize H3 histone (Lepetit, et al., Mol. Gen. Genet., 231: 276-285 (1992); and
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Atanassvoa, et al., Plant Journal, 2(3): 291-300 (1992)), the 5'- or 3'-promoter derived
from T-DNA of Agrobacterium tumefaciens, the Smas promoter, the cinnamyl alcohol
dehydrogenase promoter (U.S. Pat. No. 5,683,439), the Nos promoter, the rubisco
promoter, the GRP1-8 promoter, ALS promoter, (WO 96/30530), a synthetic promoter,
such as, Rsyn7, SCP and UCP promoters, ribulose-1,3-diphosphate carboxylase,
fruit-specific promoters, heat shock promoters, seed-specific promoters and other
transcription initiation regions from various plant genes, for example, include the various
opine initiation regions, such as for example, octopine, mannopine, and nopaline.
Additional regulatory elements that may be connected to a CPP encoding nucleic acid
sequence for expression in plant cells include terminators, polyadenylation sequences,
and nucleic acid sequences encoding signal peptides that permit localization within a
plant cell or secretion of the protein from the cell. Such regulatory elements and
methods for adding or exchanging these elements with the regulatory elements CPP gene
are known, and include, but are not limited to, 3' termination and/or polyadenylation
regions such as those of the Agrobacterium tumefaciens nopaline synthase (nos) gene
(Bevan, et al., Nucl. Acids Res., 12: 369-385 (1983)); the potato proteinase inhibitor II
(PINII) gene (Keil, et al., Nucl. Acids Res., 14: 5641-5650 (1986) and hereby
incorporated by reference); and An,, et al., Plant Cell, 1: 115-122 (1989)); and the CaMV
19S gene (Mogen, et al., Plant Cell, 2: 1261-1272 (1990)).

Plant signal sequences, including, but not limited to, signal-peptide encoding
DNA/RNA sequences which target proteins to the extracellular matrix of the plant cell
(Dratewka-Kos, et al., J. Biol. Chem., 264: 4896-4900 (1989)) and the Nicotiana
plumbaginifolia extension gene (DeLoose, et al., Gene, 99: 95-100 (1991)), or signal
peptides which target proteins to the vacuole like the sweet potato sporamin gene
(Matsuka, et al., Proc. Nat'l Acad. Sci. (USA), 88: 834 (1991)) and the barley lectin gene
(Wilkins, et al., Plant Cell, 2: 301-313 (1990)), or signals which cause proteins to be
secreted such as that of PRIb (Lind, et al., Plant Mol. Biol., 18: 47-53 (1992)), or those
which target proteins to the plastids such as that of rapeseed enoyl-ACP reductase
(Verwaert, et al., Plant Mol. Biol., 26: 189-202 (1994)) are useful in the invention.

In another embodiment, the recombinant expression vector is capable of directing
expression of the nucleic acid preferentially in a particular cell type (e.g., tissue-specific
regulatory elements are used to express the nucleic acid). Tissue-specific regulatory

elements are known in the art. Especially useful in connection with the nucleic acids of
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the present invention are expression systems which are operable in plants. These include
systems which are under control of a tissue-specific promoter, as well as those which

involve promoters that are operable in all plant tissues.

Organ-specific promoters are also well known. For example, the patatin class I
promoter is transcriptionally activated only in the potato tuber and can be used to target
gene expression in the tuber (Bevan, M., 1986, Nucleic Acids Research 14:4625-4636).
Another potato-specific promoter is the granule-bound starch synthase (GBSS) promoter
(Visser, R.G.R, et al., 1991, Plant Molecular Biology 17:691-699).

Other organ-specific promoters appropriate for a desired target organ can be isolated
using known procedures. These control sequences are generally associated with genes
uniquely expressed in the desired organ. In a typical higher plant, each organ has
thousands of mRNAs that are absent from other organ systems (reviewed in Goldberg,
P., 1986, Trans. R. Soc. London B314:343).

For in situ production of the antisense mRNA of GST, those regions of the GST
gene which are transcribed into GST mRNA, including the untranslated regions thereof,
are inserted into the expression vector under control of the promoter system in a reverse
orientation. The resulting transcribed mRNA is then complementary to that normally
produced by the plant.

The resulting expression system or cassette is ligated into or otherwise
constructed to be included in a recombinant vector which is appropriate for plant
transformation. The vector may also contain a selectable marker gene by which
transformed plant cells can be identified in culture. Usually, the marker gene will encode
antibiotic resistance. These markers include resistance to G418, hygromycin, bleomycin,
kanamycin, and gentamicin. After transforming the plant cells, those cells having the
vector will be identified by their ability to grow on a medium containing the particular
antibiotic. Replication sequences, of bacterial or viral origin, are generally also included
to allow the vector to be cloned in a bacterial or phage host, preferably a broad host
range prokaryotic origin of replication is included. A selectable marker for bacteria
should also be included to allow selection of bacterial cells bearing the desired construct.
Suitable prokaryotic selectable markers also include resistance to antibiotics such as
kanamycin or tetracycline.

Other DNA sequences encoding additional functions may also be present in the

vector, as is known in the art. For instance, in the case of Agrobacterium
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transformations, T-DNA sequences will also be included for subsequent transfer to plant
chromosomes.

Another aspect of the invention pertains to host cells into which a recombinant
expression vector of the invention has been introduced. The terms "host cell" and
"recombinant host cell” are used interchangeably herein. It is understood that such terms
refer not only to the particular subject cell but also to the progeny or potential progeny of
such a cell. Because certain modifications may occur in succeeding generations due to
either mutation or environmental influences, such progeny may not, in fact, be identical
to the parent cell, but are still included within the scope of the term as used herein.
Vector DNA can be introduced into prokaryotic or eukaryotic cells via conventional
transformation or transfection techniques. As used herein, the terms "transformation”
and "transfection" are intended to refer to a variety of art-recognized techniques for
introducing foreign nucleic acid (e.g., DNA) into a host cell.

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in culture,
can be used to produce (i.e., express) a polypeptide of the invention encoded in a an open
reading frame of a polynucleotide of the invention. Accordingly, the invention further
provides methods for producing a polypeptide using the host cells of the invention. In
one embodiment, the method comprises culturing the host cell of invention (into which a
recombinant expression vector encoding a polypeptide of the invention has been
introduced) in a suitable medium such that the polypeptide is produced. In another
embodiment, the method further comprises isolating the polypeptide from the medium or
the host cell.

A number of types of cells may act as suitable host cells for expression of a
polypeptide encoded by an open reading frame in a polynucleotide of the invention.
Plant host cells include, for example, plant cells that could function as suitable hosts for
the expression of a polynucleotide of the invention include epidermal cells, mesophyll
and other ground tissues, and vascular tissues in leaves, stems, floral organs, and roots
from a variety of plant species, such as Arabidopsis thaliana, Nicotiana tabacum,
Brassica napus, Zea mays, Oryza sativa, Gossypium hirsutum and Glycine max.

Alternatively, it may be possible to produce a polypeptide in lower eukaryotes such
as yeast or in prokaryotes such as bacteria. Potentially suitable yeast strains include
Saccharomyces cerevisiae, Schizosaccharomyces pombe, Kluyveromyces strains,
Candida, or any yeast strain capable of expressing heterologous proteins. Potentially

suitable bacterial strains include Escherichia coli, Bacillus subtilis, Salmonella
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typhimurium, or any bacterial strain capable of expressing heterologous polypeptides. If
the polypeptide is made in yeast or bacteria, it may be necessary to modify the
polypeptide pfoduced therein, for example by phosphorylation or glycosylation of the
appropriate sites, in order to obtain a functional polypeptide, if the polypeptide is of
sufficient length and conformation to have activity. Such covalent attachments may be
accomplished using known chemical or enzymatic methods.

A polypeptide may be prepared by culturing transformed host cells under culture
conditions suitable to express the recombinant protein. The resulting expressed
polypeptide or protein may then be purified from such culture (e.g., from culture medium
or cell extracts) using known purification processes, such as gel filtration and ion
exchange chromatography. The purification of the polypeptide or protein may also
include an affinity column containing agents which will bind to the protein; one or more
column steps over such affinity resins as concanavalin A-agarose, heparin-toyopearl® or
Cibacrom blue 3GA Sepharose®; one or more steps involving hydrophobic interaction
chromatography using such resins as phenyl ether, butyl ether, or propyl ether; or
immunoaffinity chromatography.

Alternatively, a polypeptide or protein may also be expressed in a form which
will facilitate purification. For example, it may be expressed as a fusion protein
containing a six-residue histidine tag. The histidine-tagged protein will then bind to a
Ni-affinity column. After elution of all other proteins, the histidine-tagged protein can
be eluted to achieve rapid and efficient purification. One or more reverse-phase high
performance liquid chromatography (RP-HPLC) steps employing hydrophobic RP-
HPLC media, e.g., silica gel having pendant methy! or other aliphatic groups, can be
employed to further purify a polypeptide. Some or all of the foregoing purification steps,
in various combinations, can also be employed to provide a substantially homogeneous
isolated recombinant polypeptide. The protein or polypeptide thus purified is
substantially free of other plant proteins or polypeptides and is defined in accordance

with the present invention as “isolated.”
Transformed Plants Cells and Transgenic Plants

The invention includes protoplast, plants cells, plant tissue and plants (e.g.,
monocots and dicots transformed with a CPP nucleic acid (i.e, sense or antisense), a
vector containing a CPP nucleic acid (i.e, sense or antisense)or an expression vector

containing a CPP nucleic acid (i.e, sense or antisense). As used herein, “plant” is meant
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to include not only a whole plant but also a portion thereof (i.e., cells, and tissues,
including for example, leaves, stems, shoots, roots, flowers, fruits and seeds).

The plant can be any plant type including, for example, species from the genera
Cucurbita, Rosa, Vitis, Juglans, Fragaria, Lotus, Medicago, Onobrychis, Trifolium,
Trigonella, Vigna, Citrus, Linum, Geranium, Manihot, Daucus, Arabidopsis, Brassica,
Raphanus, Sinapis, Atropa, Capsicum, Datura, Hyoscyamus, Lycopersicon, Nicotiana,
Solanum, Petunia, Digitalis, Majorana, Ciahorium, Helianthus, Lactuca, Bromus,
Asparagus, Antirrhinum, Heterocallis, Nemesis, Pelargonium, Panieum, Pennisetum,
Ranunculus, Senecio, Salpiglossis, Cucumis, Browaalia, Glycine, Pisum, Phaseolus,
Lolium, Oryza, Zea, Avena, Hordeum, Secale, Triticum, Sorghum, Gossypium, Picea,

Caco, and Populus.

In some aspects of the invention, the transformed plant is resistant to biotic and
abiotic stresses, e.g., chilling stress, salt stress, water stress (e.g., drought), disease,
grazing pests and wound healing. Additionally, the invention also includes a transgenic
plant that is resistant to pathogens such as for example fungi, bacteria, nematodes,
viruses and parasitic weeds. Alternatively, the transgenic plant is resistant to herbicides
or has delayed senesence. The transgenic plant has an increase in yield, productivity,
biomass or ABA sensitivity. By resistant is meant the plant grows under stress
conditions (e.g., high salt, decreased water, low temperatures) or under conditions that
normally inhibit, to some degree, the growth of an untransformed plant. Methodologies
to determine plant growth or response to stress include for example, height
measurements, weight meaurements, leaf area, ability to flower, water use, transpiration
rates and yield.

The invention also includes cells, tissues, including for example, leaves, stems,
shoots, roots, flowers, fruits and seeds and the progeny derived from the tranformed
plant.

Numerous methods for introducing foreign genes into plants are known and can
be used to insert a gene into a plant host, including biological and physical plant
transformation protocols. See, for example, Miki et al., (1993) "Procedure for
Introducing Foreign DNA into Plants", In: Methods in Plant Molecular Biology and
Biotechnology, Glick and Thompson, eds., CRC Press, Inc., Boca Raton, pages 67-88
and Andrew Bent in, Clough SJ and Bent AF, 1998. Floral dipping: a simplified method

for Agrobacterium-mediated transformation of Arabidopsis thaliana.. The methods
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chosen vary with the host plant, and include chemical transfection methods such as
calcium phosphate, polyethylene glycol (PEG) transformation, microorganism-mediated
gene transfer such as Agrobacterium (Horsch, et al., Science, 227: 1229-31 (1985)),
electroporation, protoplast transformation, micro-injection, flower dipping and biolistic

bombardment.

Agrobacterium-mediated Transformation

The most widely utilized method for introducing an expression vector into plants
is based on the natural transformation system of Agrobacterium. A. tumefaciens and A.
rhizogenes are plant pathogenic soil bacteria which genetically transform plant cells.
The Ti and Ri plasmids of 4. tumefaciens and A. rhizogenes, respectfully, carry genes
responsible for genetic transformation of plants. See, for example, Kado, Crit. Rev.
Plant Sci., 10: 1-32 (1991). Descriptions of the Agrobacterium vector systems and
methods for Agrobacterium-mediated gene transfer are provided in Gruber et al., supra;

and Moloney, et al, Plant Cell Reports, 8: 238-242 (1989).

Transgenic Arabidopsis plants can be produced easily by the method of dipping
flowering plants into an Agrobacterium culture, based on the method of Andrew Bent in,
Clough SJ and Bent AF, 1998. Floral dipping: a simplified method for Agrobacterium-
mediated transformation of Arabidopsis thaliana. Wild type plants are grown until the
plant has both developing flowers and open flowers. The plant are inverted for 1 minute
into a solution of Agrobacterium culture carrying the appropriate gene construct. Plants
are then left horizontal in a tray and kept covered for two days to maintain humidity and
then righted and bagged to continue growth and seed development. Mature seed is bulk

harvested.

Direct Gene Transfer

A generally applicable method of plant transformation is microprojectile-
mediated transformation, where DNA is carried on the surface of microprojectiles
measuring about 1 to 4 mu.m. The expression vector is introduced into plant tissues with
a biolistic device that accelerates the microprojectiles to speeds of 300 to 600 m/s which
is sufficient to penetrate the plant cell walls and membranes. (Sanford, et al., Part. Sci.
Technol., 5: 27-37 (1987); Sanford, Trends Biotech, 6: 299-302 (1988); Sanford,
Physiol. Plant, 79: 206-209 (1990); Klein, et al., Biotechnology, 10: 286-291 (1992)).
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Another method for physical delivery of DNA to plants is sonication of target cells as
described in Zang, et al., BioTechnology, 9: 996-996 (1991). Alternatively, liposome or
spheroplast fusions have been used to introduce expression vectors into plants. See, for
example, Deshayes, et al., EMBO J., 4: 2731-2737 (1985); and Christou, et al., Proc.
Nat'l. Acad. Sci. (USA), 84: 3962-3966 (1987). Direct uptake of DNA into protoplasts
using CaCl.sub.2 precipitation, polyvinyl alcohol or poly-L-ornithine have also been
reported. See, for example, Hain, et al., Mol. Gen. Genet., 199: 161 (1985); and Draper,
et al., Plant Cell Physiol., 23: 451-458 (1982).

Electroporation of protoplasts and whole cells and tissues has also been
described. See, for example, Donn, et al., (1990) In: Abstracts of the VIIth Int;l.
Congress on Plant Cell and Tissue Culture IAPTC, A2-38, page 53; D'Halluin et al.,
Plant Cell, 4: 1495-1505 (1992); and Spencer et al., Plant Mol. Biol., 24: 51-61 (1994).

Particle Wounding/Agrobacterium Delivery

Another useful basic transformation protocol involves a combination of
wounding by particle bombardment, followed by use of Agrobacterium for DNA
delivery, as described by Bidney, et al., Plant Mol. Biol., 18: 301-31 (1992). Useful
plasmids for plant transformation include Bin 19. See Bevan, Nucleic Acids Research,
12: 8711-8721 (1984), and hereby incorporated by reference.

In general, the intact meristem transformation method involves imbibing seed for
24 hours in the dark, removing the cotyledons and root radical, followed by culturing of
the meristem explants. Twenty-four hours later, the primary leaves are removed to
expose the apical meristem. The explants are placed apical dome side up and bombarded,
e.g., twice with particles, followed by co-cultivation with Agrobacterium. To start the
co-cultivation for intact meristems, Agrobacterium is placed on the meristem. After
about a 3-day co-cultivation period the meristems are transferred to culture medium with
cefotaxime plus kanamycin for the NPTII selection.

The split meristem method involves imbibing seed, breaking of the cotyledons to
produce a clean fracture at the plane of the embryonic axis, excising the root tip and then
bisecting the explants longitudinally between the primordial leaves. The two halves are
placed cut surface up on the medium then bombarded twice with particles, followed by
co-cultivation with Agrobacterium. For split meristems, after bombardment, the
meristems are placed in an Agrobacterium suspension for 30 minutes. They are then

removed from the suspension onto solid culture medium for three day co-cultivation.
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After this period, the meristems are transferred to fresh medium with cefotaxime plus

kanamycin for selection.

Transfer by Plant Breeding

Alternatively, once a single transformed plant has been obtained by the foregoing
recombinant DNA method, conventional plant breeding methods can be used to transfer
the gene and associated regulatory sequences via crossing and backcrossing. Such
intermediate methods will comprise the further steps of: (1) sexually crossing the
transgenic plant with a plant from a second taxon; (2) recovering reproductive material
from the progeny of the cross; and (3) growing transgenic plants from the reproductive
material. Where desirable or necessary, the agronomic characteristics of the second taxon
can be substantially preserved by expanding this method to include the further steps of
repetitively: (1) backcrossing the transgenic progeny with non-transgenic plants from the
second taxon; and (2) selecting for expression of an associated marker gene among the
progeny of the backcross, until the desired percentage of the characteristics of the second
taxon are present in the progeny along with the gene or genes imparting marker gene
trait.

By the term "taxon" herein is meant a unit of botanical classification. It thus includes,
genus, species, cultivars, varieties, variants and other minor taxonomic groups which
lack a consistent nomenclature.

Regeneration of Transformants

The development or regeneration of plants from either single plant protoplasts or
various explants is well known in the art (Weissbach and Weissbach, 1988). This
regeneration and growth process typically includes the steps of selection of transformed
cells, culturing those individualized cells through the usual stages of embryonic
development through the rooted plantlet stage. Transgenic embryos and seeds are
similarly regenerated. The resulting transgenic rooted shoots are thereafter planted in an
appropriate plant growth medium such as soil.

The development or regeneration of plants containing the foreign, exogenous
gene that encodes a polypeptide of interest introduced by Agrobacterium from leaf
explants can be achieved by methods well known in the art such as described (Horsch et
al., 1985). In this procedure, transformants are cultured in the presence of a selection
agent and in a medium that induces the regeneration of shoots in the plant strain being

transformed as described (Fraley et al., 1983). In particular, U.S. Pat. No. 5,349,124
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(specification incorporated herein by reference) details the creation of genetically
transformed lettuce cells and plants resulting therefrom which express hybrid crystal
proteins conferring insecticidal activity against Lepidopteran larvae to such plants.
This procedure typically produces shoots within two to four months and those
shoots are then transferred to an appropriate root-inducing medium containing the
selective agent and an antibiotic to prevent bacterial growth. Shoots that rooted in the
presence of the selective agent to form plantlets are then transplanted to soil or other
media to allow the production of roots. These procedures vary depending upon the

particular plant strain employed, such variations being well known in the art.

Preferably, the regenerated plants are self-pollinated to provide homozygous
transgenic plants, or pollen obtained from the regenerated plants is crossed to seed-
grown plants of agronomically important, preferably inbred lines. Conversely, pollen
from plants of those important lines is used to pollinate regenerated plants. A transgenic
plant of the present invention containing a desired polypeptide is cultivated using

methods well known to one skilled in the art.

A preferred transgenic plant is an independent segregant and can transmit the
CPP gene and its activity to its progeny. A more preferred transgenic plant is
homozygous for the gene, and transmits that gene to all of its offspring on sexual mating.
Seed from a transgenic plant may be grown in the field or greenhouse, and resulting
sexually mature transgenic plants are self-pollinated to generate true breeding plants. The
progeny from these plants become true breeding lines that are evaluated for increased

expression of the CPP transgene.
Method of Producing Transgenic Plants

Also included in the invention are methods of producing a transgenic plant. The
method includes introducing into one or more plant cells a compound that alters CaaX
prenyl protease expression or activity in the plant to generate a transgenic plant cell and
regenerating a transgenic plant from the transgenic cell. In some aspects the compound
increases alters CaaX prenyl protease expression or activity. Alternatively, the
compound decrease alters CaaX prenyl protease expression or activity. The compound
can be, e.g., (i) a CaaX prenyl protease polypeptide; (ii) a nucleic acid encoding a CaaX
prenyl protease polypeptide; (iii) a nucleic acid that increases expression of a nucleic
acid that encodes a CaaX prenyl protease polypeptide ; (iv) a nucleic acid that decreases

the expression of a nucleic acid that encodes a CaaX prenyl protease polypeptide; (v) a
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CaaX prenyl protease antisense nucleic acid and derivatives, fragments, analogs and
homologs thereof. A nucleic acid that increases expression of a nucleic acid that encodes
a CaaX prenyl protease polypeptide includes, e.g., promoters, enhancers. The nucleic
acid can be either endogenous or exogenous. Preferably, the compound is a CaaX prenyl
protease polypeptide or a nucleic acid encoding a CaaX prenyl protease polypeptide. For
example the compound comprises the nucleic acid sequence of SEQ ID NO:1, 14, or 17
or fragement thereof. Alternatively, the compound is a CaaX prenyl protease antisence
nucleic acid. For example the compound comprises the nucleic acid sequence of SEQ ID
NO: 16, 19 or 20.

In various aspects the transgenic plant has an altered phenotype as compared to a
wild type plant (i.e., untransformed). By altered phenotype is meant that the plant has a
one or more characteristic that is different from the wild type plant. For example, the
transgenic plant has an increased resistence to stress. Increased stress resistance is meant
that the transgenic plant can grow under stress conditions (e.g., high salt, decreased
water, low temperatures, high temperatures) or under conditions that normally inhibit the
growth of an untransformed Stresses include, for example, chilling stress, heat stress,
heat shock, salt stress, water stress (i.e, drought), nutritional stress, disease, grazing
pests, wound healing, pathogens such as for example fungi, bacteria, nematodes, viruses
or parasitic weed and herbicides. Methodologies to determine plant growth or response
to stress include for example, height measurements, weight or biomass measurements,
leaf area or number, ability to flower, water use, transpiration rates and yield.
Alternatively, the transformed plant has an increased (i.e., enhanced) ABA sensitivity.
The enhanced ABA sensitivity is at the seedling growth stage. Alternatively, the
enhanced ABA sensitivity is at the mature plant stage. Additional altered phenotypes
include for example, enhanced vegetative growth (e.g., increased leaf number, thickness
and overall biomass), delayed reproductive growth (e.g., flowering later); enhanced
seedling vigor (e.g.,increased root biomass and length), enhanced lateral root formation
and therefore soil penetration more extensive vascular system resulting in an enhanced

transport system.

The plant can be any plant type including, for example, species from the genera
Cucurbita, Rosa, Vitis, Juglans, Fragaria, Lotus, Medicago, Onobrychis, Trifolium,
Trigonella, Vigna, Citrus, Linum, Geranium, Manihot, Daucus, Arabidopsis, Brassica,

Raphanus, Sinapis, Atropa, Capsicum, Datura, Hyoscyamus, Lycopersicon, Nicotiana,
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Solanum, Petunia, Digitalis, Majorana, Ciahorium, Helianthus, Lactuca, Bromus,

Asparagus, Antirrhinum, Heterocallis, Nemesis, Pelargonium, Panieum, Pennisetum,
Ranunculus, Senecio, Salpiglossis, Cucumis, Browaalia, Glycine, Pisum, Phaseolus,
Lolium, Oryza, Zea, Avena, Hordeum, Secale, Triticum, Sorghum, Gossypium, Picea,

Caco, and Populus.

Screening Methods

The isolated nucleic acid molecules of the invention can be used to express CPP
protein (e.g., via a recombinant expression vector in a host cell), to detect CPP mRNA
(e.g., in a biological sample) or a genetic lesion in a CPP gene, and to modulate CPP
activity, as described further, below. In addition, the CPP proteins can be used to screen
compounds that modulate the CPP protein activity or expression. In addition, the
anti-CPP antibodies of the invention can be used to detect and isolate CPP proteins and

modulate CPP activity.

The invention provides a method (also referred to herein as a "screening assay")
for identifying modulators, i.e., candidate or test compounds or agents (e.g., peptides,
peptidomimetics, small molecules or other drugs) that bind to CPP proteins or have a
stimulatory or inhibitory effect on, e.g., CPP protein expression or CPP protein activity.
The invention also includes compounds identified in the screening assays described
herein.

In one embodiment, the invention provides assays for screening candidate or test
compounds which bind to a CPP protein or polypeptide or biologically-active portion
thereof. The test compounds of the invention can be obtained using any of the numerous
approaches in combinatorial library methods known in the art, including: biological
libraries; spatially addressable parallel solid phase or solution phase libraries; synthetic
library methods requiring deconvolution; the “one-bead one-compound” library method;
and synthetic library methods using affinity chromatography selection. The biological
library approach is limited to peptide libraries, while the other four approaches are
applicable to peptide, non-peptide oligomer or small molecule libraries of compounds.
See, e.g., Lam, 1997. Anticancer Drug Design 12: 145.

A "small molecule" as used herein, is meant to refer to a composition that has a
molecular weight of less than about 5 kD and most preferably less than about 4 kD.

Small molecules can be, e.g., nucleic acids, peptides, polypeptides, peptidomimetics,
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carbohydrates, lipids or other organic or inorganic molecules. Libraries of chemical
and/or biological mixtures, such as fungal, bacterial, or algal extracts, are known in the
art and can be screened with any of the assays of the invention.

Examples of methods for the synthesis of molecular libraries can be found in the art, for
example in: DeWitt, et al., 1993. Proc. Natl. Acad. Sci. U.S.A. 90: 6909; Erb, et al.,
1994. Proc. Natl. Acad. Sci. U.S.A. 91: 11422; Zuckermann, et al., 1994. J. Med. Chem.
37:2678; Cho, et al., 1993. Science 261: 1303; Carrell, et al., 1994. Angew. Chem. Int.
Ed. Engl. 33:2059; Carell, et al., 1994. Angew. Chem. Int. Ed. Engl. 33: 2061; and
Gallop, et al., 1994. J Med. Chem. 37: 1233.

Libraries of compounds may be presented in solution (e.g., Houghten, 1992.
Biotechniques 13: 412-421), or on beads (Lam, 1991. Nature 354: 82-84), on chips
(Fodor, 1993. Nature 364: 555-556), bacteria (Ladner, U.S. Patent No. 5,223,409),
spores (Ladner, U.S. Patent 5,233,409), plasmids (Cull, ef al., 1992. Proc. Natl. Acad.
Sci. USA 89: 1865-1869) or on phage (Scott and Smith, 1990. Science 249: 386-390;
Devlin, 1990. Science 249: 404-406; Cwirla, et al., 1990. Proc. Natl. Acad. Sci. U.S.A.
87: 6378-6382; Felici, 1991. J Mol. Biol 222:301-310; Ladner, U.S. Patent No.
5,233,409.).

In one embodiment, an assay is a cell-based assay in which a cell which expresses a CPP
protein, or a biologically-active portion thereof, is contacted with a test compound and
the ability of the test compound to bind to a CPP protein determined. The cell, for
example, can be of mammalian origin, plant cell or a yeast cell. Determining the ability
of the test compound to bind to the CPP protein can be accomplished, for example, by
coupling the test compound with a radioisotope or enzymatic label such that binding of
the test compound to the CPP protein or biologically-active portion thereof can be
determined by detecting the labeled compound in a complex. For example, test
compounds can be labeled with 1251 35g, 14C, or °H, either directly or indirectly, and the
radioisotope detected by direct counting of radioemission or by scintillation counting.
Alternatively, test compounds can be enzymatically-labeled with, for example,
horseradish peroxidase, alkaline phosphatase, or luciferase, and the enzymatic label
detected by determination of conve;sion of an appropriate substrate to product. In one
embodiment, the assay comprises contacting a cell which expresses a CPP protein, or a
biologically-active portion thereof, with a known compound which binds CPP to form an
assay mixture, contacting the assay mixture with a test compound, and determining the

ability of the test compound to interact with a CPP protein, wherein determining the
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ability of the test compound to interact with a CPP protein comprises determining the
ability of the test compound to preferentially bind to CPP protein or a biologically-active
portion thereof as compared to the known compound.

In another embodiment, an assay is a cell-based assay comprising contacting a
cell expressing a CPP protein, or a biologically-active portion thereof, with a test
compound and determining the ability of the test compound to modulate (e.g., stimulate
or inhibit) the activity of the CPP protein or biologically-active portion thereof.
Determining the ability of the test compound to modulate the activity of CPP or a
biologically-active portion thereof can be accomplished, for example, by determining the
ability of the CPP protein to bind to or interact with a CPP target molecule. As used
herein, a "target molecule" is a molecule with which a CPP protein binds or interacts in
nature, for example, a molecule on the surface of a cell which expresses a CPP
interacting protein, a molecule on the surface of a second cell, a molecule in the
extracellular milieu, a molecule associated with the internal surface of a cell membrane
or a cytoplasmic molecule. A CPP target molecule can be a non-CPP molecule or a CPP
protein or polypeptide of the invention In one embodiment, a CPP target molecule is a
component of a signal transduction pathway that facilitates transduction of an
extracellular signal (e.g. a signal generated by binding of a compound to a
membrane-bound molecule) through the cell membrane and into the cell. The target, for
example, can be a second intercellular protein that has catalytic activity or a protein that
facilitates the association of downstream signaling molecules with CPP.

Determining the ability of the CPP protein to bind to or interact with a CPP target
molecule can be accomplished by one of the methods described above for determining
direct binding. In one embodiment, determining the ability of the CPP protein to bind to
or interact with a CPP target molecule can be accomplished by determining the activity
of the target molecule. For example, the activity of the target molecule can be
determined by detecting induction of a cellular second messenger of the target (i.e.
intracellular Ca®*, diacylglycerol, IPs, etc.), detecting catalytic/enzymatic activity of the
target an appropriate substrate, detecting the induction of a reporter gene (comprising a
CPP-responsive regulatory element operatively linked to a nucleic acid encoding a
detectable marker, e.g., luciferase), or detecting a cellular response, for example, cell
survival, cellular differentiation, or cell proliferation.

In yet another embodiment, an assay of the invention is a cell-free assay

comprising contacting a CPP protein or biologically-active portion thereof with a test
50



10

15

20

25

30

WO 03/012116 PCT/IB02/03887

compound and determining the ability of the test compound to bind to the CPP protein or
biologically-active portion thereof. Binding of the test compound to the CPP protein can
be determined either directly or indirectly as described above. In one such embodiment,
the assay comprises contacting the CPP protein or biologically-active portion thereof
with a known compound which binds CPP to form an assay mixture, contacting the assay
mixture with a test compound, and determining the ability of the test compound to
interact with a CPP protein, wherein determining the ability of the test compound to
interact with a CPP protein comprises determining the ability of the test compound to
preferentially bind to CPP or biologically-active portion thereof as compared to the
known compound.

In still another embodiment, an assay is a cell-free assay comprising contacting
CPP protein or biologically-active portion thereof with a test compound and determining
the ability of the test compound to modulate (e.g. stimulate or inhibit) the activity of the
CPP protein or biologically-active portion thereof. Determining the ability of the test
compound to modulate the activity of CPP can be accomplished, for example, by
determining the ability of the CPP protein to bind to a CPP target molecule by one of the
methods described above for determining direct binding. In an alternative embodiment,
determining the ability of the test compound to modulate the activity of CPP protein can
be accomplished by determining the ability of the CPP protein further modulate a CPP
target molecule. For example, the catalytic/enzymatic activity of the target molecule on
an appropriate substrate can be determined as described above.

In yet another embodiment, the cell-free assay comprises contacting the CPP
protein or biologically-active portion thereof with a known compound which binds CPP
protein to form an assay mixture, contacting the assay mixture with a test compound, and
determining the ability of the test compound to interact with a CPP protein, wherein
determining the ability of the test compound to interact with a CPP protein comprises
determining the ability of the CPP protein to preferentially bind to or modulate the
activity of a CPP target molecule.

The cell-free assays of the invention are amenable to use of both the soluble form
or the membrane-bound form of CPP protein. In the case of cell-free éssays comprising
the membrane-bound form of CPP protein, it may be desirable to utilize a solubilizing
agent such that the membrane-bound form of CPP protein is maintained in solution.
Examples of such solubilizing agents include non-ionic detergents such as

n-octylglucoside, n-dodecylglucoside, n-dodecylmaltoside,
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octanoyl-N-methylglucamide, decanoyl-N-methylglucamide, Triton® X-100, Triton®
X-114, Thesit®, Isotridecypoly(ethylene glycol ether),, N-dodecyl--
N,N-dimethyl-3-ammonio-1-propane sulfonate, 3-(3-cholamidopropyl)
dimethylamminiol-1-propane sulfonate (CHAPS), or
3-(3-cholamidopropyl)dimethylamminiol-2-hydroxy-1-propane sulfonate (CHAPSO).

In more than one embodiment of the above assay methods of the invention, it
may be desirable to immobilize either CPP protein or its target molecule to facilitate
separation of complexed from uncomplexed forms of one or both of the proteins, as well
as to accommodate automation of the assay. Binding of a test compound to CPP protein,
or interaction of CPP protein with a target molecule in the presence and absence of a
candidate compound, can be accomplished in any vessel suitable for containing the
reactants. Examples of such vessels include microtiter plates, test tubes, and
micro-centrifuge tubes. In one embodiment, a fusion protein can be provided that adds a
domain that allows one or both of the proteins to be bound to a matrix. For example,
GST-CPP fusion proteins or GST-target fusion proteins can be adsorbed onto glutathione
sepharose beads (Sigma Chemical, St. Louis, MO) or glutathione derivatized microtiter
plates, that are then combined with the test compound or the test compound and either
the non-adsorbed target protein or CPP protein, and the mixture is incubated under
conditions conducive to complex formation (e.g., at physiological conditions for salt and
pH). Following incubation, the beads or microtiter plate wells are washed to remove any
unbound components, the matrix immobilized in the case of beads, complex determined
either directly or indirectly, for example, as described, supra. Alternatively, the
complexes can be dissociated from the matrix, and the level of CPP protein binding or
activity determined using standard techniques.

Other techniques for immobilizing proteins on matrices can also be used in the
screening assays of the invention. For example, either the CPP protein or its target
molecule can be immobilized utilizing conjugation of biotin and streptavidin.
Biotinylated CPP protein or target molecules can be prepared from biotin-NHS
(N-hydroxy-succinimide) using techniques well-known within the art (e.g., biotinylation
kit, Pierce Chemicals, Rockford, I11.), and immobilized in the wells of
streptavidin-coated 96 well plates (Pierce Chemical). Alternatively, antibodies reactive
with CPP protein or target molecules, but which do not interfere with binding of the CPP
protein to its target molecule, can be derivatized to the wells of the plate, and unbound

target or CPP protein trapped in the wells by antibody conjugation. Methods for
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detecting such complexes, in addition to those described above for the GST-immobilized
complexes, include immunodetection of complexes using antibodies reactive with the
CPP protein or target molecule, as well as enzyme-linked assays that rely on detecting an
enzymatic activity associated with the CPP protein or target molecule.

In another embodiment, modulators of CPP protein expression are identified in a
method wherein a cell is contacted with a candidate compound and the expression of
CPP mRNA or protein in the cell is determined. The level of expression of CPP mRNA
or protein in the presence of the candidate compound is compared to the level of
expression of CPP mRNA or protein in the absence of the candidate compound. The
candidate compound can then be identified as a modulator of CPP mRNA or protein
expression based upon this comparison. For example, when expression of CPP mRNA
or protein is greater (i.e., statistically significantly greater) in the presence of the
candidate compound than in its absence, the candidate compound is identified as a
stimulator of CPP mRNA or protein expression. Alternatively, when expression of CPP
mRNA or protein is less (statistically significantly less) in the presence of the candidate
compound than in its absence, the candidate compound is identified as an inhibitor of
CPP mRNA or protein expression. The level of CPP mRNA or protein expression in the
cells can be determined by methods described herein for detecting CPP mRNA or
protein.

In yet another aspect of the invention, the CPP proteins can be used as "bait
proteins" in a two-hybrid assay or three hybrid assay (see, e.g., U.S. Patent No.
5,283,317; Zervos, et al., 1993. Cell 72: 223-232; Madura, et al., 1993. J. Biol. Chem.
268: 12046-12054; Bartel, et al., 1993. Biotechniques 14: 920-924; Iwabuchi, ef al.,
1993. Oncogene 8: 1693-1696; and Brent WO 94/10300), to identify other proteins that
bind to or interact with CPP ("CPP-binding proteins" or "CPP-bp") and modulate CPP
activity. Such CPP-binding proteins are also likely to be involved in the propagation of
signals by the CPP proteins as, for example, upstream or downstream elements of the
CPP pathway.

The two-hybrid system is based on the modular nature of most transcription
factors, which consist of separable DNA-binding and activation domains. Briefly, the
assay utilizes two different DNA constructs. In one construct, the gene that codes for
CPP is fused to a gene encoding the DNA binding domain of a known transcription
factor (e.g., GAL-4). In the other construct, a DNA sequence, from a library of DNA

sequences, that encodes an unidentified protein ("prey" or "sample") is fused to a gene
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that codes for the activation domain of the known transcription factor. If the "bait" and
the "prey" proteins are able to interact, in vivo, forming a CPP-dependent complex, the
DNA-binding and activation domains of the transcription factor are brought into close
proximity. This proximity allows transcription of a reporter gene (e.g., LacZ) that is
operably linked to a transcriptional regulatory site responsive to the transcription factor.
Expression of the reporter gene can be detected and cell colonies containing the
functional transcription factor can be isolated and used to obtain the cloned gene that

encodes the protein which interacts with CPP.

In yet another aspect of the invention are methods which utilize the transgenic
plants of the invention to identify CPP-interacting components via genetic screening
protocols. These components can be for example, regulatory elements which modify
CPP-gene expression, interacting proteins which directly modify CPP activity or
interacting proteins which modify components of the same signal transduction pathway
and thereby exert an effect on the expression or activity of CPP. Briefly, genetic
screening protocols are applied to the transgenic plants of the invention and in so doing
identify related genes which are not identified using a wild type background for the
screen. For example an activation tagged library (Weigel, et al., 2000. Plant Physiol.
122: 1003-1013), can be produced using the transgenic plants of the invention as the
genetic background. Plants are then screened for altered phenotypes from that displayed
by the parent plants. Alternative methods of generating libraries from the transgenic
plants of the invention can be used, for example, chemical or irradiation induced

mutations, insertional inactivation or insertional activation methods.

The invention further pertains to novel agents identified by the aforementioned

screening assays and uses thereof.

EXAMPLES

Example 1: RT-PCR amplification and cloning of CaaX prenyl proteases

Total RNA was isolated from leaf tissue of Arabidopsis thaliana, Brassica napus
and Glycine max, using the Qiagen RNeasy kit and used as template to amplify the CPP
genes by RT-PCR. Reaction conditions were as follows; 1X reaction buffer (10mM Tris-

HCI pH 8.8, 1.5mM MgCl,, 50mM KCI), dNTP's at 200uM, 1pM AtCPP BamFW and
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AtCPP SmaRV primers, 2.5U. Pfu DNA polymerase, and template plus water to a final
volume of 100uL. Reactions were run at 1 minute 94°C, 1 minute 60°C, 1 minute 72°C,
for 30 cycles. Primers used to PCR amplify Arabidopsis and Brassica sequences were
those identified by SEQ ID NO:6 and SEQ ID NO:7. Primers used to PCR amplify the
Glycine sequence were those identified by SEQ ID NO:54 and SEQ ID NO:55. PCR
products were separated from the RT-PCR reaction mixture using the Qiagen PCR
column spin kit and ligated into the prepared cloning vector, pBluescript KS+. The
vector had been prepared by digestion with EcoRV and treated with Tag polymerase in
the presence of dTTP to produce a 3' overhand suitable for ligation with the PCR
products. The ligation products were transformed into E. coli DH5« cells, positive
colonies selected and the resulting inserts sequenced. The above methodology is

applicable to obtain homologous sequences and may require alternative primers.

Table 1.

AtCPP BamFW:  5-AAAGGATCCATGGCGATTCCTTTCATGG-3'
(SEQ ID NO:6)

AtCPP SmaRV:  5-AAACCCGGGTTAATCTGTCTTCTTGTCTTCTCCA-3'
(SEQ ID NO:7)

GmCPP SmaFW: 5'-AAACCCGGGATGGCGTTTCCCTACATGGAAGCC -
3 (SEQ ID NO:54)

GmCPP SacRV:  5-AAAGAGCTCTTAGTCTTCCTTCTTATCCGGTTCG -3'
(SEQ ID NO:55)

Example 2: Vector Construction

Construction of the pBI121-AtCPP construct (SEQ ID NO: 4) was prepared as
follows. The pBI121 vector was digested with BamHI and Smal. The AtCPP, 1.4 kb
DNA fragment from RT-PCR (SEQ ID NO: 1) was digested with BamHI and Smal and
ligated into the pBI121 vector. The GUS sequence was then removed by digestion with
Smal and EcolCRI and the vector ligated after purification of the vector from the GUS
insert to produce the pBI121-AtCPP vector (Figure 1A). This construct was used to
further generate constructs expressing the CPP gene from Brassica and Glycine. To
produce the pBI121-BnCPP construct (SEQ ID NO:47) primer pairs identified by SEQ
ID NO:6 and SEQ ID NO:7 are used to PCR amplify the appropriate fragment which is
ligated into the prepared parent vector. To produce the pBI121-GmCPP construct (SEQ
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ID NO:41) primer pairs identified by SEQ ID NO:54 and SEQ ID NO:55 are used to
PCR amplify the appropriate fragment which is ligated into the prepared parent vector.

Construction of the pBI121-antisense-AtCPP construct (SEQ ID NO:35). The
antisense fragment was produced using PCR amplification with SEQ ID NO:1 as
template and primers identified as SEQ ID NO:11 and SEQ ID NO:12, listed in Table 2.
This fragment was digested with BamHI and Smal and used to replace the sense
fragment of the pBI121-AtCPP construct (SEQ ID NO: 4), to yield SEQ ID NO:35
(Figure 1B) . This construct, SEQ ID NO:35, was used to further generate constructs
expressing the antisense CPP gene from Brassica and Glycine. To produce the pBI121-
antisense-BnCPP construct (SEQ ID NO:49) primer pairs identified by SEQ ID NO:56
and SEQ ID NO:57 are used to PCR amplify the appropriate fragment which is ligated
into the prepared parent vector. To produce the pBI121-antisense-GmCPP construct
(SEQ ID NO:43) primer pairs identified by SEQ ID NO:58 and SEQ ID NO:59 are used
to PCR amplify the approprié.te fragment which is ligated into the prepared parent vector.

Construction of the pBI121-HP-AtCPP construct (SEQ ID NO: 5). The cloning
strategy involved truncating the GUS gene of pBI121 and flanking the GUS sequence
with a AtCPP fragment in the antisense orientation upstream of the GUS and in the sense
orientation on the downstream side of GUS. The pBI121 vector was digested with Smal
and Sacl, the GUS sequence and the vector fragments were purified from one another.
The isolated GUS fragment was digested using EcoRV and the 1079 bp. blunt ended
EcoRV/Sacl fragment isolated. This was ligated back into the digested parent vector at
the Smal/Sacl sites. This intermediate vector was used in the subsequent production of
the hair-pin vectors. The AtCPP fragment to be used as the gene specific hair-pin
sequence was isolated by PCR. Primers identified as SEQ ID NO:8 and SEQ ID NO:9,
listed in Table 2, were used to generate a 596 bp fragment. Cloning of the sense
orientation fragment was achieved by digesting the PCR AtCPP fragment with Sacl and
ligation into the Sacl site at the 3' end of GUS. To insert the same fragment upsteam of
GUS, the BamHI site was opened and the ends blunted with Klenow. The PCR amplified
AtCPP fragment was digested with EcolCRI, which is an isoschizomer of Sacl but leaves
blunt ends, and ligated into the blunted BamHI site of the vector to yield the final
construct (Figure 1C). The intermediate construct used to produce SEQ ID NO:5 above
contained only the truncated GUS gene and no CPP sequences this intermediate vector

was used to further generate constructs expressing hair-pin CPP gene constructs from
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Brassica and Glycine. To produce the pBI121-HP-BnCPP construct (SEQ ID NO:48)
primer pairs identified by SEQ ID NO:58 and SEQ ID NO:59 are used to PCR amplify
the sense fragment and primer pairs identified by SEQ ID NO:60 and SEQ ID NO:61 are
used to PCR amplify the antisense fragment. These fragments are cloned into the
prepared intermediate vector described above. To produce the pBI121-HP-GmCPP
construct (SEQ ID NO:42) primer pairs identified by SEQ ID NO:62 and SEQ ID NO:63
are used to PCR amplify the sense fragment and primer pairs identified by SEQ ID
NO:64 and SEQ ID NO:65 are used to PCR amplify the antisense fragment. These
fragments are cloned into the prepared intermediate vector described above.

The above vector constructs were modified to place the genes under the control of
alternative promoters, such as, but not limited to, the RD29A or MuA . This was
accomplished by excising the 35S promoter sequence and replacing it with an
appropriate promoter sequence. In this way SEQ ID NO's:39 and 40 were generated and
SEQ ID NO's:38, 41-53 can be constructed.

Table 2
AtCPP-HP-SacFW 5'-CTGGAGCTCTTTTACCGAGGTTGGGCCTTGATCC-3'
(SEQ ID NO:8)
AtCPP-HP-SacRV 5'-ATTGAGCTCCCAATGTCCAAGCTCGTGTGCAATA-
3' (SEQ ID NO:9)
AtCPP-anti-SmaFW 5-AAACCCGGGATGGCGATTCCTTTCATGG-3'
(SEQID NO:11)
AtCPP-anti-BamRV 5'-AAAGGATCCTTAATCTGTCTTCTTGTCTTCTCCA-
3!
(SEQ ID NO:12)

BnCPP-anti-SmaFW  5'-AAACCCGGGATGGCGATTCCTTTCATGG -3'
(SEQ ID NO:56)

BnCPP-anti-BamRV 5'-AAAGGATCCTTAATCTGTCTTCTTGTCTTCTCC -
3'

(SEQ ID NO:57)

BnCPP-HP-Sac-FW 5'- AAAGAGCTCTTCTACCAATGGTGGGACTCG -3'
(SEQ ID NO:58)

BnCPP-HP-Sac-RV 5'- AAAGAGCTCCCAGTGTCCCAGCTCGTGTG -3'
(SEQ ID NO:59)

BnCPP-HP-BamFW 5'- AAAGGATCCTTCTACCAATGGTGGGACTCG -3'
(SEQ ID NO:60)

BnCPP-HP-XbaRV 5'- AAATCTAGACCAGTGTCCCAGCTCGTGTG -3'
(SEQ ID NO:61)

GmCPP-HP-Sac-FW
5'-GATGAGCTCACAAGATCAAGTCACAGCAATGCCT -3'
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(SEQ ID NO:62)

GmCPP-HP-Sac-RV 5'- AAAGAGCTCCCGGTTCGTCCAGCGCGGCC -3'
(SEQ ID NO:63)

GmCPP-HP-BamFW
5 5'- GATGGATCCACAAGATCAAGTCACAGCAATGCCT -3'
(SEQ ID NO:64)

GmCPP-HP-XbaRV 5'- CCTTCTAGACCGGTTCGTCCAGCGCGGCC -3'
(SEQ ID NO:65)

10 Example 3: Sequence Analysis

Arabidopsis thaliana CPP (AtCPP)
A disclosed nucleic acid of 1275 nucleotides (SEQ ID NO:1) and also referred to
as AtCPP, is shown in Table 3.

Table 3A. AtCPP Nucleotide Sequence (SEQ ID NO:1).

ATGGCGATTCCTTTCATGGAAACCGTCGTGGGTTTTATGATAGTGATGTACATTTTTGAG
ACGTATTTGGATCTGAGGCAACTCACTGCTCTCAAGCTTCCAACTCTCCCGAAAACCTTG

GTTGGTGTAATTAGCCAAGAGAAGTTTGAGAAATCACGAGCATACAGTCTTGACAAAAGC
TATTTTCACTTTGTTCATGAGTTTGTAACTATACTTATGGACTCTGCAATTTTGTTCTTT
GGGATCTTGCCTTGGTTTTGGAAGATGTCTGGAGCTGTTTTACCGAGGTTGGGCCTTGAT
CCGGAGAATGARATACTGCATACTCTTTCATTCTTGGCTGGTGTTATGACATGGTCACAG
ATCACTGATTTGCCATTTTCTTTGTACTCAACTTTCGTGATCGAGTCTCGGCATGGGTTC
AACRAACAAACAATATGGATGTTCATTAGGGACATGATCAAAGGAACATTCCTCTCTGTC
ATACTAGGCCCACCCATTGTTGCTGCGATAATTTTCATAGTCCAGAAAGGAGGTCCTTAT
CTTGCCATCTATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGACTATATAC
CCGGTCTTGATAGCACCGCTCTTCAACAAATTCACTCCTCTTCCAGATGGAGACCTCCGG
GAGAAGATTGAGARAACTTGCTTCTTCCCTAAAGTTTCCTTTGAAGAAGCTGTTTGTTGTC
GATGGATCTACAAGGTCAAGCCATAGCAATGCTTACATGTATGGTTTCTTTAAGAACAAA
AGGATTGTTCTTTATGATACGTTGATTCAGCAGTGCAAGAATGAGGATGAAATTGTGGCG
GTTATTGCACACGAGCTTGGACATTGGAAACTGAATCACACTACATACTCGTTCATTGCA
GTTCAAATCCTTGCCTTCTTACAATTTGGAGGATACACTCTTCTCAGARACTCCACTGAT
CTCTTCAGGAGTTTCGGATTTGATACACAGCCTGTTCTCATTGGTTTGATCATATTTCAG
CACACTGTAATACCACTGCAACATCTAGTAAGCTTTGGCCTGAACCTCGTTAGTCGAGCG
TTTGAGTTTCAGGCTGATGCTTTTGCTGTGAAGCTTGACTATGCAAAAGATCTTCGTCCT
GCTCTAGTGAAACTACAGGAAGAGAACTTATCAACAATGAACACTGATCCATTGTACTCA
GCTTATCACTACTCACATCCTCCTCTTGTTGAAAGGCTTCGAGCCACTGATGGAGAAGAC
AAGAAGACAGATTAA
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A disclosed CPP polypeptide (SEQ ID NO:2) encoded by SEQ ID NO:1 has 424 amino

acid residues and is presented in Table 3B using the one-letter amino acid code.

