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DESCRIPTION

PROMOTER MOLECULES FOR USE IN PLANTS

BACKGROUND OF THE INVENTION

This application claims the priority of provisional application Serial No.
60/613,081, filed September 24, 2004, the disclosure of which is incorporated herein

by reference in its entirety.

1. Field of the Invention

The present invention relates to the field of plant molecular biology and plant
genetic engineering and more specifically relates to polynucleotide molecules useful
for the expression of transgenes in plants.

2. Description of Related Art

One of the goals of plant genetic engincering is to produce plants with
agronomically desirable characteristics or traits. Advances in genetic engincering
have provided the requisite tools to transform plants to contain and express foreign
genes. The technological advances in plant transformation and regeneration have
enabled researchers to take an exogenous polynucleotide molecule, such as a gene
from a heterologous or mative source, and incorporate that polynucleotide molecule
into a plant genome. The gene can then be expressed in a plant cell to exhibit the
added charactoristic or trait. In one approach, expression of a gene in a plant cell or a
plant tissue that does not normally express such a gene may confer a desirable
phenotypic effect. In another approach, transcription of a gene or part of a gene in an
antisense orientation may produce a desirable effect by preventing or inhibiting
expression of an endogenous gene.

For production of iransgenic plants with various desired characteristics, it
would be advantageous to have a variety of promoters to provide gene expression such
that a gene is transcribed efficiently in the amount necessary to produce the desired
effect. The commercial development of genetically improved germplasm has also
advanced to the stage of introducing multiple traits into crop plants, often referred to
as a gene stacking approach. In this approach, multiple genes conferring different

characteristics of interest can be introduced into a plant. It is often desired when
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introducing multiple genes into a plant that each gene is modulated or controlled for
optimal expression, leading to a requirement for diverse regulatory elements. In light
of these and other considerations, it is apparent that optimal control of gene expression
and regulatory element diversity are important in plant biotechnology.

Numerous promoters, which are active in plant cells, have been described in
the literature. These inctude the nopaline synthase (nos) promoter and octopine
synthase (ocs) promoters carried on tumor-inducing plasmids of Agrobacterium
tumefaciens and the caulimovirus promoters such as the Cauliflower Mosaic Virus
(CaMV) 198 or 35S promoter (U.S. Patent 5,352,605), CaMV 355 promoter with a
duplicated cnhancer (U.S. Patents 5,164,316; 5,196,525; 5,322,938; 5,359,142; and
5,424,200), and the Figwort Mosaic Virus (FMV) 35S promoter (U.S. Patent
5,378,619). These promoters and numerous others have been used in the creation of
constructs for (ransgene expression in plants. Other useful promoters are described,
for example, in U.S. Patents 5,391,725; 5,428,147; 5,447,858; 5,608,144; 5,614,399,
5,633,441; 6,232,526; and 5,633,435, all of which are incorporated herein by
reference.

While previous work has provided a mumber of promoters useful to direct
transcription in transgenic plants, there is still a need for novel promoters with
beneficial expression characteristics. In particular, there is a need for promoters that
are capable of directing expression of exogenous genes in dicotyledonous seeds.
Many previously identified promoters fail to provide the patterns or levels of
expression required to fully realize the benefits of expression of selected‘genes in
transgenic plants. There is, therefore, a need in the art of plant genetic engineering for

novel promoters for use in dicots.

Summary of the Invention
The present invention relates to promoters that are described as silique wall
preferred promoters. The phrase “silique wall preferred” refers to promoters that drive
expression of operably linked genes to higher levels in the silique wall compared with
any other tissue tested. Silique wall preferred promoters are useful for production of
{ransgenic plants with desired seed traits. These include, but are not limited to,

altering oil content, protein quality, cell proliferation, or micronutrient quality.
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In one embodiment the present invention provides a promoter comprising a
polynucleotide sequence substantially homologous to a polynucleotide sequence
selected from the group consisting of SEQ ID NOs: 7, §, and 9, or any fragments and
variants thereof that are capable of regulating transcription of operably linked
polynucleotide molecules, e.g., having promoter activity, In particular embodiments,
a fragment of a sequence provided herein is defined as comprising at least about 30,
40, 50, 75, 100, 125, 150, 200, 250, 300, 350, 400, 450, 500, 600, 750, 900, 1000, or
more contiguous nucleotides of any of the promoter sequences described herein,
including, for example, SEQ ID NO: SEQ ID NOs: 7, 8, and 9.

In another embodiment, the present invention provides a plant expression
construct comprising a promoter comprising a polynucleotide sequence substantially
homologous to a polynuclcotide sequence described herein, for example, selected
from the group consisting of SEQ 1D NOs: 7, 8, and 9, or any fragments or variants
thereof, wherein said promoter is operably linked to a transcribablc polynucleotide
molecule,

In yet another embodiment, the present invention provides a transgenic plant
stably transformed with a plant expression construct comprising a promoter provided
by the invention. In one embodiment, the construct comprises a polynucleotide
sequence substantially homologous to a polynucleotide sequence selected from the
group consisting of SEQ ID NOs: 7, 8, and 9, or any fragments, variants, or regions
thereof, wherein said promoter is operably linked to a transcribable polynucleotide
molecule.

In another embodiment, the present invention provides a method of making a
vegetable oil, comprising the steps of incorporating into the genome of a plant a
promoter of the present invention operably linked to a transcribable polynucleotide
molecule conferring altered oil and/or protein content, growing the plant to produce
seeds, and extracting the oil and/or protein from the seed. In yet another embodiment,
the invention provides a method for making food or feed comprising obtaining a plant
of the invention and preparing the food or feed from the plant or a part thereof.

The foregoing and other aspects of the present invention will become more

apparent from the following detailed description.
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Brief Description of the Sequences
SEQ ID NO: 1 sets forth the polynucleotide sequence for the P-BN.RPC-0:1:1
promoter.
SEQ ID NO: 2 sets forth the polynucleotide sequence for the primer GSP1.
SEQ ID NO: 3 sets forth the polynucleotide sequence for the primer AP1.
SEQ ID NO: 4 sets forth the polynucleotide sequence for the primer GSP2.
SEQ ID NO: 5 sets forth the polynucleotide sequence for the primer AP2.
SEQ ID NO: 6 sets forth the polynucleotide sequence for the primer D11 nco.
SEQ ID NO: 7 sets forth the polynucleotide sequence for the P-BN.SW1-0:1:2
promoter.
SFEQ TD NO: 8 sets forth the polynucleotide sequence for the P-BN.SW2-0:1:2
promoter.
SEQ ID NO: 9 sets forth the polynucleotide sequence for the P-BN.SW3-0:1:2
promoter.
SEQ ID NO: 10 sets forth the polynucleotide sequence for the primer #17637.
SEQ ID NO: 11 sets forth the polynucleotide sequence for the primer #17636.
SEQ ID NO: 12 sets forth the polynucleotide sequence for the primer #17669.
SEQ IID NO: 13 sets forth the polynucleotide sequence for the primer #17668.
SEQ ID NO: 14 sets forth the polynucleotide sequence for the primer #18210.
SEQ ID NO: 15 sets forth the polynucleotide sequence for the primer #18209.
SEQ ID NO: 16 sets forth the polynucleotide sequence for the primer #18115.
SEQ ID NO: 17 sets forth the polynucleotide sequence for the primer #18167.
SEQ ID NO: 18 sets forth the polynucleotide sequence for the primer #18206.
SEQ ID NO: 19 sets forth the polynucleotide sequence for the primer #18340.
SEQ ID NO: 20 sets forth the polynucleotide sequence for the primer #19944.
SEQ TD NO: 21 sets forth the polynucleotide sequence for the primer #19945.
SEQ ID NO: 22 sets forth the polynucleotide sequence of the 891 bp fragment
containing P-BN.SW3-0:1:2.

Detailed Deseription of the Invention
The following definitions and methods are provided to better define the

present invention and to guide those of ordinary skill in the art in the practice of the




20

235

30

WO 2006/036787 PCT/US2005/034130
5

present invention. - Unless otherwise noled, terms are to be understood according to
conventional usage by those of ordinary skill in the relevant art.

As used herein, the phrase “polynucleotide molecule” refers to the single- or
double-siranded DNA or RN'A of genomic or synthetic origin, ie., a polymer of
deoxyribonucleotide or ribonucleotide bases, respectively, read from the 5 (upstream)
end to the 3’ (downstream) end.

As used herein, the phrrase “polynucleotide sequence” refers to the sequence of
a polynucleotide molecule. The nomenclature for DNA bases as set forth at 37 CFR §

1.822 is used.

Promoters

As used herein, the term “promoter” refers to a polynucleotide molecule that in
its native state is located upstream or 5° to a translational start codon of an open
reading frame (or protein-coding region) and that is involved in recognition and
binding of RNA polymerase IT and other proteins (trans-acting transeription [actors) to
initiate transcription. A “plamt promoter” is a native or non-native promoter that is
functional in plant cells, Comstitutive plant promoters are functional in most or all
tissues of a plant throughout plant development. Any plant promoter can be used as a
5° regulatory element for modulating expression of a particular gene or genes operably
associated thereto. When operably linked to a transcribable polynucleotide molecule,
a promoter typically causes the transcribable polynucleotide molecule to be
transcribed in a manmer that is similar to that of which the promoter is normally
associated. Plant promoters can include promoters produced through the manipulation
of known promoters to producc artificial, chimeric, or hybrid promoters. Such
promoters can also combine cis-elements from one or more promoters, for example,
by adding a heterologous regulatory element to an active promoter with its own partial
or complete regulatory elements. Thus, the design, construction, and use of chimeric
or hybrid promaters comprising at least one cis-element of SEQ ID NOs: 7, 8, and 9
for modulating the expression of operably linked polynucleotide sequences is
encompassed by the present invention.

As used herein, the term “cis-element” refers to a cis-acting transcriptional
regulatory element that confers an aspect of the overall control of gene expression. A

cis-element may function to bind transcription factors, trans-acting protein factors that
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regulate transcription. Some cis-elements bind more than one transcription factor, and
transcription factors may interact with different affinities with more than one cis-
element. The promoters of the present invention desirably contain cis-elements that
can confer or modulate gene expression. Cis—clements can be identified by a number
of techniques, including deletion analysis, i.e. , deleting one or more nucleotides from
the 5’ end or internal {o a promoter; DNA. binding protein analysis using DNase [
footprinting, methylation interference, electrophoresis mobility-shift assays, in vivo
genomic footprinting by ligation-mediated PCR, and other conventional assays; or by
DNA sequence similarity analysis with known cis-element motifs by conventional
DNA sequence comparison methods. The fine structure of a cis-element can be
further studied by mutagenesis (or substitutiora) of one or more nucleotides or by other
conventional methods. Cis-elements can be obtained by chemical synthesis or by
isolation from promoters that include such elements, and they can be synthesized with
additional flanking nucleotides that contain useful restriction enzyme sites to facilitate
subsequence manipulation.

Tn one embodiment, the promoters of the present invention comprise multiple
cis-elements each of which confers a different aspect to the overall control of gene
expression. In a preferred embodiment, cis-elements from the polynucleotide
molecules of SEQ ID NOs: 7, 8, and 9, are identified using computer programs
designed specifically to identify cis-clement, domains, or motifs within sequences.
Cis-elements may either positively or negatively regulate gene expression, depending
on the conditions. The present invention therefore encompasses cis-elements of the
disclosed promoters.