Table 3B. Encoded CPP protein sequence (SEQ ID NO:2).
MAIPFMETVVGFMIVMYIFETYLDLRQLTALKLPTLPKTLVGVISQEKFEKSRAYSLDKS

YFHFVHEFVTILMDSAILFFGILPWFWKMSGAVLPRLGLDPENEILHTLSFLAGVMTWSQ
ITDLPEFSLYSTFVIESRHGENKQTIWMFIRDMIKGTFLSVILGPPIVAAIIFIVQKGGPY
LATYLWAFMFILSLVMMTIYPVLIAPLEFNKFTPLPDGDLREKIEKLASSLKFPLKKLEVV
DGSTRSSHSNAYMYGFFKNKRIVLYDTLIQQCKNEDEIVAVIAHELGHWKLNHTTYSEIA
VOILAFLQFGGYTLLRNSTDLFRSFGFDTQPVLIGLIIFQHTVIPLOHLVSFGLNLVSRA
FEFQADAFAVKLDYAKDLRPALVKLQEENLSTMNTDPLYSAYHYSHPPLVERLRATDGED
KKTD

The present invention also includes a nucleic acid sequence complimentary to the
Arabidopsis thaliana CaaX prenyl protease of SEQ ID NO:1. The disclosed
complimentary sequence is shown as SEQ ID NO:20.

SEQ ID NO:20

TTAATCTGTCTTCTTGTCTTCTCCATCAGTGGCTCGAAGCCTTTCAACAAGAGGAGGAT
GTGAGTAGTGATAAGCTGAGTACAATGGATCAGTGTTCATTGTTGATAAGTTCTCTTCC
TGTAGTTTCACTAGAGCAGGACGAAGATCTTTTGCATAGTCAAGCTTCACAGCAAAAGC
ATCAGCCTGAAACTCAAACGCTCGACTAACGAGGTTCAGGCCAAAGCTTACTAGATGTT
GCAGTGGTATTACAGTGTGCTGAAATATGATCAAACCAATGAGAACAGGCTGTGTATCA
AATCCGAAACTCCTGAAGAGATCAGTGGAGTTTCTGAGAAGAGTGTATCCTCCAAATTG
TAAGAAGGCAAGGATTTGAACTGCAATGAACGAGTATGTAGTGTGATTCAGTTTCCAAT
GTCCAAGCTCGTGTGCAATAACCGCCACAATTTCATCCTCATTCTTGCACTGCTGAATC
AACGTATCATAAAGAACAATCCTTTTGTTCTTAAAGAAACCATACATGTAAGCATTGCT
ATGGCTTGACCTTGTAGATCCATCGACAACAAACAGCTTCTTCAAAGGAAACTTTAGGG
AAGAAGCAAGTTTCTCAATCTTCTCCCGGAGGTCTCCATCTGGAAGAGGAGTGAATTTG
TTGAAGAGCGGTGCTATCAAGACCGGGTATATAGTCATCATCACTAGAGACAGGATAAA
CATGAATGCCCACAGATAGATGGCAAGATAAGGACCTCCTTTCTGGACTATGAAAATTA
TCGCAGCAACAATGGGTGGGCCTAGTATGACAGAGAGGAATGTTCCTTTGATCATGTCC
CTAATGAACATCCATATTGTTTGTTTGTTGAACCCATGCCGAGACTCGATCACGAAAGT
TGAGTACAAAGAAAATGGCAAATCAGTGATCTGTGACCATGTCATAACACCAGCCAAGA
ATGAAAGAGTATGCAGTATTTCATTCTCCGGATCAAGGCCCAACCTCGGTAAAACAGCT
CCAGACATCTTCCARAACCAAGGCAAGATCCCAAAGAACAAAATTGCAGAGTCCATAAG
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TATAGTTACAAACTCATGAACAAAGTGAAAATAGCTTTTGTCAAGACTGTATGCTCGTG
ATTTCTCAARACTTCTCTTGGCTAATTACACCAACCAAGGTTTTCGGGAGAGTTGGAAGC
TTGAGAGCAGTGAGTTGCCTCAGATCCAAATACGTCTCAAAAATGTACATCACTATCAT
AAAACCCACGACGGTTTCCATGAAAGGAATCGCCAT

Due to the nature of the cloning strategy the sequence presented is not full length
but is missing the 5' and 3' non-translated regions. The percent identities of the
Arabidopsis thaliana nucleotide sequence and its encoded amino acid sequence to that of
other CPP sequences as determined by ClustalW analysis are shown in Figure 2.

Using the sequences disclosed herein as hybridization probes, one is able to screen and
isolate full length sequences from cDNA or genomic libraries or use the rapid

amplification of cDNA ends (RACE) technology or other such PCR techniques.

Brassica napus CPP (BnCPP)
A disclosed nucleic acid of 1275 nucleotides (SEQ ID NO:14) and also referred
to as BnCPP, is shown in Table 4.

Table 4A. BnCPP Nucleotide Sequence (SEQ ID NO:14).
ATGGCGATTCCTTTCATGGAAACCGTCGTTGGTTTTATGATAGTGATGTACGTTTTTGAGACGTA

TTTGGATCTGAGGCAACATACTGCTCTCAAGCTTCCCACTCTCCCAAAGACTTTGGTTGGAGTCA
TTAGCCAAGAGAAGTTTGAGAAATCTCGAGCTTACAGTCTTGACAAAAGCCATTTTCACTTTGTT
CATGAGTTTGTTACTATACTTATGGACTCTGCGATTCTGTTCTTTGGGATCTTGCCTTGGTTTTG
GAAGATATCTGGCGGCTTTCTACCAATGGTGGGACTCGATCCAGAGAATGAAATCCTGCACACTC
TTTCATTCTTGGCTGGTCTTATGACATGGTCACAGATCACTGATTTGCCATTTTCTTTGTACTCA
ACTTTCGTGATCGAGTCTCGGCATGGGTTCAACARACAAACAATATGGATGTTCATTAGGGACAT
GATCAAAGGAATACTCCTCTCTGTCATACCTGCCCCTCCTATCGTTGCCGCAATTATTGTTATAG
TTCAGAAAGGAGGTCCTTACCTCGCCATCTATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTG
ATGATGACTATATACCCTGTTTTGATTGCACCTCTTTTCAACAAGTTCACTCCTCTTCCTGATGG
AGACCTCCGGGAGAAGATTGAGAAACTTGCTTCTTCTCTAAAGTTTCCTCTGAAGAAGCTGTTTG
TTGTCGATGGATCTACAAGGTCAAGCCATAGTAATGCTTACATGTATGGTTTCTTCAAGAACAAA
AGGATTGTTCTTTATGACACATTGATTCAGCAGTGCCAGAATGAGAATGAAATTGTGGCGGTTAT
TGCACACGAGCTGGGACACTGGAAGCTGAATCACACTACATACTCGTTCATTGCTGTTCAAATCC
TTGCCTTCTTGCAATTTGGAGGATACACTCTTGTCAGAAACTCCACTGATCTCTTCAGGAGTTTT
GGTTTTGATACACAACCAGTTCTCATTGGTTTGATCATATTTCAGCACACTGTAATACCACTTCA
ACACCTAGTAAGCTTTGACCTCAACCTTGTTAGTCGAGCGTTTGAGTTTCAGGCTGATGCTTTTG
CAGTGAATCTTGGTTATGCAAAGGATCTACGTCCTGCCCTAGTGAAGCTACAGGAAGAGAACTTA
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TCAGCGATGAACACAGACCCATTGTACTCAGCTTATCACTACTCACACCCTCCTCTTGTAGAGAG
GCTTCGAGCCATTGATGGAGAAGACAAGAAGACAGATTAA

A disclosed CPP polypeptide (SEQ ID NO:15) encoded by SEQ ID NO:14 has
424 amino acid residues and is presented in Table 4B using the one-letter amino acid

code.

Table 4B. Encoded CPP protein sequence (SEQ ID NO:15).
MAIPFMETVVGFMIVMYVFETYLDLRQHTALKLPTLPKTLVGVISQEKFEKSRAYSLDKSHFHF
VHEFVTILMDSAILFFGILPWFWKISGGFLPMVGLDPENEILHTLSFLAGLMTWSQITDLPFSL
YSTFVIESRHGFNKQTIWMFIRDMIKGILLSVIPAPPIVAAIIVIVQKGGPYLAIYLWAFMFIL
SLVMMTIYPVLIAPLFNKFTPLPDGDLREKIEKLASSLKFPLKKLFVVDGSTRSSHSNAYMYGFE
FKNKRIVLYDTLIQQCQNENEIVAVIAHELGHWKLNHTTYSFIAVQILAFLQFGGYTLVRNSTD

LFRSFGFDTQPVLIGLIIFQHTVIPLQHLVSFDLNLVSRAFEFQADAFAVNLGYAKDLRPALVK
LOEENLSAMNTDPLYSAYHYSHPPLVERLRAIDGEDKKTD

The present invention also includes a nucleic acid sequence complimentary to the
Brassica napus CaaX prenyl protease of SEQ ID NO:14. The disclosed complimentary
sequence is shown as SEQ ID NO:16.

SEQ ID NO:16

TTAATCTGTCTTCTTGTCTTCTCCATCAATGGCTCGAAGCCTCTCTACAAGAGGAGGGT
GTGAGTAGTGATAAGCTGAGTACAATGGGTCTGTGTTCATCGCTGATAAGTTCTCTTCC
TGTAGCTTCACTAGGGCAGGACGTAGATCCTTTGCATAACCAAGATTCACTGCAAAAGC
ATCAGCCTGAAACTCAAACGCTCGACTAACAAGGTTGAGGTCAAAGCTTACTAGGTGTT
GAAGTGGTATTACAGTGTGCTGAAATATGATCAAACCAATGAGAACTGGTTGTGTATCA
AAACCAAAACTCCTGAAGAGATCAGTGGAGTTTCTGACAAGAGTGTATCCTCCAAATTG
CAAGAAGGCAAGGATTTGAACAGCAATGAACGAGTATGTAGTGTGATTCAGCTTCCAGT
GTCCCAGCTCGTGTGCAATAACCGCCACAATTTCATTCTCATTCTGGCACTGCTGAATC
AATGTGTCATAAAGAACAATCCTTTTGTTCTTGAAGAAACCATACATGTAAGCATTACT
ATGGCTTGACCTTGTAGATCCATCGACAACAAACAGCTTCTTCAGAGGAAACTTTAGAG
AAGAAGCAAGTTTCTCAATCTTCTCCCGGAGGTCTCCATCAGGAAGAGGAGTGAACTTG
TTGAAARAGAGGTGCAATCAAAACAGGGTATATAGTCATCATCACTAGAGACAGGATAAA
CATGAATGCCCACAGATAGATGGCGAGGTAAGGACCTCCTTTCTGAACTATAACAATAA
TTGCGGCAACGATAGGAGGGGCAGGTATGACAGAGAGGAGTATTCCTTTGATCATGTCC
CTAATGAACATCCATATTGTTTGTTTGTTGAACCCATGCCGAGACTCGATCACGAAAGT
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TGAGTACAAAGAAAATGGCAAATCAGTGATCTGTGACCATGTCATAAGACCAGCCAAGA
ATGAAAGAGTGTGCAGGATTTCATTCTCTGGATCGAGTCCCACCATTGGTAGAAAGCCG
CCAGATATCTTCCAAAACCAAGGCAAGATCCCAAAGAACAGAATCGCAGAGTCCATAAG
TATAGTAACAAACTCATGAACAAAGTGAAAATGGCTTTTGTCAAGACTGTAAGCTCGAG
ATTTCTCAAACTTCTCTTGGCTAATGACTCCAACCAAAGTCTTTGGGAGAGTGGGAAGC
TTGAGAGCAGTATGTTGCCTCAGATCCAAATACGTCTCAAAAACGTACATCACTATCAT
AAAACCAACGACGGTTTCCATGAAAGGAATCGCCAT

Due to the nature of the cloning strategy the sequence presented is not full length
but is missing the 5' and 3' non-translated regions. The percent identities of the Brassica
napus nucleotide sequence and its encoded amino acid sequence to that of other CPP
sequences as determined by ClustalW analysis are shown in Figure 2.

Using the sequences disclosed herein as hybridization probes, one is able to screen and
isolate full length sequences from cDNA or genomic libraries or use the rapid

amplification of cDNA ends (RACE) technology or other such PCR techniques.

Glycine max CPP (GmCPP)
A disclosed nucleic acid of 1275 nucleotides (SEQ ID NO:17) and also referred
to as GmCPP, is shown in Table 5.

Table SA. GmCPP Nucleotide Sequence (SEQ ID NO:17).

ATGGCGTTTCCCTACATGGAAGCCGTTGTCGGATTTATGATATTAATGTACATTTTTGAAACTTA

CTTGGATGTGCGACAACATAGGGCCCTCAAACTTCCTACTCTTCCAAAGACTTTAGAGGGTGTTA
TCAGCCAAGAGAAATTTGAGAAATCTAGAGCCTATAGTCTTGATAAARAGCCACTTCCATTTTGTT
CACGAGTTTGTGACAATAGTGACAGACTCTACAATTTTGTACTTTGGGGTATTGCCCTGGTTTTG
GAAGAAATCAGGAGATTTTATGACAATAGCTGGTTTCAATGCTGAGAATGAAATACTGCATACCC
TTGCCTTCTTAGCAGGGCTGATGATTTGGTCACAGATAACAGATTTGCCCTTTTCTCTGTACTCA
ACTTTTGTGATTGAGGCCCGTCATGGTTTTAATAAGCAAACACCATGGTTATTCTTTAGGGACAT
GCTTAAAGGAATTTTCCTTTCTGTAATAATTGGTCCACCTATTGTGGCTGCAATCATTGTAATAG
TACAGAARAGGAGGTCCATACTTGGCCATCTATCTTTGGGTTTTTACGTTTGGTCTTTCTATTGTG
ATGATGACCCTTTATCCAGTACTAATAGCTCCACTCTTCAATAAGTTCACTCCACTTCCAGATGG
TCAACTCAGGGAGAAAATCGAGAAACTTGCTTCCTCCCTCAACTATCCGTTAAAGAAACTATTTG
TTGTCGATGGATCCACAAGATCAAGTCACAGCAATGCCTATATGTATGGATTCTTCAAGAACAAG
AGGATTGTCCCTTATGACACATTAATTCAACAGTGCAAAGACGATGAGGAAATTGTTGCTGTTAT
TGCCCATGAGTTGGGACACTGGAAGCTCAACCATACTGTGTACACATTTGTTGCTATGCAGATTC
TTACACTTCTACAATTTGGAGGATATACACTAGTGCGAAATTCAGCTGATCTGTATCGAAGCTTT
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GGGTTTGATACGCAGCCAGTCCTCATTGGGCTCATCATATTTCAGCATACTGTAATCCCACTTCA
GCAATTGGTCAGCTTTGGTCTGAACCTAGTCAGCCGATCATTTGAATTTCAGGCTGATGGCTTTG
CCAAGAAGCTTGGATATGCATCTGGATTACGCGGTGGTCTTGTGAAACTACAGGAGGAGAATCTG
TCAGCTATGAATACAGATCCTTGGTACTCTGCTTATCACTATTCTCATCCTCCCCTTGTTGAAAG
ATTGGCCGCGCTGGACGAACCGGATAAGAAGGAAGACTAA

A disclosed CPP polypeptide (SEQ ID NO:18) encoded by SEQ ID NO:17 has
424 amino acid residues and is presented in Table 5B using the one-letter amino acid

code.

Table 5B. Encoded CPP protein sequence (SEQ ID NO:18).
MAFPYMEAVVGFMILMYIFETYLDVRQHRALKLPTLPKTLEGVISQEKFEKSRAYSLDKS

HFHFVHEFVTIVTDSTILYFGVLPWFWKKSGDFMTIAGFNAENEILHTLAFLAGLMIWSQ
ITDLPFSLYSTFVIEARHGENKQTPWLFFRDMLKGIFLSVIIGPPIVAATIVIVQKGGPY
LAIYLWVFTFGLSIVMMTLYPVLIAPLENKFTPLPDGQLREKIEKLASSLNYPLKKLEVV
DGSTRSSHSNAYMYGFFKNKRIVPYDTLIQQCKDDEEIVAVIAHELGHWKLNHTVYTEVA
MOILTLLQFGGYTLVRNSADLYRSFGFDTQPVLIGLIIFQHTVIPLOQLVSFGLNLVSRS
FEFQADGFAKKLGYASGLRGGLVKLQEENLSAMNTDPWYSAYHYSHPPLVERLAALDEPD
KKED

The present invention also includes a nucleic acid sequence complimentary to the
Glycine max CaaX prenyl protease of SEQ ID NO:17. The disclosed complimentary
sequence is shown as SEQ ID NO:19.

SEQ ID NO:19

TTAGTCTTCCTTCTTATCCGGTTCGTCCAGCGCGGCCAATCTTTCAACAAGGGGAGGAT
GAGAATAGTGATAAGCAGAGTACCAAGGATCTGTATTCATAGCTGACAGATTCTCCTCC
TGTAGTTTCACAAGACCACCGCGTAATCCAGATGCATATCCAAGCTTCTTGGCAAAGCC
ATCAGCCTGAAATTCAAATGATCGGCTGACTAGGTTCAGACCAAAGCTGACCAATTGCT
GAAGTGGGATTACAGTATGCTGAAATATGATGAGCCCAATGAGGACTGGCTGCGTATCA
AACCCAAAGCTTCGATACAGATCAGCTGAATTTCGCACTAGTGTATATCCTCCAAATTG
TAGAAGTGTAAGAATCTGCATAGCAACAAATGTGTACACAGTATGGTTGAGCTTCCAGT
GTCCCAACTCATGGGCAATAACAGCAACAATTTCCTCATCGTCTTTGCACTGTTGAATT
AATGTGTCATAAGGGACAATCCTCTTGTTCTTGAAGAATCCATACATATAGGCATTGCT
GTGACTTGATCTTGTGGATCCATCGACAACAAATAGTTTCTTTAACGGATAGTTGAGGG
AGGAAGCAAGTTTCTCGATTTTCTCCCTGAGTTGACCATCTGGAAGTGGAGTGAACTTA

TTGAAGAGTGGAGCTATTAGTACTGGATARAAGGGTCATCATCACAATAGAAAGACCAAA
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CGTAAARAACCCAAAGATAGATGGCCAAGTATGGACCTCCTTTCTGTACTATTACAATGA
TTGCAGCCACAATAGGTGGACCAATTATTACAGAAAGGAAAATTCCTTTAAGCATGTCC
CTAAAGAATAACCATGGTGTTTGCTTATTAAAACCATGACGGGCCTCAATCACAAAAGT
TGAGTACAGAGAAAAGGGCAAATCTGTTATCTGTGACCAAATCATCAGCCCTGCTAAGA
AGGCAAGGGTATGCAGTATTTCATTCTCAGCATTGAAACCAGCTATTGTCATAAAATCT
CCTGATTTCTTCCAAAACCAGGGCAATACCCCAAAGTACAAAATTGTAGAGTCTGTCAC
TATTGTCACAAACTCGTGAACAAAATGGAAGTGGCTTTTATCAAGACTATAGGCTCTAG
ATTTCTCARATTTCTCTTGGCTGATAACACCCTCTAAAGTCTTTGGAAGAGTAGGAAGT
TTGAGGGCCCTATGTTGTCGCACATCCAAGTAAGTTTCAAAAATGTACATTAATATCAT
AAATCCGACAACGGCTTCCATGTAGGGAAACGCCAT

Due to the nature of the cloning strategy the sequence presented is not full length
but is missing the 5' and 3' non-translated regions. The percent identities of the Glycine
max nucleotide sequence and its encoded amino acid sequence to that of other CPP
sequences as determined by ClustalW analysis are shown in Figure 2.

Using the sequences disclosed herein as hybridization probes, one is able to
screen and isolate full length sequences from cDNA or genomic libraries or use the rapid
amplification of cDNA ends (RACE) technology or other such PCR techniques.

The CPP nucleic acids and amino acids disclosed above have homology to other
disclosed CPP sequences (GenBank ID NOs: AL161491 (AT4g01320), AF007269 and
AF353722; WO 02/16625 A2 ). The homology between these and other sequences is

shown in the Clustal W alignment analysis shown in Tables 6A-6B.

Table 6A. ClustalW Nucleic Acid Analysis of CaaX Prenyl Protease

1: PPI-AtCPP SEQ ID NO:1
2: PPI-BnCPP SEQ ID NO:14
3: PPI-GmCPP SEQ ID NO:17
4: BASF_ATI SEQ ID NO:21
5: BASF_AT2 SEQ ID NO:23
6: BASF-Com SEQ ID NO:25
7: BASF-Gm SEQ ID NO:27
8: AFC1 SEQ ID NO:29

9: AT4g01320 SEQ ID NO:31
10: AF007269 SEQID NO:33

CLUSTAL W (1.81) multiple sequence alignment
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PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_ATI1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
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BASF ATl
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl

BASF AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl

BASF AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF~-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl

BASF ATl
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF~-Gm
AT4g01320
AF007269
PPI-AtCPP

PCT/IB02/03887

————————————————————————————————— ATGGCGTTTCCC~-TACATGGAAGCCG
TCTCGTTCGGTTCATCAGCGTGTGTCTCAGC-CATGGCGTTTCCC--TACATGGAAGCCG
--------------------------------- ATGGCGATTCCT--TTCATGGARACCG
TATCTGTTGTTGTGGCATTTAGAGTAGATTCGTATTTCATCTTCTGTTTTATTCTTTTTC
--------------------------------- ATGGCGATTCCT--TTCATGGAAACCG
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BASF_AT2
afcl

BASF ATl
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP

PCT/IB02/03887

_________________________________ ATGGCGATTCCT--TTCATGGAAALL G
_________________________________ ATGGCGATTCCT--TTCATGGAAACCG
_________________________________ ATGGCGATTCCT~--TTCATGGARACCG
_________________________________ ATGGCGATTCCT--TTCATGGARACCG

TTGTCGGATTTATGATATTAATGTACATTTTTGARACTTACTTGGATGTGCGACAACATA
TTGTCGGATTTATGATATTAATGTACATTTTTGAAACTTACTTGGATGTGCGACAACATA
TCGTGGGTTTTATGATAGTGATGTACATTTTTGAGACGTATTTGGATCTGAGGCARCTCA
TTACAGGTTTTATGATAGTGATGTACATTTTTGAGACGTATTTGGATCTGAGGCAACTCA
TCGTGGGTTTTATGATAGTGATGTACATTTTTGAGACGTATTTGGAT CTGAGGCAACTCA
TCGTGGGTTTTATGATAGTGATGTACATTTTTGAGACGTATTTGGATCTGAGGCAACTCA
TCGTGGGTTTTATGATAGTGATGTACATTTTTGAGACGTATTTGGATCTGAGGCAACTCA
TCGTGGGTTTTATGATAGTGATGTACATTTTTGAGACGTATTTGGATCTGAGGCAACTCA
TCGTTGGTTTTATGATAGTGATGTACGTTTTTGAGACGTATTTGGATCTGAGGCAACATA

GGGCCCTCAAACTTCCTACTCTTCCAAAGACTTTAGAGGGTGTTATCAGCCAAGAGAAAT
GGGCCCTCAAACTTCCTACTCTTCCAAAGACTTTAGAAGGTGTTATCAGCCAAGAGAAAT
CTGCTCTCAAGCTTCCAACTCTCCCGARAACCTTGGTTGGTGTAATTAGCCAAGAGAAGT
CTGCTCTCAAGCTTCCAACTCTCCCGAAAACCTTGGTTGGTGTAATTAGCCAAGAGAAGT
CTGCTCTCAAGCTTCCAACTCTCCCGAAAACCTTGGTTGGTGTAATTAGCCAAGAGAAGT
CTGCTCTCAAGCTTCCAACTCTCCCGAAAACCTTGGTTGGTGTAATTAGCCAAGAGAAGT
CTGCTCTCAAGCTTCCAACTCTCCCGARAAACCTTGGTTGGTGTAATTAGCCAAGAGAAGT
CTGCTCTCAAGCTTCCAACTCTCCCGAAAACCTTGGTTGGTGTAATTAGCCAAGAGAAGT
CTGCTCTCAAGCTTCCCACTCTCCCAAAGACTTTGGTTGGAGTCATTAGCCAAGAGAAGT

TTGAGAAATCTAGAGCCTATAG- ~———====== === == == == m————mmmm
TTGAGAAATCTAGAGCCTATAG= == —===——===== === == ——mmmmmmm o
TTGAGARATCACGAGCATACAG= === === === === === mmmmmmmm oo
TTGAGARATCACGAGCATACAGTCTTGACAARAGGT TTCGTCTTGATCATATTTATATCA
TTGAGAAATCACGAGCATACAG= = ————————= = === ———mm o mmmmmm oo
TTGAGAAATCACGAGCATACAG-——======== === == mmmmmmm—mmm oo
TTGAGAAATCACGAGCATACAG- ————===m== === = mmmmmmm oo mmmm
TTGAGAAATCACGAGCATACAG-~————======= === == m—mmmmmmmm— oo
TTGAGAAATCTCGAGCTTACAG=—==———=—=== == === == ———mmmmm—— oo

—————————————————————————————————————————— TCTTGATAAA---AGCCA
—————————————————————————————————————————— TCTTGATAAA---AGCCA
———————————————————————— GGATATCATCACTGAGAACTTTAATATATGCAGCTA
TTTTAGTTTTTTATAATTGCCAGGGGATATCATCACTGAGAACTTTAATATATGCAGCTA
—————————————————————————————————————————— TCTTGACAAA---AGCTA
—————————————————————————————————————————— TCTTGACARA---AGCTA
—————————————————————————————————————————— TCTTGACAAA~--AGCTA
—————————————————————————————————————————— TCTTGACAAA---AGCTA
—————————————————————————————————————————— TCTTGACAAA---AGCCA

CTTCCATTTTGTTCACGAGTTTGTGACAATAGTGACAGACTCTACAATTTTGTACTTTGG
CTTCCATTTTGTTCACGAGTTTGTGACAATAGTGACAGACTCTACAATTTTGTACTTTGG
TTTTCACTTTGTTCATGAGTTTGTAACTATACTTATGGACTCTGCAATTTTGTTCTTTGG
TTTTCACTTTGTTCATGAGTTTGTAACTATACTTATGGACTCTGCAATTTTGTTCTTTGG
TTTTCACTTTGTTCATGAGTTTGTAACTATACTTATGGACTCTGCAATTTTGTTCTTTGG
TTTTCACTTTGTTCATGAGTTTGTAACTATACTTATGGACTCTGCAATTTTGTTCTTTGG
TTTTCACTTTGTTCATGAGTTTGTAACTATACTTATGGACTCTGCAATTTTGTTCTTTGG
TTTTCACTTTGTTCATGAGTTTGTAACTATACTTATGGACTCTGCAATTTTGTTCTTTGG
TTTTCACTTTGTTCATGAGTTTGTTACTATACTTATGGACTCTGCGATTCTGTTCTTTGG

GGTATTGCCCTGGTTTTGGAAG == == =======— === === === == ——m— oo — oo
GGTATTGCCCTGGT TTTGGAAG-—======== === === = === == oo oo mmo o
GATCTTGCCTTGGTTTTGGAAG-——=========—=—— === === === —mo oo meo o=
GATCTTGCCTTGGTTTTGGAAGGTACATATCTGGTTTCGGTATACAGTATCTCATTTTGA
GATCTTGCCTTGGTTTTGGAAG= ==~ === === === === === m o o mmm e
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BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn
PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl

BASF ATl
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2

PCT/IB02/03887
GATCTTGCCTTGGTTTTGGAAG— ~ === === == === === = == = oo
GATCTTGCCTTGGTTTTGGAAG= = === —— = == === = = = =~ = = e
GATCTTGCCTTGGTTTTGGAAG= === === === === == = = e e
GATCTTGCCTTGGTTTTGGAAG=~—==——— === === === === oo
________________________________________________ AAATCAGGAGAT
________________________________________________ AAATCAGGAGAT
________________________________________________ ATGTCTGGAGCT
ATATAGAGTTGTTACATTACAATTGTAAAGTTTTCATTTTTACCTTAGATGTCTGGAGCT
________________________________________________ ATGTCTGGAGCT
________________________________________________ ATGTCTGGAGCA
________________________________________________ ATGTCTGGAGCT
________________________________________________ ATGTCTGGAGCT
________________________________________________ ATATCTGGCGGC

TTTATGACAATAGCTGGTTTCAATGCTGAGAATGAAATACTGCATACCCTTGCCTTCTTA
TTTATGACAATAGCTGGTTTCAATGCTGAGAATGARATACTGCATACCCTTGCCTTCTTA
GTTTTACCGAGGTTGGGCCTTGATCCAGAGAATGARATACTGCATACTCTTTCATTCTTG
GTTTTACCGAGGTTGGGCCTTGATCCAGAGAATGAAATACTGCATACTCTTTCATTCTTG
GTTTTACCGAGGTTGGGCCTTGATCCGGAGAATGAAATACTGCATACTCTTTCATTCTTG
GTTTTACCGAGGTTGGGCCTTGATCCAGAGAATGAAATACTGCATACTCTTTCATTCTTG
GTTTTACCGAGGTTGGGCCTTGATCCAGAGAATGAAATACTGCATACTCTTTCATTCTTG
GTTTTACCGAGGTTGGGCCTTGATCCAGAGAATGAAATACTGCATACTCTTTCATTCTTG
TTTCTACCAATGGTGGGACTCGATCCAGAGAATGAAATCCTGCACACTCTTTCATTCTTG
———————————— ACGAGGCTGAGTGCTGAGAATGAGATAATACACACCCTTGCTTTCTTA
* * * hk kkkhkkhkhkk Kk * kk khk khkk Kk hhkkkk
GCAGGGCTGATGATTTGGTCACAG-———==========m === mmmm o mm———— e
GCAGGGCTGATGATTTGGTCACAG= - === === === === ——————— oo
GCTGGTGTTATGACATGGTCACAG-—===== === === === ———m———m oo
GCTGGTGTTATGACATGGTCACAGGTGTTCCARATAAACCCCTTCATATAGTCCTATACG
GCTGGTGTTATGACATGGTCACAG- = === === === == === == —m
GCTGGTGTTATGACATGGTCACAG-====== === === === mmmmm
GCTGGTGTTATGACATGGTCACAG=—=—====== === — === —mmm oo
GCTGGTGTTATGACATGGTCACAC == === === === o ———mm—mmm e
GCTGGTCTTATGACATGGTCACAG -~ === = === === === == - m oo
GCTGGTTCCATGGTTTGGTCGCAG- === === === = === === mmm oo

*k Kk k * %k * ok okk ok kK

ATAACAGATTTGCCCTTTTCTCTGTACTCAACTTTTGTGATTGAGGCCCGTCATGGTTTT
ATAACAGATTTGCCCTTTTCTCTGTACTCAACTTTTGTGATTGAGGCCCGTCATGGTTTT
ATCACTGATTTGCCATTTTCTTTGTACTCAACTTTCGTGATCGAGTCTCGGCATGGGTTC
ATCACTGATTTGCCATTTTCTTTGTACTCAACTTTCGTGATCGAGTCTCGGCATGGGTTC
ATCACTGATTTGCCATTTTCTTTGTACTCAACTTTCGTGATCGAGTCTCGGCATGGGTTC
ATCACTGATTTGCCATTTTCTTTGTACTCAACTTTCGTGATCGAGTCTCGGCATGGGTTC
ATCACTGATTTGCCATTTTCTTTGTACTCAACTTTCGTGATCGAGTCTCGGCATGGGTTC
ATCACTGATTTGCCATTTTCTTTGTACTCAACTTTCGTGATCGAGTCTCGGCATGGGTTC
ATCACTGATTTGCCATTTTCTTTGTACTCAACTTTCGTGATCGAGTCTCGGCATGGGTTC
ATTACAGACTTGCCGTTCTCTCTCTATTCAACTTTTGTTATAGAGGCTCGACATGGTTTT

kk hhk Kk Khkhkkk kdk hkk Kk kk hkkhkkhkhkhkk hkk khk kkk Kk kk kkhkkk x%k
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________________________________ CARACACCATGGTTATTCTTTAGGGACA
________________________________ CAAACACCATGGTTATTCTTTAGGGACA
________________________________ CARACAATATGGATGTTCATTAGGGACA
GGATTAAATTTGCTTCTAAATTCTGTTGACAGCAAACAATATGGATGTTCATTAGGGACA
________________________________ CAAACAATATGGATGTTCATTAGGGACA
———————————————————————————————— CAAACAATATGGATGTTCATTAGGGACA
———————————————————————————————— CAAACAATATGGATGTTCATTAGGGACA
________________________________ CARACAATATGGATGTTCATTAGGGACA
———————————————————————————————— CARACAATATGGATGTTCATTAGGGACA
________________________________ CAAACTATATGGCTCTTCATTAGGGATA

* %k Kk Kk dkkhk Kk kkk khkkkhkhk K

TGCTTAAAGGAATTTTCCTTTCTGTAATAATTGGTCCACCTATTGTGGCTGCAATCATTG
TGCTTAAAGGAATTTTCCTTTCCGTAATAATTGGTCCACCTATTGTGGCTGCAATCATTG
TGATCAAAGGAACATTCCTCTCTGTCATACTAGGCCCACCCATTGTTGCTGCGATAATTT
TGATCAAAGGAACATTCCTCTCTGTCATACTAGGCCCACCCATTGTTGCTGCGATAATTT
TGATCAAAGGAACATTCCTCTCTGTCATACTAGGCCCACCCATTGTTGCTGCGATAATTT
TGATCAAAGGAACATTCCTCTCTGTCATACTAGGCCCACCCATTGTTGCTGCGATAATTT
TGATCAAAGGAACATTCCTCTCTGTCATACTAGGCCCACCCATTGTTGCTGCGATAATTT
TGATCAAAGGAACATTCCTCTCTGTCATACTAGGCCCACCCATTGTTGCCGCGATAATTT
TGATCAAAGGAATACTCCTCTCTGTCATACCTGCCCCTCCTATCGTTGCCGCAATTATTG
TGATCAARAGGAATTTTACTATCCATGATATTGGGGCCACCAATCGTGGCTGCTATCATCT

dk ok kkdkokkkk * kk kK F* Kook * ddk hkk dk kk kk *k kk k%

PAATAGTACAG— === m e e e e e e e e e e e e —
TAATAGTACAG———————————— e
TCATAGTCCAG==————————— e e
TCATAGTCCAGGTTTGATGATTCTGGATTCATCTTATTTCTGAGTTTTTCACATGGATGA
TCATAGTCCAG— === m e e e
TCATAGTCCAG=——————— = m e e e e
TCATAGTCCAG= === ————— — e e e e
TCATAGTCCAG== === —m e e e e e e —
TTATAGT TCAG———————m e e e e e e e e
ACATAGTACAG——— = — = = e e e e

ok dkkk  kokk

———————————————————————————————————— ARAGGAGGTCCATACTTGGCCATC
———————————————————————————————————— ARAGGAGGTCCATACTTGGCCATC
———————————————————————————————————— ARAGGAGGTCCTTATCTTGCCATC
TGCTTCTCTGAGCATGAAGTTTCTATCTTTTTCCAGARAGGAGGTCCTTATCTTGCCATC
------------------------------------ ARAGGAGGTCCTTATCTTGCCATC
———————————————————————————————————— AAAGGAGGTCCTTATCTTGCCATC
———————————————————————————————————— AAAGGAGGTCCTTATCTTGCCATC
------------------------------------ AAAGGAGGTCCTTATCTTGCCATC
———————————————————————————————————— AAAGGAGGTCCTTACCTCGCCATC
———————————————————————————————————— ATTGGAGGACCTTACCTGGCTATA
Y Jekde ok ok kk kk * kk ok k
TATCTTTGGGTTTTTACGTTTGGTCTTTCTATTGTGATGATGACCCTTTATCCAGTACTA
TATCTTTGGGTTTTTACGTTTGGTCTTTCTATTGTGATGATGACCCTTTATCCAGTACTA
TATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGACTATATACCCGGTCTTG
TATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGACTATATACCCGGTCTTG
TATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGACTATATACCCGGTCTTG
TATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGACTATATACCCGGTCTTG
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TATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGACTATATACCCGGTCTTG
TATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGACTATATACCCGGTCTTG
TATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGACTATATACCCTGTTTTG
TATCTCTGGGGTTTTATGTTTGTATTAGCTCTACTGATGATGACAATATACCCCATTGTG

*kkkx  Kkkkk *k ok kkkk * * kK %k e gk ke ok ok ok ok *  kk  kk * *

ATAGCTCCACTCTTCAATAAGTTCACTCCA- === === === === —=————m o e m oo
ATAGCTCCACTCTTCAATAAGTTCACTCCA= == ~—== === == === — = e
ATAGCACCGCTCTTCAACAAGTTCACTCCT === === ===—=—m— == —mmm oo oo
ATAGCACCGCTCTTCAACAAGTTCACTCCTGTGTGTATTTCTGTCATGGCCATTTTACAA
ATAGCACCGCTCTTCAACAAATTCACTCCT~=—=—====== == === ————m—— o
ATAGCACCGCTCTTCAACAAGTTCACTCCT - —=—===== === - m———=mo oo oo oo
ATAGCACCGCTCTTCAACAAGTTCACTCCT-——===== === = === ———m—mo e
ATAGCACCGCTCTTCAACAAGTTCACTCCT-———====—==—===== = —emmm oo
ATTGCACCTCTTTTCAACAAGTTCACTCCT ~~— === === == == =m=mmm—m—mmm e oo
ATAGCTCCTCTGTTCAACAAGTTCACTCCT - == ======== === === —mmmmmm— e oo

kk kk khk Kk khkhkkk kk khkkkhkkkk

----CTTCCAGATGGTCAACTCAGGGAGAAAATCGAGAAACTTGCTTCCTCCCTCAACTA
--—-—-CTTCCAGATGGTCAACTCAGGGAGAAAATCGAGAAACTTGCTTCCTCCCTCAACTA
--—=-CTTCCAGATGGAGACCTCCGGGAGAAGATTGAGAAACTTGCTTCTTCTCTAAAGTT
ATAGCTTCCAGATGGAGACCTCCGGGAGAAGATTGAGAAACTTGCTTCTTCTCTAAAGTT
-—-——-CTTCCAGATGGAGACCTCCGGGAGAAGATTGAGAAACTTGCTTCTTCCCTAAAGTT
--—-CTTCCAGATGGAGACCTCCGGGAGAAGATTGAGAAACTTGCTTCTTCTCTAAAGTT
~=-~~CTTCCAGATGGAGACCTCCGGGAGAAGATTGAGARACTTGCTTCTTCTCTAAAGTT
--——-CTTCCAGATGGAGACCTCCGGGAGAAGATTGAGAAACTTGCTTCTTCTCTAAAGTT
————-CTTCCTGATGGAGACCTCCGGGAGAAGATTGAGAAACTTGCTTCTTCTCTAAAGTT
——-——CTTCCTGAAGGAGTCCTCAGGGAARAAAATAGAGAAGCTGGCAGCTTCCCTCAAGTT

khkkhkkhk Kk dk dhkhk hhkkhk hkhk kk hhkhkkk khk Kk d* o kk kk kk Kk

TCCGTTAAAGAAACTATTTGTTGTCGATGGATCCACAAGATCAAGTCACAGCAATG-~-—~
TCCGTTAAAGAAACTATTTGTTGTCGATGGATCCACAAGATCAAGTCACAGCAATG-~-—-
TCCTTTGAAGAAGCTGTTTGTTGTCGATGGATCTACAAGGTCAAGCCATAGCAATG~~~
TCCTTTGAAGAAGCTGTTTGTTGTCGATGGATCTACAAGGTCAAGCCATAGCAATGTGAG
TCCTTTGAAGAAGCTGTTTGTTGTCGATGGATCTACAAGGTCAAGCCATAGCAATG-~--~
TCCTTTGAAGAAGCTGTTTGTTGTCGATGGATCTACAAGGTCAAGCCATAGCAATG-~——
TCCTTTGAAGAAGCTGTTTGTTGTCGATGGATCTACAAGGTCAAGCCATAGCAATG--——
TCCTTTGAAGAAGCTGTTTGTTGTCGATGGATCTACAAGGTCAAGCCATAGCAATG- -~~~
TCCTCTGAAGAAGCTGTTTGTTGTCGATGGATCTACAAGGTCAAGCCATAGTAATG~-—~
TCCTTTGAAAAAGCTTTTCGTGGTAGATGGGTCTACCAGATCAAGCCACAGTAATG-~~~

* J K * kk kk kk kk kk kk khkkkk Khk khk kk hhkhkkk kk kok kkkok

________________ CCTATATGTATGGATTCTTCAAGAACAAGAGGATTGTCCCTTAT
________________ CCTATATGTATGGATTCTTCAAGAACAAGAGGATTGTCCTTTAT
________________ CTTACATGTATGGTTTCTTTAAGAACAAAAGGATTGTTCTTTAT
TGTTACATCATACAGGCTTACATGTATGGTTTCTTTAAGAACARAAGGATTGTTCTTTAT
________________ CTTACATGTATGGTTTCTTTAAGARCAAAAGGATTGTTCTTTAT
________________ CTTACATGTATGGTTTCTTTAAGAACAAAAGGATTGTTCTTTAT
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-------------- CTTACATGTATGGTTTCTTTAAGAACAAAAGGATTGTTCTTTAT
--------------- CTTACATGTATGGTTTCTTTAAGAACAAAAGGATTGTTCTTTAT
---------------- CTTACATGTATGGTTTCTTCAAGAACAAAAGGATTGTTCTTTAT
---------------- CCTACATGTATGGTTTTTTCAAGAACAAGCGCATAGTACTCTAT

* hkk hkhkhkhkkhkhkhk hkhk khk  kohkkokkhkhkk * Kk kK Kk * K Kk
GACACATTAATTCAACAG-————~= == — e e e e e e e
GACACATTAATTCAACAG-— === = e e e e e e e e e
GATACGTTGATTCAGCAG= === =~ —m e e e e e —
GATACGTTGATTCAGCAGGTACTGTGACTCTTGATGCTTCAAACGAGCTATACTCACATT
GATACGTTGATTCAGCAG= === =~ mm e e e e e e
GATACGTTGAT TCAGCAG— === c s e e e e
GATACGTTGATTCAGCAG——~=——— — = e e e
GATACGT TGAT TCAGCAG===—————— = e e e
GACACATTGATTCAGCAG===—————— e e
GACACATTCAT TCAGCAG- == ————m e e e e e e

*hk kde kk hhkkkk kkk

———————————————————————————————————————————— TGCAAAGACGATGAGG
———————————————————————————————————————————— TGCAARAGACGATGAGG
____________________________________________ TGCAAGAATGAGGATG
TCTGTTTCTGGTTCTGAAACATAACATAATCTTCTATTGTGCAGTGCAAGAATGAGGATG
———————————————————————————————————————————— TGCAAGAATGAGGATG
———————————————————————————————————————————— TGCAAGAATGAGGATG
———————————————————————————————————————————— TGCAAGAATGAGGATG
———————————————————————————————————————————— TGCAAGAATGAGGATG
———————————————————————————————————————————— TGCCAGAATGAGAATG
———————————————————————————————————————————— TGTAGCAATGAGGATG

* Kk * Kk * Kk

AAATTGTTGCTGTTATTGCCCATGAGTTGGGACACTGGAAGCTCAACCATACTGTGTACA
ARATTGTTGCTGTTATTGCCCATGAGTTGGGACACTGGAAGCTCAACCATACTGTGTACA
ARATTGTGGCGGTTATTGCACACGAGCTTGGACATTGGAAACTGAATCACACTACATACT
ARATTGTGGCGGTTATTGCACACGAGCTTGGACATTGGAAACTGAAT CACACTACATACT
AAATTGTGGCGGTTATTGCACACGAGCTTGGACATTGGAAACTGAATCACACTACATACT
ARATTGTGGCGGTTATTGCACACGAGCTTGGACATTGGAAACTGAATCACACTACATACT
ARATTGTGGCGGTTATTGCACACGAGCTTGGACATTGGAAACTGAATCACACTACATACT
AAATTGTGGCGGTTATTGCACACGAGCTTGGACATTGGAAACTGAATCACACTACATACT
AAATTGTGGCGGTTATTGCACACGAGCTGGGACACTGGAAGCTGAATCACACTACATACT
AGATAGTTTCTGTTATAGCACATGAACTTGGACACTGGAAACTCAATCATACTGTCTATT
* Kk kk * kkkokk kk kk kk h khkhkhkhk Kkkkk khk kk kk Kkkk * *

CATTTGTTGCTATGCAG- === === === === === = = = = o oo oo
CATTTGTTGCTATGCAG== === === === === mmm e ——mmmmm
CGTTCATTGCAGTTCAR - === == == = = = = = — = — o e e e e
CGTTCATTGCAGTTCAAGTGAGGCTCAACCGACAGTTCAAAAACT TACTCACATCTACAT
COTTCATTGCAGTTCARA - === === == === = m oo

CGTTCATTGCAGT TCARA - === == == = = === = === oo
CGTTCATTGCAGT TCAA -~ = == === = === = o — = ———————————— oo
CGTTCATTGCAGT TCAA -~~~ = === === — == ===
COTTCATTGCTGT TCAA -~ == == === === === = = oo e
CCTTTGTAGCTGTCCAG=~= === === = === ——————======—————————o———oo oo
* kK * Kok * Kk k

___________________________________________________ ATTCTTACA
___________________________________________________ ATTCTTACA
___________________________________________________ ATCCTTGCC
TTCACTTAAGAAATCATGTCTTATGACCCTCTCTCAATGTTTTGCTTGCAGATCCTTGCC
___________________________________________________ ATCCTTGCC
___________________________________________________ ATCCTTGCC
___________________________________________________ ATCCTTGCC
___________________________________________________ ATCCTTGCC
___________________________________________________ ATCCTTGCC
___________________________________________________ CTGCTTATG

* kkk

CTTCTACAATTTGGAGGATATACACTAGTGCGAAATTCAGCTGATCTGTATCGAAGCTTT
CTTCTACAATTTGGAGGATATACACTAGTGCGAAATTCAGCTGATCTGTATCGAAGCTTT
TTCTTACAATTTGGAGGATACACTCTTGTCAGAAACTCCACTGATCTCTTCAGGAGTTTC
TTCTTACAATTTGGAGGATACACTCTTGTCAGAAACTCCACTGATCTCTTCAGGAGTTTC
TTCTTACAATTTGGAGGATACACTCTTCTCAGAAACTCCACTGATCTCTTCAGGAGTTTC
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TTCTTACARATTTGGAGGATACACTCTTGTCAGAAACTCCACTGATCTCTTCAGGAGTTTC
TTCTTACAATTTGGAGGATACACTCTTGTCAGAAACTCCACTGATCTCTTCAGGAGTTTC
TTCTTACAATTTGGAGGATACACTCTTGTCAGAAACTCCACTGATCTCTTCAGGAGTTTC
TTCTTGCAATTTGGAGGATACACTCTTGTCAGAAACTCCACTGATCTCTTCAGGAGTTTT
TTTCTTCAATTTGGAGGATATACTCTAGTAAGGAGCTCCAAAGATCTATTTGGAAGTTTT

* * kkhkkhkkdkkhkhkhkhkkkx *k kk * L * * * ok ok ok ok K *  dek  kKk

GGGTTTGATACGCAGCCAGTCCTCATTGGGCTCATCATATTTCAG-~—————————=————
GGGTTTGATACGCAGCCAGTCCTCATTGGGCTCATCATATTTCAG-——————————====
GGATTTGATACACAGCCTGTTCTCATTGGTTTGATCATATTTCAG-—-—~———~———=~=
GGATTTGATACACAGCCTGTTCTCATTGGTTTGATCATATTTCAGGTTTGTTATTTTTGC
GGATTTGATACACAGCCTGTTCTCATTGGTTTGATCATATTTCAG-~~————======—=—
GGATTTGATACACAGCCTGTTCTCATTGGTTTGATCATATTTCAG--=~~—=~——~—=———
GGATTTGATACACAGCCTGTTCTCATTGGTTTGATCATATTTCAG---—~——————————
GGATTTGATACACAGCCTGTTCTCATTGGTTTGATCATATTTCAG-———===~=—~==———
GGTTTTGATACACAACCAGTTCTCATTGGTTTGATCATATTTCAG-—~———~————————
GGCTTCAAGGACCAGCCAGTAATAATTGGATTGATCATTTTCCCG=—=—==—=—~—=—=—

* Kk Kk Kk * *k  hk  kk * ko ok ok ok * kkkkk khk Kk Kk

——————————————————————————— CATACTGTAATCCCACTTCAGCAATTGGTCAGC
——————————————————————————— CATACTGTAATCCCACTTCAGCAATTGGTCAGC
——————————————————————————— CACACTGTAATACCACTGCAACATCTAGTAAGC
GTTATATCTCCTGTCTGATTATCACAGCACACTGTAATACCACTGCAACATCTAGTAAGC
——————————————————————————— CACACTGTAATACCACTGCAACATCTAGTAAGC
——————————————————————————— CACACTGTAATACCACTGCAACATCTAGTAAGC
——————————————————————————— CACACTGTAATACCACTGCAACATCTAGTAAGC
——————————————————————————— CACACTGTAATACCACTGCAACATCCAGTAAGC
——————————————————————————— CACACTGTAATACCACTTCAACACCTAGTAAGC
——————————————————————————— CACACCATAATACCCATCCAACACCTTCTGAGC

*k  kk dokdk  kok *  kk  kok * %k k ok

TTTGGTCTGAACCTAGTCAGCCGATCATTTGAATTTCAGG~~~~~=~=—m——mmmm e —
TTTGGTCTGAACCTAGTCAGCCGATCATTTGAATTTCAGG————————————————————
TTTGGCCTGAACCTCGTTAGTCGAGCGTTTGAGTTTCAGG————————————————————
TTTGGCCTGAACCTCGTTAGTCGAGCGTTTGAGTTTCAGGTACCATCTTACAATCCCTCA
TTTGGCCTGAACCTCGTTAGTCGAGCGTTTGAGTTTCAGG——————==—————————~——
TTTGGCCTGRAACCTCGTTAGTCGAGCGTTTGAGTTTCAGG-==—===—————=—————— e
TTTGGCCTGAACCTCGTTAGTCGAGCGTTTGAGT TTCAGG——————————=——~————e——
TTTGGCCTCAACCTTGTTAGTCGAGCGTTTGAGTTTCAGG-=====——————————————
TTTGACCTCAACCTTGTTAGTCGAGCGTTTGAGTTTCAGG- === —— = m e e e
TTTCGCCTGAACCTTGTCAGCAGAGCATTTGAATTTCAGG-————————————=————————

* ok * *k khkkkk *kk kk dode d kokokok ok kk ok ok ok ok ok

———————————— CTGATGGCTTTGCCAAGAAGCTTGGATATGCATCTGGATTACGCGGTG
———————————— CTGATGGCTTTGCCAAGAAGCTTGGATATGCATCTGGATTACGCGGTG
———————————— CTGATGCTTTTGCTGTGAAGCTTGGCTATGCAARAGATCTTCGTCCTG
TCCTTTTGCAGGCTGATGCTTTTGCTGTGAAGCTTGGCTATGCARARGATCTTCGTCCTG
———————————— CTGATGCTTTTGCTGTGAAGCTTGACTATGCAAAAGATCTTCGTCCTG
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____________ CTGATGCTTTTGCTGTGAAGCTTGGCTATGCAAAAGATCTTCGTCCTG
____________ CTGATGCTTTTGCCGTGARGCTTGGCTATGCAAAAGATCTTCGTCCTG
____________ CTGATGCTTTTGCTGTGAAGCTTGGCTATGCAAAAGATCTTCGTCCTA
____________ CTGATGCTTTTGCAGTGAATCTTGGTTATGCAAAGGATCTACGTCCTG
____________ CTGATGCCTTTGCCAAGAACCTTGGATATGCCCCTCAGCTCCGAGCAG

* %k %k kK * K Kk ke Kok ok hok ok ok * Kk ok Kk * kK

GTCTTGTGARACTACAGG - ~——= === === == m == m o m o oo oo
GTCTTGTGARACTACAGG-====== == == == = = = o oo
CTCTAGTGARACTACAGGTCAGAGAAGATAACAACAGAACACAAACTGTTACCTCAATTT
CTCTAGTGAAACTACAGGTCAGAGAAGATAACAACAGAACACARACTGTTACCTCAATTT
CTCTAGTGARACTACAGG======= === === === = oo
CTCTAGTGARACTACAGG==————= === === mmm oo oo mmmm oo
CTCTAGTGAAACTACAGG—=——=== === === == mm o mm oo oo
CTCTAGTGARACTACAGG======—=m== === m = oo oo mmo
CCCTAGTGARGCTACAGG- === === === == === == mm = — — o mmmmm oo
CCCTTGTTAARCTACAGG== === === === = == e oo oo
ko khk kk kkkhkkkok
—————————————————————————————————————————— AGGAGAATCTGTCAGCTA
—————————————————————————————————————————— AGGAGAATCTGTCAGCTA
GTGTCACACACTTAAATGGATTTTTTGTTGGGATTTTGCAGGAAGAGAACT TATCAGCAA
GTGTCACACACTTAAATGGATTTTTTGTTGGGATTTTGCAGGAAGAGAACT TATCAGCAA
—————————————————————————————————————————— AAGAGAACTTATCAACAA

—————————————————————————————————————————— ARGAGAACTTATCAGCAA .

__________________________________________ AAGAGAACTTATCAGCAA
S — AAGAGAACTTATCAGCAA
__________________________________________ AAGAGAACTTATCAGCGA
.......................................... AGGAGAACTTGTCTGCGA

* Kk kkkk * ok k * Kk

TGAATACAGATCCTTGGTACTCTGCTTATCACTATTCT CATCCTCCCCTTGTTGAAAGAT
TGAATACAGATCCTTGCT-~CGTGCCG—————————=== === === == mmm oo mmm e
TGAACACTGATCCATTGTACTCAGCTTATCACTACTCACATCCTCCTCTTGTTGARAGGC
TGAACACTGATCCATTGTACTCAGCTTATCACTACTCACATCCTCCTCTTGTTGARAGGC
TGAACACTGATCCATTGTACTCAGCTTATCACTACTCACATCCTCCTCTTGTTGARAGGC
TGAAAACTGATCTATTGTACTCAGCTTATCACTACTCACATCCTCCTCTTGTTGAAAGGC
TGAACACTGATCCATTGCACTCAGCTTATCACTACTCACATCCTCCTCTTGTTGARAGGC
TGAATACTGATCCATTGTACTCAGCTTATCACTACTCACATCCTCCTCTTGTTGARAGGC
TGAACACAGACCCATTGTACTCAGCTTATCACTACTCACACCCTCCTCTTGTAGAGAGGC
TGAACACCGATCCTTGGTATTCGGCATATCACTACTCCCACCCACCACTCGTCGAGAGGC

dkdkk Kk K*kk Kk * *

TTCGAGCCATTGATGG-——-AGAAGACAAGAAGACAGATTAA-~~————————————————
TTCGAGCCATTGATGG--—-AGAAGACAAGAAGACAGAT TAA - ———————————————
TTCGAGCCACTGATGG---AGAAGACAAGAAGACAGATTAA-—=—=——==———————— ==
TTCGAGCCATTGATGG---AGAAGACAAGAAGACAGATTAA-———— = —m e — e e
TTCGAGCCATTGATGG~--AGAAGACAAGAAGACAGATTAA-——————————————————
TTCGAGCCATTGATGG-~--AGAAGACAAGAAGACAGATTAA-—————=——=——————————
TTCGAGCCATTGATGG---AGAAGACAAGAAGACAGATTAA - ————————————————
TGCAAGCTTTGGAAGATTCAGACGACAAAAAAGAAGATTAGTCGATCCTTGTATGAGGTT
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AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI~-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl

BASF AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AT4g01320
AF007269
PPI-AtCPP
BASF_AT2
afcl
BASF_AT1
PPI-BnCPP
BASF-Corn

PCT/IB02/03887

ARAAAGTGCTCTGCGTTGTTACCACTGCTTGCCCTATAGTGATCGTATCAGA

Table 6B. Clustal W Amino Acid Analysis of CaaX Prenyl Protease

1: PPI-AtCPP SEQ ID NO:2

2: PPI-BnCPP SEQ ID NO:15

3: PPI-GmCPP SEQ ID NO:18

4: BASF_ATI SEQ ID NO:22

5: BASF_AT2 SEQ ID NO:24

6: BASF-Corn SEQ ID NO:26

7: BASF-Gm SEQ ID NO:28

8: AFC1 SEQ ID NO:30

9: AT4g01320 SEQ ID NO:32

10: AF007269 SEQ ID NO:34

PPI-GmCPP MAFPYMEAVVGFMILMYIFETYLDVRQHRALKLPTLPKTLEG--~——-~- VISQEKFEKSR
BASF-Gm MAFPYMEAVVGFMILMYIFETYLDVRQHRALKLPTLPKTLEG------~- VISQEKFEKSR
AF007269 MAIPFMETVVGFMIVMYIFETYLDLRQLTALKLPTLPKTLI ~~============—=mm
AT4g-AtCPP MAIPFMETVVGFMIVMYIFETYLDLRQLTALKLPTLPKTLVGYVISQEKFEKSRAYRDIIT
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BASF_AT2
AFC1
BASF_AT1
PPI-AtCPP
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AF007269

AT4g-AtCPP

BASF_AT2
AFC1l

BASF _AT1
PPI-AtCPP
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AF007269

AT4g-AtCPP

BASF_AT2
AFC1
BASF_AT1
PPI-AtCPP
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AF007269

AT4g-AtCPP

BASF_AT2
AFC1
BASF_AT1
PPI-AtCPP
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AF007269

AT4g-AtCPP

BASF_AT2
AFC1
BASF_AT1
PPI-AtCPP
PPI-BnCPP
BASF-Corn

PPI-GmCPP
BASF-Gm
AF007269

AT4g-AtCPP

BASF_AT2
AFC1
BASF_AT1
PPI-AtCPP
PPI-BnCPP
BASF-Corn

PCT/IB02/03887
MAIPFMETVVGFMIVMYIFETYLDLRQLTALKLPTLPKTLVG-—-—---- VISQEKFEKSR
MAIPFMETVVGFMIVMYIFETYLDLRQLTALKLPTLPKTLVG---—---- VISQEKFEKSR
MAIPFMETVVGFMIVMYIFETYLDLRQLTALKLPTLPKTLVG-—-—~~~- VISQEKFEKSR
MAIPFMETVVGFMIVMYIFETYLDLRQLTALKLPTLPKTLVG-~~-——- VISQEKFEKSR
MAIPFMETVVGFMIVMYVFETYLDLRQHTALKLPTLPKTLVG-~-—-—- VISQEKFEKSR

AYSLDKSHFHFVHEFVTIVTDSTILYFGVLPWFWKKSGDFMTIAGFNAENEILHTLAFLA
AYSLDKSHFHFVHEFVTIVTDSTILYFGVLPWFWKKSGDFMTIAGFNAENEILHTLAFLA
ENFNICSYFHFVHEFVTILMDSAILFFGILPWFWKMSGAVLPRLGLDPENEILHTLSELA
AYSLDKSYFHFVHEFVTILMDSAILFFGILPWFWKMSGAVLPRLGLDPENEILHTLSFLA
AYSLDKSYFHFVHEFVTILMDSAILFFGILPWFWKMSGAVLPRLGLDPENEILHTLSFLA
AYSLDKSYFHFVHEFVTILMDSAILFFGILPWEFWKMSGAVLPRLGLDPENEILHTLSFLA
AYSLDKSYFHFVHEFVTILMDSAILFFGILPWFWKMSGAVLPRLGLDPENEILHTLSFLA
AYSLDKSHFHFVHEFVTILMDSAILFFGILPWFWKISGGFLPMVGLDPENEILHTLSFLA
——————————————————————————————————————————— TRLSAENEIIHTLAFLA

GLMIWSQITDLPFSLYSTFVIEARHGFNKQTPWLFFRDMLKGIFLSVIIGPPIVAAIIVI
GLMIWSQITDLPFSLYSTFVIEARHGFNKQTPWLFFRDMLKGIFLSVIIGPPIVAATIIVI
———————— TDLPFSLYSTFVIESRHGFNKQTIWMFIRDMIKGTFLSVILGPPIVAAIIFI
GVMTWSQITDLPFSLYSTFVIESRHGFNKQTIWMFIRDMIKGTFLSVILGPPIVAATIIFI
GVMTWSQITDLPFSLYSTFVIESRHGEFNKQTIWMFIRDMIKGTFLSVILGPPIVAAIIFI
GVMTWSQITDLPFSLYSTFVIESRHGFNKQTIWMFIRDMIKGTFLSVILGPPIVAAIIFI
GVMTWSQITDLPEFSLYSTFVIESRHGFNKQTIWMFIRDMIKGTFLSVILGPPIVAAIIFI
GVMTWSQITDLPEFSLYSTFVIESRHGFNKQTIWMFIRDMIKGTFLSVILGPPIVAATIIFI
GLMTWSQITDLPFSLYSTFVIESRHGFNKQTIWMFIRDMIKGILLSVIPAPPIVAAIIVI
GSMVWSQITDLPFSLYSTFVIEARHGENKQTIWLFIRDMIKGILLSMILGPPIVAAIIYI

Kkokkkkkdkkkokkokd g ddkdkdkkhkk kookodkhkkookk .kokak khkkkkkkk Kk

VQKGGPYLAIYLWVFTFGLSIVMMTLYPVLIAPLFNKFTPLPDGQLREKIEKLASSLNYP
VOKGGPYLAIYLWVFTFGLSIVMMTLYPVLIAPLFNKFTPLPDGQLREKIEKLASSLNYP
VOKGGPYLAIYLWAFMFILSLVMMTIYPVLIAPLFNKFTPLPDGDLREKIEKLASSLKFP
VQKGGPYLAIYLWAFMFILSLVMMTIYPVLIAPLENKFTPLPDGDLREKIEKLASSLKFP
VOKGGPYLAIYLWAFMFILSLVMMTIYPVLIAPLFNKFTPLPDGDLREKIEKLASSLKFP
VOKGGPYLATIYLWAFMFILSLVMMTIYPVLIAPLEFNKFTPLPDGDLREKIEKLASSLKFP
VQOKGGPYLAIYLWAFMFILSLVMMTIYPVLIAPLFNKFTPLPDGDLREKIEKLASSLKFP
VQKGGPYLAIYLWAFMFILSLVMMTIYPVLIAPLFNKFTPLPDGDLREKIEKLASSLKFP
VOKGGPYLAIYLWAFMFILSLVMMTIYPVLIAPLEFNKFTPLPDGDLREKIEKLASSLKFP
VQIGGPYLAIYLWGFMFVLALLMMTIYPIVIAPLFNKFTPLPEGVLREKIEKLAASLKEP

hk kkkkkkdkkkk ok ok ke s ekkhkekhs ohhhkhdhhkhkhhhk ok khkkkkdkokokodk o okoko ok

LKKLFVVDGSTRSSHSNAYMYGFFKNKRIVPYDTLIQQCKDDEEIVAVIAHELGHWKLNH
LKKLFVVDGSTRSSHSNAYMYGFFKNKRIVLYDTLIQQCKDDEEIVAVIAHELGHWKLNH
LKKLFVVDGSTRSSHSNAYMYGFFKNKRIVLYDTLIQQCKNEDEIVAVIAHELGHWKLNH
LKKLFVVDGSTRSSHSNAYMYGFFKNKRIVLYDTLIQQCKNEDEIVAVIAHELGHWKLNH
LKKLFVVDGSTRSSHSNAYMYGFFKNKRIVLYDTLIQQCKNEDEIVAVIAHELGHWKLNH
LKKLFVVDGSTRSSHSNAYMYGFFKNKRIVLYDTLIQQCKNEDEIVAVIAHELGHWKLNH
LKKLFVVDGSTRSSHSNAYMYGFFKNKRIVLYDTLIQQCKNEDEIVAVIAHELGHWKLNH
LKKLFVVDGSTRSSHSNAYMYGFFKNKRIVLYDTLIQQCKNEDEIVAVIAHELGHWKLNH
LKKLEFVVDGSTRSSHSNAYMYGFFKNKRIVLYDTLIQQCONENEIVAVIAHELGHWKLNH
LKKLFVVDGSTRSSHSNAYMYGFFKNKRIVLYDTLIQQCSNEDEIVSVIAHELGHWKLNH

e e e de ke ke ok ok ke ke ok ok k ok ke k ok ok ok ke kkdekk ok kdkkkkkdkok .. sk khkkkk ok Ak kokk ok k

TVYTFVAMQILTLLQFGGYTLVRNSADLYRSFGFDTQPVLIGLIIFQHTVIPLQQLVSFG
TVYTFVAMQILTLLQFGGYTLVRNSADLYRSFGFDTQPVLIGLIIFQHTVIPLQQLVSFG
TTYSFIAV-—————m——mmm o s e QHTVIPLQHLVSFG
TTYSFIAVQILAFLQFGGYTLVRNSTDLFRSFGFDTQPVLIGLIIFQHTVIPLQHLVSFG
TTYSFIAVQILAFLQFGGYTLVRNSTDLFRSFGFDTQPVLIGLITIFQHTVIPLQHLVSFG
TTYSFIAVQILAFLQFGGYTLVRNSTDLFRSFGFDTQPVLIGLIIFQHTVIPLQHLVSFG
TTYSFIAVQILAFLOFGGYTLVRNSTDLFRSFGFDTQPVLIGLIIFQHTVIPLQHPVSFG
TTYSFIAVQILAFLQFGGYTLLRNSTDLFRSFGFDTQPVLIGLIIFQHTVIPLQHLVSFEG
TTYSFIAVQILAFLQFGGYTLVRNSTDLFRSFGFDTQPVLIGLIIFQHTVIPLQHLVSFEFD
TVYSFVAVQLLMFLQFGGYTLVRSSKDLEGSFGFKDQPVIIGLIIFPHTIIPIQHLLSFR

75



10

15

20

25

30

35

40

WO 03/012116 PCT/IB02/03887

* krke k. Kk kk ks LAk
PPI-GmCPP LNLVSRSFEFQADGFAKKLGYASGLRG-————— === == m == m e e e
BASF-Gm LNLVSRSFEFQADGFAKKLGYASGLRG=====———=——— e e e
AF007269 LNLVSRAFEFQADAFAVKLGYAKDLR-~==~-~— PALV----KLQVREDNNRTQ-————~-
AT4g-AtCPP LNLVSRAFEFQADAFAVKLGYAKDLR------- PALV----KLQVREDNNRTQTVTSICV
BASF AT2 LNLVSRAFEFQADAFAVKLGYAKDLR----~-— PALV--—-KLQE-~—=——m—e—————
AFCl LNLVSRAFEFQADAFAVKLGYAKDLR--~---~— PALVKLQE——====m=mc———m=———
BASF_AT1 LNLVSRAFEFQADAFAVKLGYAKDLRPTLVKLQ-——~=———==~—————————————————
PPI-AtCPP LNLVSRAFEFQADAFAVKLDYAKDLRPALVKLQ-—=—=—~=~———m—m—mmmm e ———
PPI-BnCPP LNLVSRAFEFQADAFAVNLGYAKDLRP————— === o e e e
BASF-Corn LNLVSRAFEFQADAFAKNLGYAPQLR-———————— == == — e

hhkhkhkhk odhkhkhh hhk ok kok %* ok

PPI-GmCPP -—————- GLVKLQEENLSAMNTDPWYSAYHYSHPPLVERLAALDEPDKKED-
BASF-Gm = ——-—-- GLVKLQEENLSAMNTDPCSC------——-—-——————————————-——
AF007269 = —---mem—-e- TEENLSAMNTDPLYSAYHYSHPPLVERLRAIDGEDKKTD-
AT4g-AtCPP THLNGFFVGILQEENLSAMNTDPLYSAYHYSHPPLVERLRAIDGEDKKTD-
BASF_AT2 = =  ======------- ENLSAMNTDPLYSAYHYSHPPLVERLRAIDGEDKKTD-
AFCl  mmmmmmmme—ee— ENLSAMNTDPLHSAYHYSHPPLVERLRAIDGEDKKTD-
BASF_AT1 = =  =====-—=-—-—- EENLSAMNTDPLYSAYHYSHPPLVERLRAIDGEDKKTD-
PPI-AtCPP = —==m=—m——e—- EENLSTMNTDPLYSAYHYSHPPLVERLRATDGEDKKTD-
PPI-BnCPP -—-—-———- ALVKLQEENLSAMNTDPLYSAYHYSHPPLVERLRAIDGEDKKTD-
BASF-Corn --——-—-- AALVKLQEENLSAMNTDPWYSAYHYSHPPLVERLQALEDSDDKKED

* ok ok ko kodok ok ok

Example 4: Plant Transformation

Arabidopsis transgenic plants were made by the method of dipping flowering
plants into an Agrobacterium culture, based on the method of Andrew Bent in, Clough
SJ and Bent AF, 1998. Floral dipping: a simplified method for Agrobacterium-mediated
transformation of Arabidopsis thaliana. Wild type plants were grown under standard
conditions until the plant has both developing flowers and open flowers. The plant was
inverted for 2 minutes into a solution of Agrobacterium culture carrying the appropriate
gene construct. Plants were then left horizontal in a tray and kept covered for two days to
maintain humidity and then righted and bagged to continue growth and seed

development. Mature seed was bulk harvested.

Transformed T1 plants were selected by germination and growth on MS plates
containing 50 pg/ml kanamycin. Green, kanamycin resistant (Kan®) seedlings were
identified after 2 weeks growth and transplanted to soil. Plants were bagged to ensure
self fertilization and the T2 seed of each plant harvested separately. During growth of T1
plants leaf samples were harvested, DNA extracted and Southern blot and PCR analysis

performed.
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T2 seeds were analysed for Kan" segregation. From those lines that showed a 3:1
resistant phenotype, surviving T2 plants were grown, bagged during seed set, and T3
seed harvested from each line. T3 seed was again used for Kan® segregation analysis and
those lines showing 100% Kan" phenotype were selected as homozygous lines. Further

molecular and physiological analysis was done using T3 seedlings.

Transgenic Brassica napus, Glycine max and Zea maize plants were produced
using Agrobacterium mediated transformation of cotyledon petiole tissue. Seeds were
sterilized as follows. Seeds were wetted with 95% ethanol for a short period of time such
as 15 seconds. Approximately 30 ml of sterilizing solution I was added (70% Javex ,
100pl Tween20) and left for approximately 15 minutes. Solution I was removed and
replaced with 30 ml of solution II (0.25% mecuric chloride, 100ul Tween20) and
incubated for about 10 minutes. Seeds were rinsed with at least 500 ml double distilled
sterile water and stored in a sterile dish. Seeds were germinated on plates of '/, MS
medium, pH 5.8, supplemented with 1% sucrose and 0.7% agar. Fully expanded
cotyledons were harvested and placed on Medium I (Murashige minimal organics
(MMO), 3% sucrose, 4.5 mg/L benzyl adenine (BA), 0.7% phytoagar, pH5.8). An
Agrobacterium culture containing the nucleic acid construct of interest was grown for 2
days in AB Minimal media. The cotyledon explants were dipped such that only the cut
portion of the petiole is contacted by the Agrobacterium solution. The explants were then
embedded in Medium I and maintained for 5 days at 24°C, with 16,8 hr light dark cycles.

Explants were transferred to Medium II (Medium I, 300 mg/L timentin,) for a
further 7 days and then to Medium III (Medium II, 20 mg/L kanamycin). Any root or
shoot tissue which had developed at this time was dissected away. Transfer explants to
fresh plates of Medium III after 14 -21 days. When regenerated shoot tissue developed
the regenerated tissue was transferred to Medium IV (MMO, 3% sucrose, 1.0%
phytoagar, 300 mg/L timentin, 20 mg/L 20 mg/L kanamycin). Once healthy shoot tissue
developed shoot tissue dissected from any callus tissue was dipped in 10X IBA and
transferred to Medium V (Murashige and Skooge (MS), 3% sucrose, 0.2 mg/L indole
butyric acid (IBA), 0.7% agar, 300 mg/L timentin, 20 mg/L 20 mg/L kanamycin) for
rooting. Healthy plantlets were transferred to soil. The above method, with or without
modifications, is suitable for the transformation of numerous plant species including

Glycine max, Zea maize and cotton.
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Transgenic Glycine max, Zea maize and cotton can be produced using
Agrobacterium-based methods which are known to one of skill in the art. Alternatively
one can use a particle or non-particle biolistic bombardment transformation method. An
example of non-particle biolistic transformation is given in U.S. Patent Application
20010026941. This method has been used to produce transgenic Glycine max and Zea
maize plants. Viable plants are propagated and homozygous lines are generated. Plants
are tested for the presence of drought tolerance, physiological and biochemical
phenotypes as described elsewhere.

The following table identifies the constructs and the species which they have

been transformed.

Table 7 Transformation List

SEQ ID NO: Construct Species Transformed
4 pBII121-AtCPP A. thaliana, B. napus
5 pBII121-HP-AtCPP A. thaliana
36 pRD29A-AtCPP A. thaliana, B. napus
37 pRD29A-HP-AtCPP A. thaliana
39 MuA-AtCPP Glycine max, Zea mays

Non-limiting examples of vector constructs suitable for plant transformation are given in
SEQ ID NO: 4, 5, 35-53.

SEQ ID NO:4

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgeecgatgacgeg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcagce
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgcgegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctcggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctccggcecgettgggtggagaggectattecggectatgactgggcacaacagacaatcg
gctgctctgatgccgecgtgttceccggectgtcagegcaggggegececggttetttttgte
aagaccgacctgtccggtgccctgaatgaactgcaggacgaggcagegceggctategtg
gctggccacgacgggcgttecttgegecagetgtgetcgacgttgtcactgaagecgggaa
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gggactggctgctattgggcgaagtgccggggcaggatctectgtcatctcaccttget
cctgccgagaaagtatccatcatggctgatgcaatgcggcggctgcatacgcttgatcc
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagecgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgegeca
gccgaactgttcgccaggctcaaggcgcgcatgecccgacggcgatgatctegtegtgac
ccatggcgatgcctgcttgeccgaatatcatggtggaaaatggeccgettttctggattcea
tcgactgtggccggctgggtgtggcggaccgctatcaggacatagegttggctaccegt
gatattgctgaagagcttggcggcgaatgggctgaccgcttcectecgtgetttacggtat
cgccgctcecccgattcecgcagecgecatecgecttcectatecgecttcttgacgagttettetgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgccatcacgagatt
tcgattccaccgecgecttcectatgaaaggttgggecttcggaategtttteccgggacgec
ggctggatgatcctccagcgcggggatctcatgectggagttcttegeecacgggatcete
tgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagcaca
acgccacgatcctgagcgacaatatgatcgggcccggcgtccacatcaacggcgtegge
ggcgactgcccaggcaagaccgagatgcaccgcgatatcecttgectgegtteggatatttt
cgtggagttcccgccacagaccecggatgatcececcgatecgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgccggtcttgecgatgattatcatataatttctgttg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatage
gcgcaaactaggataaattatcgcgcgecggtgtcatctatgttactagatcgggectcece
tgtcaatgctggcggcggectectggtggtggttctggtggeggectctgagggtggtgget
ctgagggtggcggttctgagggtggcggctctgagggaggecggttcecggtggtggetcet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtcgceta
ctgattacggtgctgctatcgatggtttcattggtgacgtttccggecttgctaatggt
aatggtgctactggtgattttgctggctctaattceccaaatggctcaagtecggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttcccteccctcaatcegg
ttgaatgtcgcceccttttgtctttggeccaatacgcaaaccgectcteecccgegegttgg
ccgattcattaatgcagctggcacgacaggtttcecccgactggaaagcgggcagtgageg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatge
ttcecggectegtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagce
tatgaccatgattacgccaagcttgcatgecctgcagcccacagatggttagagaggett

acgcagcaggtctcatcaagacgatctacccgagcaataatctccaggaaatcaaatac

cttcccaagaaggttaaagatgcagtcaaaagattcaggactaactgcatcaagaacac
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agagaaagatatatttctcaagatcagaagtactattccagtatggacgattcaaggct

tgcttcacaaaccaaggcaagtaatagagattggagtctctaaaaaggtagttcccact

gaatcaaaggccatggagtcaaagattcaaatagaggacctaacagaactcgccgtaaa

gactggcgaacagttcatacagagtctcttacgactcaatgacaagaagaaaatcttcg

tcaacatggtggagcacgacacacttgtctactccaaaaatatcaaagatacagtctca

gaagaccaaagggcaattgagacttttcaacaaagggtaatatccggaaacctectegg

attccattgcccagctatctgtcactttattgtgaagatagtggaaaaggaaggtggcet

cctacaaatgccatcattgcgataaaggaaaggccatcgttgaagatgectctgecgac

agtggtcccaaagatggacccccacccacgaggagcatcgtggaaaaagaagacgttcece

aaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacg

cacaatcccactatccttcgcaagacccttectctatataaggaagttcatttecatttyg

gagagaacacgggggactctagaggatccatggcgattectttcatggaaacecgtegtg

ggttttatgatagtgatgtacatttttgagacgtatttggatctgaggcaactcactge
tctcaagcttccaactcteccgaaaaccttggttggtgtaattageccaagagaagtttg
agaaatcacgagcatacagtcttgacaaaagctattttcactttgttcatgagtttgta
actatacttatggactctgcaattttgttctttgggatcttgecttggttttggaagat
gtctggagetgttttaccgaggttgggecttgateccggagaatgaaatactgecatacte
tttcattcttggectggtgttatgacatggtcacagatcactgatttgecattttetttyg
tactcaactttecgtgatcgagtctecggcatgggttcaacaaacaaacaatatggatgtt
cattagggacatgatcaaaggaacattcctctctgtcatactaggcccacccattgttg
ctgcgataattttcatagtccagaaaggaggtccttatettgecatcectatectgtgggea
ttcatgtttatcctgtctctagtgatgatgactatatacceggtettgatagecaceget
cttcaacaaattcactcecctcttecagatggagaccteccgggagaagattgagaaacttg
cttcttecectaaagtttectttgaagaagetgtttgttgtegatggatectacaaggteca
agccatagcaatgcttacatgtatggtttctttaagaacaaaaggattgttctttatga
tacgttgattcagcagtgcaagaatgaggatgaaattgtggeggttattgcacacgage
ttggacattggaaactgaatcacactacatactcgttcattgcagttcaaatcettgec
ttecttacaatttggaggatacactettctcagaaacteccactgatetettecaggagttt
cggatttgatacacagcctgttctcattggtttgatcatatttcagcacactgtaatac
cactgcaacatctagtaagctttggectgaacctegttagtegagegtttgagtttecag
gctgatgcttttgectgtgaagecttgactatgcaaaagatettegtectgetctagtgaa
actacaggaagagaacttatcaacaatgaacactgatccattgtactcagcttatcact
actcacatcctectecttgttgaaaggettegageccactgatggagaagacaagaagaca
gattaacccctcgaatttccccgatcecgttcaaacatttggcaataaagtttcttaagat
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tgaatcctgttgccggtcttgcgatgattatcatataatttctgttgaattacgttaag
catgtaafaattaacatgtaatgcatgacgttatttatgagatgggtttttatgattag
agtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgecgcaaactagg
ataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactggeccgtegt
tttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecttgcecagcecac
atcccectttcecgccagetggecgtaatagecgaagaggcccgcaccgategecctteccaa
cagttgcgcagcctgaatggcgccegctectttegetttctteecttectttetegeca
cgttcgccggcecttteccececgtcaagectctaaatecgggggetcectttagggttecgattt
agtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgtagtgg
gccatcgccctgatagacggtttttcgecectttgacgttggagtccacgttctttaata
gtggactcttgttccaaactggaacaacactcaaccctatctecgggectattecttttgat
ttataagggattttgccgatttcggaaccaccatcaaacaggattttcecgectgetgggg
caaaccagcgtggaccgcttgctgcaactctctcagggccaggcggtgaagggcaatca
gctgttgccecgtctcactggtgaaaagaaaaaccaccccagtacattaaaaacgtccge

aatgtgttattaagttgtctaagcgtcaatttgtttacaccacaatatatcctgceca

SEQ ID NO:4 is the nucleic acid sequence of pBI121-AtCPP. Italicized
sequences are the right and left border repeats. Underlined sequence is the 35S promoter

and bolded sequence is the AtCPP sense sequence.

SEQ ID NO:5

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgeccgatgacgceg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcagce
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgcgegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgectccact
gacgttccataaattcccctecggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctccggeccgettgggtggagaggectattecggectatgactgggcacaacagacaatcg
gctgctctgatgccgecgtgttcececggetgtcagegcaggggecgeccggttetttttgte
aagaccgacctgtccggtgccctgaatgaactgcaggacgaggcagcecgeggctategtg
gctggccacgacgggcgtteccttgecgcagectgtgectecgacgttgtcactgaagecgggaa
gggactggctgctattgggcgaagtgccggggcaggatctectgtcatctcaccttget
cctgccgagaaagtatccatcatggctgatgcaatgcggcggectgecatacgecttgatce
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgegeca
gccgaactgttcgccaggctcaaggcgegecatgeccgacggecgatgatctecgtegtgac
ccatggcgatgcctgettgeccgaatatcatggtggaaaatggecgcttttctggattcea
tcgactgtggccggcectgggtgtggecggaccgcetatcaggacatagegttggectaccegt
gatattgctgaagagcttggcggcgaatgggctgaccgecttectegtgectttacggtat
cgccgctcceccgattcgcagegcatcegecttcectategecttecttgacgagttettetgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgceccatcacgagatt
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tcgattccaccgeccgecttctatgaaaggttgggettcecggaatecgtttteegggacgece
ggctggatgatcctccagcgecggggatctcatgectggagttcttecgeccacgggatcte
tgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagecaca
acgccacgatcctgagcgacaatatgatcgggeccecggcgtecacatcaacggegtcgge
ggcgactgcccaggcaagaccgagatgcaccgegatatecttgectgegtteggatatttt
cgtggagttcccgccacagacccggatgatccecgatcecgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgeccggtcttgecgatgattatcatataatttctgttyg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgcegeggtgtcatctatgttactagatcgggectcce
tgtcaatgctggcggcggctctggtggtggttectggtggeggetectgagggtggtgget
ctgagggtggcggttctgagggtggcggctctgagggaggeggttccggtggtggetet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtcecgcecta
ctgattacggtgctgctatcgatggtttcattggtgacgtttccggecttgectaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttccctceccctcaatcegg
ttgaatgtcgcecttttgtectttggecccaatacgcaaaccgectcteceecgegegttgg
ccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagceg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatge
ttccggctecgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagc
tatgaccatgattacgccaagcttgcatgcctgcagcccacagatggttagagaggcectt
acgcagcaggtctcatcaagacgatctacccgagcaataatctccaggaaatcaaatac
cttcccaagaaggttaaagatgcagtcaaaagattcaggactaactgcatcaagaacac

agagaaagatatatttctcaagatcagaagtactattccagtatggacgattcaaggct
tgcttcacaaaccaaggcaagtaatagagattggagtctctaaaaaggtagttcccact
gaatcaaaggccatggagtcaaagattcaaatagaggacctaacagaactcgccgtaaa
gactggcgaacagttcatacagagtctcttacgactcaatgacaagaagaaaatcttcg
tcaacatggtggagcacgacacacttgtctactccaaaaatatcaaagatacagtctca
gaagaccaaagggcaattgagacttttcaacaaagggtaatatccggaaacctcctcgg
attccattgcccagctatctgtcactttattgtgaagatagtggaaaaggaaggtggcet
cctacaaatgccatcattgcgataaaggaaaggccatcgttgaagatgcctctgeecgac
agtggtcccaaagatggacccccacccacgaggagcatecgtggaaaaagaagacgttcee
aaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacg
cacaatcccactatccttcgcaagacccttectctatataaggaagttcatttcatttg
gagagaacacgggggactctagaggatcctcecaatgtccaagetegtgtgecaataacce
gccacaatttcatcctcattettgcactgetgaatcaacgtatcataaagaacaateet
tttgttcttaaagaaaccatacatgtaagcattgctatggettgaccttgtagatccat
cgacaacaaacagcttcttcaaaggaaactttagggaagaagcaagtttctcaatctte
tccecggaggtecteccatetggaagaggagtgaatttgttgaagageggtgetatcaagac
cgggtatatagtcatcatcactagagacaggataaacatgaatgcccacagatagatgg
caagataaggacctcctttctggactatgaaaattategcagcaacaatgggtgggect
agtatgacagagaggaatgttcctttgatcatgtccctaatgaacatccatattgtttg
tttgttgaacccatgceccgagactecgatcacgaaagttgagtacaaagaaaatggcaaat
cagtgatctgtgaccatgtcataacaccagccaagaatgaaagagtatgcagtattteca
ttctececggatcaaggeccaaccteggtaaaagaggatccccATCTACCCGCTTCGCGTC
GGCATCCGGTCAGTGGCAGTGAAGGGCGAACAGTTCCTGATTAACCACAAACCGTTCTA
CTTTACTGGCTTTGGTCGTCATGAAGATGCGGACTTGCGTGGCAAAGGATTCGATAACG
TGCTGATGGTGCACGACCACGCATTAATGGACTGGATTGGGGCCAACTCCTACCGTACC
TCGCATTACCCTTACGCTGAAGAGATGCTCGACTGGGCAGATGAACATGGCATCGTGGT
GATTGATGAAACTGCTGCTGTCGGCTTTTCGCTCTCTTTAGGCATTGGTTTCGAAGCGG
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GCAACAAGCCGAAAGAACTGTACAGCGAAGAGGCAGTCAACGGGGARACTCAGCAAGCG
CACTTACAGGCGATTAAAGAGCTGATAGCGCGTGACAAAAACCACCCAAGCGTGGTGAT
GTGGAGTATTGCCAACGAACCGGATACCCGTCCGCAAGGTGCACGGGAATATTTCGCGC
CACTGGCGGAAGCAACGCGTAAACTCGACCCGACGCGTCCGATCACCTGCGTCAATGTA
ATGTTCTGCGACGCTCACACCGATACCATCAGCGATCTCTTTGATGTGCTGTGCCTGAA
CCGTTATTACGGATGGTATGTCCAAAGCGGCGATTTGGAAACGGCAGAGAAGGTACTGG
AAAAAGAACTTCTGGCCTGGCAGGAGAAACTGTACACCGACATGTGGAGTGAAGAGTAT
CAGTGTGCATGGCTGGATATGTATCACCGCGTCTTTGATCGCGTCAGCGCCGTCGTCGG
TGAACAGGTATGGAATTTCGCCGATTTTGCGACCTCGCAAGGCATATTGCGCGTTGGCG
GTAACAAGAAAGGGATCTTCACTCGCGACCGCAAACCGAAGTCGGCGGCTTTTCTGCTG
CAAAAACGCTGGACTGGCATGAACTTCGGTGAAAAACCGCAGCAGGGAGGCAAACAATG
AATCAACAACTCTCCTGGCGCACCATCGTCGGCTACAGCCTCGGGAATTGCTACCGAGC
TCttttaccgaggttgggccttgatccggagaatgaaatactgcatactettteattcet
tggctggtgttatgacatggtcacagatcactgatttgeccattttetttgtactcaact
ttcgtgatcgagtctcggcatgggttcaacaaacaaacaatatggatgttcattaggga
catgatcaaaggaacattcctctctgtcatactaggcccacccattgttgetgegataa
ttttcatagtccagaaaggaggtccttatcttgeccatctatectgtgggcattcatgttt
atcctgtctctagtgatgatgactatatacccggtcttgatagcaccgectcttcaacaa
attcactecctctteccagatggagacctecgggagaagattgagaaacttgettecttcece
taaagtttcctttgaagaagctgtttgttgtegatggatctacaaggtcaageccatage
aatgcttacatgtatggtttctttaagaacaaaaggattgttctttatgatacgttgat
tcagcagtgcaagaatgaggatgaaattgtggcggttattgcacacgagcttggacatt
gggagctcgaatttccccgatcgttcaaacatttggcaataaagtttcttaagattgaa
tcctgttgecggtecttgcgatgattatcatataatttcectgttgaattacgttaagecatg
taataattaacatgtaatgcatgacgttatttatgagatgggtttttatgattagagtc
ccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaaactaggataa
attatcgcgcgcggtgtcatctatgttactagatcgggaattcactggececgtegtttta
caacgtcgtgactgggaaaaccctggcegttacccaacttaatcgecttgcagcacatcce
ccctttcgeccagetggecgtaatagcgaagaggcccgcaccgatcgecctteccaacagt
tgcgcagcecctgaatggcgeccegectectttegetttetteccttectttctegecacgtt
cgccggctttcceccgtcaagectctaaatcgggggetecctttagggttccgatttagtyg
ctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgtagtgggcca
tcgcecctgatagacggtttttegeectttgacgttggagtccacgttetttaatagtgg
actcttgttccaaactggaacaacactcaaccctatctcgggctattcttttgatttat
aagggattttgccgatttcggaaccaccatcaaacaggattttcgectgectggggcaaa
ccagcgtggaccgcttgctgcaactctectcagggccaggcggtgaagggcaatcagcetg
ttgccecgtctcactggtgaaaagaaaaaccaccccagtacattaaaaacgtccgcaatg
tgttattaagttgtctaagcgtcaatttgtttacaccacaatatatcctgcca

SEQ ID NO:5 is the nucleic acid sequence of pBI121-HP-AtCPP. Italicized
sequences are the right and left border repeats. Underlined sequence is the 35S promoter
and bolded sequence is the AtCPP anti-sense sequence. Sequence in upper case is the

truncated GUS fragment. Sequence in bold and underlined is the AtCPP sense sequence.

SEQ ID NO:35
gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgeecgatgacgeg

ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcage
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cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgecgegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctcggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgecatgattgaacaagatggattgcacgcagyg
ttctcecggecgecttgggtggagaggetattcggectatgactgggcacaacagacaatcg
gctgctctgatgeccgeegtgttecggetgtcagecgcaggggecgeeccggttetttttgte
aagaccgacctgtccggtgccctgaatgaactgcaggacgaggcagcgcggectatcgtyg
gctggccacgacgggcgttccttgegcagectgtgectcgacgttgtcactgaagcgggaa
gggactggctgctattgggcgaagtgccggggcaggatctcecctgtcatcectcaccttget
cctgccgagaaagtatccatcatggctgatgcaatgecggecggectgecatacgettgatcee
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagecgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctecgecgceca
gccgaactgttcgccaggctcaaggcgcgcatgecccgacggcgatgatctegtegtgac
ccatggcgatgcctgecttgccgaatatcatggtggaaaatggececgettttctggattca
tcgactgtggccggectgggtgtggcggaccgctatcaggacatagecgttggctaccegt
gatattgctgaagagcttggcggcgaatgggctgaccgettectegtgetttacggtat
cgccgctcecceccgattcecgecagegecatcecgecttctatecgecttecttgacgagttecttectgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgccatcacgagatt
tcgattccaccgeccgcecttctatgaaaggttgggecttcggaatcgtttteccgggacgec
ggctggatgatcctccagcgcggggatctcatgectggagttcttegeccacgggatctce
tgcggaacaggcggtcgaaggtgeccgatatcattacgacagcaacggeccgacaagcaca
acgccacgatcctgagcgacaatatgatcgggcccggecgtceccacatcaacggegtcgge
ggcgactgcccaggcaagaccgagatgcaccgcgatatcttgetgegttecggatatttt
cgtggagttcccgeccacagacccggatgatcecececcgatcgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgeccggtcttgegatgattatcatataatttectgttg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatage
gcgcaaactaggataaattatcgegecgecggtgtcatctatgttactagatcecgggectcee
tgtcaatgctggcggeggetctggtggtggttetggtggecggectctgagggtggtggcet
ctgagggtggcggttctgagggtggcggctctgagggaggcggttceggtggtggetet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtcgeta
ctgattacggtgctgctatcgatggtttcattggtgacgtttccggecttgctaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtecggtgacgg
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tgataattcacctttaatgaataatttccgtcaatatttaccttccctcectcaatcgg
ttgaatgtcgcceccttttgtctttggecccaatacgcaaaccgectetccececegegegttgg
ccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgageg
caacgcaattaatgtgagttagctcactcattaggcaccccaggetttacactttatge
ttccggcectegtatgttgtgtggaattgtgagecggataacaatttcacacaggaaacagce
tatgaccatgattacgccaagcttgcatgcctgcagcecccacagatggttagagaggett

acgcagcaggtctcatcaagacgatctacccgagcaataatctccaggaaatcaaatac

cttcccaagaaggttaaagatgcagtcaaaagattcaggactaactgcatcaagaacac

agagaaagatatatttctcaagatcagaagtactattccagtatggacgattcaaggct

tgcttcacaaaccaaggcaagtaatagagattggagtctctaaaaaggtagttcccact

gaatcaaaggccatggagtcaaagattcaaatagaggacctaacagaactcgccgtaaa

gactggcgaacagttcatacagagtctcttacgactcaatgacaagaagaaaatcttcg

tcaacatggtggagcacgacacacttgtctactccaaaaatatcaaagatacagtctca

gaagaccaaagggcaattgagacttttcaacaaagggtaatatccggaaacctcecectegg

attccattgcccagctatctgtcactttattgtgaagatagtggaaaaggaaggtggcet

cctacaaatgccatcattgcgataaaggaaaggccatcgttgaagatgectcectgecgac

agtggtcccaaagatggacccccacccacgaggagcatcgtggaaaaagaagacgttcece

aaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacg

cacaatcccactatccttcgcaagacccttecctctatataaggaagttcatttcatttg

gagagaacacgggggactctagaggatccTTAATCTGTCTTCTTGTCTTCTCCATCAGT
GGCTCGAAGCCTTTCAACAAGAGGAGGATGTGAGTAGTGATAAGCTGAGTACAATGGAT

CAGTGTTCATTGTTGATAAGTTCTCTTCCTGTAGTTTCACTAGAGCAGGACGAAGATCT
TTTGCATAGTCAAGCTTCACAGCAAAAGCATCAGCCTGAAACTCAAACGCTCGACTAAC
GAGGTTCAGGCCAAAGCTTACTAGATGTTGCAGTGGTATTACAGTGTGCTGAAATATGA
TCAAACCAATGAGAACAGGCTGTGTATCAAATCCGAAACTCCTGAAGAGATCAGTGGAG
TTTCTGAGAAGAGTGTATCCTCCAAATTGTAAGAAGGCAAGGATTTGAACTGCAATGAA
CGAGTATGTAGTGTGATTCAGTTTCCAATGTCCAAGCTCGTGTGCAATAACCGCCACAA
TTTCATCCTCATTCTTGCACTGCTGAATCAACGTATCATAAAGAACAATCCTTTTGTTC
TTAAAGAAACCATACATGTAAGCATTGCTATGGCTTGACCTTGTAGATCCATCGACAAC
AAACAGCTTCTTCAAAGGAAACTTTAGGGAAGAAGCAAGTTTCTCAATCTTCTCCCGGA
GGTCTCCATCTGGAAGAGGAGTGAATTTGTTGAAGAGCGGTGCTATCAAGACCGGGTAT
ATAGTCATCATCACTAGAGACAGGATAAACATGAATGCCCACAGATAGATGGCAAGATA
AGGACCTCCTTTCTGGACTATGAAAATTATCGCAGCAACAATGGGTGGGCCTAGTATGA
CAGAGAGGAATGTTCCTTTGATCATGTCCCTAATGAACATCCATATTGTTTGTTTGTTG
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AACCCATGCCGAGACTCGATCACGAAAGTTGAGTACAAAGAAAATGGCAAATCAGTGAT
CTGTGACCATGTCATAACACCAGCCAAGAATGAAAGAGTATGCAGTATTTCATTCTCCG
GATCAAGGCCCAACCTCGGTAAAACAGCTCCAGACATCTTCCAAAACCAAGGCAAGATC
CCAAAGAACAAAATTGCAGAGTCCATAAGTATAGTTACAAACTCATGAACAAAGTGAAA
ATAGCTTTTGTCAAGACTGTATGCTCGTGATTTCTCAAACTTCTCTTGGCTAATTACAC
CAACCAAGGTTTTCGGGAGAGTTGGAAGCTTGAGAGCAGTGAGTTGCCTCAGATCCAAA
TACGTCTCAAAAATGTACATCACTATCATAAAACCCACGACGGTTTCCATGAAAGGAAT
CGCCATcccctcgaatttcececccgatecgttcaaacatttggcaataaagtttcttaagat
tgaatcctgttgccggtcttgcgatgattatcatataatttctgttgaattacgttaag
catgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttatgattag
agtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaaactagg
ataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactggeccecgtegt
tttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecttgcagcac
atccccctttcgccagectggecgtaatagcgaagaggcccgcaccgatcecgeccttceccaa
cagttgcgcagcctgaatggcgcecgetcectttegetttecttececttectttectegeca
cgttcgccggcttteccecgtcaagectctaaategggggctecectttagggttecgattt
agtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgtagtgg
gccatcgcecctgatagacggtttttcecgecctttgacgttggagteccacgttetttaata
gtggactcttgttccaaactggaacaacactcaaccctatctcgggctattcttttgat
ttataagggattttgccgatttcggaaccaccatcaaacaggattttcgectgectgggg
caaaccagcgtggaccgcttgctgcaactctctcagggccaggcggtgaagggcaatca
gctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaacgtcege

aatgtgttattaagttgtctaagcgtcaatttgtttacaccacaatatatcctgeca

SEQ ID NO:35 is the nucleic acid sequence of pBI121-antisense-AtCPP.
Italicized sequences are the right and left border repeats. Underlined sequence is the 35S

promoter. Sequence in upper case is the AtCPP anti-sense sequence.