As used herein, the phrase “substantially homologous™ refers to polynucleotide
molecules that generally demonstrate a substantial percent sequence identity with the
promoters provided herein. Of particular interest arc polynucleotide molecules
wherein the polynucleotide molecules function in plants to direct transcription and
have at least about 70% sequence identity, at least about 80% sequence identity, at
least about 90% sequence identity, or even greater sequence identity, specifically
including about 73%, 75%, 78%, 83%, 85%., 88%, 92%, 94, 95 %, 96%, 97%, 98%,
99% or greater sequence identity with the polynucleotide sequences of the promoters
described herein, for example, provided in SEQ ID NO:7, SEQ ID NO:8 and SEQ ID
NO:9. Polynucleotide molecules that ate capable of regulating transcription of
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operably linked transcribable polynucleotide molecules and are substantially
homologous to the polynucleotide sequences of the promoters provided herein are
encompassed within the scope of this invention.

As used herein, the phrase “percent sequence identity” refers Lo the percentage
of identical nucleotides in a linear polynucleotide sequence of a reference
polynucleotide molecule (or its complementary strand) as compared to a test
polynucleotide molecule (or its complementary strand) when the two sequences are
optimally aligned (with appropriate nucleotide inscrtions, deletions, or gaps totaling
less than 20% of the reference sequence over the window of comparison). Optimal
alignment of sequences for aligning a comparison window are well known to those
skilled in the art and may be conducted by tools such as the local homology algorithm
of Smith and Waterman, the homology alignment algorithm of Needleman and
Wunsch, the search for similarity method of Pearson and Lipman, and preferably by
computerized implementations of these algorithms such as GAP, BESTFIT, FASTA,
and TEASTA available as part of the GCG® Wisconsin Package® (Accelrys Inc., San
Diego, CA). An “identity fraction” for aligned segments of a test sequence and a
reference sequence is the number of identical components which are shared by the two
aligned sequences divided by the total number of compoments in the reference
sequence segment, i.e., the entire reference sequence or a smaller defined part of the
refcrence sequence. Percent sequence identity is represented s the identity fraction
times 100. The comparison of one or more polynucleotide sequences may be to a full-
length polynucleotide sequence or a portion thereof, or to a longer polynucleotide
sequence.

As used herein, the term “homology” refers to the level of similarity or percent
identity between polynucleotide sequences in terms of percent nucleotide positional
identity, .., sequence similarity or identity. As used herein, the term homology also
refers to the concept of similar functional properties among different polynuclootide
molecules, e.g., promoters that have similar finction may have homologous cis-
elements. Polynucleotide molecules are homologous when undler certain conditions
they specifically hybridize to form a duplex molecule. Under these conditions,
referred to as stringency conditions, one polynucleotide molecule can be used as a
probe or primer to identify other polynucleotide molecules that share homology. The
phrase “siringent conditions” is functionally defined with regerd to the hybridization
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of a nucleic-acid probe to a target nucleic acid (i.e., to a particular nucleic-acid
sequence of interest) by the specific hybridization procedure discussed in Sambrook ez
al. (2000). Accordingly, the nucleotide sequences of the present invention may be
used for their ability to selectively form duplex molecules with complementary
stretches of polynucleotide molecule fragments.

Depending on the application envisioned one may desire to employ varying
conditions of hybridization to achieve varying degrees of selectivity of probe towards
target sequence. For applications requiring high selectivity, one will typically desire
to employ relatively high stringent conditions to form the hybrids, e.g., one will select
relatively low salt and/or high temperature conditions, such as provided by about 0.02
M (o about 0.15 M NaCl at temperatures of about 50°C to about 70°C. A high
stringent condition, for example, is to wash the hybridization filter at least twice with
high-stringency wash buffer (0.2X SSC, 0.1% SDS, 65°C). Appropriate moderate
stringency conditions that promote DNA hybridization, for cxample, 6.0 x sodiumn
chloride/sodium citrate (SSC) at about 45°C, followed by a wash of 2.0 x SSC at
50°C, are known to those skilled in the art. Additionally, the salt concentration in thee
wash step can be selected from a low stringency of about 2.0 x SSC at 50°C to ahigh
stringency of about 0.2 x SSC at 50°C. Additionally, the temperature in the wash step
can be increased from low stringency conditions at room temperature, about 22°C, to
high stringency conditions at about 65°C. Both temperature and salt may be varied, or
cither the temperature or the salt concentration may be held constant while the other
variable is changed. Such selective conditions tolerate little mismatch between the
probe and the template or target strand. Detection of polynucleotide molecules via
hybridization is well known to those of skill in the art, and the teachings of U.S.
Patents 4,965,188 and 5,176,995 are exemplary of the methods of hybridization
analyses.

Homology can also be determincd by computer programs that align
polymucleotide sequences and estimate the ability of polynucleotide molecules to forrm
duplex molecules under certain stringency conditions. Polynuecleotide molecules froxm
different sources that share a high degree of homology are referred to as
“homologues”.

Methods well known to ane skilled in the art may be used to identify

promoters of interest having activity similar to the promoters described herein. For

-10-
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example, cDNA libraries may be constructed using cells or tissues of interest and
screened to identify genes having an expression pattern similar to that of the
promoters described herein. The cDNA sequence for the identified gene may then be
used to isolate the gene’s promoter for further characterization. See, for example U.S.
Patents 6,096,950; 5,589,583; and 3,898,096, incorporated herein by reference.
Alternately, transcriptional profiling or electronic northern techniques may be used to
identify genes having an expression pattern similar to that of the promoters described
herein. Once these genes have been identified, their promoters may be isolated for
further characterization, See, for example U.S. Patents 6,506,565 and 6,448,387,
incorporated herein by reference. The electronic northern technique refers to a
camputer-hased scquence analysis which allows sequences from multiple cDNA
libraries to be compared elcctronically based on parameters the researcher identifies
including abundance in EST populations in multiple cDNA libraries, or exclusively to
EST sets from one or combinations of librarics. The transcriptional profiling
technique is a high-throughput method used for the systcmatic monitoring of gene
exprossion profiles for thousands of genes. This DNA chip-based tcchmology arrays
thousands of cDNA sequences on a support surface. These arrays are simultancously
hybridized to a population of labeled cDNA probes prepared from RNA samples of
different cell or tissue types, allowing direct comparative analysis of expression. This
approach may be used for the isolation of regulatory sequences such as promoters
associated with those genes.

Tn another embodiment, the promoter disclosed herein can be modified. Those
skilled in the art can create promoters that have variations in the polynucieotide
sequence. The polynucleotide sequences of the promoters of the present invention as
shown in SEQ ID NOs: 7, 8, and 9 may be modified or altered to enhance their control
characteristics. One preforred method of alteration of a polynucleotide sequence is to
use PCR to modify selected nucleotides or regions of sequences. These methods are
well known to those of skill in the art. Sequences can be modified, for example by
insertion, deletion, or replacement of template sequences in a PCR-based DNA
modification approach. In the context of the present invention, a “variant” is a
promotcr containing changes in which one or more nucleotides of an original
promoter is deleted, added, and/or substituted, preferably while substantially

maintaining promoter fimetion. For example, one or more base pairs may be deleted
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from the 5° or 3’ end of a promoler to produce a “truncated” promoter. One or more
base pairs can also be inserted, deleted, or substituted internally to a promoter. In the
case of a promoter fragment, variant promoters can include changes affecting the
transcription of a minimal promoter to which it is operably linked. A minimal or basal
promoter is a polynucleotide molecule that is capable of recruiting and binding the

basal iranscription machinery. One example of basal transcription machinery in

 eukaryotic cells is the RNA polymerase 1T complex and its accessory proteins. Variant

promoters can be produced, for example, by standard DNA mutagenesis techniques or
by chemically synthesizing the variant promoter or a portion thereof.

Novel chimeric promoters can be designed or engineered by a number of
methods. Many promoters contain cis-elements that activate, enhance, or define the
strength and/or specificity of the promoter. For example promoters may contain
“TATA” boxes defining the sitc of transcription initiation and other cis-elements
located upstream of the transcription initiation site that modulate transcription levels.
For example, a chimeric promoter may be produced by fusing a first promoter
fragment containing the activator cis-element from one promoter to a second promoter
fragment containing the activator cis-element from another promoter; the resultant
chimeric promoter may cause an increase in expression of an operably linked
transcribable polynucleotide molecule. Promoters can be constructed such that
promoter fragments or elements are operably linked, for example, by placing such a
fragment upstream of a minimal promoter. The cis-elements and fragments of the
present invention can be used for the construction of such chimeric promoters.
Methods for construction of chimeric and variant promoters of the present invention
include, but are not limited to, combining control elements of different promoters or
duplicating portions or regions of a promoter (see, for example, U.S. Patents
4,990,607, 5,110,732; and 5,097,025, all of which are herein incorporated by
reference). Those of skill in the art are familiar with the standard resource materials
that describe specific conditions and procedurcs for the construction, manipulation,
and isolation of macromolecules (e.g., polynucleotide molecules, plasmids, efc.), as
well as the generation of recombinant organisms and the screening and isolation of
polynucleotide molecules.

Tn another embodiment, a promoter comprising the polynucleotide sequence

shown in SEQ ID NOs:7, 8, and 9 includes any length of said polymucleotide

-12-




10

15

20

25

30

WO 2006/036787 PCT/US2005/034130
11

sequence that is capable of regulating an operably linked transcribable polynucleotide
molecule. For example, the promoters as disclosed in SEQ ID NOs: 7, 8, and 9 may
be truncated or portions deleted and still be capable of regulating transcription of an
operably linked polynucleotide molecule. In a related embodiment, a cis-element of
the disclosed promoters may confer a particular specificity such as conferring
enhanced expression of operably linked polynucleotide molecules in certain tissues
and therefore is also capable of regulating tramscription of operably linked
polynucleotide molecules. Consequently, any fragments, portions, or regions of the
promoters comprising the polynucleotide sequence shown in SEQ ID NOs: 7,8, and 9
can be used as regulatory polynucleotide molecules, including but not limited to cis-
elements or motifs of the disclosed polynucleotide molecules. Substitutions,
delctions, insertions, or any combination thereof can be combined to produce a final

construct.

Polynucleotide Constructs

As used herein, the phrase “polynucleotide construct” refers to any
recombinant polynucleotide molecule such as a plasmid, cosmid, virus, autonomously
roplicating polynucleotide molecule, phage, or linear or circular single-stranded or
double-stranded DNA or RNA polynucleotide molecule, derived from any source,
capable of genomic integration or aufonomous replication, comprising a
polynucleotide molecule where one or more polynucleotide molecule has been linked
in a functionally operalive manner. The terms “polynucleotide comstruct” and
“construct” are used interchangeably herein.

As used herein, the phrase “operably linked” refers to a first polynucleotide
molecule, such as a promoter, connected with a second transcribable polynucleotide
molecule, such as a geme of interest, where the polynucleotide molecules are so
arranged that the first polymucleotide molecule affects the function of the second
polynucleotide molecule. Preferably, the two polynucleotide molecules are part of a
single contiguous polynucleotide molecule and more preferably are adjacent. For
example, a promoter is operably linked o a gene of interest if the promoter regulates
or mediates transcription of the gene of interest in a cell.