SEQ ID NO:36

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgaccccecgecgatgacgeg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcagce
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgcecgegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattccecctcggtatccaattagagtctcatattcactctcaatccaa

ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
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ttctccggeecgcettgggtggagaggctattcecggectatgactgggcacaacagacaatcg
gctgctctgatgccgecgtgttecggetgtcagegecaggggcgeeceggttetttttgte
aagaccgacctgtccggtgecctgaatgaactgcaggacgaggcagcgeggctategtyg
gctggccacgacgggcgttcecttgegecagetgtgetegacgttgtcactgaagecgggaa
gggactggctgctattgggcgaagtgccggggcaggatctcecctgtcatctcaccttget
cctgccgagaaagtatccatcatggetgatgcaatgecggeggctgecatacgettgatcee
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgegeca
gccgaactgttcgccaggctcaaggcgecgcatgcccgacggcgatgatctegtegtgac
ccatggcgatgcctgcttgccgaatatcatggtggaaaatggccgettttctggattca
tcgactgtggccggctgggtgtggecggaccgectatcaggacatagegttggctacecegt
gatattgctgaagagcttggcggcgaatgggctgaccgcttectecgtgetttacggtat
cgccgctceccgattcgecagecgecatecgecttectatecgecttcttgacgagttecttctgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgccatcacgagatt
tcgattccaccgcecgecttctatgaaaggttgggetteggaategttttececgggacgece
ggctggatgatcctccagecgecggggatctcatgectggagttcttecgeccacgggatctce
fgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagcaca
acgccacgatcctgagcgacaatatgatcgggcccggegtccacatcaacggegtcgge
ggcgactgcccaggcaagaccgagatgcaccgcgatatcttgctgegttcggatatttt
cgtggagttcccgeccacagacccggatgatccccgatcgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgcecggtecttgecgatgattatcatataatttctgttg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgcgeggtgtcatctatgttactagatcgggectece
tgtcaatgctggcggcggctctggtggtggttctggtggecggctectgagggtggtgget
ctgagggtggcggttctgagggtggcggctctgagggaggcggttccggtggtggetcet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtcgcta
ctgattacggtgctgctatcgatggtttcattggtgacgtttcecggecttgectaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttecctcecectcaatecgg
ttgaatgtcgcceccttttgtectttggeccaatacgcaaaccgcecctcectecccgegegttgg
ccgattcattaatgcagcectggcacgacaggtttccecgactggaaagecgggcagtgageg
caacgcaattaatgtgagttagctcactcattaggcaccccaggectttacactttatge
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ttccggctcecgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagc
tatgaccatgattacgccaagcttgcatgcctgcagggagccatagatgcaattcaatc

aaactgaaatttctgcaagaatctcaaacacggagatctcaaagtttgaaagaaaattt

atttcttcgactcaaaacaaacttacgaaatttaggtagaacttatatacattatattg

taattttttgtaacaaaatgtttttattattattatagaattttactggttaaattaaa

aatgaatagaaaaggtgaattaagaggagagaggaggtaaacattttcttctatttttt

catattttcaggataaattattgtaaaagtttacaagatttccatttgactagtgtaaa

tgaggaatattctctagtaagatcattatttcatctacttcttttatcttctaccagta

gaggaataaacaatatttagctcctttgtaaatacaaattaattttccttcttgacatc

attcaattttaattttacgtataaaataaaagatcatacctattagaacgattaaggag

aaatacaattcgaatgagaaggatgtgccgtttgttataataaacagccacacgacgta

aacgtaaaatgaccacatgatgggccaatagacatggaccgactactaataatagtaag

ttacattttaggatggaataaatatcataccgacatcagttttgaaagaaaagggaaaa

aaagaaaaaataaataaaagatatactaccgacatgagttccaaaaagcaaaaaaaaag

atcaagccgacacagacacgcgtagagagcaaaatgactttgacgtcacaccacgaaaa

cagacgcttcatacgtgtccctttatctctctcagtctctctataaacttagtgagacc

ctcctectgttttactcacaaatatgcaaactagaaaacaatcatcaggaataaagggtt

tgattacttctattggaaaggactctagaggatccatggegattecetttcatggaaace

gtcgtgggttttatgatagtgatgtacatttttgagacgtatttggatetgaggcaact
cactgctctcaagcttccaactctececgaaaaccttggttggtgtaattageccaagaga
agtttgagaaatcacgagcatacagtcttgacaaaagctattttcactttgttcatgag
tttgtaactatacttatggactctgcaattttgttetttgggatecttgeecttggttttg
gaagatgtctggagctgttttaccgaggttgggecttgatccggagaatgaaatactge
atactctttcattcttggectggtgttatgacatggtcacagatcactgatttgecattt
tctttgtactcaactttcgtgatcgagteteggecatgggttcaacaaacaaacaatatg
gatgttcattagggacatgatcaaaggaacattectctectgtecatactaggeccacceca
ttgttgctgcgataattttcatagtccagaaaggaggteccttatettgecatectatetyg
tgggcattcatgtttatcctgtetctagtgatgatgactatatacceggtettgatage
accgctcttcaacaaattcactcctettecagatggagacetececgggagaagattgaga
aacttgcttcttcectaaagttteectttgaagaagetgtttgttgtegatggatctaca
aggtcaagccatagcaatgcttacatgtatggtttctttaagaacaaaaggattgttet
ttatgatacgttgattcagcagtgcaagaatgaggatgaaattgtggeggttattgecac
acgagcttggacattggaaactgaatcacactacatactcgttcattgecagttcaaate
cttgccttettacaatttggaggatacactettctcagaaactccactgatectettecag
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gagtttcggatttgatacacagectgttctecattggtttgatcatatttcagecacactg
taataccactgcaacatctagtaagctttggectgaacctegttagtecgagegtttgag
tttcaggctgatgcttttgetgtgaagecttgactatgcaaaagatcecttegtectgetet
agtgaaactacaggaagagaacttatcaacaatgaacactgatccattgtactcagectt
atcactactcacatcctectettgttgaaaggettegageccactgatggagaagacaag
aagacagattaacccctcgaatttccccgatcgttcaaacatttggcaataaagtttet
taagattgaatcctgttgccggtcttgcgatgattatcatataatttctgttgaattac
gttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttat
gattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaa
actaggataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactgge
cgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecttg
cagcacatccccctttcgccagctggcgtaatagcgaagaggececcgcaccgatcgecct
tcccaacagttgcgcagectgaatggecgeccgectectttegetttettecettecttte
tcgccacgttcgecggettteccecgtcaagetctaaategggggectececctttagggtte
cgatttagtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacg
tagtgggccatcgcectgatagacggtttttegeecctttgacgttggagtccacgttcet
ttaatagtggactcttgttccaaactggaacaacactcaaccctatctcgggctattcet
tttgatttataagggattttgccgatttcggaaccaccatcaaacaggattttcgectg
ctggggcaaaccagcgtggaccgcttgctgcaactctctcagggccaggeggtgaaggg
caatcagctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaac
gtccgcaatgtgttattaagttgtctaagecgtcaatttgtttacaccacaatatatcect

gcca

SEQ ID NO:36 is the nucleic acid sequence of RD29A-AtCPP. Italicized
sequences are the right and left border repeats. Underlined sequence is the RD29A

promoter. Sequence in bold is the AtCPP sense sequence.

SEQ ID NO:37

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgceccgatgacgeg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcage
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgegegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact

gacgttccataaattccecctcggtatccaattagagtctcatattcactctcaatccaa
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ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctccggeccgcttgggtggagaggctattcggetatgactgggcacaacagacaatcg
gctgctctgatgccgecgtgttceccggectgtcagegecaggggecgececggttetttttgte
aagaccgacctgtccggtgccctgaatgaactgcaggacgaggcagcgecggctatcgtg
gctggccacgacgggcgtteccttgcgcagectgtgetcgacgttgtcactgaagecgggaa
gggactggctgctattgggcgaagtgccggggcaggatctcctgtcatctcaccttget
cctgccgagaaagtatccatcatggectgatgecaatgcggeggectgecatacgettgatce
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctegegcca
gccgaactgttcgccaggctcaaggecgecgcatgecccgacggecgatgatctegtegtgac
ccatggcgatgcctgecttgeccgaatatcatggtggaaaatggeccgettttctggattca
tcgactgtggccggctgggtgtggecggaccgctatcaggacatagegttggectacccegt
gatattgctgaagagcttggcggcgaatgggctgaccgcttcctegtgetttacggtat
cgccgectcccgattcgecagegecatcgecttectategecttecttgacgagttecttetgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgccatcacgagatt
tcgattccaccgccgecttctatgaaaggttgggecttecggaatecgtttteccgggacgece
ggctggatgatcctccagcgecggggatctcatgectggagttecttcgeccacgggatcte
tgcggaacaggcggtcgaaggtgeccgatatcattacgacagcaacggccgacaagcaca
acgccacgatcctgagcgacaatatgatcgggcecccggcgtccacatcaacggegtcecgge
ggcgactgcccaggcaagaccgagatgcaccgcgatatcttgectgegttecggatatttt
cgtggagttcccgccacagacccggatgatcceccgatcecgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgccggtcttgecgatgattatcatataatttetgttg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgcgcggtgtcatctatgttactagatcgggectcce
tgtcaatgctggcggcggectctggtggtggttectggtggecggectectgagggtggtgget
ctgagggtggcggttctgagggtggcggctcectgagggaggeggttceggtggtggetet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtecgcecta
ctgattacggtgctgctatcgatggtttcattggtgacgtttccggecttgctaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtecggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttccctecctcaatcgg
ttgaatgtcgcccttttgtctttggecccaatacgcaaaccgectctceceececgegegttygg
ccgattcattaatgcagctggcacgacaggttteccgactggaaagcgggcagtgageg
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caacgcaattaatgtgagttagctcactcattaggcaccccaggectttacactttatge
ttccggctcegtatgttgtgtggaattgtgagecggataacaatttcacacaggaaacagc
tatgaccatgattacgccaagcttgcatgectgecagggagecatagatgcaattcaatce

aaactgaaatttctgcaagaatctcaaacacggagatctcaaagtttgaaagaaaattt

atttcttcgactcaaaacaaacttacgaaatttaggtagaacttatatacattatattg

taattttttgtaacaaaatgtttttattattattatagaattttactggttaaattaaa

aatgaatagaaaaggtgaattaagaggagagaggaggtaaacattttcttctatttttt

catattttcaggataaattattgtaaaagtttacaagatttccatttgactagtgtaaa

tgaggaatattctctagtaagatcattatttcatctacttcttttatcttctaccagta

gaggaataaacaatatttagctcctttgtaaatacaaattaattttccttcttgacatc

attcaattttaattttacgtataaaataaaagatcatacctattagaacgattaaggag

aaatacaattcgaatgagaaggatgtgccgtttgttataataaacagccacacgacgta

aacgtaaaatgaccacatgatgggccaatagacatggaccgactactaataatagtaag

ttacattttaggatggaataaatatcataccgacatcagttttgaaagaaaagggaaaa

aaagaaaaaataaataaaagatatactaccgacatgagttccaaaaagcaaaaaaaaag

atcaagccgacacagacacgcgtagagagcaaaatgactttgacgtcacaccacgaaaa

cagacgcttcatacgtgtcecctttatctcectctcagtctctctataaacttagtgagace

ctcctctgttttactcacaaatatgcaaactagaaaacaatcatcaggaataaagggtt

tgattacttctattggaaaggactctagaggatcctcecaatgteccaagetegtgtgea

ataaccgccacaatttcatcetcattettgecactgetgaatcaacgtatcataaagaac
aatccttttgttcttaaagaaaccatacatgtaagcattgctatggcttgaccttgtag
atccatcgacaacaaacagcttcttcaaaggaaactttagggaagaagcaagttteteca
atcttctceecggaggtectecatectggaagaggagtgaatttgttgaagageggtgetat
caagaccgggtatatagtcatcatcactagagacaggataaacatgaatgcccacagat
agatggcaagataaggacctcctttctggactatgaaaattatcgcagcaacaatgggt
gggcctagtatgacagagaggaatgttcctttgatcatgtececctaatgaacatccatat
tgtttgtttgttgaacccatgeccgagactecgatcacgaaagttgagtacaaagaaaatg
gcaaatcagtgatctgtgaccatgtcataacaccagccaagaatgaaagagtatgcagt
atttcattcteccggatcaaggeccaacctecggtaaaagaggatccccATCTACCCGCTT
CGCGTCGGCATCCGGTCAGTGGCAGTGAAGGGCGAACAGTTCCTGATTAACCACAAACC
GTTCTACTTTACTGGCTTTGGTCGTCATGAAGATGCGGACTTGCGTGGCAAAGGATTCG
ATAACGTGCTGATGGTGCACGACCACGCATTAATGGACTGGATTGGGGCCAACTCCTAC
CGTACCTCGCATTACCCTTACGCTGAAGAGATGCTCGACTGGGCAGATGAACATGGCAT
CGTGGTGATTGATGAAACTGCTGCTGTCGGCTTTTCGCTCTCTTTAGGCATTGGTTTCG
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AAGCGGGCAACAAGCCGAAAGAACTGTACAGCGAAGAGGCAGTCAACGGGGAAACTCAG
CAAGCGCACTTACAGGCGATTAAAGAGCTGATAGCGCGTGACAAAAACCACCCAAGCGT
GGTGATGTGGAGTATTGCCAACGAACCGGATACCCGTCCGCAAGGTGCACGGGAATATT
TCGCGCCACTGGCGGAAGCAACGCGTAAACTCGACCCGACGCGTCCGATCACCTGCGTC
AATGTAATGTTCTGCGACGCTCACACCGATACCATCAGCGATCTCTTTGATGTGCTGTG
CCTGAACCGTTATTACGGATGGTATGTCCAAAGCGGCGATTTGGAAACGGCAGAGAAGG
TACTGGAAAAAGAACTTCTGGCCTGGCAGGAGAAACTGTACACCGACATGTGGAGTGAA
GAGTATCAGTGTGCATGGCTGGATATGTATCACCGCGTCTTTGATCGCGTCAGCGCCGT
CGTCGGTGAACAGGTATGGAATTTCGCCGATTTTGCGACCTCGCAAGGCATATTGCGCG
TTGGCGGTAACAAGAAAGGGATCTTCACTCGCGACCGCAAACCGAAGTCGGCGGCTTTT
CTGCTGCAAAAACGCTGGACTGGCATGAACTTCGGTGAAAAACCGCAGCAGGGAGGCAA
ACAATGAATCAACAACTCTCCTGGCGCACCATCGTCGGCTACAGCCTCGGGAATTGCTA
CCGAGCTCttttaccgaggttgggccttgatccggagaatgaaatactgcatactettt

cattcttggctggtgttatgacatggtcacagatcactgatttgccattttctttgtac

tcaactttcgtgatcgagtctecggcatgggttcaacaaacaaacaatatggatgttcat

tagggacatgatcaaaggaacattcctctctgtcatactaggeccacccattgttgetg

cgataattttcatagtccagaaaggaggtecttatecttgecatctatetgt cattc
ag gaaaggagg g gtgggcattc

atgtttatcctgtctctagtgatgatgactatatacccggtcttgatagcacegectcett

caacaaattcactcctcttccagatggagacctccgggagaagattgagaaacttgett

cttccctaaagtttectttgaagaagetgtttgttgtegatggatectacaaggtcaage

catagcaatgcttacatgtatggtttctttaagaacaaaaggattgttctttatgatac

gttgattcagcagtgcaagaatgaggatgaaattgtggcggttattgggcacgggcttq
gacattgggagctcgaatttccccgatcgttcaaacatttggcaataaagtttcttaag

attgaatcctgttgccggtcttgcgatgattatcatataatttctgttgaattacgtta
agcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttatgatt
agagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaaacta
ggataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactggecgtce
gttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecttgecage
acatccccctttcecgeccagetggecgtaatagcgaagaggcccgcaccgategeecttece
aacagttgcgcagcctgaatggcgcccgctectttegetttectteecttectttetege
cacgttcgccggctttecceecgtcaagectctaaatcgggggctecctttagggttecgat
ttagtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgtagt
gggccatcgceccctgatagacggtttttcgeccecctttgacgttggagtccacgttcectttaa
tagtggactcttgttccaaactggaacaacactcaaccctatctcgggectattcttttg
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atttataagggattttgccgatttcggaaccaccatcaaacaggattttcgectgcetgg
ggcaaaccagcgtggaccgcttgctgcaactctctcagggccaggcggtgaagggcaat
cagctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaacgtcce

gcaatgtgttattaagttgtctaagcgtcaatttgtttacaccacaatatatcecctgcca

SEQ ID NO:37 is the nucleic acid sequence of RD29A-HP-AtCPP. Italicized
sequences are the right and left border repeats. Underlined sequence is the RD29A
promoter. Sequence in bold is the AtCPP anti-sense sequence. Upper case sequence
represents the truncated GUS fragment. Bold and underlined sequence represents the 4.

thaliana CaaX prenyl protease sense fragment.

SEQ ID NO:38

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgecgatgacgceg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcage
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgegegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctcggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctccggeccgettgggtggagaggctattcggctatgactgggcacaacagacaatceg
gctgctctgatgeccgececgtgtteccggetgtcagegcaggggegeccggttetttttgte
aagaccgacctgtccggtgccctgaatgaactgcaggacgaggcagcgceggctategtg
gctggccacgacgggcgttccttgcgcaéctgtgctcgacgttgtcactgaagcgggaa
gggactggctgctattgggcgaagtgccggggcaggatctecctgtcatctcaccttget
cctgccgagaaagtatccatcatggcectgatgcaatgeggeggcectgcatacgettgatece
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctegegeca
gccgaactgttcgeccaggectcaaggegcgcatgececcgacggecgatgatectegtecgtgac
ccatggcgatgcctgcttgccgaatatcatggtggaaaatggeccgettttctggattca
tcgactgtggccggectgggtgtggcggaccgectatcaggacatagecgttggctacecgt
gatattgctgaagagcttggcggcgaatgggctgaccgcttectecgtgectttacggtat
cgccgcteccgattcecgcagecgecatcgecttetategecttettgacgagttecttcectgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgceccatcacgagatt
tcgattccaccgecgecttctatgaaaggttgggecttcggaatecgtttteccgggacgec
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ggctggatgatcctccagcgcggggatctcatgectggagttcttecgeccacgggatcte
tgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagcaca
acgccacgatcctgagcgacaatatgatcgggcceccggcgtccacatcaacggecgtcgge
ggcgactgcccaggcaagaccgagatgcaccgcgatatecttgetgegttcggatatttt
cgtggagttcccgccacagacccggatgateccececgategttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgccggtcttgecgatgattatcatataatttetgttg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgcecgecggtgtcatctatgttactagatcgggectec
tgtcaatgctggcggcggctctggtggtggttectggtggeggectectgagggtggtggcet
ctgagggtggcggttctgagggtggcggctctgagggaggcggttccggtggtggetet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtecgcecta
ctgattacggtgctgctatcgatggtttcattggtgacgtttccggecttgetaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttccctececctcaategg
ttgaatgtcgcccttttgtcectttggeccaatacgcaaaccgcecctctcececccgegegttgg
ccgattcattaatgcagctggcacgacaggtttecccgactggaaagcgggcagtgagcg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatge
ttccggectcecgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagce
tatgaccatgattacgccaagcttgcatgecctgcagggagccatagatgcaattcaatce

aaactgaaatttctgcaagaatctcaaacacggagatctcaaagtttgaaagaaaattt

atttcttcgactcaaaacaaacttacgaaatttaggtagaacttatatacattatattg

taattttttgtaacaaaatgtttttattattattatagaattttactggttaaattaaa

aatgaatagaaaaggtgaattaagaggagagaggaggtaaacattttcttctatttttt

catattttcaggataaattattgtaaaagtttacaagatttccatttgactagtgtaaa

tgaggaatattctctagtaagatcattatttcatctacttcttttatcttctaccagta

gaggaataaacaatatttagctcctttgtaaatacaaattaattttecttcttgacate

attcaattttaattttacgtataaaataaaagatcatacctattagaacgattaaggag

aaatacaattcgaatgagaaggatgtgccgtttgttataataaacagccacacgacgta

aacgtaaaatgaccacatgatgggccaatagacatggaccgactactaataatagtaag

ttacattttaggatggaataaatatcataccgacatcagttttgaaagaaaagggaaaa

aaagaaaaaataaataaaagatatactaccgacatgagttccaaaaagcaaaaaaaaag

atcaagccgacacagacacgcgtagagagcaaaatgactttgacgtcacaccacgaaaa
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cagacgcttcatacgtgtccctttatctctctcagtctctctataaacttagtgagacc

ctcctectgttttactcacaaatatgcaaactagaaaacaatcatcaggaataaagggtt

tgattacttctattggaaaggactctagaggatccTTAATCTGTCTTCTTGTCTTCTCC

ATCAGTGGCTCGAAGCCTTTCAACAAGAGGAGGATGTGAGTAGTGATAAGCTGAGTACA
ATGGATCAGTGTTCATTGTTGATAAGTTCTCTTCCTGTAGTTTCACTAGAGCAGGACGA
AGATCTTTTGCATAGTCAAGCTTCACAGCAAAAGCATCAGCCTGAAACTCAAACGCTCG
ACTAACGAGGTTCAGGCCAAAGCTTACTAGATGTTGCAGTGGTATTACAGTGTGCTGAA
ATATGATCAAACCAATGAGAACAGGCTGTGTATCAAATCCGAAACTCCTGAAGAGATCA
GTGGAGTTTCTGAGAAGAGTGTATCCTCCAAATTGTAAGAAGGCAAGGATTTGAACTGC
AATGAACGAGTATGTAGTGTGATTCAGTTTCCAATGTCCAAGCTCGTGTGCAATAACCG
CCACAATTTCATCCTCATTCTTGCACTGCTGAATCAACGTATCATAAAGAACAATCCTT
TTGTTCTTAAAGAAACCATACATGTAAGCATTGCTATGGCTTGACCTTGTAGATCCATC
GACAACAAACAGCTTCTTCAAAGGAAACTTTAGGGAAGAAGCAAGTTTCTCAATCTTCT
CCCGGAGGTCTCCATCTGGAAGAGGAGTGAATTTGTTGAAGAGCGGTGCTATCAAGACC
GGGTATATAGTCATCATCACTAGAGACAGGATAAACATGAATGCCCACAGATAGATGGC
AAGATAAGGACCTCCTTTCTGGACTATGAAAATTATCGCAGCAACAATGGGTGGGCCTA
GTATGACAGAGAGGAATGTTCCTTTGATCATGTCCCTAATGAACATCCATATTGTTTGT
TTGTTGAACCCATGCCGAGACTCGATCACGAAAGTTGAGTACAAAGAAAATGGCAAATC
AGTGATCTGTGACCATGTCATAACACCAGCCAAGAATGAAAGAGTATGCAGTATTTCAT
TCTCCGGATCAAGGCCCAACCTCGGTAAAACAGCTCCAGACATCTTCCAARACCAAGGC
AAGATCCCAAAGAACAAAATTGCAGAGTCCATAAGTATAGTTACAAACTCATGAACAAA
GTGAAAATAGCTTTTGTCAAGACTGTATGCTCGTGATTTCTCAAACTTCTCTTGGCTAA
TTACACCAACCAAGGTTTTCGGGAGAGTTGGAAGCTTGAGAGCAGTGAGTTGCCTCAGA
TCCAAATACGTCTCAAAAATGTACATCACTATCATAAAACCCACGACGGTTTCCATGAA
AGGAATCGCCATcccctcgaatttcecccgatcgttcaaacatttggcaataaagtttcet
taagattgaatcctgttgccggtcttgcgatgattatcatataatttctgttgaattac
gttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttat
gattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaa
actaggataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactgge
cgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecttg
cagcacatccccctttcgecagectggecgtaatagecgaagaggececgecaccgategecect
tcccaacagttgecgcagecctgaatggegeccgetectttegetttetteccttecttte
tcgccacgttcecgecggetttceccegtcaagectctaaategggggctcececctttagggtte
cgatttagtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacg
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tagtgggccatcgcecctgatagacggtttttcecgeectttgacgttggagtecacgttet
ttaatagtggactcttgttccaaactggaacaacactcaaccctatctegggectattcet
tttgatttataagggattttgccgatttcggaaccaccatcaaacaggattttcgectg
ctggggcaaaccagcgtggaccgcttgctgcaactctctcagggeccaggecggtgaaggg
caatcagctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaac
gtccgcaatgtgttattaagttgtctaagcgtcaatttgtttacaccacaatatatcct

gcca

SEQ ID NO:38 is the nucleic acid sequence of RD29A-antisense-AtCPP.
Italicized sequences are the right and left border repeats. Underlined sequence is the

RD29A promoter. Sequence in upper case sequence is the AtCPP anti-sense sequence.

SEQ ID NO:39

gtttaccecgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgeccgatgacgceg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcagce
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgecgegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctceccact
gacgttccataaattcccctcggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctccggececgettgggtggagaggctattcggectatgactgggcacaacagacaatcg
gctgctctgatgccgecgtgtteccggctgtcagegecaggggegeeccggttetttttgte
aagaccgacctgtccggtgccctgaatgaactgcaggacgaggcagcgeggctatcecgtg
gctggccacgacgggcgtteccttgecgecagectgtgectcgacgttgtcactgaagcgggaa
gggactggctgctattgggcgaagtgccggggcaggatctectgtcatctcaccttget
cctgccgagaaagtatccatcatggctgatgcaatgecggecggctgcatacgettgatcece
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagecgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcecgegeca
gccgaactgttcgccaggctcaaggcgcgcatgeccecgacggcgatgatctegtegtgac
ccatggcgatgcctgcecttgeccgaatatcatggtggaaaatggecgettttctggattca
tcgactgtggccggctgggtgtggecggaccgctatcaggacatagegttggctaccegt
gatattgctgaagagcttggcggcgaatgggctgaccgcttecctecgtgetttacggtat
cgccgctcecccgattecgcagegcatecgecttctategecttettgacgagttettetgag

cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgceccatcacgagatt
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tcgattccaccgccgecttectatgaaaggttgggecttcggaategtttteccgggacgcee
ggctggatgatcctccagegeggggatctcatgctggagttecttcgeccacgggatcete
tgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagcaca
acgccacgatcctgagcgacaatatgatcgggccecggcgtccacatcaacggegtegge
ggcgactgcccaggcaagaccgagatgcaccgcecgatatcttgctgegttcggatatttt
cgtggagttcccgccacagacccggatgatccccgatcgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgeccggtcttgecgatgattatcatataatttctgttyg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgcgecggtgtcatctatgttactagatcgggectcce
tgtcaatgctggcggceggctectggtggtggttctggtggeggectectgagggtggtgget
ctgagggtggcggttctgagggtggecggctectgagggaggecggttccggtggtggetet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattetgtcecgcta
ctgattacggtgctgctatcgatggtttcattggtgacgtttcecggecttgetaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgyg
tgataattcacctttaatgaataatttccgtcaatatttaccttccctecectcaatcgg
ttgaatgtcgcccttttgtctttggecccaatacgcaaaccgectctecececgegegttgg
ccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgageg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatge
ttccggctecgtatgttgtgtggaattgtgagecggataacaatttcacacaggaaacagce
tatgaccatgattacgccaagctGGGAAATTTTTCGCCAGTTCTAAATATCCGGAAACC
TCTTGGGATGCCATTGCCCATCTATCTGTAATTTATTGACGAAATAGACGAAAAGGAAG
GTGGCTCCTATAAAGCACATCATTGCGATAACAGARAGGCCATTGTTGAAGATACCTCT
GCTGACATTGGTCCCCAAGTGGAAGCACCACCCCATGAGGAGCACCGTGGAGTAAGAAG
ACGTTCGAGCCACGTCGAAAAAGCAAGTGTGTTGATGTAGTATCTCCATTGACGTAAGG
GATGACGCACAATCCAACTATCCATCGCAAGACCATTGCTCTATATAAGAAAGTTAATA
TCATTTCGAGTGGCCACGCTGAGGGGGATCCatggegattecctttcatggaaacegteg
tgggttttatgatagtgatgtacatttttgagacgtatttggatctgaggcaactcact
gctctcaagcttccaacteteccgaaaaccttggttggtgtaattageccaagagaagtt
tgagaaatcacgagcatacagtcttgacaaaagctattttcactttgttcatgagtttg
taactatacttatggactctgcaattttgttectttgggatcttgecttggttttggaag
atgtctggagctgttttaccgaggttgggecttgateceggagaatgaaatactgeatac
tctttcattettggectggtgttatgacatggtcacagatcactgatttgecattttett
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tgtactcaactttcgtgatcgagtcteggcatgggttcaacaaacaaacaatatggatg
ttcattagggacatgatcaaaggaacattcctctctgtcatactaggcccacccattgt
tgctgegataattttcatagtccagaaaggaggtccttatecttgecatectatetgtggg
cattcatgtttatcctgtctctagtgatgatgactatatacccggtecttgatagecaceg
ctcttcaacaaattcactecctcttccagatggagaccteccgggagaagattgagaaact
tgcttcttccctaaagtttectttgaagaagetgtttgttgtegatggatctacaaggt
caagccatagcaatgcttacatgtatggtttectttaagaacaaaaggattgttctttat
gatacgttgattcagcagtgcaagaatgaggatgaaattgtggeggttattgcacacga
gcttggacattggaaactgaatcacactacatactecgttcattgecagttcaaateccttg
ccttcttacaatttggaggatacactcttctcagaaactecactgatctettcaggagt
tteggatttgatacacagcctgttectcattggtttgatcatatttcagecacactgtaat
accactgcaacatctagtaagctttggcctgaacctegttagtegagegtttgagtttc
aggctgatgcttttgctgtgaagcttgactatgcaaaagatcttecgtecctgetctagtyg
aaactacaggaagagaacttatcaacaatgaacactgatccattgtactcagcttatca
ctactcacatcctectettgttgaaaggettecgagecactgatggagaagacaagaaga
cagattaacccctcgaatttccccgatcgttcaaacatttggcaataaagtttcecttaag
attgaatcctgttgccggtcttgcgatgattatcatataatttctgttgaattacgtta
agcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttatgatt
agagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaaacta
ggataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactggecgtce
gttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecttgeage
acatccccctttcgeccagectggcgtaatagcgaagaggecccgcaccgatcgeccttecce
aacagttgcgcagcctgaatggcgceccgctectttegetttetteccttectttctege
cacgttcgccggcetttceccececgtcaagectctaaatcgggggetecctttagggttecgat
ttagtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgtagt
gggccatcgccctgatagacggtttttecgeecctttgacgttggagtccacgttectttaa
tagtggactcttgttccaaactggaacaacactcaaccctatctcgggectattcttttyg
atttataagggattttgccgatttcggaaccaccatcaaacaggattttcgectgetgg
ggcaaaccagcgtggaccgcttgctgcaactctctcagggccaggcggtgaagggcaat
cagctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaacgtcec

gcaatgtgttattaagttgtctaagcgtcaatttgtttacaccacaatatatcctgcca
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SEQ ID NO:39 is the nucleic acid sequence of MuA-AtCPP. Italicized sequences
are the right and left border repeats. Sequence in upper case is the MuA promoter. The 4.
¢]

thaliana CaaX prenyl protease sense sequence is in bold.

SEQ ID NO:40

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgecgatgacgeg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcagce
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgcecgegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctcggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctccggecgecttgggtggagaggctattcggectatgactgggcacaacagacaatcyg
gctgctctgatgeccgecgtgttececggetgtcagecgcaggggecgeccggttetttttgte
aagaccgacctgtccggtgeccctgaatgaactgcaggacgaggcagcgcggctategtg
gctggccacgacgggcgttccttgegecagetgtgectecgacgttgtcactgaagecgggaa
gggactggctgctattgggcgaagtgccggggcaggatctectgtcatctcaccttget
cctgccgagaaagtatccatcatggetgatgcaatgeggecggctgecatacgecttgatce
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgegeca
gccgaactgttcgccaggctcaaggegegcatgeccgacggcgatgatctcecgtecgtgac
ccatggcgatgcctgcecttgeccgaatatcatggtggaaaatggeccgettttectggattca
tcgactgtggccggctgggtgtggecggaccgectatcaggacatagegttggectaccegt
gatattgctgaagagcttggcggcgaatgggctgaccgcttcecctecgtgetttacggtat
cgccgctcccgattcgcagegecatcgecttctatecgecttettgacgagttettetgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgccatcacgagatt
tcgattccaccgceccgecttctatgaaaggttgggecttecggaategttttecgggacgec
ggctggatgatcctccagcgcggggatctcatgectggagttecttcgeeccacgggatcte
tgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagecaca
acgccacgatcctgagcgacaatatgatcgggcccggegtccacatcaacggegtegge
ggcgactgcccaggcaagaccgagatgcaccgecgatatcttgetgegtteggatatttt
cgtggagttccecgccacagacccggatgatcceecgatcgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgccggtcttgegatgattatcatataatttctgttg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
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ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgcgecggtgtcatctatgttactagatcgggectcece
tgtcaatgctggcggcggctctggtggtggttectggtggecggectctgagggtggtgget
ctgagggtggcggttctgagggtggcggectectgagggaggecggtteccggtggtggetet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtcecgeta
ctgattacggtgctgctatcgatggtttcattggtgacgtttcecggecttgectaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgyg
tgataattcacctttaatgaataatttccgtcaatatttaccttccctecctcaatcgg
ttgaatgtcgcccttttgtctttggeccaatacgcaaaccgectctcccecgegegttgyg
ccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagceg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatge
ttccggctegtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagce
tatgaccatgattacgccaagctGGGAAATTTTTCGCCAGTTCTAAATATCCGGAAACC
TCTTGGGATGCCATTGCCCATCTATCTGTAATTTATTGACGAAATAGACGAAAAGGAAG
GTGGCTCCTATAAAGCACATCATTGCGATAACAGAAAGGCCATTGTTGAAGATACCTCT
GCTGACATTGGTCCCCAAGTGGAAGCACCACCCCATGAGGAGCACCGTGGAGTAAGAAG
ACGTTCGAGCCACGTCGAAAAAGCAAGTGTGTTGATGTAGTATCTCCATTGACGTAAGG
GATGACGCACAATCCAACTATCCATCGCAAGACCATTGCTCTATATAAGAAAGTTAATA
TCATTTCGAGTGGCCACGCTGAGGGGGATCGGGATGGCGTTTCCCTACATGGAAGCCGT
TGTCGGATTTATGATATTAATGTACATTTTTGAAACTTACTTGGATGTGCGACAACATA
GGGCCCTCAAACTTCCTACTCTTCCAAAGACTTTAGAGGGTGTTATCAGCCAAGAGAAA
TTTGAGAAATCTAGAGCCTATAGTCTTGATAAAAGCCACTTCCATTTTGTTCACGAGTT
TGTGACAATAGTGACAGACTCTACAATTTTGTACTTTGGGGTATTGCCCTGGTTTTGGA
AGAAATCAGGAGATTTTATGACAATAGCTGGTTTCAATGCTGAGAATGAAATACTGCAT
ACCCTTGCCTTCTTAGCAGGGCTGATGATTTGGTCACAGATAACAGATTTGCCCTTTTC
TCTGTACTCAACTTTTGTGATTGAGGCCCGTCATGGTTTTAATAAGCAAACACCATGGT
TATTCTTTAGGGACATGCTTAAAGGAATTTTCCTTTCTGTAATAATTGGTCCACCTATT
GTGGCTGCAATCATTGTAATAGTACAGAAAGGAGGTCCATACTTGGCCATCTATCTTTG
GGTTTTTACGTTTGGTCTTTCTATTGTGATGATGACCCTTTATCCAGTACTAATAGCTC
CACTCTTCAATAAGTTCACTCCACTTCCAGATGGTCAACTCAGGGAGAAAATCGAGAAA
CTTGCTTCCTCCCTCAACTATCCGTTAAAGAAACTATTTGTTGTCGATGGATCCACAAG
ATCAAGTCACAGCAATGCCTATATGTATGGATTCTTCAAGAACAAGAGGATTGTCCCTT
ATGACACATTAATTCAACAGTGCAAAGACGATGAGGAAATTGTTGCTGTTATTGCCCAT
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GAGTTGGGACACTGGAAGCTCAACCATACTGTGTACACATTTGTTGCTATGCAGATTCT
TACACTTCTACAATTTGGAGGATATACACTAGTGCGAAATTCAGCTGATCTGTATCGAA
GCTTTGGGTTTGATACGCAGCCAGTCCTCATTGGGCTCATCATATTTCAGCATACTGTA
ATCCCACTTCAGCAATTGGTCAGCTTTGGTCTGAACCTAGTCAGCCGATCATTTGAATT
TCAGGCTGATGGCTTTGCCAAGAAGCTTGGATATGCATCTGGATTACGCGGTGGTCTTG
TGAAACTACAGGAGGAGAATCTGTCAGCTATGAATACAGATCCTTGGTACTCTGCTTAT
CACTATTCTCATCCTCCCCTTGTTGAAAGATTGGCCGCGCTGGACGAACCGGATAAGAA
GGAAGACTAAgagctcgaatttccccgatcgttcaaacatttggcaataaagtttctta
agattgaatcctgttgccggtcttgcgatgattatcatataatttcectgttgaattacgt
taagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttatga
ttagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaaac
taggataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactggecyg
tcgttttacaacgtcgtgactgggaaaaccctggegttacccaacttaatecgecttgea
gcacatcccecctttegccagctggegtaatagecgaagaggcccgcaccgatcecgecctte
ccaacagttgcgcagcctgaatggcgcccgectecetttegetttetteecttectttete
gccacgttcgccggetttcceccgtcaagectctaaatcgggggctceccctttagggttceg
atttagtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgta
gtgggccatcgccctgatagacggtttttcecgcectttgacgttggagtccacgttettt
aatagtggactcttgttccaaactggaacaacactcaaccctatctcgggctattcettt
tgatttataagggattttgccgatttcggaaccaccatcaaacaggattttcgectget
ggggcaaaccagcgtggaccgcttgctgcaactctctcagggeccaggecggtgaagggceca
atcagctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaacgt
ccgcaatgtgttattaagttgtctaagcgtcaatttgtttacaccacaatatatcecctge

ca

SEQ ID NO:40 is the nucleic acid sequence of MuA-GmCPP. Italicized
sequences are the right and left border repeats. Sequence in upper case is the MuA

promoter. The G. max CaaX prenyl protease sense sequence is in upper case and bold.

SEQ ID NO:41

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgecgatgacgceg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcage
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cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgcgegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctcecggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctcecggeccgettgggtggagaggectattecggectatgactgggcacaacagacaatceg
gctgctctgatgeccgecgtgtteccggetgtcagegcaggggegeeccggttetttttgte
aagaccgacctgtccggtgceccctgaatgaactgcaggacgaggcagcgeggctatcegtg
gctggccacgacgggcgttecttgecgecagetgtgectcgacgttgtcactgaagcgggaa
gggactggctgctattgggcgaagtgccggggcaggatctectgtcatctcaccttget
cctgccgagaaagtatccatcatggctgatgcaatgecggecggctgcatacgettgatcece
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgegeca
gccgaactgttcgceccaggctcaaggcgecgcatgecccgacggecgatgatctegtegtgac
ccatggcgatgecctgcecttgecgaatatcatggtggaaaatggecgettttctggattca
tcgactgtggccggctgggtgtggecggaccgectatcaggacatagegttggctaccegt
gatattgctgaagagcttggcggcgaatgggctgaccgecttecctegtgcectttacggtat
cgccgctcceccgattcgecagcegecatecgecttctatecgecttettgacgagttettcectgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgceccatcacgagatt
tcgattccaccgceccgecttctatgaaaggttgggecttecggaatcgtttteccgggacgec
ggctggatgatcctccagcgcggggatctcatgectggagttcttcgeccacgggatcete
tgcggaacaggcggtcgaaggtgeccgatatcattacgacagcaacggccgacaagecaca
acgccacgatcctgagcgacaatatgatcgggcccggegtccacatcaacggecgtcgge
ggcgactgcccaggcaagaccgagatgcaccgecgatatcttgetgegttecggatatttt
cgtggagttcccgccacagacccggatgatccccgatecgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgccggtcttgcgatgattatcatataatttctgttyg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatage
gcgcaaactaggataaattatcgcgcgecggtgtcatctatgttactagatcgggcectce
tgtcaatgctggcggcggctctggtggtggttctggtggeggetctgagggtggtgget
ctgagggtggcggttctgagggtggcggctctgagggaggeggttcecggtggtggetcet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtcgceta
ctgattacggtgctgctatcgatggtttcattggtgacgtttcecggecttgectaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgg
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tgataattcacctttaatgaataatttccgtcaatatttaccttccctcecectcaategg
ttgaatgtcgcccttttgtctttggecccaatacgcaaaccgecctctecececgegegttgg
ccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgageg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatgce
ttccggctcecgtatgttgtgtggaattgtgageggataacaatttcacacaggaaacagc
tatgaccatgattacgccaagcttgcatgcctgcagceccacagatggttagagaggett

acgcagcaggtctcatcaagacgatctacccgagcaataatctccaggaaatcaaatac

cttcccaagaaggttaaagatgcagtcaaaagattcaggactaactgcatcaagaacac

agagaaagatatatttctcaagatcagaagtactattccagtatggacgattcaaggct

tgcttcacaaaccaaggcaagtaatagagattggagtctctaaaaaggtagttcccact

gaatcaaaggccatggagtcaaagattcaaatagaggacctaacagaactcgccgtaaa

gactggcgaacagttcatacagagtctcttacgactcaatgacaagaagaaaatcttcg

tcaacatggtggagcacgacacacttgtctactccaaaaatatcaaagatacagtctca

gaagaccaaagggcaattgagacttttcaacaaagggtaatatccggaaacctcctcgg

attccattgcccagctatctgtcactttattgtgaagatagtggaaaaggaaggtgget

cctacaaatgccatcattgcgataaaggaaaggccatcgttgaagatgcctctgccgac

agtggtcccaaagatggacccccacccacgaggagcatcgtggaaaaagaagacgttcce

aaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacg

cacaatcccactatccttcgcaagacccttectctatataaggaagttcatttcatttg

gagagaacacgggggactctagaggatccccgggatggegtttecctacatggaagecg

ttgtcggatttatgatattaatgtacatttttgaaacttacttggatgtgegacaacat
agggccctcaaacttectactctteccaaagactttagagggtgttatcageccaagagaa
atttgagaaatctagagcctatagtcttgataaaagccacttccattttgttcacgagt
ttgtgacaatagtgacagactctacaattttgtactttggggtattgecctggttttgg
aagaaatcaggagattttatgacaatagctggtttcaatgctgagaatgaaatactgca
tacccttgecttecttagecagggectgatgatttggtcacagataacagatttgeecctttt
ctctgtactcaacttttgtgattgaggceccgtcatggttttaataagcaaacaccatgg
ttattctttagggacatgecttaaaggaattttcctttetgtaataattggtccacctat
tgtggctgcaatcattgtaatagtacagaaaggaggtccatacttggccatctatcecttt
gggtttttacgtttggtctttctattgtgatgatgaccetttatccagtactaataget
ccactcttcaataagttcactccactteccagatggtcaactecagggagaaaatcgagaa
acttgcttcecteectcaactatececgttaaagaaactatttgttgtegatggatccacaa
gatcaagtcacagcaatgcctatatgtatggattcecttcaagaacaagaggattgtececct
tatgacacattaattcaacagtgcaaagacgatgaggaaattgttgctgttattgececa
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tgagttgggacactggaagctcaaccatactgtgtacacatttgttgetatgecagattce
ttacacttctacaatttggaggatatacactagtgecgaaattcagctgatcectgtatecga
agctttgggtttgatacgcagccagtcctcattgggectcatcatatttcagecatactgt
aatcccacttcagcaattggtcagetttggtctgaacctagtecagecgatcatttgaat
ttcaggctgatggetttgecaagaagettggatatgecatetggattacgeggtggtett
gtgaaactacaggaggagaatctgtcagctatgaatacagatccttggtactctgetta
tcactattectcatcecctecececttgttgaaagattggecgegetggacgaaccggataaga
aggaagactaagagctcgaatttccccgatcgttcaaacatttggcaataaagtttctt
aagattgaatcctgttgccggtcttgcgatgattatcatataatttctgttgaattacg
ttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttatg
attagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaaa
ctaggataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactggec
gtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecttge
agcacatccccctttcecgeccagectggegtaatagcgaagaggceccgecaccgatecgecctt
cccaacagttgcgcagcctgaatggcgcecccgctectttegetttetteecttectttcet
cgccacgttcgcecggettteccegtcaagetctaaatecgggggetecctttagggttece
gattfagtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgt
agtgggccatcgceccecctgatagacggtttttcgecctttgacgttggagtecacgttett
taatagtggactcttgttccaaactggaacaacactcaaccctatctcgggctattctt
ttgatttataagggattttgccgatttcggaaccaccatcaaacaggattttcgectge
tggggcaaaccagcgtggaccgcttgctgcaactctctcagggccaggcggtgaagggce
aatcagctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaacg
tccgcaatgtgttattaagttgtctaagegtcaatttgtttacaccacaatatatectyg

cca

SEQ ID NO:41 is the nucleic acid sequence of pBI121-GmCPP. Italicized
sequences are the right and left border repeats. Underlined sequence is the 35S promoter.

The G. max CaaX prenyl protease sense sequence is in bold.

SEQ ID NO:42

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgeccgatgacgeg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcage
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgegegtt
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caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctecggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctccggecgettgggtggagaggctatteggectatgactgggcacaacagacaatcg
gctgctctgatgccgeccgtgttcecggectgtcagegcaggggecgecceggttetttttgte
aagaccgacctgtccggtgcectgaatgaactgcaggacgaggcagcgeggctatcegtg
gctggccacgacgggcgtteccttgecgecagectgtgetcgacgttgtcactgaagcgggaa
gggactggctgctattgggcgaagtgeccggggcaggatctectgtcatectcaccttget
cctgccgagaaagtatccatcatggctgatgcaatgecggcggectgcatacgettgatece
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgcgcca
gccgaactgttcgceccaggectcaaggcgegecatgeeccgacggecgatgatctegtegtgac
ccatggcgatgcctgcttgccgaatatcatggtggaaaatggeccgecttttctggattcea
tcgactgtggccggctgggtgtggcggaccgctatcaggacatagecgttggctacccgt
gatattgctgaagagcttggcggcgaatgggctgaccgecttectegtgetttacggtat
cgccgcteccgattcecgcagegcategecttcectategecttecttgacgagttecttctgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgeccatcacgagatt
tcgattccaccgeccgecttectatgaaaggttgggetteggaategtttteccgggacgece
ggctggatgatcctccagecgecggggatctcatgectggagttecttegeccacgggatcete
tgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagcaca
acgccacgatcctgagcgacaatatgatcgggcccggecgtccacatcaacggecgtegge
ggcgactgcccaggcaagaccgagatgcaccgcgatatcttgectgecgttecggatatttt
cgtggagttcccgccacagaccecggatgatccecceccgategttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgeccggtecttgegatgattatcatataatttctgttg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgcgcggtgtcatctatgttactagatcgggcectcce
tgtcaatgctggcggcggctectggtggtggttctggtggeggetctgagggtggtgget
ctgagggtggcggttctgagggtggcggctctgagggaggeggttccggtggtggetet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattectgtcgcecta
ctgattacggtgctgctatcgatggtttcattggtgacgtttcecggecttgectaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtecggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttcectcectcaategg
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ttgaatgtcgcccttttgtctttggeccaatacgcaaaccgectcteccececgegegttgg
ccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgageg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatge
ttccggctegtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacage
tatgaccatgattacgccaagcttgcatgcctgcagcccacagatggttagagaggcett

acgcagcaggtctcatcaagacgatctacccgagcaataatctccaggaaatcaaatac

cttcccaagaaggttaaagatgcagtcaaaagattcaggactaactgcatcaagaacac

agagaaagatatatttctcaagatcagaagtactattccagtatggacgattcaaggcet

tgcttcacaaaccaaggcaagtaatagagattggagtctctaaaaaggtagttcccact

gaatcaaaggccatggagtcaaagattcaaatagaggacctaacagaactcgccgtaaa

gactggcgaacagttcatacagagtctcttacgactcaatgacaagaagaaaatcttcg

tcaacatggtggagcacgacacacttgtctactccaaaaatatcaaagatacagtctca

gaagaccaaagggcaattgagacttttcaacaaagggtaatatccggaaacctcectcgg

attccattgcccagctatctgtcactttattgtgaagatagtggaaaaggaaggtggct

cctacaaatgccatcattgcgataaaggaaaggccatcgttgaagatgectctgecgac

agtggtcccaaagatggacccccacccacgaggagcatcgtggaaaaagaagacgttcece

aaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacg

cacaatcccactatccttcgcaagacccttectctatataaggaagttcatttcatttg

gagagaacacgggggactctagacecggttegteccagegeggecaatectttcaacaaggg

gaggatgagaatagtgataagcagagtaccaaggatctgtattcatagctgacagattc
tcctectgtagtttcacaagaccaccgegtaatccagatgcatatccaagettettgge
aaagccatcagcctgaaattcaaatgatcggectgactaggttcagaccaaagectgaccea
attgctgaagtgggattacagtatgctgaaatatgatgagcccaatgaggactggetge
gtatcaaacccaaagcttcgatacagatcagectgaatttegecactagtgtatatectcee
aaattgtagaagtgtaagaatctgcatagcaacaaatgtgtacacagtatggttgagect
tccagtgtcccaactcatgggcaataacagcaacaatttecctecategtetttgecactgt
tgaattaatgtgtcataagggacaatcctcttgttcttgaagaatccatacatatagge
attgctgtgacttgatettgtggatccccATCTACCCGCTTCGCGTCGGCATCCGGTCA
GTGGCAGTGAAGGGCGAACAGTTCCTGATTAACCACAAACCGTTCTACTTTACTGGCTT
TGGTCGTCATGAAGATGCGGACTTGCGTGGCAAAGGATTCGATAACGTGCTGATGGTGC
ACGACCACGCATTAATGGACTGGATTGGGGCCAACTCCTACCGTACCTCGCATTACCCT
TACGCTGAAGAGATGCTCGACTGGGCAGATGAACATGGCATCGTGGTGATTGATGAAAC
TGCTGCTGTCGGCTTTTCGCTCTCTTTAGGCATTGGTTTCGAAGCGGGCAACAAGCCGA
AAGAACTGTACAGCGAAGAGGCAGTCAACGGGGAAACTCAGCAAGCGCACTTACAGGCG
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ATTAAAGAGCTGATAGCGCGTGACAAARACCACCCAAGCGTGGTGATGTGGAGTATTGC
CAACGAACCGGATACCCGTCCGCAAGGTGCACGGGAATATTTCGCGCCACTGGCGGAAG
CAACGCGTAAACTCGACCCGACGCGTCCGATCACCTGCGTCAATGTAATGTTCTGCGAC
GCTCACACCGATACCATCAGCGATCTCTTTGATGTGCTGTGCCTGAACCGTTATTACGG
ATGGTATGTCCAAAGCGGCGATTTGGAAACGGCAGAGAAGGTACTGGAAAAAGAACTTC
TGGCCTGGCAGGAGAAACTGTACACCGACATGTGGAGTGAAGAGTATCAGTGTGCATGG
CTGGATATGTATCACCGCGTCTTTGATCGCGTCAGCGCCGTCGTCGGTGAACAGGTATG
GAATTTCGCCGATTTTGCGACCTCGCAAGGCATATTGCGCGTTGGCGGTAACAAGAAAG
GGATCTTCACTCGCGACCGCAAACCGAAGTCGGCGGCTTTTCTGCTGCAAAAACGCTGG
ACTGGCATGAACTTCGGTGAAAAACCGCAGCAGGGAGGCAAACAATGAatcaacaactc
tcctggcgcaccatcgtcggectacagectcgggaattgctaccgagctcacaagatcaa
gtcacagcaatgcctatatgtatggattcttcaagaacaagaggattgteccttatgac

acattaattcaacagtgcaaagacgatgaggaaattgttgctgttattgeccatgagtt

gggacactggaagctcaaccatactgtgtacacatttgttgctatgcagattcttacac

ttctacaatttggaggatatacactagtgcgaaattcagctgatctgtatcgaagecttt

gggtttgatacgcagccagtcctcattgggctcatcatatttcagcatactgtaatcee

acttcagcaattggtcagctttggtctgaacctagtcagecgatcatttgaatttcagg

ctgatggctttgccaagaagcttggatatgcatctggattacgeggtggtcttgtgaaa
ctacaggaggagaatctgtcagctatgaatacagatccttggtactetgcttatcacta

ttctcatccteccecttgttgaaagattggecgegetggacgaaccgggagctcgaattt

cccecgatcgttcaaacatttggcaataaagtttcttaagattgaatcctgttgecggtce
ttgcgatgattatcatataatttctgttgaattacgttaagcatgtaataattaacatg
taatgcatgacgttatttatgagatgggtttttatgattagagtcccgcaattatacat
ttaatacgcgatagaaaacaaaatatagcgcgcaaactaggataaattatcgcgegecgg
tgtcatctatgttactagatcgggaattcactggccgtcgttttacaacgtcgtgactg
ggaaaaccctggcecgttacccaacttaatcgceccttgcagcacatccccecctttegeccaget
ggcgtaatagcgaagaggcccgcaccgatcgcccttcccaacagttgegcagectgaat
ggcgccegctectttegetttetteecttectttectegeccacgttecgecggettteecece
gtcaagctctaaatcgggggctcecctttagggttccgatttagtgectttacggcaccte
gaccccaaaaaacttgatttgggtgatggttcacgtagtgggccatcgecctgatagac
ggtttttcgccctttgacgttggagtccacgttctttaatagtggactcttgttccaaa
ctggaacaacactcaaccctatctcgggctattcttttgatttataagggattttgecg
atttcggaaccaccatcaaacaggattttcgcctgectggggcaaaccagecgtggaccge
ttgctgcaactctctcagggccaggecggtgaagggcaatcagectgttgeecegtetcact

107



10

15

20

25

30

WO 03/012116 PCT/IB02/03887

ggtgaaaagaaaaaccaccccagtacattaaaaacgtccgcaatgtgttattaagttgt

ctaagcgtcaatttgtttacaccacaatatatcctgcca

SEQ ID NO:42 is the nucleic acid sequence of pBI121-HP-GmCPP. Italicized
sequences are the right and left border repeats. Underlined sequence is the 35S promoter.
Bold sequence is the antisense prenyl protease fragment of G. max. Bold and underlined
sequence is the G. max sense prenyl protease fragment and sequence in upper case is the

truncated GUS fragment.

SEQ ID NO:43

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgecgatgacgceg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcage
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgegegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctecggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttcteccggecgettgggtggagaggctatteggectatgactgggcacaacagacaatceg
gctgctctgatgccgececgtgttccggectgtcagecgcaggggegeccggttetttttgte
aagaccgacctgtccggtgccctgaatgaactgcaggacgaggcagcgceggctategtg
gctggccacgacgggcgttecttgecgcagetgtgetecgacgttgtcactgaagecgggaa
gggactggctgctattgggcgaagtgccggggcaggatctecctgtcatctcaccttget
cctgccgagaaagtatccatcatggctgatgcaatgcggeggetgcatacgettgatcee
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagecgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgegeca
gccgaactgttcgccaggctcaaggecgcgecatgecccgacggcgatgatectegtcgtgac
ccatggcgatgcctgecttgceccgaatatcatggtggaaaatggecegettttctggattcea
tcgactgtggccggectgggtgtggcggaccgctatcaggacatagegttggectaccegt
gatattgctgaagagcttggcggcgaatgggctgaccgcttecctegtgetttacggtat
cgccgctccecgattegecagecgecatcegecttectategecttettgacgagttcttcectgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgccatcacgagatt
tcgattccaccgecgecttctatgaaaggttgggettcggaatecgttttececgggacgec
ggctggatgatcctccagcgcggggatctcatgetggagttecttecgeccacgggatcete
tgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagcaca
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acgccacgatcctgagcgacaatatgatcgggccecggecgtccacatcaacggegtcecgge
ggcgactgcccaggcaagaccgagatgcaccgcgatatcttgectgegttcggatatttt
cgtggagttcccgceccacagacccggatgatcceccgatcegttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgccggtcttgcgatgattatcatataatttctgttg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatage
gcgcaaactaggataaattatcgcgcgcggtgtcatctatgttactagatcgggectcec
tgtcaatgctggcggecggctctggtggtggttctggtggecggectctgagggtggtgget
ctgagggtggcggttctgagggtggceggetcectgagggaggcggttececggtggtggetcet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtcgcecta
ctgattacggtgctgctatcgatggtttcattggtgacgtttcecggecttgectaatggt
aatggtgctactggtgattttgctggctctaattcecccaaatggctcaagtcggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttccctecctcaategg
ttgaatgtcgcecttttgtctttggecccaatacgcaaaccgectctecececgegegttygg
ccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgageg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatgce
ttccggctegtatgttgtgtggaattgtgagecggataacaatttcacacaggaaacage
tatgaccatgattacgccaagcttgcatgcctgcagcccacagatggttagagaggctt

acgcagcaggtctcatcaagacgatctacccgagcaataatctccaggaaatcaaatac

cttcccaagaaggttaaagatgcagtcaaaagattcaggactaactgcatcaagaacac

agagaaagatatatttctcaagatcagaagtactattccagtatggacgattcaaggcet

tgcttcacaaaccaaggcaagtaatagagattggagtctctaaaaaggtagttcccact

gaatcaaaggccatggagtcaaagattcaaatagaggacctaacagaactcgccgtaaa

gactggcgaacagttcatacagagtctcttacgactcaatgacaagaagaaaatcttcg

tcaacatggtggagcacgacacacttgtctactccaaaaatatcaaagatacagtctca

gaagaccaaagggcaattgagacttttcaacaaagggtaatatccggaaacctcctcgg

attccattgcccagctatctgtcactttattgtgaagatagtggaaaaggaaggtggcet

cctacaaatgccatcattgecgataaaggaaaggccatcgttgaagatgectctgecgac

agtggtcccaaagatggacccccacccacgaggagcatcgtggaaaaagaagacgttcec

aaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacg

cacaatcccactatccttcgcaagacccttectctatataaggaagttcatttcatttg

gagagaacacgggggactctagaggatccccgggttagtettecttettatecggtteg

tccagegeggceccaatctttecaacaaggggaggatgagaatagtgataagcagagtacca
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aggatctgtattcatagctgacagattcectecectectgtagtttcacaagaccaccgegta
atccagatgcatatccaagcttcttggcaaagccatcagectgaaattcaaatgategg
ctgactaggttcagaccaaagctgaccaattgctgaagtgggattacagtatgetgaaa
tatgatgagcccaatgaggactggctgecgtatcaaacccaaagecttegatacagatcag
ctgaatttcgcactagtgtatatcctccaaattgtagaagtgtaagaatcectgcatageca
acaaatgtgtacacagtatggttgagcttecagtgtcccaactcatgggcaataacage
aacaatttcctcatcgtctttgecactgttgaattaatgtgtcataagggacaatectcet
tgttcttgaagaatccatacatataggcattgetgtgacttgatcttgtggatccatceg
acaacaaatagtttctttaacggatagttgagggaggaagcaagtttctecgattttcte
cctgagttgaccatctggaagtggagtgaacttattgaagagtggagctattagtactyg
gataaagggtcatcatcacaatagaaagaccaaacgtaaaaacccaaagatagatggcc
aagtatggacctcctttctgtactattacaatgattgecageccacaataggtggaccaat
tattacagaaaggaaaattcctttaagcatgteccctaaagaataaccatggtgtttget
tattaaaaccatgacgggcctcaatcacaaaagttgagtacagagaaaagggcaaatct
gttatctgtgaccaaatcatcagccectgctaagaaggcaagggtatgecagtatttcatt
ctcagcattgaaaccagctattgtcataaaatctcctgatttettecaaaaccagggea
ataccccaaagtacaaaattgtagagtctgtcactattgtcacaaactcgtgaacaaaa
tggaagtggcttttatcaagactataggctctagatttctcaaatttetettggetgat
aacaccctctaaagtctttggaagagtaggaagtttgagggecctatgttgtegecacat
ccaagtaagtttcaaaaatgtacattaatatcataaatccgacaacggectteccatgtag
ggaaacgccatgagctcgaatttcceccgatcgttcaaacatttggcaataaagtttcett
aagattgaatcctgttgccggtcttgcgatgattatcatataatttctgttgaattacg
ttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttatg
attagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaaa
ctaggataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactggcec
gtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecettge
agcacatccccctttcgeccagectggecgtaatagcgaagaggceccgecaccgatecgecctt
cccaacagttgcgcagcctgaatggcgcccgectcectttegetttetteecttectttet
cgccacgttcgecggcecttteccecgtcaagectctaaatcgggggcectecctttagggttece
gatttagtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgt
agtgggccatcgccecctgatagacggtttttcgecctttgacgttggagtccacgttcett
taatagtggactcttgttccaaactggaacaacactcaaccctatctcgggctattctt
ttgatttataagggattttgccgatttcggaaccaccatcaaacaggattttecgectge
tggggcaaaccagcgtggaccgcttgectgcaactctctcagggeccaggeggtgaaggge
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aatcagctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaacg
tccgcaatgtgttattaagttgtctaagcgtcaatttgtttacaccacaatatatectyg

cca

SEQ ID NO:43 is the nucleic acid sequence of pBI121-antisense-GmCPP.
Italicized sequences are the right and left border repeats. Underlined sequence is the 35S

promoter. Sequence in bold is the GmCPP anti-sense sequence.

SEQ ID NO:44

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgecgatgacgcyg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcage
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgegegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctecggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctcecggecgecttgggtggagaggctattecggectatgactgggcacaacagacaatecg
gctgctctgatgeccgeecgtgttcecggetgtcagegcaggggegeceggttetttttgte
aagaccgacctgtccggtgceccecctgaatgaactgcaggacgaggcagcgcggctategtg
gctggccacgacgggcgttecttgegecagetgtgetcgacgttgtcactgaagecgggaa
gggactggctgctattgggcgaagtgceccggggcaggatctectgtecatetcaccttget
cctgccgagaaagtatccatcatggctgatgcaatgcggecggctgcatacgecttgatee
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgecgceca
gccgaactgttcgccaggctcaaggcgcegcatgeccgacggcgatgatctecgtegtgac
ccatggcgatgcctgcttgeccgaatatcatggtggaaaatggccgecttttctggattca
tcgactgtggccggctgggtgtggcggaccgctatcaggacatagecgttggctaccegt
gatattgctgaagagcttggcggcgaatgggctgaccgecttcecctegtgectttacggtat
cgccgctceccgattcgcagegcatecgecttectatcgecttecttgacgagttecttectgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgecatcacgagatt
tcgattccaccgecgecttetatgaaaggttgggecttcggaatcgtttteccgggacgcec
ggctggatgatcctccagcgcggggatctcatgctggagttcttcgeccacgggatctce
tgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagecaca
acgccacgatcctgagcgacaatatgatcgggecccggcecgtccacatcaacggegtegge
ggcgactgcccaggcaagaccgagatgcaccgecgatatcettgetgegtteggatatttt
cgtggagttcccgccacagacccggatgatceccecgatecgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgeccggtcttgecgatgattatcatataatttetgttyg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgcgcggtgtcatctatgttactagatcgggectcece
tgtcaatgctggcggcggctectggtggtggttctggtggeggectctgagggtggtgget
ctgagggtggcggttctgagggtggcggctctgagggaggcggttcecggtggtggetcet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtegeta
ctgattacggtgctgctatcgatggtttcattggtgacgtttccggecttgectaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttcectecectcaatecgg
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ttgaatgtcgcccttttgtctttggcccaatacgcaaaccgcctctecceccgegegttygg
ccgattcattaatgcagctggcacgacaggtttceccgactggaaagcgggcagtgagcg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatge
ttcecggctegtatgttgtgtggaattgtgagecggataacaatttcacacaggaaacage
tatgaccatgattacgccaagcttgcatgectgcagggagccatagatgcaattcaatc
aaactgaaatttctgcaagaatctcaaacacggagatctcaaagtttgaaagaaaattt

atttcttcgactcaaaacaaacttacgaaatttaggtagaacttatatacattatattg

taattttttgtaacaaaatgtttttattattattatagaattttactggttaaattaaa

aatgaatagaaaaggtgaattaagaggagagaggaggtaaacattttcttctatttttt

catattttcaggataaattattgtaaaagtttacaagatttccatttgactagtgtaaa

tgaggaatattctctagtaagatcattatttcatctacttcttttatcttctaccagta

gaggaataaacaatatttagctcctttgtaaatacaaattaattttccttcttgacate

attcaattttaattttacgtataaaataaaagatcatacctattagaacgattaaggag

aaatacaattcgaatgagaaggatgtgccgtttgttataataaacagccacacgacgta
aacgtaaaatgaccacatgatgggccaatagacatggaccgactactaataatagtaag
ttacattttaggatggaataaatatcataccgacatcagttttgaaagaaaagggaaaa
aaagaaaaaataaataaaagatatactaccgacatgagttccaaaaagcaaaaaaaaag
atcaagccgacacagacacgcgtagagagcaaaatgactttgacgtcacaccacgaaaa
cagacgcttcatacgtgtccctttatctctctcagtctctctataaacttagtgagacc

ctcctctgttttactcacaaatatgcaaactagaaaacaatcatcaggaataaagggtt

tgattacttctattggaaaggactctagaggatccccgggatggegtttecectacatgg
aagccgttgteggatttatgatattaatgtacatttttgaaacttacttggatgtgega
caacatagggccctcaaacttcecctactecttecaaagactttagagggtgttatcageeca
agagaaatttgagaaatctagagcctatagtcttgataaaagccactteccattttgttce
acgagtttgtgacaatagtgacagactctacaattttgtactttggggtattgecectgg
ttttggaagaaatcaggagattttatgacaatagetggtttcaatgectgagaatgaaat
actgcatacccttgecttecttagecagggectgatgatttggtcacagataacagatttge
ccttttectectgtactcaacttttgtgattgaggecegtecatggttttaataagcaaaca
ccatggttattctttagggacatgcttaaaggaattttectttectgtaataattggtee
acctattgtggctgcaatcattgtaatagtacagaaaggaggtccatacttggecatct
atctttgggtttttacgtttggtctttctattgtgatgatgaccetttatecagtacta
atagctccactcttcaataagttcactccacttccagatggtcaactcagggagaaaat
cgagaaacttgcttcctecectcaactatecgttaaagaaactatttgttgtegatggat
ccacaagatcaagtcacagcaatgcctatatgtatggattettcaagaacaagaggatt
gtceccttatgacacattaattcaacagtgcaaagacgatgaggaaattgttgetgttat
tgcccatgagttgggacactggaagectcaaccatactgtgtacacatttgttgetatge
agattcttacacttctacaatttggaggatatacactagtgcgaaattcagectgatctg
tatcgaagctttgggtttgatacgcagccagtectecattgggctcatcatatttcagea
tactgtaatcccacttcagcaattggtcagetttggtectgaacctagtecageecgatecat
ttgaatttcaggctgatggctttgeccaagaagcttggatatgecatctggattacgeggt
ggtcttgtgaaactacaggaggagaatctgtcagctatgaatacagatecttggtacte
tgcttatcactattctcatcctececttgttgaaagattggecgegetggacgaacegg
ataagaaggaagactaagagctcgaatttccccgatcgttcaaacatttggcaataaag
tttcttaagattgaatcctgttgceccggtcttgcgatgattatcatataatttctgttga
attacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtt
tttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagceg
cgcaaactaggataaattatcgcgcgcggtgtcatctatgttactagatcgggaattca
ctggccgtcgttttacaacgtcgtgactgggaaaaccctggecgttacccaacttaatceg
ccttgcagcacatccccecctttegecagectggegtaatagcgaagaggcecccgcaccgate
gcccttcecccaacagttgecgcagectgaatggegececgetectttegetttetteectte
ctttctcgeccacgttcecgecggettteccecegtcaagetctaaatecgggggetecectttag
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ggttccgatttagtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggt
tcacgtagtgggccatcgeccctgatagacggtttttecgecectttgacgttggagtccac
gttctttaatagtggactcttgttccaaactggaacaacactcaaccctatctcggget
attcttttgatttataagggattttgccgatttcggaaccaccatcaaacaggatttte
gcctgctggggcaaaccagcgtggaccgcttgectgcaactctctcagggccaggeggtyg
aagggcaatcagctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacatta
aaaacgtccgcaatgtgttattaagttgtctaagcgtcaatttgtttacaccacaatat
atcctgcca

SEQ ID NO:44 is the nucleic acid sequence of pPRD29A-GmCPP. Italicized
sequences are the right and left border repeats. Underlined sequence is the RD29A

promoter. Sequence in bold is the GmCPP sense sequence.

SEQ ID NO:45

gtttacccgccaatatatcecctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgccgatgacgeg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcagce
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgecgegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctcggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctcecggecgettgggtggagaggctattcecggectatgactgggcacaacagacaatcg
gctgctctgatgccgececgtgttceccggectgtcagegecaggggegeeccggttectttttgte
aagaccgacctgtccggtgeccctgaatgaactgcaggacgaggcagcgeggctategtg
gctggccacgacgggcgtteccttgecgcagectgtgectcgacgttgtcactgaagecgggaa
gggactggctgctattgggcgaagtgccggggcaggatctecctgtcatctcacecttget
cctgccgagaaagtatccatcatggctgatgcaatgcggcggctgecatacgcttgatcee
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgegceca
gccgaactgttcgccaggctcaaggcgcgcatgcccgacggcgatgatectegtegtgac
ccatggcgatgecctgecttgecgaatatcatggtggaaaatggceccgettttetggattca
tcgactgtggccggctgggtgtggcggaccgctatcaggacatagecgttggctacecegt
gatattgctgaagagcttggcggcgaatgggctgaccgcttecctegtgetttacggtat
cgccgctcececgattcgcagecgcatecgecttcectatecgecttcecttgacgagttettectgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgccatcacgagatt
tcgattccaccgeccgecttcectatgaaaggttgggettecggaatcgttttececgggacgece
ggctggatgatcctccagcgecggggatctcatgctggagttcttegeccacgggatcectce
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tgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagcaca
acgccacgatcctgagcgacaatatgatcgggcccggegteccacatcaacggecgtcgge
ggcgactgcccaggcaagaccgagatgcaccgegatatcttgctgegttecggatatttt
cgtggagttcccgccacagacccggatgatcceccgatcgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgeccggtcttgcgatgattatcatataatttctgttyg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgcgcggtgtcatctatgttactagatcgggecctcce
tgtcaatgctggcggcggctctggtggtggttctggtggeggetctgagggtggtgget
ctgagggtggcggttctgagggtggcggctctgagggaggeggttcecggtggtggetet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtcgceta
ctgattacggtgctgctatcgatggtttcattggtgacgtttccggeccttgctaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttcecctecectcaatcgg
ttgaatgtcgceccttttgtctttggcccaatacgcaaaccgecctctecceccgegegttgg
ccgattcattaatgcagctggcacgacaggtttcecccgactggaaagcgggcagtgageg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatge
ttccggctcecgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagce
tatgaccatgattacgccaagcttgcatgcctgcagggagccatagatgcaattcaatc

aaactgaaatttctgcaagaatctcaaacacggagatctcaaagtttgaaagaaaattt

atttcttcgactcaaaacaaacttacgaaatttaggtagaacttatatacattatattg

taattttttgtaacaaaatgtttttattattattatagaattttactggttaaattaaa

aatgaatagaaaaggtgaattaagaggagagaggaggtaaacattttcttctatttttt

catattttcaggataaattattgtaaaagtttacaagatttccatttgactagtgtaaa

tgaggaatattctctagtaagatcattatttcatctacttcttttatcttctaccagta

gaggaataaacaatatttagctcctttgtaaatacaaattaattttccttcttgacate

attcaattttaattttacgtataaaataaaagatcatacctattagaacgattaaggag

aaatacaattcgaatgagaaggatgtgccgtttgttataataaacagccacacgacgta

aacgtaaaatgaccacatgatgggccaatagacatggaccgactactaataatagtaag

ttacattttaggatggaataaatatcataccgacatcagttttgaaagaaaagggaaaa

aaagaaaaaataaataaaagatatactaccgacatgagttccaaaaagcaaaaaaaaag

atcaagccgacacagacacgcgtagagagcaaaatgactttgacgtcacaccacgaaaa

cagacgcttcatacgtgtccctttatctctctcagtctctctataaacttagtgagacce
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ctcctectgttttactcacaaatatgcaaactagaaaacaatcatcaggaataaagggtt

tgattacttctattggaaaggactctagaceggttegtccagegeggecaatctttecaa

caaggggaggatgagaatagtgataagcagagtaccaaggatctgtattcatagctgac
agattctcctcctgtagtttcacaagaccaccgcgtaatccagatgcatatccaagett
cttggcaaagccatcagcctgaaattcaaatgateggctgactaggttcagaccaaage
tgaccaattgctgaagtgggattacagtatgctgaaatatgatgagcccaatgaggact
ggctgcgtatcaaacccaaagcttcgatacagatcagetgaatttegcactagtgtata
tectccaaattgtagaagtgtaagaatctgcatagecaacaaatgtgtacacagtatggt
tgagcttccagtgtcccaactcatgggcaataacagcaacaatttectecategtetttyg
cactgttgaattaatgtgtcataagggacaatcctcttgttettgaagaatccatacat
ataggcattgctgtgacttgatcttgtggatccccATCTACCCGCTTCGCGTCGGCATC
CGGTCAGTGGCAGTGAAGGGCGAACAGTTCCTGATTAACCACAAACCGTTCTACTTTAC
TGGCTTTGGTCGTCATGAAGATGCGGACTTGCGTGGCAAAGGATTCGATAACGTGCTGA
TGGTGCACGACCACGCATTAATGGACTGGATTGGGGCCAACTCCTACCGTACCTCGCAT
TACCCTTACGCTGAAGAGATGCTCGACTGGGCAGATGAACATGGCATCGTGGTGATTGA
TGAAACTGCTGCTGTCGGCTTTTCGCTCTCTTTAGGCATTGGTTTCGAAGCGGGCAACA
AGCCGAAAGAACTGTACAGCGAAGAGGCAGTCAACGGGGAAACTCAGCAAGCGCACTTA
CAGGCGATTAAAGAGCTGATAGCGCGTGACAAAAACCACCCAAGCGTGGTGATGTGGAG
TATTGCCAACGAACCGGATACCCGTCCGCAAGGTGCACGGGAATATTTCGCGCCACTGG
CGGAAGCAACGCGTAAACTCGACCCGACGCGTCCGATCACCTGCGTCAATGTAATGTTC
TGCGACGCTCACACCGATACCATCAGCGATCTCTTTGATGTGCTGTGCCTGAACCGTTA
TTACGGATGGTATGTCCAAAGCGGCGATTTGGAAACGGCAGAGAAGGTACTGGAAAAAG
AACTTCTGGCCTGGCAGGAGAAACTGTACACCGACATGTGGAGTGAAGAGTATCAGTGT
GCATGGCTGGATATGTATCACCGCGTCTTTGATCGCGTCAGCGCCGTCGTCGGTGAACA
GGTATGGAATTTCGCCGATTTTGCGACCTCGCAAGGCATATTGCGCGTTGGCGGTAACA
AGAAAGGGATCTTCACTCGCGACCGCAAACCGAAGTCGGCGGCTTTTCTGCTGCAAAAA
CGCTGGACTGGCATGAACTTCGGTGAAAAACCGCAGCAGGGAGGCAAACAATGAatcaa
caactctcctggcgcaccatcgtcggctacagectcecgggaattgctaccgagctcacaa

gatcaagtcacagcaatgcctatatgtatggattcttcaagaacaagaggattgtcecct

tatgacacattaattcaacagtgcaaagacgatgaggaaattgttgctgttattgccca

tgagttgggacactggaagctcaaccatactgtgtacacatttgttgctatgcagattc

ttacacttctacaatttggaggatatacactagtgcgaaattcagctgatctgtatcga

agctttgggtttgatacgcagccagtectcattgggctcatcatatttcagcatactgt

aatcccacttcagcaattggtcagctttggtctgaacctagtcagecgatcatttgaat
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ttcaggctgatggctttgccaagaagcttggatatgcatctggattacgeggtggtett

gtgaaactacaggaggagaatctgtcagctatgaatacagatccttggtactctgetta

tcactattctcatcctcececttgttgaaagattggecgegetggacgaacegggagcetc

gaatttccccgatcgttcaaacatttggcaataaagtttecttaagattgaatecctgttg
ccggtcttgecgatgattatcatataatttctgttgaattacgttaagcatgtaataatt
aacatgtaatgcatgacgttatttatgagatgggtttttatgattagagtceccgcaatt
atacatttaatacgcgatagaaaacaaaatatagcgcgcaaactaggataaattatcgce
gcgcggtgtcatctatgttactagatcgggaattcactggeccgtecgttttacaacgtcg
tgactgggaaaaccctggcgttacccaacttaatcgccttgcagcacatccececttteg
ccagctggcgtaatagcgaagaggcccgcaccgatcgeccttcecccaacagttgegecage
ctgaatggcgcccgctectttegetttettececttectttctegecacgttegeecgget
ttcceccecgtcaagectctaaatcgggggctecctttagggttecgatttagtgetttacgg
cacctcgaccccaaaaaacttgatttgggtgatggttcacgtagtgggccatcgececctg
atagacggtttttcgccctttgacgttggagtccacgttctttaatagtggactcttgt
tccaaactggaacaacactcaaccctatctcgggctattettttgatttataagggatt
ttgccgatttcggaaccaccatcaaacaggattttecgectgectggggcaaaccagegtg
gaccgcttgctgcaactctctcagggccaggcggtgaagggcaatcagectgttgeecegt
ctcactggtgaaaagaaaaaccaccccagtacattaaaaacgtccgcaatgtgttatta

agttgtctaagcgtcaatttgtttacaccacaatatatcctgcca

SEQ ID NO:45 is the nucleic acid sequence of pRD29A-HP-GmCPP. Italicized
sequences are the right and left border repeats. Underlined sequence is the RD29A
promoter. Sequence in bold is the GmCPP antisense sequence, bold and underlined

sequence is the GmCPP sense sequence.

SEQ ID NO:46

8lttacccgcecaatatatcctgtcaaacactgatagtttaaactgaaggegggaaacgacaatctgatcatgageggaga
attaagggagtcacgttatgacccccgecgatgacgegggacaagecgttttacgtttggaactgacagaacegeaacg
ttgaaggagccactcagecgegggtttctggagtttaatgagetaageacatacgtcagaaaccattattgegegtteaa
aagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgetccactgacgttccataaattceccteggtat
ccaattagagtctcatattcactctcaatccaaataatctgecaccggatetggategtttcgeatgattgaacaagatgga
ttgcacgcaggttcteeggecgettgggtggagaggetattecggetatgactgggeacaacagacaateggetgetetga
tgeegecegtgtteeggetgtecagegeaggggegeccggtictttttgtcaagaccgaccetgteeggtgecctgaatgaact
gecaggacgaggcagegeggctategtggetggeccacgacgggegttecttgegeagetgtgetegacgttgteactgaa
gegggaagggactggetgetattgggegaagtgecggggeaggatctectgtecateteaccttgetecctgecgagaaag
tatccatcatggctgatgcaatgeggeggetgeatacgettgatecggetacctgeccattegaccaccaagegaaacat
cgecatcgagegageacgtacteggatggaagecggtettgtegatcaggatgatctggacgaagagceatcaggggete
gegecagecgaactgttegecaggetcaaggegegeatgecegacggegatgatctegtegtgacccatggegatgect
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gettgecgaatatcatggtggaaaatggecgcettttetggatteatcgactgtggceggetgggtgtggeggaccegetate
aggacatagegttggetaccegtgatattgcetgaagagettggeggegaatgggetgacegcettectegtgetttacggt
atcgccgetecegattegeagegeategecttcetatecgecttettgacgagttettctgagegggactetggggttegaaat
gaccgaccaagegacgeccaacctgecatcacgagatttegattccacegecegecttetatgaaaggttgggettegga
ategttttccgggacgecggetggatgatectecagegeggggateteatgetggagttcttegeccacgggatetetgeg
gaacaggcggtcgaaggtgecgatatcattacgacagecaacggecgacaageacaacgecacgatectgagegaca
atatgatcgggcccggegtecacatcaacggegteggeggegactgeccaggeaagaccgagatgeacegegatatet
tgetgegtteggatattttegtggagtteccgecacagacceggatgatecccgategttcaaacatttggeaataaagttt
cttaagattgaatcctgttgeeggtcttgegatgattatcatataatttetgttgaattacgttaageatgtaataattaacat
gtaatgcatgacgttatttatgagatgggtttttatgattagagtccegeaattatacatttaatacgegatagaaaacaa
aatatagcgcgcaaactaggataaattatcgegegeggtgteatetatgttactagategggectectgteaatgetgge
ggeggetetggtggtggttctggtggeggetetgagggtggtggctetgagggtggeggtictgagggtggeggetetga
gggaggeggtteceggtggtggctetggticeggtgattttgattatgaaaagatggeaaacgetaataagggggctatg
accgaaaatgccgatgaaaacgegctacagtetgacgetaaaggceaaacttgattcetgtegetactgattacggtgetg
ctatcgatggtttcattggtgacgtttceggecttgetaatggtaatggtgctactggtgattttgetggetetaatteccaa
atggctcaagteggtgacggtgataattcacctttaatgaataatttcegteaatatttaccttecctecctcaateggttga
atgtcgcccttttgtetttggeccaatacgeaaaccgectetececgegegttggecgattcattaatgecagetggeacga
caggtttcccgactggaaagegggcagtgagegeaacgeaattaatgtgagttagetecactcattaggeaccecagget
ttacactttatgettccggetegtatgttgtgtggaattgtgageggataacaatttcacacaggaaacagetatgaccat
gattacgccaagcttgcatgcctgeagggagecatagatgcaattcaatcaaactgaaatttetgcaagaatctcaaac
acggagatctcaaagtttgaaagaaaatttatticttcgactcaaaacaaacttacgaaatttaggtagaacttatataca
ttatattgtaatttittgtaacaaaatgtitttattattattatagaattttactggttaaattaaaaatgaatagaaaaggty
aattaagaggagagaggaggtaaacattttctictattttttcatattttcaggataaattattgtaaaagtttacaagattt

ccatttgactagtgtaaatgaggaatattctctagtaagatcattatttcatctacttcttttatctictaccagtagaggaat
aaacaatatttagctcctttgtaaatacaaattaattttccttcttgacatcattcaattttaattttacgtataaaataaaag

atcatacctattagaacgattaaggagaaatacaattcgaatgagaaggatgtgccgtttgttataataaacagecaca
cgacgtaaacgtaaaatgaccacatgatgggccaatagacatggaccgactactaataatagtaagttacattttagga
tggaataaatatcataccgacatcagttttgaaagaaaagggaaaaaaagaaaaaataaataaaagatatactaceg
acatgagttccaaaaagcaaaaaaaaagatcaagecgacacagacacgegtagagageaaaatgactttgacgtea
caccacgaaaacagacgcttcatacgtgtccctttatctctetcagtetetctataaacttagtgagaccectectetgtitta
ctcacaaatatgcaaactagaaaacaatcatcaggaataaagggtttgattacttctattggaaaggactctagaggat
cccegggttagtcttecttettatceggttcgteccagegeggecaatetttcaacaaggggaggatgagaatagtgataagcaga
gtaccaaggatctgtattcatagctgacagattctcctectgtagtttcacaagaccaccgegtaatccagatgcatatccaagett
cttggcaaagccatcagectgaaattcaaatgatcggetgactaggttcagaccaaagcetgaccaattgetgaagtgggattaca
gtatgctgaaatatgatgagcccaatgaggactggetgegtatcaaacccaaagcettcgatacagatcagcetgaatttcgcacta
gtgtatatcctccaaattgtagaagtgtaagaatctgcatagcaacaaatgtgtacacagtatggttgagcettccagtgtcccaact
catgggcaataacagcaacaatttcctcatcgtctttgecactgttgaattaatgtgtcataagggacaatcctetigttcttgaagaat
ccatacatataggcattgctgtgacttgatcttgtggatccatcgacaacaaatagtttctttaacggatagtigagggaggaagea
agtttctcgattttctccctgagttgaccatctggaagtggagtgaacttattgaagagtggagctattagtactggataaagggtca
tcatcacaatagaaagaccaaacgtaaaaacccaaagatagatggccaagtatggacctccttictgtactattacaatgattgea
gccacaataggtggaccaattattacagaaaggaaaattcctttaagcatgtccctaaagaataaccatggtgtttgcttattaaaa
ccatgacgggcctcaatcacaaaagttgagtacagagaaaagggcaaatctgttatctgtgaccaaatcatcagecctgetaag
aaggcaagggtatgcagtatttcattctcagcattgaaaccagctattgtcataaaatctcctgatticttccaaaaccagggeaata
ccccaaagtacaaaattgtagagtctgtcactattgtcacaaactcgtgaacaaaatggaagtggcttttatcaagactataggcete
tagatttctcaaatttctcttggctgataacaccctctaaagtctttggaagagtaggaagtttgagggccctatgttgtcgeacatce
aagtaagtttcaaaaatgtacattaatatcataaatccgacaacggcttccatgtagggaaacgccatgagetegaattteceeg
atcgttcaaacatttggcaataaagtttcttaagattgaatcctgttgeeggtettgegatgattatcatataatttctgttga
attacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttatgattagagtcccgeaatta
tacatttaatacgcgatagaaaacaaaatatagegegeaaactaggataaattatcgegegeggtgtcatctatgttact
agatcgggaattcactggecgtegttttacaacgtegtgactgggaaaaccctggegttacccaacttaatcgecttgea
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gcacatccccctttegecagetggegtaatagegaagaggeccgeaccgategecctteccaacagttgegeagectga
atggcegeccgetectttegetttetteccttectttctegecacgttegecggetticceccgtecaagetctaaategggggcte
cctttagggttccgatttagtgetitacggeaccetegaccccaaaaaacttgatttgggtgatggttcacgtagtgggecat
cgecctgatagacggtttttegecctttgacgttggagtecacgttctttaatagtggactettgttccaaactggaacaac

actcaaccctatctecgggcetattcttttgatttataagggattttgcegattteggaaccaccatcaaacaggattttegect
getggggceaaaccagegtggaccgettgetgeaactetetcagggecaggeggtgaagggcaatcagetgtigeeegte
tcactggtgaaaagaaaaaccaccccagtacattaaaaacgtecgeaatgtgttattaagtigtctaagegtcaatttgrs
tacaccacaatatatcctgcca

SEQ ID NO:46 is the nucleic acid sequence of pPRD29A-antisense-GmCPP.
Italicized sequences are the right and left border repeats. Underlined sequence is the

RD29A promoter. Sequence in bold is the GmCPP antisense sequence.

SEQ ID NO:47

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgecgatgacgeg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcagce
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgecgegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctcggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctccggccgecttgggtggagaggctattcggectatgactgggcacaacagacaatecg
gctgctctgatgececgecgtgttecggetgtcagecgecaggggegeccggttetttttgte
aagaccgacctgtccggtgceccctgaatgaactgcaggacgaggcagcgeggctategtg
gctggccacgacgggcgttecttgegecagetgtgectcgacgttgtcactgaagecgggaa
gggactggctgctattgggcgaagtgccggggcaggatctecctgtcatctcaccttget
cctgccgagaaagtatccatcatggctgatgcaatgecggeggetgcatacgcttgatece
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgegeca
gccgaactgttcgccaggctcaaggcgcgcatgeccgacggegatgatctegtegtgac
ccatggcgatgcctgcttgeccgaatatcatggtggaaaatggecgettttetggattea
tcgactgtggccggetgggtgtggcggaccgctatcaggacatagegttggctaccegt
gatattgctgaagagcttggcggecgaatgggctgaccgecttectegtgetttacggtat
cgccgcectcececcgattcecgcagegecategecttcectatcgecttettgacgagttecttetgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgccatcacgagatt
tcgattccaccgecgecttectatgaaaggttgggettcggaategttttecgggacgece
ggctggatgatcctccagcgcggggatctcatgetggagttcttecgeccacgggatcete
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tgcggaacaggcggtcgaaggtgeccgatatcattacgacagcaacggccgacaagcaca
acgccacgatcctgagcgacaatatgatcgggcccggecgtccacatcaacggecgtcecggce
ggcgactgcccaggcaagaccgagatgcaccgecgatatcttgectgegttecggatatttt
cgtggagttcccgccacagacccggatgatccccgatcgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgccggtcttgegatgattatcatataatttcectgttyg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgecgecggtgtcatctatgttactagatcgggectcce
tgtcaatgctggcggcggctctggtggtggttetggtggeggetectgagggtggtggcet
ctgagggtggcggttctgagggtggcggctctgagggaggecggttecggtggtggetcet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtcgeta
ctgattacggtgctgctatcgatggtttcattggtgacgtttccggecttgctaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttcecctececctcaategg
ttgaatgtcgcccttttgtctttggcccaatacgcaéaccgcctctccccgcgcgttgg
ccgattcattaatgcagctggcacgacaggtttecccgactggaaagcgggcagtgagceg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatgce
ttccggctegtatgttgtgtggaattgtgagecggataacaatttcacacaggaaacagce
tatgaccatgattacgccaagcttgcatgcctgcagcccacagatggttagagaggcett

acgcagcaggtctcatcaagacgatctacccgagcaataatctccaggaaatcaaatac

cttcccaagaaggttaaagatgcagtcaaaagattcaggactaactgcatcaagaacac

agagaaagatatatttctcaagatcagaagtactattccagtatggacgattcaaggcect

tgcttcacaaaccaaggcaagtaatagagattggagtctctaaaaaggtagttcccact

gaatcaaaggccatggagtcaaagattcaaatagaggacctaacagaactcgccgtaaa

gactggcgaacagttcatacagagtctcttacgactcaatgacaagaagaaaatcttcg

tcaacatggtggagcacgacacacttgtctactccaaaaatatcaaagatacagtctca

gaagaccaaagggcaattgagacttttcaacaaagggtaatatccggaaacctcctcgg

attccattgcccagctatctgtcactttattgtgaagatagtggaaaaggaaggtggcet

cctacaaatgccatcattgcgataaaggaaaggccatcgttgaagatgcctctgceccgac

agtggtcccaaagatggacccecccacccacgaggagcatcgtggaaaaagaagacgttcece

aaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacg

cacaatcccactatccttcgcaagacecttectctatataaggaagttcatttcatttg

gagagaacacgggggactctagaggatccatggcgattecctttcatggaaaccgtegtt
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ggttttatgatagtgatgtacgtttttgagacgtatttggatctgaggcaacatactge
tctcaagcttcecccactecteccaaagactttggttggagtcattagecaagagaagtttg
agaaatctcgagcttacagtcttgacaaaagccattttcactttgttcatgagtttgtt
actatacttatggactctgcgattctgttetttgggatettgecttggttttggaagat
atctggcggctttctaccaatggtgggactegatccagagaatgaaatcctgeacacte
tttcattcttggctggtcecttatgacatggtcacagatcactgatttgecattttctttg
tactcaactttcgtgatcgagtcteggecatgggttcaacaaacaaacaatatggatgtt
cattagggacatgatcaaaggaatactcctctetgtcatacctgecectectategttyg
ccgcaattattgttatagttcagaaaggaggteccttacctecgecatcectatectgtgggea
ttcatgtttatcctgtctctagtgatgatgactatataccectgttttgattgecacctet
tttcaacaagttcactcctecttectgatggagacctecegggagaagattgagaaacttg
cttcttctctaaagtttectetgaagaagetgtttgttgtegatggatctacaaggteca
agccatagtaatgcttacatgtatggtttcttcaagaacaaaaggattgttcectttatga
cacattgattcagcagtgccagaatgagaatgaaattgtggeggttattgcacacgage
tgggacactggaagctgaatcacactacatactcgttcattgetgttcaaatccttgee
ttcttgecaatttggaggatacactettgtcagaaacteccactgatectettcaggagttt
tggttttgatacacaaccagttctcattggtttgatcatatttcagcacactgtaatac
cacttcaacacctagtaagctttgacctcaaccttgttagtcgagegtttgagtttcag
gctgatgcttttgcagtgaatcttggttatgecaaaggatctacgtcctgecctagtgaa
gctacaggaagagaacttatcagcgatgaacacagacccattgtactcagcttatcact
actcacaccctcctcttgtagagaggcttcgagccattgatggagaagacaagaagada
gattaacccctcgaatttccccgatcgttcaaacatttggcaataaagtttcttaagat
tgaatcctgttgecggtcttgecgatgattatcatataatttctgttgaattacgttaag
catgtaataattaacatgtaatgcétgacgttatttatgagatgggtttttatgattag
agtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaaactagg
ataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactggccgtcgt
tttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecttgcagecac
atccccctttecgecagetggegtaatagcgaagaggceccecgcaccgatcgecctteecaa
cagttgcgcagcctgaatggcgeccegetectttegetttetteccttectttetegeca
cgttcgccggcttteccecegtcaagectctaaatecgggggectecctttagggttecgattt
agtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgtagtgg
gccatcgccctgatagacggtttttecgecctttgacgttggagtccacgttcectttaata
gtggactcttgttccaaactggaacaacactcaaccctatctcgggectattcttttgat
ttataagggattttgccgatttcggaaccaccatcaaacaggattttcgectgectgggg
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caaaccagcgtggaccgcttgctgcaactctctcagggccaggcggtgaagggecaatca
gctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaacgtccge

aatgtgttattaagttgtctaagcgtcaatttgtttacaccacaatatatcctgceca

SEQ ID NO:47 is the nucleic acid sequence of pBI121-BnCPP. ltalicized
sequences are the right and left border repeats. Underlined sequence is the 35S promoter.

Sequence in bold is the BnCPP antisense sequence.