As used herein, the phrase “transcribable polynucleotide molecule™ refers to

any polynucleotide molecule capable of being transcribed into an RNA molecule.
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Methods are known for introducing constructs into a cell in such a manner that the
transcribable polynucleotide molecule is transcribed into a functional mRNA molecule
that is translated and therefore expressed as a protein product. Constructs may also be
constructed to be capable of expressing antisense RNA molecules, in order to inhibit
translation of a specific RNA molecule of interest. For the practice of the present
invention, conventional compositions and methods for preparing and using constructs
and host cells are well known to one skilled in the art, see for example, Sambrook et
al.

Constructs of the present invention would typically contain a promoter
operably linked to a transcribable polynucleotide molecule operably linked to a 3°
transcription termination polynucleotide molecule. In addition, constructs may
include but arc not limited to additional regulatory polynucleotide molecules from the
3’untranslated region (3° UTR) of plant genes (e.g., a 3° UTR to increase mRNA.
stability of the mRNA, such as the PI-II termination region of potato or the octopine or
nopaline synthase 3’ termination regions). Constructs may include but are not limited
to the 5> untranslated regions (5° UTR) of an mRNA polynucleotide molecule which
can play an important role in translation initiation and can also be a genetic
component in a plant expression construct. For example, non-translated 5° leader
polynucleotide molecules derived from heat shock protein genes have been
demonstrated to enhance gene expression in plants (see, for example, U.S. Patents
5,659,122 and 5,362,865; and 1].S. Published Application No. 2002/0192812, herein
incorporated by reference). These additional upstream and downstream regulatory
polynucleotide molecules may be derived from a source that is native or heterologous
with respect to the other elements present on the promoter construct.

Thus, constructs of the present invention comprise promoters such as those
provided in SEQ ID NOs: 7, é, and 9, or modified as described above, operatively
linked to a transcribable polynucleotide molccule so as to direct transcription of said
transcribable polynucleotide molecnle at a desired level or in a desired tissue or
developmental pattern upon introduction of said construct into a plant cell. In some
cases, the transcribable polynucleotide molecule comprises a protein-coding region of
a gene, and the promoter provides for transcription of a functional mRNA molecule
that is translated and expressed as a protein product. Constructs may also be

constructed for transcription of antisense RNA molecules or other similar inhibitory
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RNA in order to inhibit expression of a specific RNA molecule of interest in a target
host cell.

Exemplary transcribable polynucleotids molecules for incorporation into
constructs of the present invention include, for example, DNA molecules or genes
from a species other than the targel gene species, or even genes that originate with or
are present in the same species, but are incorporated into recipient cells by genetic
engineering methods rather than classical reproduction or breeding techniques.
Exogenous gene or genetic element is intended to refer to any gene or DNA molecule
that is introduced into a recipient cell. The type of DNA included in the exogenous
DNA can include DNA that is already present in the plant cell, DNA from another
plant, DNA from a different organism, or a DNA generated externally, such as a DNA
molecule containing an antisense message of a gene, or a DNA molecule encoding an
artificial or modified version of a gene.

The promoters of the present invention can be incorporated into a construct
using marker genes as described and tested in transient analyses that provide an
indication of gene expression in stable plant systems. As used herein the phrase
“marker gene” refers to any transcribable polynucleotide molecule whose expression
can be screened for or scored in some way. Methods of testing for marker gene
expression in transient assays are known to those of skill in the art. Transient
expression of marker genes has been reported using a variety of plants, tissues, and
DNA delivery systems. For example, types of transient analyses can include but are
not limited to direct gene delivery via electroporation or particle bombardment of
tissues in any transient plant assay using any plant species of interest. Such transient
systems would include bul are not limited to electroporation of protoplasts from a
variety of tissue sources or particle bombardment of specific tissues of interest. The
present invention encompasses the use of any transient expression system to evaluate
promoters or promoter fragments operably linked to any transcribable polynucleotide
molecules, including but not limited to sclected reporter genes, marker genes, or genes
of agronomic interest. Examplos of plant tissues envisioned to test in transients via an
appropriate delivery system would include but are not limited to leaf base tissues,
callus, cotyledons, roots, endosperm, embryos, floral tissue, pollen, and epidermal

tissue.
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Any scorable or screenable marker gene can be used in a transient assay.
Preferrcd marker genes for transient analyses of the promoters or promoter fragments
of the present invention include a GUS gene (U.S. Patent 5,599,670, herein
incorporated by reference) or a GFP gene (U.S. Patent 5,491,084, herein incorporated
by reference). The constructs containing the promoters or promoter fragments
operably linked to a marker gene are delivered to the tissues and the tissues are
analyzed by the appropriate mechanism, depending on the marker. The quantitative or
qualitative analyses are used as a tool fo evaluate the potential expression profile of
the promoters or promoter fragments when operatively linked to genes of agronomic
interest in stable plants.

Thus, in one preferred embodiment, a polynucleotide molecule of the present
invention as shown in SEQ ID NOs: 7, 8, or 9, or fragments, variants, or derivatives
thereof, capable of regulating transcription, is operably linked to a transcribable
polynucleotide molecule that provides for a selectable, screenable, or scorable marker.
Markers for use in the practice of the present invention include, but are not limited to
transcribable polynucleotide molecules encoding B-glucuronidase (GUS), green
fluorescent protein (GFP), luciferase (LUC), proteins that confer antibiotic resistance,
ot proteins that confer herbicide tolerance. Useful antibiotic resistance markers,
including those encoding proteins conferring resistance to kanamycin (aptl),
hygromycin B (aph TV), streptomycin or spectinomycin (aad, spec/strep), and
gentamycin (aac3 and aacC4) are known in the art. Herbicides for which transgenic
plant tolerance has been demonstrated and the method of the present invention can be
applied, include but are not limited to: glyphosate, glufosinate, sulfonylureas,
imidazolinones, bromoxynil, delapon, cyclohezanedione, protoporphyrionogen
oxidase inhibitors, and isoxasflutole herbicides. Polynucleotide molecules encoding
proteins involved in herbicide tolerance are known in the art, and include, but are not
limited to a polynucleotide molecule encoding 5-enolpyruvylshikimate-3-phosphate
synthase (EPSP synthase) described in U.S. Patents 5,627,061; 5,633,435; and
6,040,497; and arod described in U.S. Patent 5,094,945 for glyphosate tolérance; a
polymucleotide molecule encoding bromoxynil nitrilase (Bxn) described in U.S. Patent
4,810,648 for Bromoxynil tolerance; a polynucleotide molecule encoding phytoene
desaturase (crel) described in Misawa et ol (1993) and Misawa et al. (1994) for

norflurazon tolerance; a polynucleotide molecule encoding acetohydroxyacid synthase
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(AHAS, aka ALS) described in Sathasiivan ez al. (1990) for tolerance to sulfonylurea
herbicides; and the bar gene described in DeBlock et al. (1987) for glufosinate and
bialaphos tolerance.

In one preferred embodiment, a polynucleotide molecule of the present
mvention as shown in SEQ ID NOs: 7, 8, or 9, or fragments, variants, or derivatives
thereof, capable of regulating transcription, is operably linked to a transcribable
polynucleotide molecule that is a gene of agronomic interest. As used herein, the
phrase “gene of agronomic interest” refers to a transcribable polynucleotide molecule
that includes but is nol limited to a gene that provides a desirable characteristic
associated with plant morphology, physiology, growth and development, vyield,
nutritional enhancement, disease or pest resistance, or environmental or chemical
tolerance. The expression of a gene of agronomic interest is desirable in order to
confer an agronomically important trait. A gene of agronomic interest that provides a
beneficial agronomic trait to crop plants may be, for cxample, including, but not
limited to genetic elements comprising herbicide resistance (U.S. Patents 5,633,435
and 5,463,175), increased yield (U.S. Patent 5,716,837), insect control (U.S. Patents
6,063,597; 6,063,756; 6,093,695; 5,942,664; and 6,110,464), fungal disease resistance
(U.S. Patents 5,516,671; 5,773,696; 6,121,436; 6,316,407; and 6,506,962), virus
resistance (U.S. Patents 5,304,730 and 6,013,864), nematode resistance (U.S. Patent
6,228,992), bacterial disease resistance (U.S. Patent 5,516,671), starch production
(U.S. Patents 5,750,876 and 6,476,295), modified oils production (U.S. Patent
6,444,876), high oil production (U.S. Patents 5,608,149 and 6,476,295), modified fatty
acid content (U.S. Patent 6,537,750), high protein production (U.S. Patent 6,380,466),
fruit ripening (U.S. Patent 5,512,466), enhanced animal and human nutrition (U.S.
Patents 5,985,605 and 6,171,640), biopolymers (U.S. Patent 5,958,745 and U.S.
Published Application No. 2003/0028917), environmental stress resistance (U.S.
Patent 6,072,103), pharmaceutical peptides (U.S. Patent 6,080,560), improved
processing traits (U.S. Patent 6,476,295), improved digestibility (U.S. Patent
6,531,648) low raffinose (U.S. Patent 6,166,292), industrial enzyme production (U.S.
Patent 5,543,576), improved flavor (U.S. Patent 6,011,199), nitrogen fixation (U.S.
Patent 5,229,114), hybrid seed production (U.S. Patent 5,689,041), and biofuel
production (U.S. Patent 5,998,700), the genetic elements and transgenes described in

the patents listed above are herein incorporated by reference.
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Alternatively, a transcribable polynucleotide molecule can affect the above
mentioned phenotypes by encoding a non-translatable RNA molecule that causes the
targeted inhibition of expression of an endogenous gene, for example via antisense,
RNAi, or cosuppression-mediated mechanisms. The RNA could also be a catalytic
RNA molecule (i.e., a ribozyme) enginecred to cleave a desired endogenous mRNA
product. Thus, any polynucleotide molecule that encodes a protein or mRNA that
exprosses a phenotype or morphology change of interest is useful for the practice of
the present invention.

The constructs of the present invention may in one enbodiment be double Ti
plasmid border DNA constructs that have the right border (RB or AGRtu.RB) and left
border (LB or AGRiu.LB) regions of the Ti plasmid isolated from Agrobacterium
tumefaciens comprising a T-DNA, that along with transfer molecules provided by the
Agrobacterium cells, permits the integration of the T-DNA into the genome of a plant
cell. The constructs also may contain the plasmid backbone DNA segments that
provide replication function and antibiotic selection in bacterial cells, for example, an
E. coli origin of replication such as ori322, a broad host range origin of feplication
such as o7V or oriRi, and a coding region for a selectable marker such as Spec/Step
that encodes for Tn7 aminoglycoside adenyltransferase (aad4) conferring resistance to
spectinomycin or streptomycin, or a gentamicin (Gm, Gent) selectable marker gene.
For plant transformation, the host bacterial strain is often Agrobacierium tumefaciens
ABL, C58, or LBA4404, however, other strains known to those skilled in the art of

plant transformation can function in the present invention.