SEQ ID NO:48

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccececgecgatgacgeg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcagce
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgegegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctcggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctcecggececgettgggtggagaggctattcggectatgactgggcacaacagacaatcg
gctgctctgatgccgecgtgtteccggetgtcagegcaggggecgececggttetttttgte
aagaccgacctgtccggtgecctgaatgaactgcaggacgaggcagcgcggctatcegtg
gctggccacgacgggcgttecttgecgcagectgtgectcgacgttgtcactgaagecgggaa
gggactggctgctattgggcgaagtgeccggggcaggatctecctgtcatctcaccttget
cctgccgagaaagtatccatcatggctgatgcaatgecggecggectgecatacgettgatcece
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgcgcca
gccgaactgttcgceccaggctcaaggegecgcatgeccgacggecgatgatcectegtegtgac
ccatggcgatgcctgcttgeccgaatatcatggtggaaaatggecgecttttectggattca
tcgactgtggcecggctgggtgtggcggaccgctatcaggacatagegttggctacccegt
gatattgctgaagagcttggcggcgaatgggctgaccgecttcecctegtgetttacggtat
cgccgctcecccgattcgcagegecatcecgecttcectategecttettgacgagttecttetgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgccatcacgagatt
tcgattccaccgecgecttetatgaaaggttgggetteggaatecgttttecgggacgece
ggctggatgatcctccagcgcggggatctcatgectggagttecttegeccacgggatcte
tgcggaacaggcggtcgaaggtgeccgatatcattacgacagcaacggccgacaagcaca
acgccacgatcctgagcgacaatatgatcgggcccggegtccacatcaacggegtegge
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ggcgactgcccaggcaagaccgagatgcaccgcgatatcttgetgegttcggatatttt
cgtggagttcccgccacagacccggatgatcceccgatcecgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgccggtcttgecgatgattatcatataatttctgttg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagc
gcgcaaactaggataaattatcgcgcgeggtgtcatctatgttactagatcgggectcee
tgtcaatgctggcggcggctcetggtggtggttctggtggeggectectgagggtggtgget
ctgagggtggcggttctgagggtggcggctctgagggaggeggttecggtggtggetcet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtegeta
ctgattacggtgctgctatcgatggtttcattggtgacgtttccggecttgectaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttcectcecctcaatcgg
ttgaatgtcgcccttttgtctttggecccaatacgcaaaccgectetecececgegegttgg
ccgattcattaatgcagctggcacgacaggtttcccgactggaaagecgggcagtgagceg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatge
ttccggctegtatgttgtgtggaattgtgagecggataacaatttcacacaggaaacagc
tatgaccatgattacgccaagcttgcatgcctgcagcccacagatggttagagaggcett

acgcagcaggtctcatcaagacgatctacccgagcaataatctccaggaaatcaaatac

cttcccaagaaggttaaagatgcagtcaaaagattcaggactaactgcatcaagaacac

agagaaagatatatttctcaagatcagaagtactattccagtatggacgattcaaggct

tgcttcacaaaccaaggcaagtaatagagattggagtctctaaaaaggtagttcccact

gaatcaaaggccatggagtcaaagattcaaatagaggacctaacagaactcgccgtaaa

gactggcgaacagttcatacagagtctcttacgactcaatgacaagaagaaaatcttcg

tcaacatggtggagcacgacacacttgtctactccaaaaatatcaaagatacagtctca

gaagaccaaagggcaattgagacttttcaacaaagggtaatatccggaaacctcctcgg

attccattgcccagctatctgtcactttattgtgaagatagtggaaaaggaaggtggcet

cctacaaatgccatcattgcgataaaggaaaggccatcgttgaagatgcctctgecgac

agtggtcccaaagatggacccccacccacgaggagcatcgtggaaaaagaagacgttcc

aaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacyg

cacaatcccactatccttcgcaagacccttecctctatataaggaagttcatttcatttg

gagagaacacgggggactctagaccagtgtecccagectcgtgtgecaataaccgeccacaat

ttcattctcattetggcactgetgaatcaatgtgtcataaagaacaatcecttttgttet

tgaagaaaccatacatgtaagcattactatggcttgaccttgtagatccatcgacaaca
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aacagcttcttcagaggaaactttagagaagaagcaagtttctcaatetteteceggag
gtctccatcaggaagaggagtgaacttgttgaaaagaggtgcaatcaaaacagggtata
tagtcatcatcactagagacaggataaacatgaatgcccacagatagatggecgaggtaa
ggacctcctttctgaactataacaataattgeggcaacgataggaggggecaggtatgac
agagaggagtattcctttgatcatgtccctaatgaacatccatattgtttgtttgttga
acccatgccgagactcgatcacgaaagttgagtacaaagaaaatggcaaatcagtgatc
tgtgaccatgtcataagaccagccaagaatgaaagagtgtgcaggatttcattctetgg
atcgagtcccaccattggtagaaggatccccATCTACCCGCTTCGCGTCGGCATCCGGT
CAGTGGCAGTGAAGGGCGAACAGTTCCTGATTAACCACAAACCGTTCTACTTTACTGGC
TTTGGTCGTCATGAAGATGCGGACTTGCGTGGCAAAGGATTCGATAACGTGCTGATGGT
GCACGACCACGCATTAATGGACTGGATTGGGGCCAACTCCTACCGTACCTCGCATTACC
CTTACGCTGAAGAGATGCTCGACTGGGCAGATGAACATGGCATCGTGGTGATTGATGAA
ACTGCTGCTGTCGGCTTTTCGCTCTCTTTAGGCATTGGTTTCGAAGCGGGCAACAAGCC
GAAAGAACTGTACAGCGAAGAGGCAGTCAACGGGGAAACTCAGCAAGCGCACTTACAGG
CGATTAAAGAGCTGATAGCGCGTGACAAAANACCACCCAAGCGTGGTGATGTGGAGTATT
GCCAACGAACCGGATACCCGTCCGCAAGGTGCACGGGAATATTTCGCGCCACTGGCGGA
AGCAACGCGTAAACTCGACCCGACGCGTCCGATCACCTGCGTCAATGTAATGTTCTGCG
ACGCTCACACCGATACCATCAGCGATCTCTTTGATGTGCTGTGCCTGAACCGTTATTAC
GGATGGTATGTCCARAGCGGCGATTTGGAAACGGCAGAGAAGGTACTGGAAAAAGAACT
TCTGGCCTGGCAGGAGAAACTGTACACCGACATGTGGAGTGAAGAGTATCAGTGTGCAT
GGCTGGATATGTATCACCGCGTCTTTGATCGCGTCAGCGCCGTCGTCGGTGAACAGGTA
TGGAATTTCGCCGATTTTGCGACCTCGCAAGGCATATTGCGCGTTGGCGGTAACAAGAA
AGGGATCTTCACTCGCGACCGCAAACCGAAGTCGGCGGCTTTTCTGCTGCAAAAACGCT
GGACTGGCATGAACTTCGGTGAAAAACCGCAGCAGGGAGGCAAACAATGAatcaacaac
tctcctggecgcaccatcgtecggctacagectecgggaattgectaccgagectcttetacea
atggtgggactcgatccagagaatgaaatcctgcacactctttcattcttggetggtet

tatgacatggtcacagatcactgatttgccattttctttgtactcaactttcegtgateg

agtctcggcatgggttcaacaaacaaacaatatggatgttcattagggacatgatcaaa

ggaatactcctctctgtcatacctgececcctectategttgecgecaattattgttatagt

tcagaaaggaggtccttacctcgccatctatctgtgggcattcatgtttatectgtete

tagtgatgatgactatataccctgttttgattgcacctcttttcaacaagttcactect

cttcctgatggagacctccgggagaagattgagaaacttgettecttetctaaagtttee
tctgaagaagctgtttgttgtcgatggatctacaaggtcaagccatagtaatgcttaca

tgtatggtttcttcaagaacaaaaggattgttctttatgacacattgattcagecagtge
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cagaatgagaatgaaattgtggcggttattgcacacgagctgggacactgggagctcga
atttccccgatcgttcaaacatttggcaataaagtttcttaagattgaatcctgttgee

ggtcttgcgatgattatcatataatttctgttgaattacgttaagcatgtaataattaa
catgtaatgcatgacgttatttatgagatgggtttttatgattagagtcccgcaattat
acatttaatacgcgatagaaaacaaaatatagcgcgcaaactaggataaattatcgcge
gcggtgtcatctatgttactagatcgggaattcactggccgtegttttacaacgtcgtyg
actgggaaaaccctggcgttacccaacttaatcgccttgcagcacatccececectttegec
agctggcgtaatagcgaagaggcccgcaccgatcgeccttecccaacagttgegecagect
gaatggcgcccgctectttegetttettcecttectttctecgecacgttegeecggettt
ccccgtcaagctctaaatcgggggctceccecctttagggttccgatttagtgetttacggea
cctcgaccccaaaaaacttgatttgggtgatggttcacgtagtgggeccatecgecectgat
agacggtttttcgccctttgacgttggagtccacgttctttaatagtggactcecttgtte
caaactggaacaacactcaaccctatctcgggctattcttttgatttataagggatttt
gccgatttcggaaccaccatcaaacaggattttecgectgectggggcaaaccagegtgga
ccgcttgctgcaactctctcagggccaggeggtgaagggcaatcagetgttgecegtcet
cactggtgaaaagaaaaaccaccccagtacattaaaaacgtccgcaatgtgttattaag

ttgtctaagcgtcaatttgtttacaccacaatatatcctgeca

SEQ ID NO:48 is the nucleic acid sequence of pBI121-HP-BnCPP. Italicized
sequences are the right and left border repeats. Underlined sequence is the 35S promoter.
Sequence in bold is the BnCPP antisense sequence, bold and underlined sequence is the

BnCPP sense fragment and upper case indicates the truncated GUS fragment.

SEQ ID NO:49

gtttacccgccaatatatcectgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgeccgatgacgeg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcage
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgecgegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccecctecggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttecgcatgattgaacaagatggattgcacgcagg
ttctccggccgecttgggtggagaggctatteggctatgactgggcacaacagacaatcg
gctgctctgatgccgecegtgttecggetgtcagegecaggggecgeccggttectttttgte
aagaccgacctgtccggtgccctgaatgaactgcaggacgaggcagcgcggctategtg
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gctggccacgacgggcgttccttgegecagectgtgectcgacgttgtcactgaagecgggaa
gggactggctgctattgggcgaagtgeccggggcaggatctectgtcatctecaccttget
cctgccgagaaagtatccatcatggctgatgcaatgecggcggectgcatacgettgatcce
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctecgegeca
gccgaactgttcgeccaggctcaaggcgecgcatgececcgacggcgatgatcectegtegtgac
ccatggcgatgcctgecttgeccgaatatcatggtggaaaatggeccgettttectggattca
tcgactgtggccggectgggtgtggeggaccgectatcaggacatagegttggctaccecgt
gatattgctgaagagcttggcggcgaatgggctgaccgecttecctegtgetttacggtat
cgccgctcecccecgattcgcagegcatcgecttetategecttecttgacgagttcecttcectgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgccatcacgagatt
tcgattccaccgececgecttcectatgaaaggttgggecttecggaatecgttttecgggacgece
ggctggatgatcctccagecgcggggatctcatgectggagttettegeccacgggatcte
tgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagecaca
acgccacgatcctgagcgacaatatgatcgggcceggcecgteccacatcaacggegtcecgge
ggcgactgcccaggcaagaccgagatgcaccgcgatatcttgectgegttcggatatttt
cgtggagttcccgccacagacccggatgatccccgatcgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgccggtcttgecgatgattatcatataatttctgttyg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgcgecggtgtcatctatgttactagatecgggectcce
tgtcaatgctggcggcggctctggtggtggttctggtggcggectctgagggtggtgget
ctgagggtggcggttctgagggtggcggetctgagggaggecggttccggtggtggetcet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtcgcta
ctgattacggtgctgctatcgatggtttcattggtgacgtttccggeccttgectaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttcectcectcaatcgg
ttgaatgtcgceccttttgtctttggeccaatacgcaaaccgectctececcgegegttgg
ccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagceg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatge
ttccggectegtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagce
tatgaccatgattacgccaagcttgcatgcctgcagecccacagatggttagagaggctt

acgcagcaggtctcatcaagacgatctacccgagcaataatctccaggaaatcaaatac
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cttcccaagaaggttaaagatgcagtcaaaagattcaggactaactgcatcaagaacac

agagaaagatatatttctcaagatcagaagtactattccagtatggacgattcaaggct

tgcttcacaaaccaaggcaagtaatagagattggagtctctaaaaaggtagttcccact

gaatcaaaggccatggagtcaaagattcaaatagaggacctaacagaactcgecgtaaa

gactggcgaacagttcatacagagtctcttacgactcaatgacaagaagaaaatcttcg

tcaacatggtggagcacgacacacttgtctactccaaaaatatcaaagatacagtctca

gaagaccaaagggcaattgagacttttcaacaaagggtaatatccggaaacctcctcgg

attccattgcccagctatctgtcactttattgtgaagatagtggaaaaggaaggtggcet

cctacaaatgccatcattgcgataaaggaaaggccatcgttgaagatgcctctgecgac

agtggtcccaaagatggaccecccacccacgaggagcatcgtggaaaaagaagacgttce

aaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacg

cacaatcccactatccttcgcaagacccttecctctatataaggaagttcatttcatttg

gagagaacacgggggactctagaggatccttaatctgtcttcttgtcttctécatcaat

ggctcgaagcctctctacaagaggagggtgtgagtagtgataagectgagtacaatgggt
ctgtgttcatcgctgataagttectecttecctgtagettcactagggecaggacgtagatee
tttgcataaccaagattcactgcaaaagcatcagcctgaaactcaaacgectecgactaac
aaggttgaggtcaaagcttactaggtgttgaagtggtattacagtgtgetgaaatatga
tcaaaccaatgagaactggttgtgtatcaaaaccaaaactcctgaagagatcagtggag
tttectgacaagagtgtatcecctecaaattgcaagaaggcaaggatttgaacagcaatgaa
cgagtatgtagtgtgattcagcttecagtgteccagetegtgtgecaataaccgecacaa
tttcattctcattectggcactgetgaatcaatgtgtcataaagaacaatececttttgtte
ttgaagaaaccatacatgtaagcattactatggcttgaccttgtagatccatcgacaac
aaacagcttcttcagaggaaactttagagaagaagcaagtttctcaatcttcteceecgga
ggtctccatcaggaagaggagtgaacttgttgaaaagaggtgcaatcaaaacagggtat
atagtcatcatcactagagacaggataaacatgaatgecccacagatagatggcgaggta
aggacctcctttctgaactataacaataattgecggcaacgataggaggggcaggtatga
cagagaggagtattcctttgatcatgtcecctaatgaacatccatattgtttgtttgttg
aacccatgccgagactcgatcacgaaagttgagtacaaagaaaatggcaaatcagtgat
ctgtgaccatgtcataagaccagccaagaatgaaagagtgtgcaggatttcattctcetg
gatcgagtcccaccattggtagaaagecgccagatatcttccaaaaccaaggcaagate
ccaaagaacagaatcgcagagtccataagtatagtaacaaactcatgaacaaagtgaaa
atggcttttgtcaagactgtaagctcgagatttctcaaacttctcecttggectaatgacte
caaccaaagtctttgggagagtgggaagcttgagagcagtatgttgecctcagatccaaa

tacgtetcaaaaacgtacatcactatcataaaaccaacgacggtttccatgaaaggaat
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cgccatcccctcgaatttccecgatecgttcaaacatttggcaataaagtttcttaagat
tgaatcctgttgccggtcttgecgatgattatcatataatttctgttgaattacgttaag
catgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttatgattag
agtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaaactagg
ataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactggecgtcgt
tttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecttgcagecac
atccccctttcecgecagectggegtaatagcgaagaggcccgcaccgatcgeecctteccaa
cagttgcgcagcctgaatggcgcecccgectectttegetttecttecececttectttetegeca
cgttcgcecggecttteccecgtcaagetctaaatcgggggetececctttagggttecgattt
agtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgtagtgg
gccatcgceccctgatagacggtttttcgecctttgacgttggagtccacgttctttaata
gtggactcttgttccaaactggaacaacactcaaccctatctcgggctattcttttgat
ttataagggattttgccgatttcggaaccaccatcaaacaggattttcgeectgetgggg
caaaccagcgtggaccgcttgctgcaactctctcagggccaggcggtgaagggcaatca
gctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaacgtccge

aatgtgttattaagttgtctaagcgtcaatttgtttacaccacaatatatcctgcca

SEQ ID NO:49 is the nucleic acid sequence of pBI121-antisense-BnCPP.
Italicized sequences are the right and left border repeats. Underlined sequence is the 35S

promoter. Sequence in bold is the BnCPP antisense sequence.

SEQ ID NO:50

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgecgatgacgeg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcagce
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgecgegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattccectecggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctccggeccgettgggtggagaggctattecggectatgactgggcacaacagacaatcg
gctgctctgatgccgececgtgtteccggectgtcagecgcaggggecgececggttetttttgte
aagaccgacctgtccggtgccctgaatgaactgcaggacgaggcagcecgcggctategtg
gctggccacgacgggcgttccttgcgcagetgtgectcgacgttgtcactgaagecgggaa
gggactggctgctattgggcgaagtgccggggcaggatctcctgtcatctcaccttget
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cctgccgagaaagtatccatcatggctgatgcaatgcggcggctgcatacgettgatcce
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgegcca
gccgaactgttcgccaggctcaaggecgegcatgeccgacggcecgatgatctegtegtgac
ccatggcgatgcctgcttgeccgaatatcatggtggaaaatggeccgettttctggattca
tcgactgtggccggectgggtgtggecggaccgctatcaggacatagegttggetaccegt
gatattgctgaagagcttggcggcgaatgggctgaccgcettectegtgetttacggtat
cgccgctcccecgattcgcagegecatcgecttctategecttecttgacgagttecttctgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgeccatcacgagatt
tcgattccaccgeccgecttctatgaaaggttgggcttcggaategtttteccgggacgcece
ggctggatgatcctccagcgcggggatctcatgectggagttecttcgeccacgggatcte
tgcggaacaggcggtcgaaggtgeccgatatcattacgacagcaacggccgacaagcaca
acgccacgatcctgagcgacaatatgatcgggcccggcgtccacatcaacggecgtcecgge
ggcgactgcccaggcaagaccgagatgcaccgecgatatcttgectgecgttecggatatttt
cgtggagttcccgccacagacccggatgatcceccgatcgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgccggtcttgecgatgattatcatataatttectgttyg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgecgecggtgtcatctatgttactagatcgggectcece
tgtcaatgctggcggcggetctggtggtggttctggtggeggectctgagggtggtgget
ctgagggtggcggttctgagggtggcggctctgagggaggecggttccggtggtggetcet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtegecta
ctgattacggtgctgctatcgatggtttcattggtgacgtttcecggecttgctaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttccctceccecctcaatcgg
ttgaatgtcgceccttttgtctttggecccaatacgcaaaccgectcectecececgegegttgg
ccgattcattaatgcagctggcacgacaggtttcecccgactggaaagcgggcagtgagceg
caacgcaattaatgtgagttagctcactcattaggéaccccaggctttacactttatgc
ttccggctegtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacage
tatgaccatgattacgccaagcttgcatgcctgcagggagccatagatgcaattcaatc

aaactgaaatttctgcaagaatctcaaacacggagatctcaaagtttgaaagaaaattt

atttcttcgactcaaaacaaacttacgaaatttaggtagaacttatatacattatattg

taattttttgtaacaaaatgtttttattattattatagaattttactggttaaattaaa
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aatgaatagaaaaggtgaattaagaggagagaggaggtaaacattttcttctatttttt

catattttcaggataaattattgtaaaagtttacaagatttccatttgactagtgtaaa

tgaggaatattctctagtaagatcattatttcatctacttcttttatcttctaccagta

gaggaataaacaatatttagctcctttgtaaatacaaattaattttccttcttgacatc

attcaattttaattttacgtataaaataaaagatcatacctattagaacgattaaggag

aaatacaattcgaatgagaaggatgtgccgtttgttataataaacagccacacgacgta

aacgtaaaatgaccacatgatgggccaatagacatggaccgactactaataatagtaag

ttacattttaggatggaataaatatcataccgacatcagttttgaaagaaaagggaaaa

aaagaaaaaataaataaaagatatactaccgacatgagttccaaaaagcaaaaaaaaag

atcaagccgacacagacacgcgtagagagcaaaatgactttgacgtcacaccacgaaaa

cagacgcttcatacgtgtcectttatctctctcagtctctctataaacttagtgagace

ctcctcectgttttactcacaaatatgcaaactagaaaacaatcatcaggaataaagggtt

tgattacttctattggaaaggactctagaggatccatggcgattectttcatggaaace
gtcgttggttttatgatagtgatgtacgtttttgagacgtatttggatctgaggcaaca
tactgctctcaagecttececacteteccaaagactttggttggagtcattagecaagaga
agtttgagaaatctcgagcttacagtcttgacaaaageccattttcactttgttcatgag
tttgttactatacttatggactectgegattectgttetttgggatettgecttggttttg
gaagatatctggcggctttctaccaatggtgggactcgatccagagaatgaaatcecetge
acactctttcattcttggectggtcttatgacatggtcacagatcactgatttgecattt
tctttgtactcaactttegtgatecgagteteggeatgggttcaacaaacaaacaatatg
gatgttcattagggacatgatcaaaggaatactcctctctgtcatacctgececctecta
tegttgececgcaattattgttatagttcagaaaggaggteccttacetegecatectatetg
tgggcattcatgtttatcctgtctctagtgatgatgactatatacectgttttgattge
acctcttttcaacaagttcactecctettectgatggagaccteecgggagaagattgaga
aacttgcttcttctctaaagtttectetgaagaagetgtttgttgtegatggatctaca
aggtcaagccatagtaatgcttacatgtatggtttcttcaagaacaaaaggattgttet
ttatgacacattgattcagcagtgeccagaatgagaatgaaattgtggecggttattgecac
acgagctgggacactggaagctgaatcacactacatactecgttcattgetgttcaaatce
cttgccttettgecaatttggaggatacactecttgtcagaaactccactgatectettecag
gagttttggttttgatacacaaccagttctcattggtttgatcatatttcagcacactg
taataccacttcaacacctagtaagetttgacctcaaccttgttagtegagegtttgag
tttcaggctgatgettttgecagtgaatecttggttatgecaaaggatctacgtectgecect
agtgaagctacaggaagagaacttatcagcgatgaacacagacccattgtactcagett
atcactactcacaccctcctettgtagagaggecttcgagecattgatggagaagacaag
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aagacagattaacccctcgaatttcceccgatcgttcaaacatttggcaataaagtttcet
taagattgaatcctgttgccggtcttgcgatgattatcatataatttcectgttgaattac
gttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttat
gattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaa
actaggataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactgge
cgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatecgecttg
cagcacatccccectttegeccagectggegtaatagecgaagaggeccgcaccgatcecgecect
tcccaacagttgcecgcagectgaatggecgeccgetectttegetttetteectteecttte
tcgccacgttcgeccggectttceccecegtcaagectctaaatcgggggetecctttagggtte
cgatttagtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacg
tagtgggccatcgccctgatagacggtttttcgecctttgacgttggagtecacgttet
ttaatagtggactcttgttccaaactggaacaacactcaaccctatctecgggectattcet
tttgatttataagggattttgccgatttcggaaccaccatcaaacaggattttcgectg
ctggggcaaaccagcgtggaccgcttgctgcaactctctcagggccaggecggtgaaggg
caatcagctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaac
gtccgcaatgtgttattaagttgtctaagcgtcaatttgtttacaccacaatatatcect

gcca

SEQ ID NO:50 is the nucleic acid sequence of pPRD29A-BnCPP. Italicized
sequences are the right and left border repeats. Underlined sequence is the RD29A

promoter. Sequence in bold is the BnCPP sense sequence.

SEQ ID NO:51

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgccgatgacgeg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcagce
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgegegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctcggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctceggecgettgggtggagaggctattcecggctatgactgggcacaacagacaatcg
gctgctctgatgccgecgtgttecggectgtcagegecaggggegececggttetttttgte
aagaccgacctgtccggtgecctgaatgaactgcaggacgaggcagcgceggctategtyg
gctggccacgacgggcgttceccttgecgcagctgtgctcgacgttgtcactgaagcgggaa
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gggactggctgctattgggcgaagtgccggggcaggatctcctgtcatctcaccttget
cctgccgagaaagtatccatcatggctgatgcaatgcggcggctgcatacgettgatee
ggctacctgcccattcgaccaccaagcgaaacatcgca%cgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggectcgecgceca
gccgaactgttcgccaggctcaaggcgecgecatgeccgacggcgatgatectegtegtgac
ccatggcgatgecctgcecttgeccgaatatcatggtggaaaatggeccgettttcectggattca
tcgactgtggccggctgggtgtggcggaccgectatcaggacatagegttggctaccegt
gatattgctgaagagcttggcggcgaatgggctgaccgecttectecgtgetttacggtat
cgccgctcccgattcgcagegcatcecgecttcectatcecgecttecttgacgagttettctgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgceccatcacgagatt
tcgattccaccgcecgecttectatgaaaggttgggectteggaategtttteccgggacgec
ggctggatgatcctccagcgcggggatctcatgectggagttecttcgeccacgggatcte
tgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagcaca
acgccacgatcctgagcgacaatatgatcgggcccggcgtceccacatcaacggegtcggce
ggcgactgcccaggcaagaccgagatgcaccgcgatatcttgectgegtteggatatttt
cgtggagttcccgccacagacccggatgatcecccgatcecgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgccggtcttgecgatgattatcatataatttetgttg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgcgcggtgtcatctatgttactagatcgggectcece
tgtcaatgctggcggcggetctggtggtggttectggtggecggectctgagggtggtgget
ctgagggtggcggttctgagggtggcggectctgagggaggcggttccggtggtggetet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtcgceta
ctgattacggtgctgctatcgatggtttcattggtgacgtttccggecttgctaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttccctceccecctcaategg
ttgaatgtcgcccttttgtctttggeccaatacgcaaaccgectcectceceecegegegttgg
ccgattcattaatgcagctggcacgacaggttteeccgactggaaagecgggcagtgageg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatge
ttccggcectcecgtatgttgtgtggaattgtgageggataacaatttcacacaggaaacagce
tatgaccatgattacgccaagcttgcatgcctgcagggagccatagatgcaattcaatce

aaactgaaatttctgcaagaatctcaaacacggagatctcaaagtttgaaagaaaattt

atttcttcgactcaaaacaaacttacgaaatttaggtagaacttatatacattatattg
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taattttttgtaacaaaatgtttttattattattatagaattttactggttaaattaaa

aatgaatagaaaaggtgaattaagaggagagaggaggtaaacattttcttctatttttt

catattttcaggataaattattgtaaaagtttacaagatttccatttgactagtgtaaa

tgaggaatattctctagtaagatcattatttcatctacttcttttatcttctaccagta

gaggaataaacaatatttagctcctttgtaaatacaaattaattttccttcttgacatc

attcaattttaattttacgtataaaataaaagatcatacctattagaacgattaaggag

aaatacaattcgaatgagaaggatgtgccgtttgttataataaacagccacacgacgta

aacgtaaaatgaccacatgatgggccaatagacatggaccgactactaataatagtaag

ttacattttaggatggaataaatatcataccgacatcagttttgaaagaaaagggaaaa

aaagaaaaaataaataaaagatatactaccgacatgagttccaaaaagcaaaaaaaaag

atcaagccgacacagacacgcgtagagagcaaaatgactttgacgtcacaccacgaaaa

cagacgcttcatacgtgtcectttatctctctcagtctctctataaacttagtgagacc

ctcctctgttttactcacaaatatgcaaactagaaaacaatcatcaggaataaagggtt

tgattacttctattggaaaggactctagaccagtgtcccagetegtgtgcaataaccge

cacaatttcattctcattectggcactgectgaatcaatgtgtcataaagaacaatcettt
tgttcttgaagaaaccatacatgtaagcattactatggecttgacettgtagatccateg
acaacaaacagcttcttcagaggaaactttagagaagaagcaagtttctcaatcettcete
ccggaggtcteccatcaggaagaggagtgaacttgttgaaaagaggtgcaatcaaaacag
ggtatatagtcatcatcactagagacaggataaacatgaatgcccacagatagatggecg
aggtaaggacctcctttctgaactataacaataattgecggcaacgataggaggggcagg
tatgacagagaggagtattcctttgatcatgtccctaatgaacatccatattgtttgtt
tgttgaacccatgecgagactcgatcacgaaagttgagtacaaagaaaatggcaaatca
gtgatctgtgaccatgtcataagaccagccaagaatgaaagagtgtgcaggatttcatt
ctctggatcgagtecccaccattggtagaaggatccccATCTACCCGCTTCGCGTCGGCA
TCCGGTCAGTGGCAGTGAAGGGCGAACAGTTCCTGATTAACCACAAACCGTTCTACTTT
ACTGGCTTTGGTCGTCATGAAGATGCGGACTTGCGTGGCAAAGGATTCGATAACGTGCT
GATGGTGCACGACCACGCATTAATGGACTGGATTGGGGCCAACTCCTACCGTACCTCGC
ATTACCCTTACGCTGAAGAGATGCTCGACTGGGCAGATGAACATGGCATCGTGGTGATT
GATGAAACTGCTGCTGTCGGCTTTTCGCTCTCTTTAGGCATTGGTTTCGAAGCGGGCAA
CAAGCCGAAAGAACTGTACAGCGAAGAGGCAGTCAACGGGGAAACTCAGCAAGCGCACT
TACAGGCGATTAAAGAGCTGATAGCGCGTGACAAAARACCACCCAAGCGTGGTGATGTGG
AGTATTGCCAACGAACCGGATACCCGTCCGCAAGGTGCACGGGAATATTTCGCGCCACT
GGCGGAAGCAACGCGTAAACTCGACCCGACGCGTCCGATCACCTGCGTCAATGTAATGT
TCTGCGACGCTCACACCGATACCATCAGCGATCTCTTTGATGTGCTGTGCCTGAACCGT
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TATTACGGATGGTATGTCCAAAGCGGCGATTTGGAAACGGCAGAGAAGGTACTGGAAAA
AGAACTTCTGGCCTGGCAGGAGAAACTGTACACCGACATGTGGAGTGAAGAGTATCAGT
GTGCATGGCTGGATATGTATCACCGCGTCTTTGATCGCGTCAGCGCCGTCGTCGGTGAA
CAGGTATGGAATTTCGCCGATTTTGCGACCTCGCAAGGCATATTGCGCGTTGGCGGTAA
CAAGAAAGGGATCTTCACTCGCGACCGCARAACCGAAGTCGGCGGCTTTTCTGCTGCAAA
AACGCTGGACTGGCATGAACTTCGGTGARAAACCGCAGCAGGGAGGCAAACAATGAATC
AACAACTCTCCTGGCGCACCATCGTCGGCTACAGCCTCGGGAATTGCTACCGAGCTCEE
ctaccaatggEgggactcgatccagagaatgaaatcg;gcacactctttcattcttggg

tggtcttatgacatggtcacagatcactgatttgeccattttctttgtactcaacttteg

tgatcgagtctcggcatgggttcaacaaacaaacaatatggatgttcattagggacatg

atcaaaggaatactcctctctgtcatacctgecccctectategttgecgcaattattgt

tatagttcagaaaggaggtccttacctegecatctatctgtgggecattcatgtttatcece
cagttcagaaaggagg g g gt

tgtctctagtgatgatgactatataccctgttttgattgcacctecttttcaacaagtte

actcctcttcctgatggagaccteccgggagaagattgagaaacttgettcttctetaaa

gtttcctctgaagaagctgtttgttgtecgatggatctacaaggtcaagecatagtaatg
cttacatgtatggtttcttcaagaacaaaaggattgttctttatgacacattgattcag

cagtggcagaatgagaatgaaattgtggcggttattgcacacgagctgggacactggga

gctcgaatttccccgatcgttcaaacatttggcaataaagtttcttaagattgaatcect
gttgccggtcttgcgatgattatcatataatttctgttgaattacgttaagcatgtaat
aattaacatgtaatgcatgacgttatttatgagatgggtttttatgattagagtcccge
aattatacatttaatacgcgatagaaaacaaaatatagcgcgcaaactaggataaatta
tcgcgecgcggtgtcatctatgttactagatcgggaattcactggecgtegttttacaac
gtcgtgactgggaaaaccctggcgttacccaacttaatcgeccttgecagcacatecccect
ttcgccagctggcgtaatagcgaagaggecccgecaccgatcecgeccttecccaacagttgeg
cagcctgaatggcgccecgctectttecgetttetteccttectttetecgecacgttegec
ggctttcccecgtcaagctctaaatcgggggctcecectttagggtteecgatttagtgettt
acggcacctcgaccccaaaaaacttgatttgggtgatggttcacgtagtgggccatcge
cctgatagacggtttttcgececctttgacgttggagtccacgttctttaatagtggactc
ttgttccaaactggaacaacactcaaccctatctcgggctattcttttgatttataagg
gattttgccgatttcggaaccaccatcaaacaggattttcgectgetggggcaaaccag
cgtggaccgcttgctgcaactctctcagggeccaggcggtgaagggcaatcagectgttge
ccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaacgtccgcaatgtgtt

attaagttgtctaagcgtcaatttgtttacaccacaatatatcctgccea
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SEQ ID NO:51 is the nucleic acid sequence of pPRD29A-HP-BnCPP. Italicized
sequences are the right and left border repeats. Underlined sequence is the RD29A
promoter. Sequence in bold is the BnCPP antisense sequence, bold and underlined
sequence is BnCPP sense fragment and the upper case sequence represents the truncated

GUS fragment.

SEQ ID NO:52

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgecgatgacgeg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcagce
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgegegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctecggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctccggeccgecttgggtggagaggctattcggctatgactgggcacaacagacaatcg
gctgctctgatgccgceccgtgttcececggetgtcagegcaggggegececggttetttttgte
aagaccgacctgtcecggtgcecctgaatgaactgcaggacgaggcagcgeggctategtg
gctggccacgacgggcgttccttgcgcagectgtgectecgacgttgtcactgaagcgggaa
gggactggctgctattgggcgaagtgccggggcaggatctcctgtcatctcaccttget
cctgccgagaaagtatccatcatggctgatgcaatgcggcggctgcatacgecttgatcece
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgecgceca
gccgaactgttcgccaggctcaaggcgecgcatgeccgacggcecgatgatcectecgtecgtgac
ccatggcgatgcctgcttgccgaatatcatggtggaaaatggececgecttttctggattca
tcgactgtggccggectgggtgtggcggaccgectatcaggacatagegttggectaccecgt
gatattgctgaagagcttggcggcgaatgggctgaccgecttectegtgetttacggtat
cgccgcteccgattcgcagecgecategecttetategecttecttgacgagttecttcectgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgeccatcacgagatt
tcgattccaccgccgecttctatgaaaggttgggecttcggaatecgtttteccgggacgece
ggctggatgatcctccagcgcggggatctcatgectggagttcttecgeeccacgggatcte
tgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagecaca
acgccacgatcctgagcgacaatatgatcgggccecggegtccacatcaacggegtcgge
ggcgactgcccaggcaagaccgagatgcaccgcgatatcttgetgegttecggatatttt

cgtggagttcccgceccacagacccggatgatceccecgatecgttcaaacatttggcaataaa
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gtttcttaagattgaatcctgttgccggtcttgecgatgattatcatataatttctgttyg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatage
gcgcaaactaggafaaattatcgcgcgcggtgtcatctatgttactagatcgggcctcc
tgtcaatgctggcggcggectctggtggtggttectggtggecggectctgagggtggtgget
ctgagggtggcggttcetgagggtggeggetctgagggaggcggttececggtggtggetet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtegeta
ctgattacggtgctgctatcgatggtttcattggtgacgtttccggecttgectaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttccctecectcaatcgg
ttgaatgtcgcccttttgtctttggecccaatacgcaaaccgecctectecececegegegttgg
ccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgageg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatge
ttccggctcecgtatgttgtgtggaattgtgagecggataacaatttcacacaggaaacagce
tatgaccatgattacgccaagcttgcatgcctgcagggagccatagatgcaattcaatc

aaactgaaatttctgcaagaatctcaaacacggagatctcaaagtttgaaagaaaattt

atttcttcgactcaaaacaaacttacgaaatttaggtagaacttatatacattatattg

taattttttgtaacaaaatgtttttattattattatagaattttactggttaaattaaa

aatgaatagaaaaggtgaattaagaggagagaggaggtaaacattttcttctatttttt

catattttcaggataaattattgtaaaagtttacaagatttccatttgactagtgtaaa

tgaggaatattctctagtaagatcattatttcatctacttcttttatcttctaccagta

gaggaataaacaatatttagctcctttgtaaatacaaattaattttcecttcttgacatc

attcaattttaattttacgtataaaataaaagatcatacctattagaacgattaaggag

aaatacaattcgaatgagaaggatgtgccgtttgttataataaacagccacacgacgta

aacgtaaaatgaccacatgatgggccaatagacatggaccgactactaataatagtaag

ttacattttaggatggaataaatatcataccgacatcagttttgaaagaaaagggaaaa

aaagaaaaaataaataaaagatatactaccgacatgagttccaaaaagcaaaaaaaaag

atcaagccgacacagacacgcgtagagagcaaaatgactttgacgtcacaccacgaaaa

cagacgcttcatacgtgtccctttatctctctcagtctctctataaacttagtgagacc

ctcctctgttttactcacaaatatgcaaactagaaaacaatcatcaggaataaagggtt

tgattacttctattggaaaggactctagaggatccttaatetgtettettgtettetee
atcaatggctcgaagcectetectacaagaggagggtgtgagtagtgataagectgagtaca
atgggtctgtgttcatcgetgataagttctecttectgtagettcactagggecaggacgt
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agatcctttgcataaccaagattcactgcaaaagcatcagecctgaaactcaaacgeteg
actaacaaggttgaggtcaaagcttactaggtgttgaagtggtattacagtgtgectgaa
atatgatcaaaccaatgagaactggttgtgtatcaaaaccaaaactcctgaagagatca
gtggagtttctgacaagagtgtatcctccaaattgcaagaaggcaaggatttgaacage
aatgaacgagtatgtagtgtgattcagcttccagtgtceccagetegtgtgcaataaceg
ccacaétttcattctcattctggcactgctgaatcaatgtgtcataaagaacaatcctt
ttgttcttgaagaaaccatacatgtaagcattactatggcttgaccttgtagatccatc
gacaacaaacagcttcttcagaggaaactttagagaagaagcaagtttctcaatcttet
cceggaggtcectccatcaggaagaggagtgaacttgttgaaaagaggtgcaatcaaaaca
gggtatatagtcatcatcactagagacaggataaacatgaatgcccacagatagatggce
gaggtaaggacctectttctgaactataacaataattgecggcaacgataggaggggcag
gtatgacagagaggagtattcctttgatcatgtcecctaatgaacatccatattgtttgt
ttgttgaacccatgccgagactcgatcacgaaagttgagtacaaagaaaatggcaaatc
agtgatctgtgaccatgtcataagaccagccaagaatgaaagagtgtgcaggatttcat
tctetggatcgagtcccaccattggtagaaageccgecagatatcttecaaaaccaagge
aagatcccaaagaacagaatcgcagagtccataagtatagtaacaaactcatgaacaaa
gtgaaaatggcttttgtcaagactgtaagctcgagatttectcaaacttetettggetaa
tgactccaaccaaagtctttgggagagtgggaagecttgagagcagtatgttgectcaga
tccaaatacgtctcaaaaacgtacatcactatcataaaaccaacgacggtttccatgaa
aggaatcgccatcccctcgaatttccccgatcgttcaaacatttggcaataaagtttcet
taagattgaatcctgttgccggtcttgecgatgattatcatataatttctgttgaattac
gttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttat
gattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaa
actaggataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactgge
cgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecttyg
cagcacatccccctttecgeccagetggcgtaatagcgaagaggccecgcaccgategecct
tcccaacagttgecgcagectgaatggecgeccgctectttegetttettececttecttte
tcgccacgttcgecggettteececcgtcaagetctaaatcgggggetceccecctttagggtte
cgatttagtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacg
tagtgggccatcgccctgatagacggtttttegecctttgacgttggagtccacgttcet
ttaatagtggactcttgttccaaactggaacaacactcaaccctatctcgggctattct
tttgatttataagggattttgccgatttcggaaccaccatcaaacaggattttecgectg
ctggggcaaaccagcgtggaccgcttgctgcaactctctcagggeccaggcggtgaaggg

caatcagctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaac
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gtccgcaatgtgttattaagttgtctaagcgtcaatttgtttacaccacaatatatcect

gcca

SEQ ID NO:52 is the nucleic acid sequence of pRD29A-antisense-BnCPP.
Italicized sequences are the right and left border repeats. Underlined sequence is the

RD29A promoter. Sequence in bold is the BnCPP antisense sequence.

SEQ ID NO:53

gtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacga
caatctgatcatgagcggagaattaagggagtcacgttatgacccccgccgatgacgceg
ggacaagccgttttacgtttggaactgacagaaccgcaacgttgaaggagccactcage
cgcgggtttctggagtttaatgagctaagcacatacgtcagaaaccattattgcgegtt
caaaagtcgcctaaggtcactatcagctagcaaatatttcttgtcaaaaatgctccact
gacgttccataaattcccctcggtatccaattagagtctcatattcactctcaatccaa
ataatctgcaccggatctggatcgtttcgcatgattgaacaagatggattgcacgcagg
ttctccggecgettgggtggagaggctattecggctatgactgggcacaacagacaatcg
gctgctctgatgeccgecgtgtteccggetgtcagecgcaggggegeececggttectttttgte
aagaccgacctgtccggtgecctgaatgaactgcaggacgaggcagcgcggctategtg
gctggccacgacgggcgtteccttgegcagectgtgetcgacgttgtcactgaagcgggaa
gggactggctgctattgggcgaagtgccggggcaggatctectgtcatctcaccttget
cctgccgagaaagtatccatcatggctgatgcaatgecggcggectgcatacgcttgatcce
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcgga
tggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctecgegceca
gccgaactgttcgceccaggctcaaggecgcgcatgececcgacggcgatgatctecgtecgtgac
ccatggcgatgcctgcttgecgaatatcatggtggaaaatggecgettttctggattca
tcgactgtggccggectgggtgtggeggaccgctatcaggacatagecgttggectacecegt
gatattgctgaagagcttggcggcgaatgggctgaccgecttcecctecgtgetttacggtat
cgccgctcecccgattcgcagegcatcgecttcectatecgecttecttgacgagttecttetgag
cgggactctggggttcgaaatgaccgaccaagcgacgcccaacctgccatcacgagatt
tcgattccaccgccgecttctatgaaaggttgggectteggaategttttecgggacgee
ggctggatgatcctccagcgecggggatctcatgctggagttcttegeccacgggatetce
tgcggaacaggcggtcgaaggtgccgatatcattacgacagcaacggccgacaagecaca
acgccacgatcctgagcgacaatatgatcgggcccggegtccacatcaacggegtecgge

ggcgactgcccaggcaagaccgagatgcaccgcgatatcttgectgegttcggatatttt
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cgtggagttcccgeccacagacccggatgatccccgatcgttcaaacatttggcaataaa
gtttcttaagattgaatcctgttgccggtcttgecgatgattatcatataatttctgttg
aattacgttaagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggt
ttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagce
gcgcaaactaggataaattatcgcgcgcggtgtcatctatgttactagatcgggectcce
tgtcaatgctggcggcggctctggtggtggttctggtggcggctctgagggtggtggcet
ctgagggtggcggttctgagggtggcggetctgagggaggcggttccggtggtggetet
ggttccggtgattttgattatgaaaagatggcaaacgctaataagggggctatgaccga
aaatgccgatgaaaacgcgctacagtctgacgctaaaggcaaacttgattctgtegeta
ctgattacggtgctgctatcgatggtttcattggtgacgtttccggecttgectaatggt
aatggtgctactggtgattttgctggctctaattcccaaatggctcaagtcggtgacgg
tgataattcacctttaatgaataatttccgtcaatatttaccttecctcececctcaatcegg
ttgaatgtcgcccttttgtectttggecccaatacgcaaaccgectctcecccecgegegttgg
ccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagceg
caacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatge
ttccggetecgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagce
tatgaccatgattacgccaagctgggaaatttttcgccagttctaaatatccggaaacc

tcttgggatgccattgcccatctatctgtaatttattgacgaaatagacgaaaaggaag

gtggctcctataaagcacatcattgcgataacagaaaggccattgttgaagatacctct

gctgacattggtccccaagtggaagcaccaccccatgaggagcaccgtggagtaagaag

acgttcgagccacgtcgaaaaagcaagtgtgttgatgtagtatctccattgacgtaagg

gatgacgcacaatccaactatccatcgcaagaccattgctctatataagaaagttaata

tcatttcgagtggccacgctgagggggatccatggegattectttecatggaaacegtecg
ttggttttatgatagtgatgtacgtttttgagacgtatttggatctgaggcaacatact
gctctcaagecttcccactecteccaaagactttggttggagtcattageccaagagaagtt
tgagaaatctcgagcttacagtcttgacaaaagccattttcactttgttcatgagtttyg
ttactatacttatggactctgcgattctgttcectttgggatettgecttggttttggaag
atatctggcggctttctaccaatggtgggactcgatccagagaatgaaatcetgecacac
tctttcattcttggectggtcttatgacatggtcacagatcactgatttgecattttcett
tgtactcaactttcgtgatcgagteteggecatgggttcaacaaacaaacaatatggatg
ttcattagggacatgatcaaaggaatactcctctctgtcatacectgecectectategt
tgccgcaattattgttatagttcagaaaggaggtccttacctegecatectatectgtggg
cattcatgtttatcctgtctctagtgatgatgactatataccctgttttgattgcaccet
cttttcaacaagttcactcecctettectgatggagacctecegggagaagattgagaaact
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tgcttcttctctaaagtttectctgaagaagetgtttgttgtegatggatectacaaggt
caagccatagtaatgcttacatgtatggtttcttcaagaacaaaaggattgttcectttat
gacacattgattcagcagtgccagaatgagaatgaaattgtggeggttattgecacacga
gctgggacactggaagctgaatcacactacatactegttcattgetgttcaaateccttg
ccttecttgecaatttggaggatacactcttgtcagaaacteccactgatetecttcaggagt
tttggttttgatacacaaccagttectcattggtttgatcatatttcagcacactgtaat
accacttcaacacctagtaagctttgacctcaaccttgttagtegagegtttgagttte
aggctgatgcttttgcagtgaatcttggttatgcaaaggatctacgtectgecctagtyg
aagctacaggaagagaacttatcagcgatgaacacagacccattgtactcagecttatca
ctactcacaccctectettgtagagaggettegagecattgatggagaagacaagaaga
cagattaacccctcgaatttcececgatcgttcaaacatttggcaataaagtttcttaag
attgaatcctgttgccggtcttgcgatgattatcatataatttctgttgaattacgtta
agcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttatgatt
agagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaaacta
ggataaattatcgcgcgcggtgtcatctatgttactagatcgggaattcactggecgtc
gttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecttgcage
acatccccctttcegecagectggegtaatagcgaagaggcccgecaccgatcgeccecttecece
aacagttgcgcagcctgaatggcgcccgectcectttegetttetteccttectttctege
cacgttcgccggctttcccecgtcaagetctaaatcgggggeteccctttagggttecgat
ttagtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgtagt
gggccatcgccctgatagacggtttttcgecctttgacgttggagtccacgttctttaa
tagtggactcttgttccaaactggaacaacactcaaccctatctcgggctattcttttg
atttataagggattttgccgatttcggaaccaccatcaaacaggattttcgectgetgg
ggcaaaccagcgtggaccgcttgctgcaactctctcagggccaggecggtgaagggcaat
cagctgttgcccgtctcactggtgaaaagaaaaaccaccccagtacattaaaaacgtcce

gcaatgtgttattaagttgtctaagcgtcaatttgtttacaccacaatatatcctgceca

SEQ ID NO:53 is the nucleic acid sequence of MuA-BnCPP. Italicized sequences
are the right and left border repeats. Underlined sequence is the MuA promoter.

Sequence in bold is the BnCPP sense sequence.

Example 5. Southern Analysis

Genomic Southern blot analysis of transgenic Arabidopsis was performed using

standard techniques known to one skilled in the art. Typically, 10pug of DNA was
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electrophoresed in a 0.8% agarose gel and transferred to an appropriate membrane such
as Hybond N+ (Amersham Pharmacia Biotech). Pre-hybridization and hybridization
conditions were as suggested by the membrane manufacturer, typically at 65°C. The
final stringency wash was typically at 1XSSC and 0.1% SDS at 65°C. The NPTII coding

region was typically used as the radiolabeled probe in Southern blot analysis.

Thirty-seven Arabidopsis lines were selected as homozygous pBI121-AtCPP
over-expression lines for further examination. Figure 3 shows a representative blot
confirming the presence of the pBI121-AtCPP transgene. Lines were confirmed to be

transgenic by PCR analysis using transgene specific primers in the PCR assays.

Thirty-three Arabidopsis lines were selected as homozygous pBI121-HP-AtCPP
hair-pin down-regulation lines for further examination. Figure 4 shows a representative
blot confirming the presence of the pBI121-HP-AtCPP hair-pin construct. All lines were
confirmed to be transgenic by PCR analysis using transgene specific primers in the PCR

assays.

Arabidopsis lines were selected as homozygous pRD29A-AtCPP over-expression
lines for further examination. Figure 5 shows a representative blot confirming the
presence of the pPRD29A-AtCPP transgene. Lines were confirmed to be transgenic by

PCR analysis using transgene specific primers in the PCR assays.

Arabidopsis lines were selected as homozygous pRD29A-HP-AtCPP lines for
further examination. Figure 6 shows a representative blot confirming the presence of the
pRD29A-HP-AtCPP transgene. Lines were confirmed to be transgenic by PCR analysis

using transgene specific primers in the PCR assays.

Example 6: PCR analysis of transgenic plants

PCR was used as a method to confirm the presence of the transgene in all
transgenic lines and every construct.. Typical PCR mixtures contained: 1X reaction
buffer (10mM Tris-HCI pH 8.8, 1.5mM MgCl,, 50mM KCI), dNTP's at 200uM, 1pM
forward and reverse primer, 2.5U. Taqg DNA polymerase, and template plus water to a
final volume of 50uL. Reactions were run at 1 minute 94°C, 1 minute 60°C, 1 minute
72°C, for 30 cycles. Primers used in the analysis of pBI121-AtCPP and pBI121-HP-
AtCPP transgenic plants were as shown in Table 8. Primers used in the analysis of
pRD29A-AtCPP were RD29AP1 (SEQ ID NO:66 ) and SEQ ID NO:7. Primers used in
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the analysis of pRD29A-HP-AtCPP transgenic plants were those identified as RD29AP1
(SEQ ID NO:66), SEQ ID NO:8 and SEQ ID NO:8, Nosterm-RV (SEQ ID NO:67 ).

Table 8.

pBI121-AtCPP BamFW: 5'-GCCGACAGTGGTCCCAAAGATGG-3'
(SEQ ID NO:10)

p35S-AtCPP SmaRV: 5-AAACCCGGGTTAATCTGTCTTCTTGTCTTCTCCA-3'
(SEQ ID NO:7)

p35S-HP-AtCPP BamFW: 5'-CTGGAGCTCTTTTACCGAGGTTGGGCCTTGATCC-3'
(SEQ ID NO:8)

p35S-HP-AtCPP SmaRV: 5-GCAAGACCGGCAACAGGA-3'
(SEQ ID NO:13)

pRD29API: 5 TTTAAGCTTGGAGCCATAGATGCAATTCAA -3'
(SEQ ID NO:66)

pRD29API: 5. TTTAAGCTTGGAGCCATAGATGCAATTCAA -3'
(SEQ ID NO:66)

Nosterm-RV: 5-GCAAGACCGGCAACAGGA-3'

(SEQ ID NO:67)

Example 7: Northern analysis of transgenic plants

Total RNA was isolated from developing leaf tissue of 27 35S-AtCPP
Arabidopsis lines (T3 plants). Approximately 10 ug of total RNA was loaded into each
lane. The Northern blot was first probed with P*? labeled, single-stranded antisense
transcript of AtCPP which detects sense transcript, then stripped and re-probed with
cDNA of B-tubulin that was used as a reference. The hybridizing bands of AtCPP and j3-
tubulin were scanned and quantified using the UN-Scan-It programme (Silk Scientific,
Utah, USA), and the ratio of the two hybridizing bands for each sample was obtained.
The ratio of the wild type plants was set to 100%, and was compared with those of the
transgenic lines. Twenty-one out of twenty-seven lines showed higher expression of

AtCPP transcript as compared to the wild type. Values ranged from 104 % to 282 % of
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wild type. The results of five lines (35, 84, 76, 136, and 156) of the 21 over-expressing

lines is shown in Figure 7.

Example 8: Production of polyclonal antibodies against AtCPP

Anti-AtCPP antibodies were generated using AtCPP fusion protein over-expressed
in E. coli. The over-expression vector, pMAL-p2, contains 1175 bp malE gene that is
located upstream of AtCPP and encodes a 43 KDa maltose-binding protein (MBP). The
1275 bp BamHI1/Smal DNA fragment of AtCPP was inserted into pMAL-p2 at BamHI
and Sall sites. The Sall site was converted into blunt end using Klenow fragment. The
resulting fusion protein MBP-AtCPP was then over-expressed in DH5a,, and purified by
one-step affinity for MBP as described by the manufacturer (New England Biolab). The
soluble fraction of the crude bacterial extract containing the MBP-AtCPP fusion protein
was loaded to a amylose column (1.5 cm x 10.0 cm), and the proteins were eluted with 10
mM maltose in column buffer (50 mM Tris-HC], pH 7.5, 1| mM EDTA, and 200 mM
NaCl). Fractions containing purified MBP-AtCPP fusion protein were pooled, and
concentrated with a Centriprep-30 concentrator (Amicon). All purification steps were
carried out at 4°C. To generate an antibody, the purified fusion protein was further
separated by SDS-PAGE and the Coomassie stained band corresponding to the fusion
protein was excised. The identity of the fusion protein was confirmed by Western
analysis using anti-MBP antibodies (purchased from New England Biolab). The protein
was eluted from the gel slice by electroelution and then emulsified in Ribi adjuvant (Ribi
Immunochem) to a final volume of 1 ml. MBP-AtCPP protein was injected into a 3 kg
New Zealand rabbit on day 1 and booster injections were given on day 21 and day 35 with
175 pg of the protein each time. High-titer antisera were obtained one week after the final

injection.