Transformed Plants and Plant Cells

As used herein, the term “iransformed” refers to a cell, tissue, organ, or
organism into which has been introduced a foreign polynucleotide molecule, such as a
construct. Preferably, the introduced polynucleotide molecule is integrated into the
genommic DNA of the recipient cell, tissuc, organ, or organism such that the introduced
polynucleotide molecule is inherited by subsequent progemy. A “transgenic” or
“transformed” cell or organism also includes progeny of the cell or organism and
progeny produced from a breeding program employing such a transgenic plant as a
parent in a cross and exhibiting an altered phenotype resulting from the presence of 2

foreign polynucleotide miolecule. A plant transformation construct containing a
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promoter of the present invention may be introduced into plants by any plant
transformation method. Methods and materials for transforming plants by introducing
a plant expression construct into a plant genome in the practice of this invention can
include any of the well-known and demonstrated methods including electroporation as
illustrated in U.S. Patent 5,384,253; microprojectile bombardment as illustrated in
U.S. Datents 5,015,580; 5,550,318; 5,538,880; 6,160,208; 6,399,861; and 6,403,865;
Agrobacterium-mediated transformation as illustrated in U.S. Patents 5,635,055;
5,824,877, 5,591,616; 5,981,840; and 6,384,301; and protoplast transformation as
illustrated in U.S. Patent 5,508,184, all of which are incorporated herein by reference.

Methods for specifically transforming dicots are well known to those skilled in
the art. Transformation and plant regeneration using these methods have been
described for a number of crops including, but not limited to, soybean (Glycine max),
Brassica sp., Arabidopsis thaliana, cotton (Gossypium hirsutum), peanut (Arachis
hypogae), sunflower (Helianthus annuus), potato (Solanum  tuberosum), tomato
(Lycopersicon esculerztum L.), and alfalfa (Medicago sativa). Tt is apparent to those of
skill in the art that a number of transformation methodologies can be used and
modified for production of stable transgenic plants from any number of target crops of
interest.

In another embodiment, the present invention provides a method of making a
vegetable oil, comprising the steps of incorporating into the genome of a plant a
promoter of the present invention operably linked to a transcribable polynucleotide
molecule conferring altered oil and/or protein content, growing the plant to produce
seeds, and extracting the oil and/or protein from the seed.

The transformed plants may be analyzed for the presence of the genes of
interest and the expression level and/or profile conferred by the promoters of the
present invention. Those of skill in the art are aware of the numerous methods
available for the analysis of transformed plants. For example, methods for plant
analysis include, but are not limited to Southem blots or northern blots, PCR-based
approaches, biochemical analyses, phenotypic screening methods, field evaluations,
and immunodiagpostic assays.

The seeds of this invention can be harvested from fertile transgenic plants and
be used to grow progeny generations of transformed plants of this invention. The

terms “seeds” and “kernels” are understood to be equivalent in meaning. In the
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context of the present invention, the seed refers to the mature ovule consisting of a
seed coat, embryo, aleurone, and an endosperm.

The phrase “cell proliferation” refers to cells undergoing mitotic cell divisions,
such as in rapidly growing tissues.

The phrase “micronutrient content™ means the amount of micronutrients, i.e.,
vitamins or carotenoids, within a seed expressed on a per weight basis.

The phrase “oil content” means the concentration of the oil fraction, expressed
as a weight percentage or parts per million basis, which may be determined, for
example, by low-resolution 1 nuclear magnetic resonance (NMR) (Tiwari et al.,
1974) or Rubel, 1994) or near infrared transmittance (NIT) spectroscopy (Orman et
al., 1992; Patrick et al., 1997).

The phrase “protein quality” mcans the level of one or more essential amino
acids, whether free or incorporated in protein, namely histidine, isoleucine, leucine,
lysine, methionine, cysteine, phenylalanine, tyrosine, threonine, iryptophan, and
valine.

The following examples are included to demonisirate preferred embodiments of
the present invention. It should be appreciated by those of skill in the art that the
techniques disclosed in the examples that follow represent techniques discovered by
the inventors to function well in the practice of the present invention. However, those
of skill in the art should, in light of the present disclosure, appreciate that many
changes can be made in the specific embodiments that are disclosed and still obtain a
like or similar result without departing from the spirit and scope of the present
invention, therefore all matter set forth ox shown in the accompanying drawings is to

be interpreted as illustrative and not in a limiting sense.

Example 1
This example describes the identificalion and isolation of expressed sequence
tags (ESTs) from Brassica napus, using an electronic library subtraction method.
Proprictary B. napus EST libraries were used as the target tissue and proprietary
Arabidopsis and B. rapus cDNA libraries as the background tissue. ESTs identified
as potentially being expressed only in the silique tissue were further characterized by

hybridization.

EST Library Construction
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The target tissue BEST Library was constructed from a variety of tissues
isolated from greenhouse grown Brassica napus (cultivar Quantum). The isolated
tissues included: silique walls at 10, 20, 30, 40, and 50 days after pollination (DAP),
aleurone and seed coat at 25-28 DAP. Tissues were flash frozen in liquid nitrogen and
stored at -70°C prior to RNA extraction. RNA was extracted by grinding
approximately 500 mg plant tissue in liquid nitrogen with a2 mortar and pestle. The
ground tissue was mixed with 5 ml REC.8 + (Tris-HCl, pH9, 0.8 M NaCl, 10 mM
EDTA, 0.5% B-mercaptoethanol, and 0.5% cetyltrimethyl-ammonium bromide) plus
0.1g of polyvinylpolypyrrolidone. The mixture was homogenized with 2 mortar and
pestle and was centrifuged at 5000g for 5 minutes. The aqueous phase was extracted
once with 1.5 m! phenol:chloroform (1:1, v/v) and once with 1.5 ml chloroform.
RNA was precipitated from the aqueous layer with an equal volume of 95% ethanol
and pelleted at 10,000 x g for 20 minutes. Precipitated RNA was resuspended in
water and one volume of 8M LiCl were added. The mixture was incubated at —20°C
for 1 hour, followed by centrifugation at 10,000 x g for 20 minutes. Precipitated RNA
was washed with 70% ethanol, air dried, and dissolved in water treated with
dicthylpyrocarbonate (DEPC water). Approximately 25 pug. of total RNA was used to
prepare double-stranded ¢cDNA using the SuperScript Plasmid System (Invitrogen
Corporation Carlsbad, CA) according to the manufacturer’s protocol.

EST sequences were generated for each of the six libraries described above.
Candidate sequences were identified by using the EST sequences from each library as

- a query against Monsanto proprietary Arabidopsis and Brassica napus cDNA libraries
and the public GenBank® cDNA collection. GenBank® is the NIH genetic sequence
database, an annotated collection of all publicly available DNA sequences (Nucleic
A_cidéz MResearch732(1)23-6 (2[)04)). "The most highly expressed genes from each
library were identified by determining the frequency of appearance in all cDNA
collections. An additional BLAST search was completed to identify clones specific
for each library.

A second bioinformatics screen was then done using a proprietary Library
Subtraction Program. The six libraries described above were used as target libraries.
All available Monsanto proprietary, non-silique wall Brassica napus cDNA. libraries
were used as background libraries. The sequences that were present in any of the

target libraries but not present in any of the background libraries, were identified as
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meeting the criteria for further investigation. The 200 most abundant messages
meeting these criteria were characterized further. Fifteen sequences were eliminated
for overlap with the initial screen. An additional seven sequences were eliminated for
significant identity with retrotransposons. The remaining sequences were then
BLAST searched against Arabidopsis cDNA libraries derived from leaf, root, stem,
flower bud, open flower, and developing seed. Eighty-nine of these sequences were
eliminated from consideration for having significant identity to mon-silique wall
sequences. The remaining 89 EST clones were thus identified from this screening and

were further investigated by hybridization screening.

Hybridization Screening

The EST sequences identified above were digested with Sall and Notl to
release the insert. Fragments were separated on 0.8% agarose gels in 1X TBE. To
facilitate transfer, the gels were exposed to short wave uv light for 2-3 minutes. The
DNA was denatured in 0.5N NaOH; 1.5 M NaCl and transferred to Nytran Plus
(Schleicher & Schuell BioScience, Dassel, Germany) using the TurboBlotter system
(Schleicher & Schuell). Blots were hybridized to radiolabelled cDNA derived from
silique walls at 10, 20, 30, 40, and 50 DAP, aleurone/secd coat, developing embryo
(15-18 DAP), floral buds, open flower, leaf, and root using the SMART ¢cDNA PCR
amplification Kit (BD Biosciences, Franklin Lakes, NJ) according to manufacturer’s
instructions with the addition of radiolabelled dCTP to the final PCR reaction. A
number of the clones were eliminated due to hybridization to cIDNAs that were
derived from developing embryo (15-18 DAP), floral buds, open flower, leaf, and/or
root. The remaining 67 clones were used as probes againgt SMART™ ¢DNAs (BD
Biosciences) derived RNA isolated from silique walls at 10, 15, 20, 25, 30, 35, 40, 45,
and 50 DAP, aleurone/seed coat, developing embryo (15-18 DAP), floral buds, open
flower, leaf, and root. Six candidates hybridized predominantly to silique wall and/or
aleurone. Oue clone hybridized specifically to root derived cDNA.

Clone LIB4156-008-R1-K1-A4 was characterized as being expressed in the
root cells. Clone LIB4153-003-R1-K9-C1 was characterized as being expressed in
silique wall, aleurone/seed coat, and oben flower, Clone LIB4156-012-R1-K1-D2
was characterized as being expressed in silique wall, aleurone/seed coat, and root.

Clone LIB4153-011-R1-K1-E3 was characterized as being expressed in silique wall,
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aleurone/seed coat, and open flower. Clone LIB4169-011-Q1-Ki-G2 was
characterized as being expressed in aleurone/seed coat. Clone LTB4169-008-Q1-K1-
D§ was characterized as being expressed in siligue wall, aleurone/seed coat, and
developing embryo.  Clones LIB4153-003-R1-K9-Cl, LIB4156-012-R1-K1-D2,
LIB4153-011-R1-K1-E3, and LIB4156-008-R1-K1-A4 were submitted for sequence
confirmation. All but clone LIB4156-008-R1-K1-A4 were verified as being the
expected sequence. The correct clone designation for LIB4156-008-R1 -K1-A4 was
determined to be LIB4156-011-R1-K1-C3.

Example 2
This example describes the isolation of promoter sequences from Brassica

napus using the EST sequences identified above.