Example 9: Western blot analysis of 35S-AtCPP transgenic lines using Anti-AtCPP

antibodies.

Western analysis was performed to examine expression level of AtCPP in the
transgenic lines compared with that of wild type plants. Anti-Bip antibody, an ER
lumenal protein (Stressgen, Victoria, BC, Canada ) was used as a reference. Total
proteins were extracted from developing leaf tissue of five ABAS lines and a wild type
control.. The antigenic protein bands of AtCPP and Bip were scanned and quantified

using the UN-Scan-It programme (Silk Scientific, Utah, USA) and the ratio of the two
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protein bands for each sample was obtained. The ratio of the wild type plants was set to
100%, and was compared with those of the transgenic lines. Data is presented in Figure
7 indicating that the AtCPP protein level was increased in the transgenic lines compared

to the wild type plants.

Example 10: ABA sensitivity of transgenic seedlings.

Approximately 100 seeds were assessed per line per 9 cm plate. Seeds were
plated on minimal medium (1/2 MS) supplemented with no ABA or 1.0 uM ABA. Plates
were chilled for 3 days at 4 °C in the dark, and incubated for up to 21 days at 22 OC with
24 hour continuous light. Plates were assessed for germination, cotyledon expansion,
true leaf development and seedling vigor. Seedlings were assessed for ABA sensitivity
over 21 days of growth at which time sensitive seedlings were arrested at the cotyledon
stage, lacked true leaves, and showed inhibition of root growth. Wild type control
Columbia plants had two to three pairs of true leaves and a well developed root system.
Lines were categorized as ABA sensitive (ABA®) if less than 1% of plants looked like
control, moderately ABA sensitive (ABA™M®) if more than 1% but less than 50% of
looked like control, or ABA insensitive (ABAY") if greater than 50% looked like control.

For example, if a plate had 20 healthy seedlings and the control plate had 60
healthy seedlings, the line would be 33% of control and categorized as moderately ABA

sensitive.

All four vector constructs (pBI121-AtCPP, pBI121Hp-AtCPP, pRD29AHp-
AtCPP, pRD29A-ATCPP) have resulted in transgenic lines of Arabidopsis which have
increased sensitivity to ABA which is indicative of stress tolerance. The data for all 4
constructs is shown in Figure 8. Of the lines transformed with the pBI121-AtCPP
construct to over-express the AtCPP gene, 58% (21 out of 36) were classified as
sensitive and an added 30% (11 out of 36) were classified as moderately sensitive. These
lines were tested again in T4 and T5 generations and their ABA sensitivity was still
present indicating that ABA sensitivity is an inheritable trait. Of the lines transformed
with the pBI121-HP-AtCPP construct to down-regulate the AtCPP gene by double
stranded RN A-inhibition, 15% (7 out of 45) were classified as sensitive and 31% (14 out
of 45) were classified as moderately sensitive. To illustrate the increased sensitivity of
transgenic lines to ABA, Figure 9 shows the results of germination and seedling

development over a range of ABA concentrations. Wild type and pRD29A-HP-AtCPP
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are compared. Of the lines transformed with pPRD29AHp-AtCPP 70% (12 out of 17)
showed high sensitivity and 24% (4 out of 17) showed moderate sensitivity to ABA. Of
the lines transformed with pRD29A-AtCPP 29% (5 out of 17) showed high sensitivity
and 12% (2 out of 17) moderate sensitivity to ABA. Clearly all 4 transgene constructs
are altering ABA sensitivity and ABA signal transduction.

Example 11: Drought Experiments

Arabidopsis plants were grown five plants per 4" or 3" pot, in a replicated water-
stress experiment. All pots were filled with equal amounts of homogeneous premixed
and wetted soil. Plants were grown under 16 hour daylight (150-200 pmol/mz/s) at22 °C
and 70% relative humidity. On the day that the first flower opened drought treatment was
initiated. First soil water content in each pot was equalized on a weight basis and any
further watering of plants was stopped. Daily measurements of soil water content were
taken by recording total pot weight. At the end of the drought treatment (6 to 9 days for
experiments in 4" pots and 4-5 days for experiments in 3" pots) plants were harvested
and shoot dry weights determined. Differences in plant growth were factored into the

analysis by expressing water loss on a per gram shoot dry weight basis.

11a) pBI121-AtCPP, Drought stress screen:

Analysis of pBI121-AtCPP transgenic lines during water-stress treatment
experiments of up to an eight day period, shows a strong trend towards increased soil
water content and reduced water loss per gram of shoot biomass. After three days of
water-stress treatment most lines had increased soil water content relative to the wild
type control with four out of twenty-four lines, 146, 149, 156 and 97, showing a
statistically significant difference. The amount of water lost per gram of shoot biomass
was lower for all lines except one (95), and thirteen of these lines were significantly
different from the wild type Columbia control (Figure 10). All of the lines showing a
statistically significant lower water loss per gram shoot biomass also showed an
increased ABA sensitivity. There is also a strong trend, for all but one line (95), which is
ABAM | towards greater shoot biomass at the end of the drought stress treatment. Seven
of those lines 136, 146, 23, 46, 76, 84 and 9, were statistically significant from control at
a p=0.05 value.
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11b) pBI121-AtCPP, Water loss per gram shoot biomass during water stress

treatment:

Lines 35, 76, 95 and a wild type control were grown and placed under a water-

stress treatment as above. Plants were harvested at 2 days, 4 days and 6 days of drought

treatment. The ABAS lines, 35 and 76, showed a statistically significant reduction in

water-loss relative to shoot dry weight at all three time points (Table 9). Additionally, the

two ABAS transgenic lines had increased shoot biomass, due to increased leaf biomass,

and maintained higher soil water contents during drought treatment.

Table 9. Water loss (g) per Shoot dry weight (g) after 2, 4 and 6 days of drought-stress

treatment. Values in bold indicate statistically significant differences from Columbia.
2 days 4 days 6 days
Line Mean Std. Error Mean Std. Error Mean Std. Error

35 212.5 3.5 308.0 9.9 297.7 11.2

76 227.2 5.8 321.2 8.5 293.8 5.0

95 287.0 5.1 377.3 14.8 348.5 25.5
Columbia 265.3 11.8 408.2 7.7 345.9 6.7
Wild type

11¢) pBI121-AtCPP, Drought stress and shoot recovery:

Water-stress tolerance and determination of post drought-treatment recovery

ability was assessed using 20 of the 24 pBI121-AtCPP transgenic lines. Drought

treatment was imposed for 6 days after which the plants were watered and allowed to

grow for 6 days. Recovered shoot fresh biomass was then determined. Soil water

content of these plants was measured daily during the drought treatment and the results

confirm previously seen trends. All ABA sensitive (ABA®) lines that showed a

statistically significantly reduction of water loss on a per gram dry weight basis in

experiment 11a, continued to show a significant greater soil water content than control

plants in this experiment (Table 10). Additionally, Table 10 shows that the recovered

shoot fresh biomass after 6 days of drought treatment was significantly greater in all the

ABASs lines than Columbia.
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Tablel0. Soil water content on day 3 of drought treatment and recovered shoot fresh

weight after 6 days of drought treatment (values in bold were significantly different from

Columbia at p=0.05)

ABA status | soil water content day 3 recovered shoot biomass
Line ABA Mean (% Std Error Mean (g) Std Error
initial)

136 ABA® 46.6 1.9 4.5 0.16
14 ABA® 50.25 0.7 4.1 0.12
146 ABA’® 45.9 2.5 4.0 0.11
147 ABA® 45.1 1.7 4.0 0.15
149 ABA® 453 1.8 3.8 0.17
156 ABA® 47.1 1.9 4.0 0.134
23 ABA® 49 1.4 4.0 0.17
33 ABA® 46.9 1.6 4.3 0.14
35 ABA® 41.7 1.7 4.0 0.11
46 ABA® 44.8 1.7 3.8 0.09
63 ABA® 46.3 1.4 4.0 0.19
76 ABA® 47.8 1.0 3.9 0.17
79 ABA’ 45.4 1.1 4.1 0.09
84 ABA® 46.8 1.9 4.1 0.16
85 ABA® 453 1.9 4.0 0.12
9 ABA’® 45.2 2.1 3.9 0.12
93 ABA™ 43.5 1.2 2.8 0.07
94 ABA® 46.9 1.5 3.9 0.13
97 ABA® 53 1.2 3.8 0.16
95 ABAM 41.9 1.2 2.7 0.06
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Columbia ABA™ 413 1.0 2.7 0.04

11d) pBI121-AtCPP, Seed yield after drought stress treatment:

Seed yield after drought stress during flowering was examined using ten pBI121-
AtCPP transgenic lines, eight of which were ABAS. Plants were grown one per 4" pot
and were exposed to 9 days of drought treatment as described above. A second group of
plants was grown and maintained under well watered conditions as the optimal group.
After 9 days of drought treatment plants were re-watered and allowed to continue growth
and seed set to maturity. After drought-treatment conditions all eight ABA® lines had
increased yields relative to controls, which ranged from 109% to 126% of the Columbia
(Table 11). Drought-treatment resulted in a reduction of yield in all lines, including
controls, relative to plants grown under optimal conditions. Expression of the seed yields
obtained from drought-treated group relative to the same line under optimal conditions
shows that the transgenics preserve a larger percentage of optimal seed yield than do

wild type lines.

Table 11. Seed Yield following 9 days drought-treatment

ABA status | Seed Yield (g per plant)
Line ABA Mean (g) Std Error % Columbia | % Optimal
156 ABAS 0.735 0.044 126.2 83.7
63 ABA® 0.675 0.061 116.0 71.0
146 ABA® 0.666 0.053 114.4 72.9
94 ABA® 0.644 0.052 110.6 68.8
84 ABA® 0.642 0.049 110.4 61.8
76 ABA® 0.631 0.055 108.5 66.6
136 ABA® 0.630 0.051 108.3 74.1
35 ABA® 0.614 0.054 105.6 74.2
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93 ABA™ 0.567 0.041 97.5 60.0
95 ABA™ 0.388 0.088 66.7 43.4
Columbia ABAM 0.582 0.060 100 53.8

11e) pBI121-AtCPP, Seed yield and growth under optimal water conditions:

The lines evaluated above and a number of additional lines were examined in a
growth and yield experiment under optimal, well-watered conditions. Results indicated
that the ABAS lines were shorter at the stage of first open flower, had more rosette
leaves, however, by maturity there were no differences in plant height of transgenics and
Columbia. Moreover, the ABAS transgenics showed similar or higher seed yields ranging

from 95% to 121% of the wild type control (Figure 11).

11g) pRD29A-HP-AtCPP screen for drought tolerant phenotype:

Analysis of 17 transgenic lines identified 7 candidate drought tolerant lines (12, 22, 23,
47, 82, 83, 90) on the basis of higher soil water content and lower water loss per g of
shoot dry weight (Table12). All 7 drought tolerant candidate lines showed strong ABA

sensitivity and lines that did not show drought tolerance did not show ABA sensitivity.

Table 12. Soil water content after 3 days of drought treatment and water lost per g shoot
dry weight. Values in bold are statistically different from those of Columbia wild type
(p=0.05)

ABA status | soil water content day 2 water lost in 2days/g
shootDW
Line ABA Mean (% Std Error Mean (g/g) | Std Error
initial)
10 ABA® 33.4 1.6 199.1 4.5
11 ABA® 34.6 3.3 173.1 1.6
12 ABA® 36.2 2.0 179.5 5.0
126 ABAM® 32.5 2.6 199.1 4.1
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127 ABA™ 33.5 2.0 195.6 10.6
14 ABA® 32.7 1.2 203 4.9
17 ABA® 29.9 1.8 200.7 7.3
22 ABA® 39.3 2.1 170.0 3.0
23 ABA® 35.7 1.4 174.9 2.6
42 ABA™ 28 0.7 185.4 5.8
47 ABA® 35.9 2.2 181.2 7.7
7 ABA™ 35 1.3 201.8 5.1
82 ABA® 36.7 2.2 178.3 4.0
83 ABA® 40 1.4 180.7 6.9
9 ABA® 31.4 1.4 173.8 8.7
90 ABA® 38.2 1.3 177.6 6.2
93 ABA™ 30.7 1.8 175.3 4.6
Columbia | ABA™ 32.1 12 196.9 6.2

Example 12. Growth Analysis

The growth analysis of most promising constructs has been set up at 3 stages.
Eight plants per line were grown in 3" pots with one plant per pot at 22C, 16hr light
(150-200 pmol/m?%s) and 70% RH. Plants were harvested at vegetative growth stage (2
week old seedlings), bolting growth stage (at first open flower) and mid-flowering
growth stage (5 to 7 days from first open flower). Also, in some growth experiments
additional group of plants was grown in 4" pots (one per pot and 10 plants per line) to

maturity for seed yield determinations.

12a) pBI121-AtCPP growth under optimal and biotic stress conditions

The growth and productivity of pBI121-AtCPP transgenic Arabidopsis lines was
examined at several stages of development under optimal growth conditions. Although

optimal growth conditions were maintained, plants were assessed to be under a degree of
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stress that was later determined to be a result of the soil properties. Soil analysis found a
fungal contaminant that was believed to be responsible for the biotic stress. This stress
could be negated by sterilization of the soil prior to use. Eight ABA® lines, two with
normal ABA sensitivity (ABA"") and a wild type Columbia control were analyzed.

Figure 12 presents the results of various growth (from mid-flowering stage) and
yield parameters and each trait is expressed as a percentage of the Columbia control.
The results strongly support an enhanced growth phenotype. This enhanced growth
phenotype is present at all growth stages. At the vegetative stage, all ABAS transgenic
plants showed an increase in leaf number relative to that of the wild type with four of the
eight lines showing a statistically significant difference. The two ABAWY!'lines showed
the same or fewer leaves relative to wild type.

At the bolting stage ABAS transgenics showed an increase in leaf number but
plants were shorter at this stage (first open flower) than controls. The shoot fresh weight
of transgenics was significantly increased relative to that of controls, ranging from 80%
to 342% of the wild type. The ABAS transgenics displayed a delay in flowering from one
to three days. The ABA™ transgenics did not show delayed flowering, increased shoot
fresh weight or increased height.

At the flowering stage of development the enhanced growth phenotype is
maintained (greater leaf number and fresh weight), however, there were no observable
differences in plant height indicating that transgenics bolt shorter but reach same final
plant height.

Of particular significance is the observation, that under these conditions (biotic
stress due to presence of fungi in the soil) yields of the ABAS transgenics were
significantly higher, ranging from 120% to 229% of the wild type control. The ABAM
lines showed similar or slightly reduced yields relative to the Columbia control. This
finding indicates that ABAS transgenic lines are affected less by the biotic stress. This
observation has been confirmed, where 5 of the drought tolerant lines were grown in
contaminated soil to maturity. The seed yields of transgenic lines, even though greatly
reduced relative to optimal conditions, were 2.5 to 4.5 fold higher than those of
Columbia wild type (Table 13).

Table 13. Seed yield of pBI121-AtCPP lines grown in contaminated soil. Values in
bold indicate statistical differences at p=0.05
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Line ABA Seed Yield per plant % of Columbia
sensitivity (2
156 ABA® 0.33 + 0.04 316%
23 ABA® 0.35 + 0.05 336%
76 ABA® 0.31 +0.04 296%
84 ABA® 0.25 + 0.33 237%
9 ABA® 0.48 + 0.05 455%
Columbia ABAM 0.11£0.03

12b) pBI121-AtCPP early seedling growth:

Four ABAS and one ABA"'line plus Columbia were examined for early seedling
growth on agar plates. Twenty seeds were plated in a line on agar plates containing 50%
MS with 1% sucrose and vitamins and 6 plates per line were used. Plates were placed on
slants, which allowed roots to grow downwards. Root length was measured on 7-day old
seedlings and shoot and root biomass determined on 11-day old seedlings. Two of the
ABA?® transgenic lines had significantly longer roots and all 4 ABA® lines had shoot dry
weights 114% to 123% of controls and root dry weights of 116% to 151% of controls.As
a result, the shoot biomass to rootbiomass ratios were slightly reduced in transgenics.
These results indicate that enhanced growth of these transgenics is evident in the early
growth stage, shortly after germination, and the root growth is more enhanced relative to
shoot growth. In a different experiment seedlings were pulled out of agar and roots were
stained with toluidine blue to show their structure. Figure 13 shows that transgenic lines

had more extensive lateral root system, which would account for greater root biomass.

12¢) pRD29A-HP-AtCPP optimal growth characteristics

An optimal growth study has been conducted with 10 lines as described before.
Vegetative growth data showed that two of the lines (12 and 9) had significantly more
leaves and seven of the lines (12, 22, 23, 47, 82, 9) had significantly greater shoot
biomass. Bolting data showed that eight of the lines (12, 22, 23, 47, 82, 9, 90, 93) were
significantly delayed in flowering by one to two days, and seven of the lines were
significantly shorter than Columbia at first open flower. All of the lines except 42 and 7

had significantly greater number of rosette leaves and shoot FW and this trend is
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maintained into the mid-flowering harvest (Figure 14). The plant height, however, by
mid-flowering harvest was not significantly different between the transgenic lines and
control. All the lines that showed this enhanced growth also showed drought tolerance
and ABA sensitivity. '

Example 13. Ultrastructure pBI121-AtCPP
Two of the drought tolerant and ABAS lines (35 and 76) plus Wt Columbia were

used to examine stem and root cross-sections for any differences in ultrastructure. Free
hand sections of mature stems (plants flowering for 10days) were obtained from above
the first node, stained with toluidine blue and preserved with glycerol. The stems of
transgenic plants appeared to have more dense cellular structure and contain one or two
more vascular bundles than those of Columbia Wt indicating more enhanced water and
nutrient transport system.

Leaf disks were taken and fresh weights determined. Transgenic leaf disks were
significantly heavier, 20-24% greater than corresponding wild type controls. This

increase is believed to be as a result of a thicker leaf.

Example 14. Cold stress experiment pBI121-AtCPP
Four drought tolerant, ABAS lines (156, 23, 35, 76) and one ABAY(95) line plus

wild type Columbia were included in a cold stress study. Plants were grown in 3" pots
one per pot) with 10 replicate pots per line at 22C for 10 days (7 days on agar plates and
4 in soil). The cold stress group was moved into 7°C for 5 days while the optimal group
was left at 22C. After 5 days in the cold both cold stress group and the optimal group
were harvested for shoot biomass determination. ABAS and drought tolerant lines had
significantly greater shoot biomass than Columbia in both optimal (25 to 39% greater
shoot fresh weight) and cold stress groups (18 to 44% greater shoot DW) (Table 14).
Results of an eight-day cold stress showed that differences between the transgenic lines
and Columbia were even more pronounced (53 to 61% greater shoot fresh weight). This
result indicates greater plant vigor and better ability of transgenics to cope with cold

stress.

Table 14. Shoot fresh weight of optimal and cold stressed (5C for 5d) pBI121-AtCPP.

Values in bold indicate statistical difference at p=0.05
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Line ABA Optimal shoot FW Cold stress shoot FW
sensitivity
mg % of Columbia mg % of Columbia
156 ABA® 95.4 +3.7 137% 23.1 0.7 118%
23 ABAS 96.3 + 3.9 139% 283 1.5 144%
35 ABA® 87.0+1.7 125% 253 1.4 130%
76 ABA® 94.7 +2.2 136% 27.3 1.5 140%
95 ABAWt 67+2.4 96% 21.4 1.0 109%
Columbia | ABAWt 69+ 1.9 19.6 1.1

Example 15. Drought stress under high temperature pBI121-AtCPP

A drought stress experiment was conducted as described above except that day

temperature of 32°C (16hr) and night temperature of 22°C (8hr) was maintained. These

temperatures were achieved daily over a 2hr ramping period. Four ABA® and one
ABA™line plus Columbia were included. Plants were monitored daily for water loss and
soil water content and after 5 days of drought treatment half of the plants were harvested
and the other half was re-watered and allowed to recover for four days. Shoots were
harvested and shoot fresh weight determined. The results (Table 15) of this experiment
showed that previously identified drought tolerant lines maintained their drought tolerant
phenotype at high temperature and were able to recover well from the drought stress at

high temperature

Table 15. Soil water content on day 2 and water lost in 2 days/final shoot dry weight
plus recovery shoot FW after 5days of drought stress at 32C day and 22C night

temperatures. Values in bold indicate significant differences from the Columbia control.

line ABA soil water water lost in recovered shoot
sensitivity | content day 2 2d/shoot DW FW (g)
136 ABA® 504x1.1 485.7 £ 18.5 1.30 £ 0.04
146 ABA® 521+1.0 504.5+7.9 1.15+0.04
35 ABA® 52.2+0.8 502.8 +15.8 1.19 +0.02
76 ABA® 52.1+0.6 435.6 £ 10.5 1.11 £ 0.03
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95 ABAWt 50.0+0.9 5182+13.0 0.86 £0.03
Columbia | ABAWt 48.6 £ 0.6 559.7+£19.0 0.84 +£0.03

Example 16. Heat stress and seed yield pBI121-AtCPP

Two ABAS lines and one ABA"'line plus Columbia were examined for the effect
of heat stress during flowering on the final seed yield. Plants were grown in 4 inch pots
(one/pot) as described above and 9 days from first open flower the temperature was
ramped from 22 C to 43C over 2 hours and plants were kept at 43C for 2hr. Temperature
was then ramped back to 22C over 2 hours and plants were grown under optimal
conditions until maturity. The seed yields from this experiment are shown in Table 16.

One of the drought tolerant lines (35) had significantly greater yield than Columbia.

Table 16. Seed yield of pBI121-AtCPP lines after two hour 43C heat stress 9 days from

first open flower. Values in bold are statistically significant from Columbia.

line ABA seed yield (g/plant) seed yield (% of col.)
sensitivity
35 ABA® 0.55 + 0.05 347%
76 ABA® 0.24 £ 0.03 148%
95 ABAWt 0.11 £0.02 69%
Columbia ABAWt 0.16 £ 0.03

The effect of heat shock on lines of pBI121-AtCPP at the early flowering stage
was assessed. Three ABAS lines (76, 136, 97) a ABA"'line (95) and a Columbia wild

type control were seeded in 128 cell flats, one flat per line. At the early flowering stage

flats were exposed to a temperature of 46.8°C for 50 minutes and then returned to normal

growth conditions. Lack of continued growth from main meristems was defined as main

meristem death and scored for each line. Data is shown in Table 17.

Table 17. Meristem death due to heat shock

Line

Wt

95

% Death

91

97

59 18
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Example 17. Stomata density determinations pBI121AtCPP

Two ABAS lines (76 and 35) plus Columbia were examined for stomata density
on the upper and lower leaf surface. Nail polish imprints of the upper and lower
epidermis were obtained from a fully expanded leaf #5. These imprints were analyzed '
under the microscope and the number of stomata per 8.7 x 10" m” were counted. There
were no significant differences found between transgenics and Columbia in the stomata
of the upper or lower epidermis (Table 18). The increases seen in drought tolerance and

reduced water loss is not attributable to a reduced number of leaf stomata.

Table 18. Stomata numbers per 8.7 x 10" m* of abaxial and adaxial epidermis of fully
expanded leaf #5 in pBI121AtCPP.

line ABA sensitivity stomata on upper stomata on lower
epidermis epidermis

35 ABA® 68 +5 103 £7

76 ABA® 58+6 120 £ 16

Columbia ABAWt 57x6 116 £ 11

Example 18. CPP Consensus Sequences

Also included in the invention is the CPP consensus sequences. The consensus
sequences were generated by alignment of the CPP polypeptide and nucleic acid

ssequences as well as sequences homogous using the program BioEdit.

The “x” in the consensus sequence represents any amino acid or nucleotide.
Preferably “x” a conservative amino acid or nucleotide substitution. More preferably,
“x” is the most amino acid or nucleotide most prevalent at a given postion. For example,

the amino acid at postion 145 of SEQ ID NO: 73 is a proline as it occurs 66% of the

time.
Table 19. ClustalW Analysis of BASF Nucleic Acids
1) sasr a1 (SEQID NO:21)
2) masr ar2  (SEQ ID NO:23)
3) masF-corn (SEQ ID NO:25)
4) masr-soy  (SEQ ID NO:27)
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5) consensus (SEQ ID NO:68)

10 20 30 40 50 60

B O P [ I I IR I T I R e
BASF_AT1  —= === == o m oo oo e 1
BASF AT2 === = oo oo o o e e 1
BASF-COLN === === = oo —o—mo—ee 1

BASF-Soy CTAATACGACTCACTATAGGGCAAGCAGTGGTAACAACGCAGAGTACGCGGGGGGAGACG 60
Consensus XXXXXXXAXAXXXXXXXXKXXKXXXKKXKXKXKXKXXKXKKKX KK XKKXKKKLKKXKXXKXXX 60

70 80 90 100 110 120

P O I [T [P | .. | | | | |
BASF ATl  —---mm oo e e e e e oo 1
BASK AT2  —-— s oo e e e e e o — 1
BASF~COrN ———— === m oo o o e e —————————-- 1

BASF-Soy CATGGTTCTGAACTAATTGTTATAAATAATACCTAAAATTTTGAGTTGTCCTAAACATTG 120
Congensus XXXXXXXXXXXXXXXXXXXXXKKXKXXXXXKXX KX XX XKKEXXXXXKKKKXKXKXXKXXX 120

130 140 150 160 170 180
ceeeld I | | | I -1 | ! I I |
BASF ATl  — === o o e e e e oo 1
BASE AT 2  — == - m oo e 1
BASF~C 0N  —— - e e e e e e e e e e e e TS 1

BASF-Soy GGGTTTAAACAAATCCAATCTCTCAATATAAAACCCRATGATCTCACCCTCACTCCGTTT 180
(oJS TS I TS $70°0°0.0.0.0.0.0.0.00.0.0.0.0.0.0.0.0.0.:0:0.0.0.0.0.0.0.0.0.0.0.00..9.0.9.0.0.9:0.9.0.9.0.0.0.9.9.9.9.9.0.0.¢.0. 0. SRV}

190 200 210 220 230 240

PO O I I e P I T I R pey |
BASF_ ATl  -—-=------—m- oo e — o —m— e ATGGCGIAT I
et R ————— B
BASF-COrN -~ — - s e e e e e e e e e e e — 1

BASF-Soy CTGATTTCTCACTCTTCGTTTCTCGTTCGGTTCATCAGCGTGTGTCTCAGCC'I' 240
Consensus XXXXXXXXKXXXXXXKKXXKXKXKXKXKXKXKKKKKKKX XXX KK XX KK XX XKKKXKXKKKKKKK 240

250 260 270 280 290 300
R PR TR PR BTN R ey Ry I [P (e IR
BASF AT1 TCCITICATGGARRCCGTEGT BTTTATGATAETEATGTACATTTTTGA GIVATINY 68
BASF_AT2 TTTATGA GE ATGTACATTTTTGA 68
BASF-COIN ———— === = e - e— === 1

VNS SISV C C O TIAC ATGGAREC CGTIG TGGIT T TATGAT ANTISATGTACAT T TTTGAIACINTAWT TREIY

Consensus XXXKXXXAXKXXXKKKXXKXXKXKXXKXKX XXX KX KK KKK KKKKXKXXXKKKKXKKKKKKXKX 300

310 320 330 340 350 360
SRS P P O [P IS (PIPIPIes) IFIPPIPYl IPIPIPrY) [PPUP PO PP |
BASF AT1 GGATETGRIG NS BIGCINCTCARAECTTCCIRACTCT®CCEARACHT TECISNGGTCT VA
BASF-COIn ————-— - == - 1

BAsF-soy  (EERNCNEC BAEREP g N e Sl S B - ~BEe 360

Consensus XXXXXXXKXXXXXKXXKXXXKKKXXKXKXKKKKKXKXKKKKKXKKKX KX XXX KK KKKKKXKX 360

370 380 390 400 410 420
P FETRS PRTTY NP PR Ry Ry P PRl R T Ry Py |
BASF _AT1 WAGCCAAGAGARETTTGAGARATCINMGAGCINTAMAGTCTTGABARAAGCIANT TEINC A IRE]
BASF-COYN === m === = e e ——— i —————————————— 1

e eh CCCAAGAGA ST TTGAGAA AT CIGA G T A GTC T TGABALA OGP ST TS A [

Consensus XXXXXXXXXAXXXXXXXXXKXXXXXXXXXXXXXXXXKKXKXKXXKXXKXXXKKKXLXKKKXXXXX 420

430 440 450 460 470 480
A T P I I (T IS R S R I |
BASF ATl (6T TTGTTCANGAGTTTGTIMACIHAT AMTIAINEGACTCTECAATTTTGTICTT TGGGAT®T T L]
BASF-COLN =~ == - - = — oo e e e - - 1

VNS BT I T T TG T TCASGAGT T TGTEACKA T ACTEAMAGACTCTICAATTTTGTIC TTTGGGETIAT TIEELY

Consensus XXXXXXXXKXXXXXKXXXXXXXXKXKXKXKX XXX XX AKX XXX XXX XXX KK XXKXKKKXKXX 480

490 500 510 520 530 540
T e S S e T e P R I L I |
BASF ATl GCCWTGGTTTTGGAAGA} INGGAG[eEN TIWAC®GIRGGTT| ®CTh CloiA[e):Ne):v 308
BASF-COIN —————=-m - —— e AC GAG ¥ 20
BASF-Soy  [(ESSCHESNNNEENRAANEAFeAT TEIANGABAITAGCTEST THC 540
Consensus XXXXXXXXXXXXXXXXKXXXXKXXXXXXXKXKXKXKXKXX XXX KX KEX KPP XXX O ENRNN 540
550 560 570 580 590 600
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BASF_AT1
BASF AT2
BASF-Corn
BASF-Soy
Consensus

BASF_AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus

BASF_AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus

BASF_AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus

BASF_AT1
BASF AT2
BASF-Corn
BASF-Soy
Consensus

BASF_AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus

BASF_AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus

BASF AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus

BASF_AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus

BASF_AT1
BASF_AT2
BASF~-Corn
BASF-Soy
Consensus

PCT/IB02/03887

TGAAATACTGCATAC
TGAARATACTGCATACH
TGAEATARTRCAGACE
TGAAATACTGCATACH

-

GCTGGTTCCATGGTTTGGTCECAGATTAC
GCR TEATGRIMITGGTCACAGATIRIAC

1 428
428
140
660
660

TTCCTOTCINGTOATAWT 488
TTCCTCTCTGTCATACTHGG 488
200
720
720

AACAATATGGITETTCATTAGGGACATGATCARAGGAL®:
AACAATATGGRT TTCATTAGGGACATGATCAAAGGARM

548
548
260
780
y 780

608
608
320
840
840

GATAGCICCECTCTTCAACAAGTTCACTCCTCTTCCAGATGGAGACCTCUGGGAGAZEAT MY
GATAGCHCC CTCTTCAACAAGTTCACTCCTCTTCCAGATGGAGACCTCMGGGAGAREAT M
380
900

900

910 920 930 940 950 960
NS T DY P P Y IS Y PSS PN PN Iy |
WGAGARACTTGCTTCTTCHCTRAAGTTTCCTTTGAAGAAGCTETT TGTTGTCGATGGAT Clld
GAGAAACTTGCTTCTTCTCTRAAGTTTCCTTTGAAGAAGCT TTTGTTGTCGATGGAT CNAS]
AGAGARECTEGCECTTCECT®AAGTTTCCTTTGARRAAGCTH T TRGTEGTRGATGCETCEE
[®GAGAAACTTGCTTCETCECTEAARTRATCCETTR ] 960
960

788
788
500
1020
1020

848
848
TTGATTCAGCAGTGHAESAATGAGGATGAEATRGTINRCNGT TATRGC LY
TTRATTCAR 1Clega 1080

| 1080

908
908
620
y 1140
1140
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1150 1160 1170 1180 1190 1200
NP P P FRTT P P P I P IEr s (RSP ey
BASF_ATL C CThy i 968
BASF_AT2 (| gEg 968
BASF-Corn T 680
BASF-Soy T 1200
Consensus X 1200
1230 1240 1250 1260
T e T e e e |
BASF_AT1 WCTCATTGGHTTGATCATATTTCAGCACACTGTRIWYA]
BASF_AT2 CTCATTGGWTTGATCATATTTCAGCACACTGT YL
BASF-Corn 740
BASF-Soy 1260
Consensus 1260
1270 1280 1290 1300 1310 1320
P P L (e o e I S I I
BASF_ATI AATACCACTECAACANCOIAGTIAGCTTTGGCCT®AACCTING T IAGINCGAGCET TTGA] 1088
BASE_ATZ GT*AGCTTTGGCCTGAACCTCGTTAGTCGAGC TTTGE 1088
BASF-Corn . ) Clo 5 INTTTGERNT T e olY]
BASF-Soy RTTTGA&TT 1320
Consensus . 1320
1380
BASF ATl 1148
BASF_AT2 - pnnY TNty 1148
BASF-Corn 2 860
BASF~-Soy 1380
Consensus 1380
1440
cooe | | | | L] | | | |
BASF_ATl GARACTACAGGA! [HeTivNerd 1208
BASF_AT2 GAAACTACAGGAH \C | TTGTACTCHGCTTATCA 1208
BASF-Corn NTATCZ YA
BASF-Soy \C Y } Yelo VACIAGATCCET T COSNCEBNe(oC eLrttdd 1434
Consensus ) \ 3 AU YOI (e WO XU (EX X X X X X XXX XK XX 1440
1500
..
BASF_AT1 c 1268
BASF_AT2 C 1268
BASF-Corn \ A 980
BASF-S0Y  ———m oo o e e e 1434
consensus XXXXXXXXXXXXXXXXXXXXKXXX XX XXX XXX KA KKK XXX XXX XXX XXXXAXXXKXXXXX 1500
1510 1520 1530 1540 1550 1560
O [ L [ (e
BASF ATl [XTTRA- - o m o 1275
BASF AT2 [&ATTEA - - - - = oo 1275
BASF-Corn TTAGTCGATCCTTGTATGAGGTTTACATATGGATTTTTCCCTGCCACATGCACA 1040
BASF-S0Yy  — == - oo oo e e m e ——————— 1434
consensus XXXXXXXXKXKXKKXKXKXKXKXXXKXKXXKKKXKKKXKXKXKKXKXKXKKXXXXKXKXKXKXKXX 1560
1570 1580 1590 1600 1610 1620
A I | | | | (IS | | beeooleandl
BASF_ATL  —- = oo oo o o o 1275
BASF AT2  —-— - - - - - 1275
BASF-Corn CCGATTCAGTGCTTGGATGGTGAGGGTTTTGACATAGGAGTGTTGTCARAGCTTTAGAGT 1100
BASF=~80y - e e e e e e s mm e e ———— e 1434

Consensus XXXXXXXXXXXXXXXXXXXXKXXXXKKXXXXXKXKKKKXKXKXXXKKKXXXKXKKXXXXKKKK 1620

1630 1640 1650 1660 1670 1680
| | | | [ ISR OO | | | | P
BASE ATl - oo - e e e e e e e e mm e oo 1275
BASF AT2  —-- - - - oo m oo oo m—————oo— 1275
BASF-Corn GCATCTTTCGGTCAGGTGCAACAGCCTTTCGGTCATTGAGACATATAAGCGAATTAGCTA 1160
BASF=80Y === e e e e 1434
Consensus XXXXXXXXXXKXKXXKXXXXKKXXXXKXKXXKKXXKXKXXXKX XXX KX KXXXXXXXKKXXXK 1680
1690 1700 1710 1720 1730 1740
| | | | | vl | | | !
BASF ATl  ——— - - - e —m— - 1275
BASF AT2  —- - o= m oo e — e 1275
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BASF-Corn TTAAAARARAACAGAACTGTTGCATCAAAAAAAAAAAAAAARAAGAAACAAARAAAAAAAAA 1220
BASF-S0Y == === o e 1434
Consensus  XXXXXXXXXXXXXXXXXXKXXKKXXXKXXKKXXXXKKXKXKXKXXXKXKXXXXKXKXKXKK 1740

1750 1760 1770 1780 1790 1800
S P [N [ PR (PR PR [ Y PSP I

BASF AT1 === === = e o oo o e e 1275
BASF_AT2 == - = mmm oo o o e o e e 1275
BASF-Corn AAAAAARAAAAAGAAAAAAAAAAAAAAAAAAAAAGTGCTCTGCGTTGTTACCACTGCTTG 1280
BASF-SO0Y  —= === == o o e e 1434
Consensus XXXXXXXXXXXXXXXXXXKXKKXKKXXXXKKXXKXXXXKKXXXKXXKXXXXKXXKXKXKKK 1800

1810 1820

F O [P I I

BASF AT1  —-——-=—-———-—=mmmmmeen 1275
BASF _AT2  --—-=—-—-—-——————-ooooe 1275
BASF-Corn CCCTATAGTGATCGTATCAGA 1301
BASF-SOy  -—-----=-==--m-——o—so- 1434

Consensus XXXXXXXXXXXXXXXXXXXXX 1821

Table 20. ClustalW Analysis of BASF Amino Acids

1) masr_at1  (SEQ ID NO:22)
2) Basr_ar2 (SEQIDNO:24)
3) BasF-corn (SEQ ID NO:26)
4) Basr-soy (SEQ ID NO:28)
5) consensus (SEQ ID NO:69)

50 60
T TR ERTe |

BASF_AT1 GVISQEKFEKSRAYSLDESHAY
BASF_AT2 ‘ V] GVISQEKFEKSRAYSLDKS 60
BASF-COrn = =  — - - - - s e m e e oo m oo s - ==

BASF-Soy M2} PRMERY VGEMIEMY I FETY LD HI-: 60

Consensus BASF XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 60

BASF_AT1 ¥ L.PWE W) us@ VLPRL
BASF_AT2 HLPWFWEL |~=G VLPR
BASF-Corn ; AFLAGEM
BASF-Soy RFLAGI\J

Consensus

& BT

R

BASF_AT1
BASF_AT2
BASF-Corn RHGFN}\QTIW FIRDMIKGISALSIT LGPPTVAAT 11 VCEGGRY
BASF-Soy RRHGFNKQTWF RO T

Consensus

e .l; | |....|....l....l....l....l.. |....|....|
BASF_AT1 J
BASF_AT2
BASF-Corn
BASF-Soy
Consensus

Iy 300
1 300
1 204
/i 300
] 300

BASF_AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus

310 320 330 340 350 360

TR FEETE ETT PR PR PR PRTRy U rny Ruee Py Reeey |
BASF_AT1 VOILIFLOFGGYTLVRNSHDLFRSFGFDTQPVLIGLIIFQHTVIPLQEEVSFGLNLVSRZ I
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BASF_AT2
BASF-Corn
BASF-Soy
Consensus
BASF_AT1 LSAMN
BASF_AT2
BASF-Corn
BASF-Soy
Consensus
430 440 450 460 470 480
.._.-l....l | | | I | | | | IR B |
BASF_AT1 '[2 ———————————————————————————————————————————————————————— 424
BASF_AT2 2 ———————————————————————————————————————————————————————— 424
BASF-Corn DIYKEDSILVGLHMDFSLPHAHRFSAWMVRVLTECCQSFRVHLSVRCNSLSVIETYKRISY 384
BASF-80Y = == --- o e e e e e e m e — - ——————— 400
Consensus BASF XXXXXXXXXXXXXXXXXXXXXXKKKXXXKXKXXXKXXKKXKXXKXXXKXXXKXXKXXXXXKXKXX 480
490 500 510 520 530 540
NP - I IS | | e | | | leeeeleentl
BASF_AT1 = =  —- oo e 424
BASF_AT2 = = - oo m oo e e e e — oo 424
BASF-Corn KKQNCCIKKKKKKETKKKKKKKKKKKKKKKVLCVVTTACPIVIVS----~~-————----— 429
BASF-80y = =  — = e e e e e m 400
Consgensus BASF XXXXXXXXXXXXKXKXKKKXKXXKKXXKXKXKXXKXKKXXKKXKKK == =mmmmmmmmm—— 525
550 560 570 580 590 600
R I | | | | leoodl. | | [P I |
BASF ATl = =  ~——-- oo mo oo oo 424
BASF_AT2 == e e e e e oo 424
BASF-COrn = = - oo oo e e e ———— oo —————— 429
BASF-80y = | mo oo e e e e e e e e e S oo————oooo-- 400
Consensus BASF ———--—-— - oo oo e —— oo ——— e 525

BASF__ATl
BASF_AT2
BASF-COLN oo e e e e e e e m e mmmmme 429
BASF-8S0Y = = === r e e e e e e e e e—o——cooe— 400
Consensus BASF ——c---—mmo s e e e et e e 525
BASF_AT1
BASF_AT2
BASF~COIN = = == - m o r s e e e e e e s s m s 429
BASF~SOy = =  ———s e e 400
Consensus BASF ————-mme e e e e 525
BASF_AT1
BASF_AT2
BASF-COXN  ————mmmmc e c e cc e m e m e m e —————— 429
BASF-S0Y = = == emmm e e e 400
Consensus BASF ————-—— e - 525
BASF_AT1
BASF_AT2
BASF-COIn = -ms oo e e e e e e e e e m e 429
BASF-SOY = = = mme oo e e e e e e e e e 400
consensus BASF ———~=— - e 525
BASF_AT1
BASF_AT2
BASF-COrn ————— e e e e e 429
BASF-SOY = = === e e e 400
Consensus BASF ————=—— e e e 525
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BASF_AT1

BASF AT2
BASF-Corn
BASF-Soy
Consensus BASF

BASF AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus BASF

BASF_AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus BASF

BASF_AT1
BASF_ATZ
BASF-Corn
BASF-Soy
Consensus BASF

BASF_AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus BASF

BASF_AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus BASF

BASF_AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus BASF

BASF_AT1
BASF_AT2
BASF-Corn
BASF-Soy
Consensus BASF

1) afe1

PCT/IB02/03887

Table 21. ClustalW Analysis of Generic Nucleic Acids

(SEQ ID NO:29)

2) aTagoi320 (SEQID NO:31)

3) ar007269
4) consensus

(SEQ ID NO:33)
(SEQ ID NO:70)

10

30

161

40

60



WO 03/012116 PCT/IB02/03887

afcl

AT4g01320
AF007269 ATGGCGATTCCTTTCATGGAAACCGTCGTGGGTAAGCTTCARAACCTTTTTCTGAGACAT 60
Consensus XXXXXXXXXXXXXXXXKXXKKXKKXKLXXKXKXKXKXX XX XXXXX KK XXKXKX XXX KXXKKXXXX 60

afcl = —e--moseem oo oo ——m—————eee 1
ATAGO01320 ————— - m s e e 1
AF007269 TTTACTATCCTGTTTCACTCATCGTATTTCGTTTTTGTTTGGGTTTTGCTTTCTGTGTTG 120
Consensus XXXXXXXXXXXXXXXXXXKXXXXKXKXXXXKXXXXXKKXXXXXKKKXXKKKKKXXXKKKKK 120

afcl = 00 o—mmmmm oo e e 1
AT4g01320 -—--— - - o s e e e e e e e me e 1
AF007269  TGTGTGTTGAGATTCCATGACTCGTTTGTTTCATATACCATCGTCTCTGCTTCTCGTTTC 180
Consensus XXXXXKXXXXXXXXXXXKXXXXKXKXXXXXXXXXXXXXXXKKKXXXXXXXKKKXXXKKKXKX 180

AECL s 1
ATEGOL320 === === oo oo = 1
AF007269 TAAATTTTGTTCTTTTCTAATAGTGCGTACCTTGATCTGAGGTTTTATTACTCCTACTAG 240
Congensus XXXXXXXXXXXXXXXKXXXXXXXXXXKKXXXXKXKXXKXXXXXXXXXXXKXXXXXKXXXKX 240

afcl = =  —---m-mmeemeem e memc e eecmemcm—m——oo 1
ATAGOL320 = mmmm o oo e e 1
AF007269 TTTCTTGTCTTACTCGTGCGTTTGATTTGATTTGAGCTTATGTGATTTCATCATCTCTTC 300
Congensus XXXXXXXXXXXXXXXKXXXXXXKXKXKKKXKXKXXKKXKKXKKXKKKXKKXKKKXKXKXKXXX 300

afcl = o —om s e 1
AT4g01320 —---— oo e e e e e mmm— e — e 1
AF007269  CTCGGTTTTAGAATGTACGGAGCTTCTCTGTTAACCAAAATCTAGGATTTGGGAAGAAAA 360
Consensus XXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXXKKXXXXXKXKXXXKXXKXXKKKXX 360

afcl 000 oo e 1
ATAGO1320  ———mmmm o e 1
AF007269 GTCGGAGTCTTTTTTTTCCTCATTCCCGATTGGARATTGAGAATCTTGAAATTTTTCTTT 420
Congensus XXXXXXXXXXXXXXXKXKXXXXXKXXXXXXXXXXKKXXXKKKKXKKXKKKKKKKKKXKKKK 420

afcl

AT4g01320
AF007269 GTTCAAGTCATACAGCTTGAGGTTTTGGGTTTTCTTGTCAGGGTATTATTATGTTCGTGA 480
Consensus XXXXXXXXXXXXXXXXKXXXXXKKKXXKXKXKXKXKKAXKXKKXKKXXKKKKXXKKXKXXX 480

afcl 0000 e e e 1
AT4g01320 -----—-—=-—-- - 1
AF007269 CTGCAACTAGAGTTTTCTGGAGTTTTTTGAAATGGGTTTTGTGTTGTGGAACCGTATGTG 540
Consensus XXXXXXXXXXXKXXXXXXXXXXKXKKXXXXXXXXKKKKKKKKKKAKXKKKKKKKKKKKKXKK 540

afel = = o —-mm-smees s mmee e e —eeeo—————e— 1
AT4g01320 -==-=====- oo ———— oo 1
AF007269  AATGTTGCATCAAAACTCTTTCAGTGCTCCAATGTTTCCATCAGTAGTCAGCACAAGAGA 600
Congensus  XXXXXXXXXXXXXXXXKXXXXXKXXKKXXXXXKXXXKXXXXKXKKXXXXKXXXXXKXXXX 600

610 620 630 640 650 660

afcl

AT4g01320
AF007269 TCTTTTTATATCTGGTTGATCAARAAAAGTAGATGATGTTATTGAATTTTCAGTGATGGAG 660
Consensus XXXXXXXXXXXXKXXXXKXXKXXXXXKXXXKXKKXXKXXXKXXXKXKKKXKXKXXKKKXKXKXKKX 660

670 680 690 700 710 720
162
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(....
ATTCC

afcl

AT4g01320
AF007269
Consensus XXXXXXXXXXXXXXXKXXKKXXKXKKX XXX KKK XEUEK XXX XX GREX XIPEXIEYEX XXX X XXX 720

730 740 750 760 770 780
coae PR TS PR P WIS NI (e
afcl TCGTGGGTTTTATGATAGTGATGTACATTTTTGAGACGTATTTGGATCTGAGGCAACTC
PN Y b eV T CCTGGGTTTTATGATAGTGATGTACATTTTTGAGACGTATTTGGATCTGAGGCAACT CACE]

AF007269 780
Consensus 780
790 800 810 820 830 840
PSS PO [ [PPSR ISP PSP [ I I R BT P |
afcl CTGCTCTCAAGCTTCCAACTCTCCCGAARAACCTTGGTTGGTGTAATTAGCCAAGAGAAGTREE]
p-V Yo (b cH-IC TGCTCTCAAGCTTCCAACTCTCCCGAAARCCTTGGTTGGTGTAATTAGCCAAGAGRAGT ]
AF007269 CTGCTCTCAAGCTTCCAACTCTCCCGAAAACCTTGGTTGGTGTAATTAGCCAAGAGRAGT LY
(o1 -1-Y UM C T GC TCTCAAGCTTCCAACTCTCCCGAARACCTTGGTTGGTGTAAT TAGCCAAGAGAAGTIRELY
afcl
AT4g01320
AF007269
Consensus
afcl
AT4g01320
AF007269
Consensus
970 980 990 1000 1010 1020
P [P PP I I R P R R P P e |
afcl TTTTCACTTTGTTCATGAGTTTGTAACTATACTTATGGACTCTGCAATTTTGTTCT TTGGAYA
LAY (b RV T T TTCACTTTGTTCATGAGTTTGTAACTATACTTATGGACTCTGCAATTTTGTTCT TTGCPAK]
AF007269 TTTTCACTTTGTTCATGAGTTTGTAACTATACTTATGGACTCTGCAATTTTGTTCTTTGGERNWYAY
[ofo3 - L= AL I T T T TCACTTTGTTCATGAGTTTGTAACTATACTTATGGACTCTGCAATTTTGTTCTTTGC RPN
1030 1040 1050 1060 1070 1080
T T e | | | . | | P
afecl GATC T TGCC T TGGT T T T GG A A G ettt ARtttk ek