Genome Walker Library Preparation

Brassica napus leaves were harvested and kept frozen in liquid nitrogen until
extraction. The tissue was ground to a fine powder using a mortar and pestle while
keeping the tissue frozen with liquid nitrogen. Approximately 0.4 grams of ground
tissue was transferred to a centrifuge tube. Six milliliters of 65°C SDS extraction
buffer (IM Tris; 0.25M EDTA; pH 8.0 with HCL; 20% SDS; 5M NaCl f-
mercaptocthanol (7.1:10)) was added just before use. The mixture was vortexed
vigorously for 30-60 seconds. Samples were then incubated at 65°C for 45 minutes,
with inversion every 15 minutes. Two milliliters of ice temperature 5M potassium
acetate solution was added, the samples were inverted gently to mix, and then
incubated on ice for 20 minutes. The samples were chloroform extracted by adding 3
rls of chloroform to each tube and shaking gently for 10 minutes. The samples were
then centrifuged at 9,000 RPM for 20 minutes. The supernatant was filtered through a
layer of miracloth and collected in a clean centrifuge tube. The DNA was precipitated
by adding 2 ml of 100% isopropanol gently mixed by inverting the tubes 3-4 times,
and then centrifuging at 9,000 RPM for 20 minutes. The isopropanol was poured off,
and the pellet was resuspended in 200 pl RNAscA solution (1pl of a 100mg/ml stock
from Qiagen Inc., Valencia, CA, diluted in 1 mi 50mM Tris-HCL; 10mM EDTA). A
volume of 300p! of ammonium acetate/100% isopropanol (1:7) was added. Samples

were vortexed and spun at 9,000 RPM for 15 minutes. Resulting supernatant was
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poured off, and the pellet was washed with 500ul of 80% ethanol. The ethanol was
gently decanted and the pellet was allowed to air dry on the bench top. The pellet was
resuspended in approximately 200pl TE Buffer (10 mM Tris-HCL pHS, 1 mM
EDTA). The resulting DNA was used to prepare Genome Walker™ libraries

following the manufacturer’s recommended protocol (Clontech, Palo Alto, CA).

Isolation of P-BN.RPC-0:1:1

The P-BN.RPC-0:1:1 root preferred promoter sequence [SEQ 1D NO: 1] was
isolated from the Genome Walker™ libraries described above. Primers were designed
using the manufacturer’s parameters for length, melting temperature (Tm), and
sequence composition, from the available EST sequence of clone LIB4156-011-R1-
K1-C3. A first round PCR reaction was run using the Genome Walker libraries as the
template and the following primers:

GSP1

5*-GCTACGGCGATGAGAAGAGAAATAAAATG-3’ [SEQ ID NO: 2], and

AP1

5-GTAATACGACTCACTATAGGGC-3" [SEQ ID NO: 3] (supplied by BD
Biosciences).

The resulting amplification product was isolated using standard techniques
well know in the art. A second PCR reaction was then performed using the first round
amplification product as the template and the following primors:

GSP2

5" CCCACAGATTTTCTATTTCGGTTCTCATAC-3’ [SEQ ID NO: 4], and

AP2

5. ACTATAGGGCACGCGTGGT-3" [SEQ ID NO: 5] (supplied by BD
Biosciences). .

The product of the PCR reaction was purified according to standard
methodology well known in the art and cloned into pCR2.1 Topo (Invitrogen
Corporation, Carlsbad, California) according to manufacturer’s instructions. The
resulting plasmid was named 2d11-2. The sequence of this clone was determined
using standard sequencing methodologies as set forth by PE Applied Biosystems,
(Foster City, CA). To facilitate further cloning, an Ncol site was added to the 3° end
of the promoter fragment, following the PCR protoco! recommended by the enzyme
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manufacturer (PE Applied Biosystems). Briefly, approximately 10 nanograms of
plasmid 2d11-2 was used as the template and amplified using 30 nanomoles each of
the following primers:

D11 nco (#18337)

5°-GAGAAACCATGGTGAATAAATGG-3’ [SEQ ID NO: €], and

AP1 [SEQ ID NO: 3, described above].

Additionally, 10 micromoles each of dATP, dCTP, dGTP, and TTP, and 2.5
units of AmpliTaq Gold in 1X Opti-Prime™ Buffer 3 (Stratagene), were uscd in the
reaction. After an initial incubation at 95°C for 10 minutes, 25 cycles of PCR were
performed with a cycle define as 92°C for 30 seconds, 56°C for 30 seconds, and 72°C
for 2 minutes, followed by 1 cycle of 72°C for 7 minutes. The product of the PCR
reaction was purified according to standard methodology well known in the art and
cloned into pCR2.1 Topo (fnvitrogen) according to manufacturer’s instructions. The
resulting plasmid was named pMONG9833. The sequence of this clone was
determined using standard sequencing melhodologies as set forth by PE Applied

Biosystems.

Isolation of P-BN.SW1-0:1:2, P-BN.SW2-0:1:2, and P-BN.SW3-0:1:2

The silique wall preferred promoter sequences, P-BN.SW1-0:1:2, P-BN.SW2-
0:1:2, and P-BN.SW3-0:1:2 were isolated from the Genome Walker™ libraries using
a procedure similar to that described above for P-BN.RPC-0:1:1 with the
manufacturer’s instruction. For the first round PCR reactions, primers were designed
for each target sequence, using the manufacturer’s parameters for length, Tm and
sequence composition, from the respective EST sequences.

The table below shows the EST clones uscd as template DNA and the primers

used for the first round PCR reactions in the isolation of thc listed promoter
sequences.
Promoter EST clone ID Primer 1 Primer 2

P-BN.SW1-0:1:2 | LIB4153-003-R1-K9-C1 #17637 #17636
P-BN.SW2-0:1:2 | LIB4156-012-R1-K1-D2 #17669 #17668
P-BN.SW3-0:1:2 | LIB4153-011-R1-K1-E3 #18210 #18209

Primer Sequences
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#17637 5°-TTCATATCTGCGTAAGTACGTCCATGTTC-3" [SEQ ID NO: 10]
#17636 5-CGAGAAACAGAATGATGAAACTAGAGAGAC-3’ [SEQID NO: 11]
#17669 5-CACCATGCTTTCACGTCTTTTGAGTTG-3’ [SEQID NO: 12]
#17668 5*-TCGATGCCACGAAAATGCATAAGAAC-3’ [SEQ ID NO: 13j
#18210 5-CCTCATCCTCATCCTCATCCTCAACC-3’ [SEQ ID NO: 14]

#18209 5°-CCGTACACGGTAAAATAGTTCTTGACGGA-3’ [SEQ ID NO: 15}

A second amplification was then performed, similar to that described above for
P-BN.RPC-0:1:1, using the first round amplification products from the respective
reactions as the template, and the following primers:

P-BN.SW1-0:1:1 GSP2 [SEQ ID NO: 4] and

AP2 [SEQ ID NO: 5] (supplied by the manufacturer),

P-BN.SW2-0:1:1 GSP1 [SEQ ID NO: 2] and

AP2 [SEQ ID NO: 5],
P-BN.SW3-0:1:1 GSP2 [SEQ ID NO: 4] and
AP2 [SEQID NO: 5].

The products of the respective PCR reactions were purified according to
standard methodology well known in the art and cloned into pCR2.1 Topo
(Invitrogen) according to menufacturer’s instructions. The resulting plasmids were
named 3d2-2, 3d3-46, and 4G5-1 for promoters P-BN.SW1-0:1:2, P-BN.SW2-0:1:2,
and P-BN.SW3-0:1:2, respectively. The sequences for these clones were determined
using standard scquencing methodologies as set forth by PE Applied Biosystems,
(Foster City, CA).

Similar to the procedure described above for P-BN.RPC-0:1:1, an Neol site
was added to the 3’ end of each promoter fragment to facilitate cloning. As described
above, the reaction conditions for the PCR reactions followed the protocol
recommended by the enzyme manufacturer (PE Applied Biosystems, Foster City,
CA). The primers for the specific reactions were as follows:

Plasmid DNA 3d2-2 (P-BN.SW1-0:1:2)

#18115 5°-CTAAAGCCATGGTCTTAGAAAAGTTG-3’ [SEQ ID NO: 16], and
#18167 5°-AATACGACTCACTATAGGGCACGC-3’ [SEQ ID NO: 17];
Plasmid DNA 3d3-46 (P-BN.SW2-0:1:2)

#18206 5-GAAAAGCCATGGTAAGGCCAATATT-3’ [SEQ ID NO: 18], and
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AP1 [SEQID NO: 3]

Plasmid DNA 4G5-1 (P-BN.SW3-0:1:2)

#18340 5’-CI'TCTGCCATGGAAAGAAAAAGTTG-3’ [SEQ ID NO: 19], and
AP1 [SEQ ID NO: 3].

The products of the PCR reactions were purified according to standard
methodology well known in the art and clomed into pCR2.1 Topo (Imvitrogen)
according to manufacturer’s instructions. The resulting plasmids were named
pMONG9828, pMON69829, and pMONMG9830, containing the nucleic acid
sequences for P-BN.SW1-0:1:2, P-BN.SW2-0:1:2, and P-BN.SW3-0:1:2,
respectively. The sequences of these clones were determined using standard

sequencing methodologies as set forth by PE Applied Biosystems.

Example 3

This example describes the construction of plant transformation vectors
containing the promoter sequences described above. The promoter sequences were
linked to the marker gene, E. coli uidd, tesulting in construcis designed to
demonstréte expression in Arabidopsis and Canola.

PMONG69832 (P-BN.RPC-0:1:1::GUS)

A 1661 bp fragment containing P-BN.RPC-0:1:1 [SEQ ID NO: 1] was
removed from pMONG9833 by digestion with Smal and Neco I The fragment was
ligated into the plasmid pMON65425, which had also been digested with Smal and
Necol. The resulting plasmid, containing P-BN.RPC-0:1:1 driving the E. coli uidA
gene and with the napin 3° UTR was named pMON69832. The nucleic acid sequence
was determined using known methodology and confirmed the integrity of the cloning

junctions.

PMONG9827 (P-BN.SW1-0:1:2::GUS)

A 1297 bp fragment containing P-BN.SWI1-0:1:2 [SEQ ID NO: 7] was
removed from pMONG69828 by digestion with Smal and Neo 1. The fragment was
ligated into the plasmid pMON65425, which had also been digested with Smal and
Ncol. The resulting plasmid, containing P-BN.SW1-0:1:2 driving the E. coli uidA4
gene and with the napin 3° UTR, was named pMON69827. The nucleic acid sequence
was determined using known methodology and confirmed the integrity of the cloning

junctions.
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PMIONGY825 (P-BN.SW2-0:1:2::GUS)

A 854 bp fragment containing P-BN.SW2-0:1:2 [SEQ ID NO: 8] was removed
from pMONG9829 by digestion with Smal and Nco L The fragment was ligated into
pMONG65425, which had also been digested with Smal and Ncol. The resulting
plasmid, containing P-BN.SW2-0:1:2 driving the E. coli uidA gene and with the napin
3’ UTR was named pMONG9825. The nucleic acid sequence was determined using
known methodology and confirmed the integrity of the cloning junctions.

PMONG69831 (P-BN.SW3-0:1:2::GUS)

An 888 bp fragment containing P-BN.SW3-0:1:2 (SEQ ID NO: 9) was
removed from pMONG69830 by digestion with Smal and Neo L. The fragment was
ligated into pMON65425, which had also been digested with Smal and Ncol. The
resulting plasmid, containing P-BN.SW3-0:1:2 driving the E. coli uidA. gene and with
the napin 3’ UTR was named pMON69831. The nucleic acid sequence was
determined using known methodology and confirmed the integrity of the cloning

junctions.

Example 4

This example sets forth the procedure for transforming Arabidopsis plants with
the vectors described above. Arabidopsis plants were grown by sowing seeds onto 4~
inch pots containing reverse osmosis water (ROW) saturated MetroMix 200 (The
Scotts Company, Columbus, OH). The plants were vernalized by placing the pots in a
covered flat, in a growth chamber at 4-7°C, 8 hours light/day for 4-7 days. The flats
were transferred to a growth chamber at 22°C, 55% relative humidity, and 16 hours
light/day at an average intensity of 160-200 uEinstein/s/rnz. The cover was lifted and
slid back 1-inch after germination, and removed when the true leaves had formed.
The plants were bottom watered, as needed, with ROW until 2-3 weeks after
germination. Plants were then bottom watered, as needed, with Plantex 15-15-18
solution (Plantex Corporation Ottawa, Canada) at 50 ppm N2. Pots were thinned such
that 1 plant remained per pot at 2-3 weeks after germination. Once the plants began to
bolt, the primary inflorescence was trimmed to encourage the growth of axillary bolts.

Transgenic Arabidopsis thaliana plants were obtained as described by Bent et
al. (1994), or Bechtold et al. (1993). Cultures of Agrobacterium mimefaciens strain
ABI containing either one of the transformation vectors pMONG69832, pMON69827,
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PMON69825, or pMONG9831 were grown overnight in LB (10% bacto-tryptone, 5%
yoast extract, and 10% NaCl with kanamycin (75 mg/L), chloramphenicol (25 mg/L),
and spectinomycin (100 mg/L)). The bacterial culture was centrifuged and
resuspended in 5% sucrose + 0.05% Silwet-77 solution. The aerial portions of whole
Arabidopsis plants (at about 5-7 weeks of age) were immersed in the resulting
solution for 2-3 seconds. The excess solution was removed by blotting the plants on
paper towels. The dipped plants were placed on their side in a covered flat and
transferred to a growth chamber at 19°C. After 16 to 24 hours the dome was removed
and the plants werc sct upright. When plants had reached maturity, water was
withheld for 2-7 days prior to seed harvest. Harvested seed was passed through a
stainless steel mesh screen (40 holes/inch) to remove debris. The harvested seed was
then stored in paper coin envelopes at room temperature until analysis,

The seeds from the transgenic Arabidopsis plants were surfaced sterilized
using a vapor phase sterilization protocol. Briefly, an open container of seeds was
placed in a dessicator with a beaker containing 100 ml of household bleach.
Immediately prior to sealing the dessicator, 3 ml concentrated HCI was added to the
bleach solution to gencrate chlorine gas. The dessicator is sealed and a vacuum was
applied to allow sterilization by chlorine fumes. The seeds were incubated for several
hours. Sterilized seed were sprinkled onto drabidopsis germination media [MS Salts
(1X); sucrose (1%); myo-inositol (100 mg/L); thiamine-HC] (1 mg/L); pyridoxine-
HCI (500 mg/L); nicotinic acid (500 mg/L); MES pH 5.7 (0.05%) and Phytagar
(0.7%)] supplemented with 50 mg/L glyphosate. Up to 16 glyphosate rcsistant
seedlings were transplanted to 2%-inch pots containing MetroMix 200, thinned to one
seedling per pot, and were grown under the conditions described above until the initial
siliques that had formed began to desiccate. Tissue (rosette leaf, cauline leaf, stem,
flowers, floral buds, and developing siliques) was removed from each T1 plant for
subsequent histochemical staining.

Canola plants were transformed using the protocol described by Moloney and
Radke in U.S. Patent 5,720,871. Briefly, seeds of Brassica napus cv Ebony were
planted in 2-inch pots containing Metro Mix 350 (The Scotts Company, Columbus,
OH). The plants are grown in a growth chamber at 24°C, and a 16/8 hour
photoperiod, with light intensity of 400 pEm-2 sce-1 (HID lamps). After 2-1/2 weeks,

the plants were transplanted into 6-inch pots and grown in a growth chamber at
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15/10°C day/night temperature, 16/8 hour photoperiod, light intensity of 800 pEm-2
sec-1 (HID lamps). Four terminal internodes from plants just prior to bolting or in the
process of bolting but before flowering are removed and surface sterilized in 70% v/v
ethanol for 1 minute, 2% w/v sodium hypochlorite for 20 minutes and rinsing 3 times
with sterile deionized water. Six to seven stem segments are cut into 5 mm discs,
maintaining orientation of basal end. Cultures of Agrobacterium tumefaciens strain
ABI containing one of the transformation vectors pMON69832, pMONG9827,
PMONG9825, or p?MONG69831 are grown overnight on a rotator shaker at 24°C in 2
mls of Luria Broth, LB, (10% bacto-tryptone, 5% yeast extract, and 10% NaCl)
containing 50 mg/l kanamycin, 24 mg/l chloramphenicol and 100 mg/l spectinomycin.
A 1:10 dilution is made in MS media (Murashige and Skoog, 1962) giving
approximately 9x10°® cells per ml. The stem discs (explants) are inoculated with 1.0
ml of Agrobacterivem and the excess is aspirated from the explants. The explants are
placed basal side down in petri plates containing media comprising 1/10 MS salts, B5
vitamins (1% inositol; 0.1% thiamine HCI; 0.01% nicotinic acid; 0.01% pyridoxinc-
HCI), 3% sucrose, 0.8% agar, pH 5.7, 1.0 mg/l 6-benzyladenine (BA). The plates are
layered with 1.5 m1 of media containing MS salts, B5 vitamins, 3% sucrose, pH 5.7,
4.0 mg/1 p-chlorophenoxyacetic acid, 0.005 mg/1 kinetin and covered with sterile filter
paper. Following a 2 to 3 day co-culture, the explants are transferred to deep dish
petri plates containing MS salts, BS vitamins, 3% sucrose, 0.8% agar, pH 5.7, 1 mg/l
BA, 500 mg/l carbenicillin, 50mg/t cefotaxime, and 25 mg/1 glyphosate for selection.
Seven explants are placed on each plate. After 3 weeks they are transferred to fresh
media, 5 explants per plate. The explants are cultured in a growth room at 25°C,
continuous light.

The transformed plants are grown in a growth chamber at 22°C in a 16-8 hours
light-dark cycle with light intensity of 220 ‘uEm?s” for several weeks before
transferring to the greenhouse. The plants are then grown in greenhouse conditions
until maturity. The resulting mature R1 seeds are collected for analysis. Plants are
maintained in a greenhouse under standard conditions. Developing seed is harvested
at various stages after pollination and stored at negative 70°C. Mature seed is
collected and stored under controlled conditions consisting of about 17°C and 30%

humidity.
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Example 5

This example describes the analysis of the expression of B-glucuronidase in
Arabidopsis  thaliana plants transformed with pMON69832, pMON69827,
PMONG69825, or pMONG983] using histochemical staining. The results of this
analysis provide a characterization of the expression for the different promoters.

Freshly harvested tissues from transformed Arabidopsis plants were incubated
for approximately 24 hours at 37°C in a solution containing 50 mM NaPO, (pH 7.2);
100 pM potassium ferricyanide; 100 pM potassium ferrocyanide, 0.03% Triton X-
100; 20% methanol and 2.5 mg/ml 5-bromo-4-chloro-3-indoyl glucuronic acid (X-
gluc). In some cases the potassium ferricyanide, potassium ferrocyanide, and
methanol were omitted from the staining solution. The stained tissue was cleared of
chiorophyll by an overnight incubztion in 70% ethanol/30% H,O at 37°C. Stained
tissues were photographed immediately or trunsferred to a solution of 70%
ethanol/30% glycerol (v/v) and stored at 4°C until photographed. The samples were
then scored as positive (+) or negative (-) for staining a blue color.

For detection of expressiort in canola, up to 5 siliques were harvested from
individual RO plants at several time points after pollination. Siliques were scored with
an 18 gauge needle to allow the staining solution to contact the developing seed. The
siliques were incubated for approxixnately 24 hours at 37°C in a solution containing 50
mM NaPO, (pH 7.2); 100 pM potassium ferricyanide; 100 puM  potassium
ferrocyanide, 0.03% Triton X-100; 20% methanol and 2.5 mg/ml 5-bromo-4-chloro-3-
indoyl glucuronic acid (X-gluc). The stained tissue was cleared of chlorophyll by an
overnight incubation in 70% ethianol/30% H,O at 37°C. Stained tissues were
photographed immediately or transferred to a solution of 70% ethanol/30% glycerol
(v/v) and stored at 4°C until photographed. Samples were scored positive (+) or

negative (-) for blue color.

For P-BN.RPC-0:1:1, a root preferred promoter contained in pMON69832,
none of 10 plants screened had detectable levels of activity in the silique wall (data not.
shown). For pMON69827, 3 out of 10 plants screened had detectable levels of
activity in the silique wall from at least one time point. For pMONG69825, 6 out of 10
plants screened had detectable levels of activity in the silique wall from at least one

time point. For pMON69831, 5 out of 10 plants screened had detectable levels of
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activity in the silique wall from at least one time point. No activity was detected in
the seed coat or aleurone of plants transformed with pMONG69831. Time course data

for individual transformants is presented in Tables 1-3.
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Table 1. P-BN.SW1-0:1:2 Expression in Developing Canola Siliques

Days After Pollination

PCT/US2005/034130

Construct

Event

12

pMONG9827

BN_G1427

pMONGIB27

BN_G1428

pMONG9827

BN_G1429

pMONG9827

BN_G1430

pMON69827

BN_G1480

pMONG9827

BN_G1461

pMONG9827

BN_G1482

PMONG9827

BN_G1507

pPMONGI827

BN_G1530

pMONG9827

BN_G1540

Control

SP30052

Table 2. P-BN.SW2-0:1:2 Expression in Developing Canola Siliquies

Days After Pollination

Construct

Event

20

25

pMONG9825

BN_G1474

pMONG9825

BN_G1475

PMON69825

BN_G1476

pMONB9825

BN_G1477

pMONG9825

BN_G1478

pMONG69825

BN_G1479

pMON69825

BN_G1536

pMON69825

BN_G1537

pMONB9825

BN_G1538

pMONG9825

BN_G1580

Control

SP30052
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Table 3. P-BN.SW3-0:1:2 Expression in Developing canola Siliques

Days After Pollination
Construct Event 3 6 9 12 15 20 25 30 35 40
pMONB9831 BN_G1839 + + + + + - + o+ o+

pMON69831 BN.G1801 - - - - - - o .-
pMONBOB31 BN G902 - - - - - - - - - -
pMONGO831 BN G193 - - - - - - - - - -
PMONB9831 BNGI904 - - - - - - . .-

pMONG9831 BN G1905 - - - + + + . R R ~
pMONG9831 BN_G1906 - - + + + + + o+ o+
pMONBS831 BN_G1907 - - - - + + o+ ...
pMON69831 BN_G1908 - - - + R ¥ R ) B
pMONBG831 BN_G1951 . - - - R . : _ ; _
Control SP30052 - - - - . . R _ B )
S The data in Tables 1-3 indicate that the three promoters, P-BN.SW1-0:1:2

(SEQ ID NO: 7), P-BN.SW2-0:1:2 (SEQ ID NO: 8), and P-BN.SW3-0:1:2 (SEQ ID

NO: 9) are capable of driving silique wall expression in Arabidopsis and Canola.