P\ e (o b By I G A T C T T GCCT TGG T T T T GG A A G ittt
AF007269
Consensus

afcl
AT4g01320
AF007269
Consensus

afcl
AT4g01320
AF007269
Consensus

1210 1220 1230 1240 1250 1260
P S Y P I [ Iy IR IR IRPRPR PR DR |
afcl GCTGGTGT T ATGACATGG T CACAG gl b bt
AT4g01320 [eleyselepieyyv:VierNoryielelierNer:\e
AF007269
Consensus

afcl

AT4g01320
AF007269 TTTAGCATCAAAATATCTATTTTCTTAAGATAATAATATTTCTTTTATATTCTGATGCAG 1320
Consensus XXXXXXXXXXXXXKXKXKKXKXXXXXKKXXXKXXXXXXXXXK KKK KKK KKK KXKXKXKKKKXXX 1320

1330 1340 1350 1360 1370 1380
163
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afecl
AT4g01320
AF007269
Consensus

afcl
AT4g01320
AFQ007269
Consensus

1460 1470 1480 1490 1500

N I T N N N T e e e e e |
afcl = 2  emmme e CARACAATATGGATGTTCATTAGGGACA ST
AT4g01320 -------mmm e CAAACAATATGGATGTTCATTAGGGACE YR
AF007269 GGATTAAATTTGCTTCTAAATTCTGTTGACAGER::NV:VV:Neeruiesuioryy:telelerNerd 1500
Consensus XXXXXXXXXXXXXXXXXXXXXXXKXXXXKXX XAy vicerVieigioyyteleleNed 1500

1510 1520 1530 1540 1550 1560
oo | 1. [P PR PR PSS RIS TS (PP (s |
afcl TGAT CTGTCATA ATT
AT4g01320
AF007269
Consensus
1580 1590 1600 1610 1620
et P T e e [ A [ I
-5 4 N T C A T AG T C C A G gl e 525
AT4g01320 JEONPNEH OG- - — — — = — =~ = = = = = = e 546

AF007269 I NN EOINEGCTTTGATGATTCTGGATTCATCTTATTTCTGAGTTTTTCACATGGATGA 1620
Consensus [ORYPNAEULHONERK XX XX XX XXX KX KX XX XX KX XK XK KX XX KKK KKK KK XXX KX KKKXKXKXX 1620

1630 1640 1650 1660 1670 1680
NN | ] | .. | | I [ ISP I
afel @ 2 - 525
AT4g01320 —---- - e 546

AF007269 CTATTCTCCATTGAGTGTGAGCTTCAAAGTTTTTAGTTTTCGTGTTAAAAATTTAAAATT 1680
Consensus XXXXXXXXXXXXXKKXKXKXXKXKKXXKXKKKXXKXKKXKKKKKKKKXKXKXKKXKXXXXX 1680

1690 1700 1710 1720 1730 1740
[ I L I R N e T e e e |
afcl
AT4g01320
AF007269
Consensus
1750 1760 1770 1780 1790 1800
A P P R P P P Y P R P e |
afcl TATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGACTATATACCCGGTCTTGRGE]

S L R PV TATCTGTGGGCATTCATGT TTATCCTGTCTCTAGTGATGATGACTATATACCCGGTCT TGIKELY
AF007269 TATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGACTATATACCCGGTCT TGRRLYY
[ofe3 E- 1N LT ATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGACTATATACCCGGTCT TG

1810 1820 1830 1840 1850 1860
S P PRt [P I ey [Py [ L e L I |
afcl ATAGCACCGCTCTTCAACAAGT TCACT CC T i 639
VY. (R L R A T A GC ACCGCTC T TC A AC ARG T T C A C T CC T g 660

AF007269 aYyXelor:Nololelo Loy N er.V-XO).Y XU RSN WNRMUG TG TGTATTTCTGTCATGGCCATTTTACAAR 1860
Consensus LyyNe[oh:Xeloeloyyolyor:V-Xe) V) W HOFNMHEOUN: X X X X XX XXX XXX XX XXX XXX XXX XXXXXX 1860

1870 1880 1890 1900 1910 1920
N - | ] I el | ] [ ISP I
afcl 0 e e 639
AT4g01320 —-=— - oo e 660

AF007269 TTCACTGCTTGTTTGCATATGTTGTTACCAGACAATATAATCTCCCGCTTTTTTATGGCT 1920
Consensus XXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXKXXXKXKKKXXXKKKXKKKXKXKXKXKKXX 1920

1930 1940 1950 1960 1970 1980
N ERER FRRTS FERTS FRRTY FRTES PRRTY FRYRS FETEY RERRy RRRTY Frey
afcl Bl C TTCCAGATGGAGACCTCCGGGAGRAGATTGAGARACTTGCTTCTTCTCTAAAGT TSN
VYo (oD Re LV IR C T TCCAGATGGAGACCTCCGGGAGAAGAT TGAGAAACTTGCTTCTTCTCTARAGT T ANY
AF007269 EAWNECTTCCAGATGGAGACCTCCGGGAGARGATTGAGAAACTTGCTTCTTCTCTARAGT TSR]
(613, 1-1=0,F: {0F: BB 9.9.84C T TCCAGATGGAGACCTCCGGGAGAAGATTGAGRAACTTGCTTCTTCTCTAAAGT TR ELY
1990 2000 2010 2020 2030 2040

164
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e [ IPSRSTTS PS [ P I IPTPIrr re |

afcl TCCT ~——-- 751
F S Yo (VLT CCTTTGAAGAAGCTGTTTGTTGTCGATGGATCTACAAGGTCRAGCCATAGCAATG ol P
AF007269 TCCTTTGARAGAAGCTGTTTGTTGTCGATGGATCTACAAGGTCAAGCCATAGCAAT ey Xl i)
(o 1S - - I T CCTTTGAAGAAGC TGTTTGTTGTCGATGGATC TACAAGGTCAAGCCATAGCAATGree S @A)

2050 2060 2070 2080 2090 2100
PN . | I I [eenal. | | [ I
afcl = |  —ommmmmm oo e s 751
AT4GOL320 === — =~ m oo e 772

AF007269 AAGCTTGAGATCTCTTCCTACCTACTTTACTCTAGTTTACCATTAGAAGCTTACGTATCT 2100
Congensus XXXXXXKXXXXXXXXXXXXKXKXXXKXKXKXKXKXXAXXKKKKKXKXKEXKKXKKKKXKKKKX 2100

2110 2120 2130 2140 2150 2160
R N I T I I P I B S PN RrEEs
afcl @ 2 0--------—--—==-- CTTACATGTATGGTTTCTTTAAGAACARAAGGATTGTTCTTTATMER]
AT4g01320 ----------~————- CTTACATGTATGGTTTCTTTAAGAACAAAAGGATTGTTCTTTATIRIES
AF007269 preluv X VoY XeXele C TTACATGTATGGT TTCTT TAAGAACAAAAGGATTGTTCTTTAT AN
Consensus XXXXXXXXXXXXXXXXepgPNerNyieiy:-Unelehipioiygiv:V-Xer VXLV V.v-Xe(er:Vigehiuelpiv:uy 2160

2170 2180 2190 2200 2210 2220
| | | | | N | | | | NI |
afcl GATACGTTGAT TCAGCAG R et e 813
AT4g01320 [(ONYNeNNNer et e  — ——— ~—~— -~~~ =~ o 834
AF007269 GTACTGTGACTCTTGATGCTTCARACGAGCTATACTCACATT 2220

Consensus [:YYNeIPIELYBRBNEINE: X X XXX XX XXX XXX KK XXX XXX XXX KKKKXXXXXXKXKKKKX 2220

2230 2240 2250 2260 2270 2280
| | | | | [ | | | | |
afCl  mmmmm e TGCAAGAATGAGGATGICEE)
AT4QO1320 —===— === e TGCAAGAATGAGGATGHGE

AF007269 TCTGTTTCTGGTTCTGAAACATAACATAATCTTCTATTGTGCAGHe Ve VNI NeleluNe 2280
Consensus XXXXXXXXXXXXXXXXXKXXXXXXXXXXXXKKXXXXXX XX XXX Kpie(onv:ter:v:-vierNele)yie 2280

2290 2300 2310 2320 2330 2340
R e T T e e e e e e e |
afcl AAAT CTGAATCA!
AT4g01320
AF007269
Consensus
2350 2360 2370 2380 2390 2400
PR T ERTT | | | el | | | o |
afcl CGT T C AT TGCAG T T C A 2 ittt bbbt
AT4g01320 ([MelRNerNuNeor e~ — — = —~ — ~~ — — —— — = e e e m e — e — s — -
AF007269
Consensus
afcl
AT4g01320
AF007269
Consensus
2470 2480 2490 2500 2510 2520
I L T e S T T P T T e e |
afcl TTCTTACAATTTGGAGGATACACTCTTGTCAGAAACTCCACTGATCTCTTCAGGAGT TTCRENE]
p AT (b8P JI M T TCTTACAATTTGGAGGATACACTCTTGTCAGAAACTCCACTGATCTCTTCAGGAGT TTCEEL
AF007269 TTCTTACAATTTGGAGGATACACTCTTGTCAGAAACTCCACTGATCTCTTCAGGAGT TTCAYAY
(073 ¥-1-0 VM- B T TC TTACAATTTGGAGGATACACTCTTGTCAGAAACTCCACTGATCTCTTCAGGAGT T TCAY,Y
2530 2540 2550 2560 2570 2580
T T T E T E DT TS S IS AT Ry R |
afcl GGATTTGATACACAGCCTGTTCTCATTGGTTTGATCATATT TCAG gkttt bbbt 1020
PN Yo RV VIR GGAT T TGATACACAGCCTGTTCTCATTGGTTTGATCATAT T TCAG ittt ettt 1041

AF007269 GGATTTGATACACAGCCTGTTCTCATTGGTTTGATCATATTTCAGEINNNSIWY:- Yy b ie[ol it 1]
o123 E-T3 - N - B CGAT T TGATACACAGCCTGTTCTCATTGGTTTGATCATAT T TCAGHS$:9.9.:6:6:6.9.0.¢.0.¢. 0.0 VLTI

2590 2600 2610 2620 2630 2640
| | | | | [P I | | | |
afel 1020
AT4g01320 1041

AF007269 CTTTTGACACTAATCTAATGAATCAAGGATGGATTAAGAAAAAAAAACTCTARACCTTTG 2640
Consensus XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXKKXXXXXKXXKXXXXXXKXKXKKXK 2640

2650 2660 2670 2680 2690 2700
165



WO 03/012116 PCT/IB02/03887

ACTGCAACATCTAGTAAGC

afcl CACTGTAATAC 1053
AT4g01320 CACACTGTAATACCACTGCARCATCTAGTAAGCERNE
AF007269 CACACTGTAATACCACTGCAACATCTAGTAAGC AN
Consensus 2700
2710 2720 2730 2740 2750 2760
S P PR PR e Y P e | teeuel. | |
afcl TTTGGCCTGAACCTCGTTAGTCGAGCGTTTGAGT T TCAG ittt ettt bt 1093
PV Y (D VIV T TTGGCCTGAACCTCGTTAGTCGAGCGT TTGAGT T T CAGE gttt bl 1114

AF007269 iuielelefoyyer.vXololoeh gy el olcitclolcinuierNeiyyieNee T ACCATCTTACAATCCCTCA 2760
Consensus jyyieddeierydopieleigvXeifoe)NeldeipyierXeggenlele X X X XX XXX XXX XXX XXXXX 2760

2770 2780 2790 2800 2810 2820
N ! | | e | I | NN
afcl 000 mmm s 1093
ATAGOL320 === m o e 1114

AF007269 AGATCCAACCATAGTTTCTTTATTGCAATGGCAGCCTCATCTACTAATCTGAGTTAACGT 2820
Consensus XXXXXXXXXXXXXXXXXXXKKEXXXXKKEXKXXXXXKKKKLXKK XXX KKXKKXXXXKXKXKKX 2820

2830 2840 2850 2860 2870 2880
R N T I e s PR TN PR RTTR I e |
afel @ 2 0—----------- CTGATGCTTTTGCEGTGAAGCTTGGCTATGCAAAAGATCTTCGTCCTGENNE NN
AT4g01320 ------—----- CTGATGCTTTTGCTGTGAAGCTTGGCTATGCAARAGATCTTCGTCCTGRNREYA

AF007269 ol ypRielseeC TGATGCTTTTGCTGTGAAGCTTGGCTATGCAARAGATCTTCGTCCTGAAELY

Consensus XXXXXXXXXXXXeiierViclsigyyiclecifernvicuyicclayvico vV e yisyideuiseife 2880
2890 2900 2910 2920 2930 2940
TS R FE TS B i | ol | | | P PR
afcl CTCTAGTGAAACTACAG G ittt e 1159

PV Y (e LU C TCTAGTGAAACTACAGGTCAGAGAAGATAACAACAGAACACAARCTGTTACCTCAAT T T WA
AF007269 CTCTAGTGAAACTACAGGTCAGAGAAGATAACAACAGAACACAAACTGTTACCTCAATT TIERY
Consensus (YGSPNEIIE VVXYPNGFNELEX X X X X XX XXX KX XXX XXX KKK KX KX KX XX XX KX KKKXKKKXK 2940

2950 2960 2970 2980 2990 3000
B A I e I I T N I EEE T FE RS s |
afel @ 2  ---m-mmmmm e e e ARGAGAACTTATCAGCAZ NN
F-S Yo (b KV LG TGTCACACACTTARATGGATTTTTTGTTGGGATTTTGCAGGAAGAGAACTTATCAGCAL WE:¥
AF007269 GTGTCACACACTTAAATGGATTTTTTGT TGGGATTTTGCAGGAAGAGARACTTATCAGCAL I

Consensug XXXXXAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XX XN oy uv:NderNelovs) 3000
3010 3020 3030 3040 3050 3060
R P S T I T I (P IO I ISP IParep |
afcl TGAA
AT4g01320
AF007269
Consensus
3070 3080 3090
O I I I [P P IPUP (P
afecl TTCGAGCCATTGATGGAGAAGACAAGAAGACAGATTAL VAL
PV Ye (YT TTCGAGCCATTGATGGAGAAGACAAGAAGACAGAT TAL L
AF007269 TTCGAGCCATTGATGGAGAAGACAAGAAGACAGATTAREEIEL]
o3 ¥:-1-3 V-1 - I T T C GAGCCATTGATGGAGAAGACAAGAAGACAGAT TAZ EEIEL

Table 22. ClustalW Analysis of Generic Amino Acids

1) afc1 (SEQ ID NO:30)
2) aragoi32o (SEQ ID NO:32)
3) aro07269 (SEQ ID NO:34)
4) consensus (SEQ ID NO:71)

10 20 30 40 50 60
AP PUTY DUU PUSTS FUUTS PUTY DU DU PUUTY PUUDS POTS peRe
afcl MAIPFMETVVGFMIVMYIFETYLDLRQLTALKLPTLPKTLVGVISQEKFEKSRAYS--QD 58
AT4g01320 MAIPFMETVVGFMIVMYIFETYLDLRQLTALKLPTLPKTLVGVISQEKFEKSRAYRDI@T 60
AF007269 e 41

(673 V=TS V- BB S N SR R A T PFMETVVGEMI VMY I FET Y LDLRQLTALKLPTLPKTL10:8:8:0:8:6::9:9:0.0:$:0:0.0.4.0:0.0 QN Y1}
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afcl § ————— SYFHFVHEFVTILMDSAILFFGILPWFWKMSGAVLPRLGLDPENEILHTLSFLZ K]
AT4g01320 pANIIAOSY FHEVHEFVTILMDSAILFFGILPW LPRLGLDPENEILHTLSFLA YA

AF007269 = = = - moe oo T---- 42
Consensus Publi XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXERXXXXXXXXXXXXXXXXXXXXX 120
130 140 150 160 170 180
N P R P P T T I e P e e |
afcl GVMTWSQITDLPFSLYSTFVIESRHGFNKQTIWMFIRDMIKGTFLSVILGPPIVAATIF T ]
AT4g01320 GUMTWSQITDLPFSLYSTFVIESRHGFNKQT IWMFIRDMIKGTFLSVILGPPIVAAIIFIRE]Y
AF007269 = 00—==——=—e- 93

Consensus Publi XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 180

190 200 210 220 230 240
N P P T TR T RS Ry e e Py |

afcl

AT4g01320
AF007269
Consensus Publi XXXXXXXXXXXXXXXXKXXKXKKAXXKXKXXXXXXXKKXKKXXXKKXKKAXKKKKLXKXKKK 240

250 260 270 280 290 300
N P A e e T e e e e
afcl
AT4g01320
AF007269
Consensus Publi XXXXXXXXXXXKXXXXXXKXAXKXXKXXXXKKXKXXKXXX XX XX XXX XKXXXXKKKXXKXX 300

310 320 330 340 350 360
| N 1 I |....|....I....|....|...,|....[....|
afcl
AT4g01320
AF007269
Consensus Publi

afcl

AT4g01320
AF007269
Consensus Publi

430 440 450 460 470 480
| | | | | .. | ! | | | |
Y -5 N - -\ [, S A MNT DP LIS AYHY SHP PLVERL RA I DGE DK K T L ket 424
b V2o (o) KcV-Io e 1= N [, S AMN T DPLY SAYHYSHP PLVERLRA T DGE DKK T L gl e 459
AF007269 REENLSAMNTDPLYSAYHYSHPPLVERLRAIDGEDKK T gl e P R 316
(623 LT3 AL 20 - Vi SR S D 620,01, S AMN T DPLY SAYHY SHP PLVERLRA T DGE DK K T il ettt 480

Table 23. ClustalW Analysis of PPI Nucleic Acids

1) ppi-atcer  (SEQID NO:1)

2) ppi-BncPP  (SEQ ID NO:14)
3) pri-soycep (SEQ ID NO:17)
4) consensus  (SEQ ID NO:72)

10 20 30 40 50 60

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

.I....]....|....I....i....t....l....l.. .. .l .. ...l
PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
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I AT GCCAA GAGA A T GAGAAA TCRMGA G T A GTC TG 3 GRS

190 200 210 220 230 240
.|....I....I....I....I....|....|....|....I....|....|....|

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

T P P P E T I I O e e e
PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

PPI-AtCPP ATAC GCCCACC
PPI-BnCPP
PPI-SoyCPP

Consensus

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

PPI-AtCPP
PPI-BnCPP by
PPI-SoyCPP
Consensus

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
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Consensus  ICEREEENIEE 6 DY BN B B R B 540

850 860 870 880 890 900
.|....|....|....l....l....]....l....l....!....I....l....|

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
Consensus

l....l....l | cleeenl. .I....I I....I....I l
PPI-AtCPP pch

PPI-BnCPP
PPI-SoyCPP
Consensus

.I....I....l....l....l....l....i....I....I....I....I....I
PPI-AtCPP

PPI-BnCPP
PPI-SoyCPP
Consensus

PPI-AtCPP AAGAAGACAGATTAZ VUK
PPI-BnCPP peenvNeNor:Ne:Yuy:v 1275
PPI-SoyCPP 4 1275
Consensus AAGAAGROAGAMT AL VAR

Table 24. ClustalW Analysis of PPI Amino Acids

1) pri-atcep  (SEQ ID NO:2)

2) pei-Bncepp (SEQ ID NO:15)
3) pp1-soycerp (SEQ ID NO:18)
4) Consensus (SEQ ID NOZ73)

10 20 30 40 50 60
PPI-AtCPP MAFPYMEAVVGFMILMYIFETYLDVRQHRALKLPTLPKTLEGVISQEKFEKSRAYSLDKS
PPI-BnCPP MARPBMERVVGFMIGMYFETY LOEROHMALKLPTLPKTLYGV ISQEKFEKSRAYSLDKS

PPI-SoyCPP MAFPYMEAVVGFMILMYIFETYLDVRQHRALKLPTLPKTLEGVISQEKFEKSRAYSLDKS
Consensus PPI
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PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP

Consensus PPI

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP

Consensus PPI

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPp

Consensus PPI

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP

Consensus PPI

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP

Consensus PPI

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP

Consensus PPI

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP

Consensus PPI

1) ppI-atcep
2) PPI-BnCPP
3) pPPI-SoyCPP

4) afcl

S) ar4g01320

6) AF007269

6) Consensus

PPI-AtCPP NA

PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320

PCT/IB02/03887

HFHFVHEFVTIVTDSTILYFGVLPWFWKKSGDFMT IAGENAENEILHT LAFLAGLMIWSC WY
HFHFVHEFVT 1SR 1 LErcEL pwEwkRS G r GG ENE T LHT LEFLAG LMW S C ek
HEHEVHEFVTIVTDSTILYFGVLPWFWKKSGDFMT IAGFNAENEILHTLAFLAGLMIWSC Y

= X ] g 120

ITDLPFSLYSTFVIEARHGFNKQTPWLFFRDMLKGIFLSVIIGPPIVAAIIVIVOKGGP YKL
ITDLPFSLYSTEVIEFRHGFNRQTRWSFERDOVEKG IALSVIFAPPIVARAT IVIVOKGGPY KLY
: { 180

§ 180

190 200 210 220 230 240

SIS PO FOUDE P PR D Y IS P PO DU IS |
LAIYLWVFTFGLSIVMMTLYPVLIAPLENKFTPLPDGQLREKIEKLASSLNYPLKKLEVVRENY
LATYLWERERLSEvMMTEY PVLIAPLENKEFT PLPDGELREKIEKLAS S LERPLKKLEVV RN
LAIYLWVFTFGLSIVMMTLYPVLIAPLFNKFTPLPDGQLREKIEKLASSLNY PLKKLEVVEPEN
X X} j 240

250 260 270 280 290 300

370 380 390 400 410 420
S PRSP FPTRS PRTTE PRRES Ry e RSy I R Rrrey |

420

Table XX. ClustalW Analysis of PPI/Generic Nucleic Acids

(SEQ ID NO:1)

(SEQ ID NO:14)
(SEQ ID NO:17)
(SEQ ID N0O:29)
(SEQ ID NO:31)
(SEQ ID NO:33)
(SEQ ID NO:75)
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AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI~AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SOyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP

PCT/IB02/03887

ATGGCGATTCCTTTCATGGARACCGTCGTGGGTAAGCTTCAARACCTTTTTCTGAGACATTTTACTATCC

80 90 100 110 120 130 140
JRPRR TRV IR TR IDUPRPUNY [UURPRPRN IR IONPAPOPRY PPN ISR ISOPRPRNS ISR DR IR |
—————————— ATGGCGTTTCCCTACATGGAAGCCGTTGTCGGATTTATGATATTAATGTACATTTTTGAA

TGTTTCACTCATCGTATTTCGTTTTTGTTTGGGTTTTGCTTTCTGTGTTGTGTGTGTTGAGATTCCATGA
---------- ATGGCGATTCCTTTCATGGAAACCGTCGT-GGTTTTATGATAT-~ATGTACATTTTTGAA

150 170 180
e [ S O e e T T I
ACTTACTTGGATG-TGCGACAACATAGGGCCCTCARACTTCCTACTCTTCC GACTTTAGAGGGTGTT

160 190 200 210

-CTCGTTTGTTTCATATACCATCGTCTCTGCTTCTCGTTTCTAAATTTTGTTCTTTTCTAATAGTGCGTA
-~CTATTTGGAT-~---TGGCAACATG---—-CCTCAA~~CTTCCACTCTCC~--AAACTTGGTGGTGTAT-
220 230 240 250 260 270 280
O S o T e L L I I I I E R Eee |
ATCAGCCAAGAGAAATTTGAG TCTAGAGCCTATAGTCTTGATARAAGCCACTTCCATTTTGTTCACG

CCTTGATCTGAGGTTTTATTACTCCTACTAGTTTCTTGTCTTACTCGTG--CGTTT-GATTTGATTTGAG
—--AGCCAAGAGAAGTTTGAGARATCTGAG-~CTACAGTCTTGAAAAAG--CATT~-~CATTT-GTTCA-G

290 300 310 320 330 340 350
PO e T o O O S O O O O I IPTT I |
AGTTTGTGACAATAGTGACAGACTCTACAATTTTGTACTTTGGGGTATTGCCCTGGTTTTGGAA- -~~~ G
AGTTTGTGACAATAGTGACAGACTCTACAATTTTGTACTTTGGGGTATTGCCCTGGTTTTGGAA~~ ==~ G

CTTATGTGA-TTTCATCATCTCTTCCTCGGTTTTAGAATGTACGGAGCTTCTCTGTTAACCAAAATCTAG
AGTTTGTA--CATAGT--TAGACTCT-CAATTTTGT-CTTTGGG---TTTGCCTGGTTTTGGAA~~~~~ G

360 370 380 390 400 410 420
O P T O e e O s P I I |
AAATCAGGAGATTTTATGACAATAGCTGGTTTCAATGCTGAGAATG TACTGCATACCCTTGCCTTCT

GATTTGGGAAGAARAGTCGGAGTCTTTTTTTTCCTCATTCCCGATTGGARATTGAGAATCTTGAAATTTT

AT-TCGGG-~-TTTTGCAA-~~~~— TTGGT----- CATCGAGAATGAAAT-CTGCATACC-TT--CTTCT
430 440 450 460 470 480 490
O e e O S T e e [ I S |
TAGCAGGGCTGATGATTTGGTCACAGATAACAGATTTGCCCTTTTCTCTGTACTCAACTTTT-—-—-—~ GTG
TAGCAGGGCTGATGATTTGGTCACAGATAACAGATTTGCCCTTTTCTCTGTACTCAACTTTT-=--~~ GTG

TCTTTGTTCAAGTCATACAGCTTGAGGTTTTGGGTTTTCTTGTCAGGGTATTATTATGTTCGTGACTGCA
T-GCGGT----ATGAT--GGTCACAGATA--CGATTTGCCTTTTCTT--GTACTCAACTTT-—-~-- GTG

500 510 520 530 540 550 560
P L I I [T I I TN TS I Iy EUiuney IO I
ATTGAGGCCCGTCATGGTTTTAATAAGCAAACAC--CATGGTTATTCTTTAGGGACATGCTTARAGGAAT

ACTAGAGTTTTCTGGAGTTTTTTGARATGGGTTTTGTGTTGTGGAACCGTATGTGAATGTTGCATCAAAA
AT--GAGTCCG-CATGGTTAAAACAAACA-—-—-—-~--- CATGGTT---TCTTAGGGACATG--TAAAGGAAT

570 580 590 600 610 620 630
PRV TR T I IO IOUPUUIY SOIVAURN IOUPRPRRN Y (PR (SRR IS DA IO |
TTTCCTTTCTGTAATAATTGGTCCACCTATTGTGGCTGCAA-——~—~ TCATTGTAA-TAGTACAGARAGG
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PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SOyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SOyCPP
afcl
AT4g01320
AF007269
Consensus
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CTCTTTCAGTGCTCCAATGTTTCCATCAGTAGTCAGCACAAGAGATCTTTTTATATCTGGT TGATCAARA
TTCCTTCTGTATA----~- G--CC-CCTATTGTG-CTGCAA-===—~ T~ATTGTA--TAGT~CAGAAAGG

640 650 660 670 680 690
P e T e e e [ I I I
AGGTCCATA--CTTGGCCATCTATCTTTGGGTTTTTACGTTTGGTCTTTCTATTGTGATGATGACCCTT

700
|

AAGTAGATGATGTTATTGAATTTTCAGTGATGGAGTATCTGTTGTTGTGGCATTTAGAGTAGATTCGT

AGGTCC----- TATG-CCATCTATCTTGGG == =====~~ TTTAGTTTTCTTCTTGTGATGATGACC-~T|
720 730 740 760 770
D P L A IR S PP [P I
[elok ole: . o4\ iy c| clcaflcTRAGGGAGAR
efe] T TTITGAGASGTATTTGG
GCTCCHCTT, C GGICARCT@AGGGAGAA
eATidd 0 TTRTGHGASGTATTTGG
--TRCEWGG T TTRTGEGASGTATTTGG
BT CTTTTTCINTACAGGTIMET| TT) GABGTATTTGG
jyccceeT@r c G---BiCTi®-GGGAGAA
790
el
T@cTccT-
By
CTC@CT-
7
T
T
Tiei®CT---~A-——[iTTC|
850 880 890 900 910
| ol | P L [T [ I I I T
T NERCACRECNNIGCET| TTCTTCAAGAACAAGAGGATTGTCC---CTTATGACAC

TCAAGTCACAGEAATGC T)
- AGEVAEH T T GIXEALVUNC
—AGRYNEINTT AGRAATC

920 930 940 950 960
R (U [PSPAPA IVUPU IPUFOPU [DUPRPRRS IS (PSP ISP [N I
ATTAATTC-———~————=———- AACAGHGCARAGAC-GATGRGGAARTRGHTG-CT
————————————————————————————————————————— TCTTGACAAA---
ATTAATTC-———~==—-=—==—~ AACAGHGCAPAGAC-GATCRGGAARTRGHTG-CT
————————————————————————————————————————— TCTTGACAAA---
----------------------- GGARATCRTCACTGAGARCTTT TGC
TTTAGTTTTTTATAATTGCCAGGGGARATCIATCACTGAGAICTTT| TGC
ATTATTC-~~============ ACAGHGCAR-----~~-~ GAARITIGIG---C|
990 1000 1010 1020 1030
el cedennl
cEARACTErG) eTiATicle
mCTTAN CICTCEGAI-TCINE T TT
@CATAGH CIANGC
ScTTAec e TodeC AT CHTT
- ST GIEACHCT THCHTT
- SIWYAT GIEACINC TGEARIR- THRNETRCIT T
——————— SRALICAACTHAC CBYTC----ALYSIg- -~ ~-CTTWAC
1060 1070 1080 1090 1100 1110 1120
S 1 A A IPAPIUE [PURPRPES IS NUNPRR [ [P IDUPRPN [N IR SR
TATACACTAGTGCGARATTCAGCTGATCTGTATCGAAGCTTTGGGTTTGATACGCAGCCAGT

puielen €GTACATATCTGGTTTCGGTATACAGTATCT-CATTTTGAATATAGAGTTGTTACATTACAA -~
IRYElNGEATACAC-CTAGTG~-AAATCC---TGATCT--~--TGAG~--~--TTGGTTTGATAC-CAGCCG-~-

1130 1140 1150

172

1160 1170 1180 1190
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PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
consensus

PPI-AtCPP NA
PPI-BnCPP
PPI~SoyCPP
afcl
AT4g01320
AF007269

PCT/IB02/03887

[ P L E Y T I | I

cees B I

CCTCATTGGGCTCATCATATTTCAGC[ACTGTARTECCAC
—————————————————————————— TCTGGCGGC-TT)
CCTCATTGGGCTCATCATATTTCAGCEMACTGTARTECCAC

TTGTAAAGTTTTCATTTTTACCTTA GTCTGG =GT,
TCTCATTGG---TATCATATTTCAGC] CTGTART®C~AC]

1200 1210 1220 1230 1240 1250 1260
I T I e P I I | | l. I

T IS I R EE I PO
RYACCT CAGCEGATEATINVGAEVENT CAclelopyer seCCITINEC AN SN AGCT TGATATGCATCTGGAT
y CCT! C. CENWNC T T{e{elSKEGIIC — TR A NS A MATIEGTCACAY- - - - ————————=~~
TA@T
TAMT)
TA@T

BYACCT CAGCEGATSATINIGAENRETC A ele{eifeniNe CTaTGECA‘G“GCTT GATATGCATCTGGAT
CHNWNC T Tie{eloyNeGINe - TRAISEA AT ®CTCACAY -~~~ ===~ ——=—===

-TTRTGHCATGGTCAC ---------------
R OIAT®GTCACAEGGTGTTCCAAATAAAC

- CHTISE AAGCTT|gG-TATGCAGTCGG-~

CT
CT
CT

1270 1280 1290 1300 1310 1320 1330
| . |. [P I [ I l. I I I

TACGCGGTG--GTCTTGTGAAACTACAGGAGGAGAATCTGTCAGCT---~ATGAATACAGATCCTTGGTA

CCCTTCATATAGTCCTATACGTTTAGCATCAAAATATCTATTTTCTTAAGATAATAATATTTCTTTTATA
==Tw=——————- GTCTAGTGAA-CTACAGGAGAGAA---TGTCAGC-—-—- ATGAA-ACAGATCCTTG-TA

1340 1350 1360 1370 1380 1390 1400

... R
cTCT-—-GCT TSR TRCRCATCCRCCRCE ——
THGECAT (o
CHCATCCHCCECH ———
TIGEC G=———
T G-—-—
THGECAT| G
TARATTCT

CAAACAATATGGATGTTCATTAGGGACATGA]
--------------------------------------- CAARCAATATGGATGTTCATTAGGGACATGR)

ATINATTINTMATAGT@CAGE
ATRATTTTCATAGTCCAG——
. ATRATTTTCATAGTCCAGGT
) RATTTTCATAGTCCAGGT

TTGATGATTCTGGATTCATCTTATTTCTGAGTTTTTCACATGGATGACTATTCTCCATTGAGTGTGAGCT
173
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Consensus TTGATGATTCTGGATTCATCTTATTTCTGAGTTTTTCACATGGATGACTATTCTCCATTGAGTGTGAGCT
16590 1700 1710 1720 1730 1740 1750

| I leeenl I feaenls ! I ! | I ] I
PPI-ALCPP NA ———— e e o e e e e e e e e e
PPI-BNCPP === m oo m e e o e e e e e
PPI-SOYCPP === ——m o mm e e e e e e
= o e e
AT4g01320 @  ==—=-=-mmmmmmm oo e —m e
AF007269 TCAAAGTTTTTAGTTTTCGTGTTAAAAATTTAAAATTTGCTTCTCTGAGCATGAAGTTTCTATCTTTTTC
Consensus TCAAAGTTTTTAGTTTTCGTGTTAARAAATTTAAAATTTGCTTCTCTGAGCATGAAGTTTCTATCTTTTTC

1760 1770 1780 1790 1800 1810 1820
B T O O [P [P IS [P I IS T I T R

PPI-AtCPP NA
PPI-BnCPP )
PPI-SOYCPP ===————mmm = e o i mmmm——mmmm——m————m—m—————————— =
afcl GCCATCTATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGE,
AT4g01320 GCCATCTATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGE
AF007269 GCCATCTATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGA
Consensus WGCCATCTATCTGTGGGCATTCATGTTTATCCTGTCTCTAGTGATGATGR

1830 1840 1850 1860 1870 1880 1890

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320 CTATATACCC
AF007269 CTATATACCC
Consensus

PPI~ALCPP NA == === o o o e e e e e e e e e e e e e

PPI-BNCPP = == ——mmm e o oo o oo o e e e
PPI-SOYCPP  ———m e mm e e e e e
afcl = @ memmmmmmme e e m e ——
AT4g01320 @  —————— - — s oo e e
AF007269 TTTACAATTCACTGCTTGTTTGCATATGTTGTTACCAGACAATATAATCTCCCGCTTTTTTATGGCTATA
Consensus TTTACAATTCACTGCTTGTTTGCATATGTTGTTACCAGACAATATAATCTCCCGCTTTTTTATGGCTATA
1970 1980 1990 2000 2010 2020 2030

I I I | I I I I i | | | |
PPI~ALCPP NR ——— === m oo o oo o o e e - ———————
PPI-BnCPP RCTTCCWGATGGAGACCTCCGGGAGAAGATTGAGARACTTGCTTCTTCTCTAAAGTTTCCT®TGAAGAAG)
PPI-SOYCPP  ———— = — e e e o o eSS — === ———————
afcl BCTTCCRGATGGAGACCTCCGGGAGAAGATTGAGARACTTGCTTCTTCTCTAAAGTTTCCTHTGAAGAAG
AT4g01320 —CTTCCHGATGGAGACCTCCGGGAGAAGATTGAGAAACTTGCTTCTTCTCTAAAGTTTCCTTTGAAGAAG
AF007269 CTTCCHGATGGAGACCTCCGGGAGAAGATTGAGAAACTTGCTTCTTCTCTAAAGTTTCCTTTGAAGAAG
Consensus CTTCCRGATGGAGACCTCCGGGAGAAGATTGAGAAACTTGCTTCTTCTCTAAAGTTTCCTTTGAAGAAG

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-S0yCPP
afcl CTTACATGTATGGTTTC|
AT4g01320 CTTACATGTATGGTTTC
AF007269
consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
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afcl \C@TTGATTCAGCAG
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP

PPI-SoyCPP

afcl GAGEATGAAATTGTGGCGGTTATTGCACACGAGCTGGACANTGGARNCTGAATCACACTACATACTCGT
AT4g01320 GAGEATGAAATTGTGGCGGTTATTGCACACGAGCT CGACHATGGAACTGAATCACACTACATACTCGT
AF007269 AN TOARATTOTOOCGOTTATTGOACACGAGCT WGGAC A MTGGAANCTGARTCACACTACATACTCGT
Consensus GAGEATGAAATTGTGGCGGTTATTGCACACGAGC TRGGACRINTGGAARNCTGAATCACACTACATACTCGT

F ISR T I IO EUPUUPRN IR ISP PR IR [ I I I |
PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP

PPI-SoyCPP

afcl ATCCTTGCCTTCTTIRCAATTTGGAGGATACAC
AT4g01320 ATCCTTGCCTTCTTRCAATTTGGAGGATACAC
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP

PPI-SoyCPP

afcl GTTCTCATTGGTTTG
AT4g01320 GTTCTCATTGGTTTG
AF007269
Consensus

PPI~-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT49g01320
AF007269
Consensus

PPI-AtCPP NA

PPI-BnCPP
PPI-SoyCPP
afcl | e CACACTGTAATACCACT
AT4g01320 ——mmmmmmmmm e CACACTGTAATACCACT
AF007269 AAAACTCTAAACCTTTGGTTATATCTCCTGTCTGATTATCACAGHSXkiecivF-Ud-Neloh-Neky
Consensus AAAACTCTAAACCTTTGGTTATATCTCCTGTCTGATTATCACAGH U Yehdev-v-Nv-Xelol Yoii

2740 2750 2760 2770 2780 2790 2800
DO T O s O [ L I I T I e e |

175
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PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SOyCPP
afcl
AT49g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SOyCPP
afcl
AT4g01320
AF007269
Consensus

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269
Consensus
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AGTAAGCTTTCIACCT®AACCTGT TAGTCGAGCGTTTGAGT TTCAGG
AGTAAGCTTTG AACCT®GTTAGTCGAGCGTTTGAGTTTCAGG
AGTAAGCTTTG AACCT@GTTAGTCGAGCGTTTGAGTTTCAGG
AGTAAGCTTTG vXeleyiCeilivNellderYelweywpicINewwiertele T ACCATC TTACAATCCCTCAAGA
AGTAAGCTTTG AACCT®GTTAGTCGAGCGTTTGAGTTTCAGCINNAS YNNGV VN Telelonyer.V.Ne .Y

2830 2840 2850 2860

TCCAACCATAGTTTCTTTATTGCAATGGCAGCCTCATCTACTAATCTGAGTTAACGTTCCTTTTGCAG
TCCAACCATAGTTTCTTTATTGCAATGGCAGCCTCATCTACTAATCTGAGTTAACGTTCCTTTTGCAG

2880 2890 2900 2910 2920 2930

INGATCTHCGTCCTGCHC TAGTGARRCTACAG G itk
Y CTTGGCTATGCAAAHGATCTTCGTCCTGCTCTAGTGAARCTACAGGTCAGA

CTTGGCTATGCAAARGATCTTCGTCCTGCTCTAGTGAAHCTACAGG CAGA
) CTTGGCTATGCAAA“GATCTTCGTCCTGCTCTAGTGAAHCTACAGGTCAGA

GAAGATAACAACAGAACACAAACTGTTACCTCAATTTGTGTCACACACTTAAATGGATTTTTTGTTGGGA
GAAGATAACAACAGAACACAARACTGTTACCTCAATTTGTGTCACACACTTAAATGGATTTTTTGTTGGGA
GAAGATAACAACAGAACACAAACTGTTACCTCAATTTGTGTCACACACTTAAATGGATTTTTTGTTGGGA
3030

3040 3050

3060

3080

AGAGARCTTATCAGCIATGAARCACHGANCCATTGOACTCAGCTTATCACTACTCACAINCC
AGAGAACTTATCAGC*ATGAACACTGATCCATTGTACTCAGCTTATCACTACTCACA CC
AGAGAACTTATCAGC;ATGAACACTGATCCATTGTACTCAGCTTATCACTACTCACRTCC

TCCTCTTGTIGAMAGGCTTCGAGCCATTGATGGAGAAGACAAGAAGACAGATTARK
TCCTCTTGTTGA“AGGCTTCGAGCCATTGATGGAGAAGACAAGAAGACAGATTAAR
TCCTCTTGTTGARAGGCTTCGAGCCATTGATGGAGAAGACAAGAAGACAGATTAA
TCCTCTTGTTGAHAGGCTTCGAGCCATTGATGGAGAAGACAAGAAGACAGATTAR-

Table XX. ClustalW Analysis of PPI/Generic Nucleic Acids
1) PPI-AtCPP (SEQ ID NO:1)

2) PPI-BnCPP (SEQ ID NO:14)

3) PPI-SoyCPP (SEQ ID NO:17)

4) afcl

(SEQ ID NO:29)

5) AT4g01320 (SEQ ID NO:31)
6) AF007269 (SEQ ID NO:33)
6) Consensus (SEQ ID NO:75)

PPI-AtCPP NA
PPI-BnCPP
PPI-SoyCPP
afcl
AT4g01320
AF007269

ATGGCGATTCCTTTCATGGARACCGTCGTGGGTAAGCTTCAAAACCTTTTTCTGAGACATTTTACTATCC

176
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Table 26. Clustal W Analysis of PPI/Generic Amino Acids

1) ppx-atcep
2) PPI-BnCPP
3) PPI-SoyCPP
4) afci

5) AT4g01320

6) nF007269

(SEQ ID NO:2)

(SEQ ID NO:15)
(SEQ ID NO:18)
(SEQ ID NO:30)
(SEQ ID NO:32)
(SEQ ID NO:34)

7) consensus Gener (SEQ ID NO:74)

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP

afcl

AT4g01320
AF007269
Consensus Gener

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
afcl

AT4g01320
AF007269
Consensus Gener

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
afcl

AT4g01320
AF007269
Consensus Gener

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
afcl

AT4g01320
AF007269
Consensus Gener

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
afcl

AT4g01320
AF007269
Consensus Gener

PPI-AtCPP
PPI-BnCPP
PPI-SoyCPP
afcl

AT4g01320
AF007269
Consensus Generxr
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What is claimed is:

1. A method of producing a transgenic plant, comprising introducing into a plant
cell a compound that increases prenyl protease expression or activity to generate

a transgenic cell; and regenerating a transgenic plant from said transgenic cell.

2. The method of claim 1, wherein said plant has an altered phenotype selected from
the group consisting of increased tolerance to stress, delayed senescence,
increased ABA sensitivity, increased yield, increased productivity and increased

biomass compared to a wild type plant.

3. The method of claim 1, wherein said compound comprises a nucleic acid

sequence encoding prenyl protease.

4, The method of claim 3, wherein said nucleic acid comprises SEQ ID NO: 1, 14,
17, 68,70, 72,74, 21,23, 25, 27,29, 31, or 33.

5. The method of claim 3, wherein said nucleic acid is operably linked to a
promotor.
6. The method of claim 5, wherein said promoter is selected from the group

consisting of a constitutive promoter, an ABA inducible promoter, tissue specific

promoters or a guard cell-specific promoter

7. The method of claim 1, wherein said compound is a prenyl protease polypeptide

or fragment thereof.

8. The method of claim 7, wherein said prenyl protease polypeptide comprises the
amino acid sequence of SEQ ID NO: 2, 15, 18, 22, 24, 26, 28, 30, 32, 34, 69, 71,
73, or 75.

9. The transgenic plant produced by claim 1.
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10.

11.

12.

13.

14.

15.

16

17.

18.

The seed produced by the transgenic plant of claim 9, wherein said seed produces
a plant that has an altered phenotype selected from the group consisting of
increased tolerance to stress, delayed senescence, increased ABA sensitivity,
increased yield, increased productivity and increased biomass compared to a

wild type plant.

A method of producing a transgenic plant, comprising introducing into a plant
cell a nucleic acid that inhibits prenyl protease expression or activity to generate a

transgenic cell; and regenerating a transgenic plant from said transgenic cell.

The method of claim 11, wherein said plant has an altered phenotype selected
from the group consisting of increased tolerance to stress, delayed senescence,
increased ABA sensitivity, increased yield, increased productivity and increased

biomass compared to a wild type plant.

The method of claim 11, wherein said nucleic acid comprises an antisense

nucleic acid sequence encoding prenyl protease.

The method of claim 13, wherein said antisense nucleic acid comprises 20 or
more consecutive nucleic acids complementary to SEQ ID NO: 1, 14, 17, 21, 23,
25, 27,29, 31, 33,68, 70, 72, or 74.

The method of claim 13, wherein said antisense nucleic acid comprises SEQ ID

NO: 16, 19,20, 5, 35,37, 38, 42, 43, 45 , 46, 48, 49, 51, or 52.

The method of claim 11, wherein said nucleic acid is operably linked to a

promotor.

The method of claim 16, wherein said promoter is selected from the group
consisting of a constitutive promoter, an ABA inducible promoter, tissue specific

promoters or a guard cell-specific promoter

The method of claim 11, wherein the nucleic acid is an inhibitor of farnesylation.
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19

20.

21.

22.

23

24.

25.

26

27

The transgenic plant produced by any one of the methods of claims 11.

The seed produced by the transgenic plant of claim 19, wherein said seed
produces a plant that has an altered phenotype selected from the group consisting
of increased tolerance to stress, delayed senescence, increased ABA sensitivity,
increased yield, increased productivity and increased biomass compared to a

wild type plant.

A method of producing a transgenic plant, comprising introducing into a plant
cell a nucleic acid selected from the group consisting of SEQ ID NO: 16, 19, 20,
5,35,37,38,42,43,45,46,48,49, 51, and 52 to generate a transgenic cell; and

regenerating a transgenic plant from said transgenic cell.

An isolated polypeptide comprising the mature form of an amino acid sequenced

selected from the group consisting of SEQ ID NO: 2, 15, 18, 69, 71, 73 and 75.

An isolated polypeptide comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 2, 15, 18, 69, 71, 73 and 75.

An isolated polypeptide comprising an amino acid sequence which is at least
96% identical to an amino acid sequence selected from the group consisting of

SEQ ID NO: 15

An isolated polypeptide comprising an amino acid sequence which is at least
99% identical to an amino acid sequence selected from the group consisting of
SEQIDNO: 2, 15, 18

The polypeptide of claim 24, wherein said polypeptide has prenyl pretease

activity.

An isolated polypeptide, wherein the polypeptide comprises an amino acid
sequence comprising one or more conservative substitutions in the amino acid

sequence selected from the group consisting of SEQ ID NO: 2, 15, and 18.
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

The polypeptide of claim 23, wherein said polypeptide is naturally occurring.

An isolated nucleic acid molecule comprising a nucleic acid sequence selected
from the group consisting of SEQ ID NO: 1, 14, 17, 20, 16, 19, 68, 70, 72, and
74.

The nucleic acid molecule of claim 29, wherein the nucleic acid molecule is

naturally occurring.

An isolated nucleic acid molecule encoding the mature form of a polypeptide
having an amino acid sequence selected from the group consisting of SEQ ID

NO: SEQ ID NO: 2, 15, and 18.

An isolated nucleic acid molecule, wherein said nucleic acid molecule hybridizes
under stringent conditions to the nucleotide sequence selected from the group
consisting of SEQ ID NO: 1, 14, 17, 20, 16, 19, 68, 70, 72, and 74.

An isolated nucleic acid molecule comprising a nucleotide sequence which is at
least 94% identical to the nucleotide sequence selected from the group consisting
of SEQ ID NO: 17,18 and 19.

An isolated nucleic acid molecule comprising a nucleotide sequence which is at
least 99% identical to the nucleotide sequence selected from the group consisting

of SEQID NO: 1, 14, 17, 20, 16, 19.

A vector comprising the nucleic acid molecule of claim 29.

The vector of claim 35, further comprising a promoter operably linked to said

nucleic acid molecule.

A cell comprising the vector of claim 36.
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38. An antibody that immunospecifically binds to the polypeptide of claim 22.

39.  The antibody of claim 38, wherein the antibody is a monoclonal antibody.

40. The antibody of claim 37, wherein the antibody is a polyclonal antibody.

41. A method of identifying an agent that binds to the polypeptide of claim 27, the

method comprising:
(a)  introducing said polypeptide to said agent; and

(b)  determining whether said agent binds to said polypeptide.

42, The method of claim 41, wherein the agent is a farnesylation inhibitor.

43, A method for identifying farnesylation modulator, the method comprising:
(a)  providing a cell expressing the polypeptide of claim 22;
(b)  contacting the cell with a candidate substance; and
(¢)  determining whether the substance alters farnesylation activity;

whereby, if an alteration observed in the presence of the substance is not
observed when the cell is contacted with a composition in the absence of the

substance, the substance is identified as a farnesylation modulator.

44, A method for identifying an interacting gene of prenyl protease, the method

comprising:

a) providing the transgenic plant of claim 1;

b) creating a library of mutagenized plants from (a);

c) determining whether the mutagenized plant contains an altered
phenotype;
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whereby, the mutagenized plant has altered the function of an interacting gene of
prenyl protease which results in an altered phenotype from the transgenic plant of

(a) to that of a wild type non-transgenic plant.

45. A plant, wherein a mutation has been introduced in the gene encoding prenyl
protease, resulting in said plant displaying altered prenyl protease activity and an

increased tolerance to stress as compared to a wild type plant.
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