Example 6
This example describes the construction of plant transformation vectors
10 containing the P-BN.SW3-0:1:2 promoter opcrably linked to the Arabidopsis thaliana
isocitrate lyase gene. To [acilitate cloning, the P-BN.SW3-0:1:2 promoter was
amplified using pMON69830 as a template with the following primers:
19944
5°.CCCGGGCTGGTCCTGCGAAGATTCTCAG-3’ [SEQ ID NO: 20], and
15 19945
51
CTCGAGCGGCCOCTTCTATGTCGACTGGAAAGAAAAAGTTGTGCCAACAA
AAG-3’ [SEQ ID NO: 21].
The reactions were run under conditions recommended by the Expand High
20  Fidelity enzyme manufacturer (Roche Applied Biosciences, Indianapolis, IN). The

product of the PCR reaction was purified according to standard methodology well
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known in the art and cloned into pCR2.1 Topo (Invitrogen) according to the
manufacturer’s instructions. The resulting plasmid was named pMON79578.

A 910-base pair fragment containing P-Bn.SW3-0:1:2 [SEQ ID NO: 9] was
removed from the vector pMON79578 by digestion with Smal and Notl. The
fragment was cloned into pMONS82374 which had been digested with Pmel and Notl
in place of the pBr.Snap2 promoter. The vector pMONB82374 contains a nopaline
T-DNA right border sequence and octopine T-DNA. left border sequence, with 2
oxpression cassettes contained between the 2 T-DNA borders. The first cassette
contains the pBr.Snap2 promoter and T-Br.Snap2-1 terminator. The second cassette
contains with a 35S promoter from the Figwort Mosaic Virus (FMV) between the 2
T-DNA borders, driving the expression of a chimeric EPSP synthase gene containing
a chloroplast targeting sequence from the Arabidopsis EPSP synthase gene (GenBank
identifier number gi:16272) linked to a synthetic EPSP synthase coding region (U.S.
Patent 5,633,435) and the 3’ untranslated region from the pea rheS E9 gene.
Additionally, pMONB82374 contains recognition sites for cte recombinase. The
recombinase sites are 5° of the FMV promoter and 3” of the E9 3’ UTR. The resulting
plasmid was named pMON79581.

A 2111 fragment containing L-AtICL, CR-AtICL, and T-AtICL was
removed from EST clone pMONS82360 by digestion with Sall and NotI restriction
enzymes and cloned between the pBr.Snap2 promoter and T-Br.Snap2-1 3° UTR in
the Sall and Not I digested pMON79581. The resulting plasmid was named
pMONT79583. The nucleic acid sequence was determined using known methodology
and confirmed the integrity of the cloning junctions. pMON79583 was used for the
transformation of Brassica napus.

An 891-base pair fragment [SEQ ID NO: 22] containing the P-Bn.SW3-0:1:2
promoter sequence [SEQ ID NO: 9], was removed from the vector pMONT79578 by
digestion with Smal and Sall. The fragment was cloned into DMRUEZ03.0112 which
had been digested with Pacl and Sall. Prior to Sall digestion and gel purification, the
Pacl overhang was blunt ended using Pfu polymerase according to the manufacturer’s
instructions (Stratagene). The resulting plasmid contains the nopaline T-DNA right
border sequence and octopine T-DNA left border sequence, between which are the
promoter, 5° UTR and first intron from the Arabidopsis act7 gene driving the
expression of a CP4 EPSP synthase gene. This CP4 EPSP synthase gene compriscs a
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CTP, linked to a synthetic EPSP synthase coding region and the 3° UTR from the pea
thsc B9 gene; the P-Bn.SW3-0:1:2 promoter operably linked to the Arabidopsis
thaliana isocitrate lyase gene (as described in PCT Application WO 03/79766) and the
napin 3° UTR. The nucleic acid sequence was determined using known methodology
and confirmed the integrity of the cloning junctions. The resulting plasmid was

named pMONS2378 was used for the transformation of soybean.

Example 7

This example sets forth the transformation of soybean plants with the
constructs described in Example 5.

Soybean plants were transformed using an Agrobacterium-mediated
transformation method, as described by Martinell (U.S. Patent 6,384,301). For this
method, overnight cultures of Agrobacterium tumefaciens containing the plasmid that
includes a gene of interest, such as pMON75201, were grown to log phase and then
diluted to a final optical density of 0.3 to 0.6 using standard methods known Lo one
skilled in the art. These cultures werc used to inoculate the soybean embryo explants
prepared us described below. Briefly, the method is a direct germline transformation
into individual soybean cells in the meristem of an excised soybcan embryo. The
soybean embryo is removed after surface sterilization and germination of the seed.
The explants are then plated on OR media, a standard MS medium as modified by
Barwale ef al. {1986), plus 3 mg/L BAP, 200 mg/L carbenicillin, 62.5 mg/L
cefotaxime, and 60 mg/L benomyl, and stored at 15°C overnight in the dark. The
following day the explants are wounded with a scalpel blade and inoculated with the
Agrobacterium culture prepared as described above. The inoculated explants are then
cultured for 3 days at room temperature. Following the post-transformation culture,
the meristematic region is then cultured on standard plant tissue culture media in the
presence of the herbicide glyphosate (Monsanto Company, St. Louis, MO), which acts
as both a selection agent and a shoot inducing hormone. Media compositions and
culture lengths are detailed in the aforementioned Martinell patent. After 5 to 6
wodks, the surviving explants that have a positive phenotype are transferred to soil and
grown under greenhouse conditions until maturity.

The mature seeds of the transformed plants are harvested and analyzed for oil

content using standard methodology, for example by near-infiared reflectance (NIR)
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spectroscopy as described in Williams and Norris (1987). The seeds from plants
expressing the Arabidopsis thaliana isocitrate lyase gene, driven by the P-Bn.SW3- 0:1:2

promoter, have a higher oil content as compared to seeds from non-transformed plants.

With reference to the use of the word(s) “comprise” or “comprises” or “comprising”
in the foregoing description and/or in the following claims, unless the context requires
otherwise, those words are used on the basis and clear understanding that they are to be
interpreted inclusively, rather than exclusively, and that each of those words is to be so

interpreted in construing the foregoing description and/or the following claims.
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The claims defining the invention are as follows:

1. An isolated promoter comprising a polynucleotide sequence selected from the group
consisting of
a) a polynucleotide sequence comprising the nucleic acid sequence of SEQ ID
NO.9;
b) a polynucleotide sequence having at least about 83% sequence identity to SEQ
ID NO:9, and that is capable of regulating transcription of an operably linked
transcribable polynucleotide molecule; and
c) a fragment of the polynucleotide sequence of a) capable of regulating

transcription of an operably linked transcribable polynucleotide molecule.

2.The isolated promoter of claim 1 comprising a polynucleotide sequence selected from
the group consisting of
a) a polynucleotide sequence comprising the nucleic acid sequence of SEQ ID
NO:9; and
b) a fragment of the polynucleotide sequence of a) capable of regulating

transcription of an operably linked transcribable polynucleotide molecule.

3. A construct comprising the promoter of claim 1 or 2 operably linked to a heterologous

transcribable polynucleotide molecule.

4. The construct of claim 3, wherein the transcribable polynucleotide molecule is

operably linked to a 3' transcription termination polynucleotide molecule.

5. The construct of claim 3 or 4, wherein said transcribable polynucleotide molecule is a

gene of agronomic interest.

6. The construct of claim 3 or 4, wherein said transcribable polynucleotide molecule is a

marker gene.

7. A transgenic plant stably transformed with the construct of any one of claims 3 to 6.

-42-




15 Jul 2010

2005289727

41

8. The transgenic plant of claim 7, wherein the transgenic plant is a dicotyledonous plant.

9. The transgenic plant of claim 8, wherein the dicotyledonous plant is selected from the
group consisting of tobacco, tomato, potato, soybean, cotton, canola, sunflower, and

alfalfa.

10. The transgenic plant of any one of claims 7 to 9, wherein the transcribable
polynucleotide molecule confers altered cell proliferation in the seed of said transgenic

plant.

11. The transgenic plant of any one of claims 7 to 9, wherein the transcribable

polynucleotide molecule confers altered oil content in the seed of said transgenic plant,

12. The transgenic plant of any one of claims 7 to 9, wherein the transcribable
polynucleotide molecule confers altered protein quality in the seed of said transgenic

plant.

13. The transgenic plant of any one of claims 7 to 9, wherein said transcribable

polynucleotide molecule confers altered micronutrient content to said transgenic plant.

14. A seed of the transgenic plant of any one of claims 7 to 9, wherein the seed comprises

said construct.

15. Oil of the transgenic plant of any one of claims 7 to 9 or 11, wherein the oil

comprises a detectable nucleic acid comprising the promoter of claim 1 or 2.

16. Meal of the transgenic plant of any one of claims 7 to 13, wherein the meal comprises

a detectable nucleic acid comprising the promoter of ¢claim 1 or 2.

17. A transformed plant cell having stably incorporated into its genome the construct of

any one of claims 3 to 6.
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18. A method of making a vegetable oil, comprising the steps of:
a) obtaining the seed of claim 14; and

b) extracting oil from the seed.

19. A method of making a vegetable protein, comprising the steps of:
a) obtaining the seed of claim 14; and

b) extracting the protein from the seed.

20. A method of directing expression of a transcribable polynucleotide sequence in a
plant cell comprising operably linking the promoter of claim 1 or 2 to the polynucleotide
sequence and transforming a plant cell with the promoter operably linked to the

polynucleotide sequence.
21. The method of claim 20, comprising regenerating a plant from the plant cell.
22. A method of preparing food or feed comprising

a) obtaining the transgenic plant of any one of claims 7 to 13; and

b) preparing food or feed from said plant or a part thereof.

BA.7470B
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<110>

<120>

<130>

<140>
<141>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<400>

SEQUENCE LISTING

RUEZINSKY, DIANE M.
HEWITT, CRYSTAL L.

ZH3ING, WEI

PRCMOTER MOLECULES FOR USE IN PLANTS

MOXNS : 057WO

UNKNOWN
2005-09-23

60/613,081
2004-09-24

22

PatentIn version 3.2

1

1653

DNA

Braseica napus

1

ctgttatatg ttattactta

gaacaccaaa ttatcataaa

tttatgttet tttaaaagtg

atgatcgtge gtteacccac

gtgaaattat tagaatttac

taaaccctat cggctgatce

taatattttt catgacatea

cgacataaga tatgattete

cgcaaactcg ttttetegee

taatccgcca ccaaagtget

gtgttatgtyg taaagttact

ataaacattt aaattagtat

gctagttgat agtatatcat

actgetgtta gaaacctgtg

ttetatacat aaaagagata

ttggagagea atttgcagga

caagagaatc atcggaaaat

tattggttaa taatttttta

tgaggaactg
tatggaactc
tttaatgggg
tctgatatga
aataagatca
gateggetec
actgtgagtg
ttattettge
catgacctaa
ttgtgaccac
aattagttta
ctccagtatg
aattttgaca
ttataattat
acttaaagga
gaaaagtcat
ggeatctttg

aaaaatatat

-45-

gtattacata
tgtggttatt
ttgattgtat
ttgtteatgg
ctaagcagat
gggaggaacg
tcacttagaa
attcaaccga
aaatggtett
ttatttactt
atatttataa
attgtattca
aatttaacgt
aactttecett
aaggcagttg
aaaagtcgta
aaaataatat

aatttatatt

tagagaaaaa
aaaaagtttt
gatcacaata
ggagti=ttgt
attttcataa
cgcttagtga
tctcgaatat
ataatctgaa
ttatataatg
atttatatge
gecaagagtaa
ataagtatta
aacaattttc
tttgggtcaa
acttgagaat
cattegecac
tggtaattta

ggtttitaag

PCT/US2005/034150

tatagatcga 60
gttatacgat 120
tatgttatac 180
atagaattaa 2490
tattttttta 300
aatattttca 360
aatccaaatc 420
gtgctecaat 480
cgcatatgat 540
tgataactct 600
gattctcatyg 660
gotgaattaa 720
ataatcattt 780
aattacaact 840
ataaagtcaa 9200
ttgtaattaa 960
cgtaatacat 1020
ccatatattyg 1080
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tctttggtta ttaagccact acggttaaga tatgecaagt tactttatta agatgeatat 1140
atactcactt ctattacata tatatggtaa tatatatgtt tctaaaacat agtattatat 1200
atgcaaacaa agtagaatat tagtcaattt taaaactagt tgcaatttaa aaaaaazaaas 1260
ttagacaact ttttacaasat gaaaccaatg ggacaggtgt aggaatagtg tcttcaatat 1320
gtgtatagat tagaasatct tttgaggata tagtcatttg agtgtagcaa acataaccat 1380
gacatatgca tatgatgacc cacaagtgca tactggeage atataccegt ttgagecacctt 1440
acatataact ttgsactaat aaatatttaa atgtatatga aaaaccttcg aatgatgaatc 1500
gattaaattt taaaccaaac tatgatctgg cattggctaa tagcttcaca cttogttgge 1560

acgtetattt aaagcttcac aaagacgcega acttaaatca caacccgaaa acgaaaaata - 1620

tcacaagaaa agaaaaaaaa accatttatt cac 1653
<210> 2

<211l> 27

<212> DNA

<213> Artificial

<220>
<223> primer saquence

<400> 2

caccatgett tcacgtcttt tgagttg 27
<210> 3

<211> 22

<212> DNA

<213> artificial

<220>
<223> primer sequence

<400> 3

gtaatacgac tcactatagg gc 22
<210> 4

<211> 30

<212> DNA

<213> artificial

<220>
<223> primer seguence

<400> 4

cecacagatt ttetattteg gttetcatac 30
<210> 5

<211l> 1%

<212> DNA

-46-
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<213>

<220>
<223>

<400>

Artificial

primer sequence

5

actataggge acgegtggt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6

23

DNA
Artificial

primer seguence

6

gagaaaccat ggtgaataaa

<210>
<211>
<212>
<213>

<400>

7

1288

DNA

Brassica napus

7
gggetggtga ttatgatteg

ttctttctite gtttaaacat

tttgaatcaa attaattaat

taatgatttt gatgcattaa

aattttgaac tacgaaattc

tataaaacct cagaaacgaa

aaagcgttaa ctgttaccat

ttccaakbectt agccttttas

acttgtggaa ctaattaaca

attaaagcect atgcaacaag

aacgtcecgtg cagatggaga

gcctagatgyg atagacaaca

atcatgagtc ctcaggttce

actggtcata actcatacgg

aaaaaaaaga cgctatgatce

tagtagctca aaattgctag

gtaacaaata taatttttaa

3

£g9g

atgatttgat
ttaacttgea
tgataagaag
cggecatattt
cagtttctag
ctatgtagta
aacccattat
ataaaaaaga
gagaagaaac
atttatggag
tgctectegg
gaaaaaaaaa
cctetgtaaa
atgcagacca
ctaataaaaa
tttccaacaa

atgtttcect

ccagttagtt
cgaatggtte
acaaaataag
gaaacaaatt
ttgaaaaaat
gaaattggtt
tttaatttet
cgcetatggac
tgaccagcga
ttttegatat
aggatggcte
aaaaatgtcc
cggttgttca
gtaagectgga
cagggtaaac
aatgttttet

taatatttgt

47-

aattttgteg
tcttgtgatt
attccatgtt
cattaatcag
aatgatcgta
aactgtattt
aaattatgca
ttecgaatcag
tggcagtgga
tgtttatcct
gtctgtteee
gtgecacatgg
ccegatgget
ttgatttttt
atacataaat
gatcctattt

ttttcaattt

PCT/US2005/034150
18

23

aatcatttte 60
gaacggaatc 120
ttgataagat 180
caaaactgag 240
gagaacatat 300
agcaaacaaa 360
aattgcaagc 420
attgtgaaca 480
gctagatgaé 540
tagagctcta 600
acttgatcta €60
caggcgctag 720
agtacctaat 780
tcgatgtcaa 840
gatataagtt 200
tcaggttttt 960
tatatcaata 1020
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aatatatttg
taaagtctaa
atcattactt
tatcacactt
tatctaaatc
<210> 8

<211> 848
<212> DNA

tccaaatace
taggttecgaa
gtaaactaaa
ttttcecactat

cttcaacttt

<213> Brassica napus

<400> 8
gggctggtet

aacaggcggg
ggatgtaccg
actctgaatg
carttttaat
aaaataaatt
ataattccga
gtctgaggga
agraatattt
ggaaccttec
tecegtcggaa
ggactttttt
tttececteayg
caatcagtct
ggecttac

<210> 2

<211> 874
<212> DNA

<213> Bras

<400> 9
cetgegaaga

aaaagaggaa

ggtgaaattg

agttataaga

gaaggacaag
ctatgagacc
aacgagacgt
ttttatttaa
tttaatttta
ttttaaaaaa
ggaactttta
aaggattcct
cgtcgaaact
gacgaacatt
sattcecgacg
cgtcggtatg
tateccgatg

catcatccaa

sica napus

ttetcagecac
aaggtgggtg
attgtettgg

actagatata

aatcagtatc
ccatgatgag
aatactttgt
aaaaccccac

tctaagac

gatgatcgga
cagaagaggc
tcccgaacat
atttgaatat
aaaattttaa
ataatttttt
tacteggtaa
cggaatttte
teegaggatyg
gtgcectegg
gaattcecgag
tceteggaat
ttttettgta

ttacctttaa

caagacccat
acttgaagag
ttaaaagate

tagttecatag

caagttcggt
ttctagttat
cataatcact

tgcgaaaccc

tatctgegtt
tgaacgagca
tcaagacceg
tatctactat
tttttttcca
tcaaaattce
attccgacga
cgagaaactc
gaccatcgga
agtttccteg
gaatttgaat
aacgttattce
gtgtttatge

acttaaactt

ctcttttagg
gacggcaaca
gtegtageat

ctetattatt

-48-

atcgttaagc
ctacatagat
tcatagaaca

ttttggagta

ggaggctcag
gatgatggac
tagttttttt
gttttatttt
aaaaaaaata
gagggaatgg
rcattaagtt
aattcecteg
attcettegg
gaattttgtt
tteoecgaggag
cgacgacata
attatataaa

ctggtttete

gttatttgag
acatcagaktt
acctgagcat

cggtgtagaa

PCT/US2005/034150
cttgggagat 1080
gtataagatg 1140
ttaccagtag 1200
atcaaactag 1260

1288
atggcagete 60
atgatgaaga 120
ttttccaaaa 180
atgttttatt 240
atttttaaaa 300
aggtcetegg 360
ccteggaatt 420
gaaaattccg 480
tattttcega 540
teecteggaat 600
ttatttecga 660
ccgacgattt 720
ccecategatt 780
aaaaaatatt 840

848
atgceccgtat 60
gtggagagca 120
acatcaatca 180
gtgattagag 240
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ctttacttet
ccagacgtac
aaacaaacaa
aactaaggtt
tggtttttta
tececattata
ccttaatgat
gatggegtea
aagtacatat
ttccaacttt

atccetaact

«210>
<211>
<212>
<213>

<220>
<223>

<400

cttgattact ctttgtactt

cgcaaaggga actgggtaac
attgtatcaa gttaattgat
taagacagta atacaatcta
ataatcatgce aaatttaagt
ctgtagcaaa aatgatgtgt
taatltaatta ttacaatatc
tctgatgcaa cacaagatat
atatacgtgt aaaacatgag
tctcacagtt gtgtettett

tttgttggea caacttttte

10

29

DN
Artificial

primer sequence

10

tteatatctg cgtaagtacg tccatgtte

<210>
<211>
«212>
<213>

<220>
<223>

<400>

11

30

DNA
Artificial

primer sequence

11

cgagaaacag aatgatgaaa ctagagagac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

12

27

DNA
Artificial

primer sequence

12

caccatgett tcacgtettt tgagttg

<210>

13

-49-

gagatagtgg
caaagctttg
caagcattag
agaccttaca
cgttactaat
aagtgtatat
gaatccttga
taatacttac
attctatttg
ttectaccte

tttc

attgaaagcyg
tgtettgtet
ctaaacaaat
atatattgga
tacgtaccaa
aaatacttgt
cttcactcaa
acgtatatat
cgagtcttty

gcegetette

PCT/US2005/034150
tagttcttce 300
cctatacaac 360
ctagetaagg 420
gaatttatte 480
caccasaatta 540
gtaatceceat 600
acacgttcac 660
acacacacat 720
tctatataag 780
aaccaaaata 840

874
29
30
27
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<211>
<212>
<213>

<220>
<223>

<400>

26

DNA

Artificial
primer sequence

13

tcgatgecac gaaaatgcat aagaac

<21.0>
<211>
<212>
<213>

<220>
<223>

<400>

14

26

DNA
Artificial

primer sequence

14

cctcateccte atcctecatce tcaacc

<210>
<211>
<212>
<213 >

<220>
<223>

<200>

ccegtacacgg taaaatagtt cttgacgga

«210>
<211>
«212>
213>

«220>
<223»

<400

15

29

DNA
Artificial

primer seguence

13

16

26

DNA
artificial

primer sequence

16

ctaaagccat ggtcttagaa asgttg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17

24

DNA
Artificial

primer sequence

17

aatacgactc actataggge acgc

<210>
<211>

18
25

PCT/US2005/034130

26

29

26

24
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<212> DNA
<213> Artificial

<220>
<223> primer sequence

<400> 18

gaaaagccat ggtaaggcca atatt 25
<210> 12

<211> 25

<212> DNA

<213> Artificial

<220>

<223» primer sequence

<400> 19

cttetgeecat ggaaagaaaa agttg 25
<210> 20

<211> 28

<212>» DNA

<213> Artificial

<220>

<223> primer sequence

<400> 20

ccegggetgg tectgegaag atteteag 28
<210> 21

<211> 53

<212> DNA

<213> Artifiecial

<220>
<223> primer sequence

<400> 21

ctegagegge cgettetatg tegactyggra agaaaaagtt gtgccaacaa aag . 53
<210> 22

<211> 891

<212> DNA

<213> Brassica napus

<400> 22
gagetggtee tgcgaagatt ctcagcacca agacccatct cttttagggt tatttgagat 60

gcecgtataa aagaggaaaa ggtgggtgac ttgaagagga cggeaacaac atcagattgt 120
ggagageagyg tgaaagttga ttgtecttggt taaaagateg tegtageata cctgageata 180
catcaatcaa gttataagaa ctagatatat agttcatage tctattatte ggtgtagaag 240

tgattagage tttacttcte ttgtattact ctttgtactt gagatagtgg attgaaageg 300
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tagttclice ccagacgtac cgcaaaggga actgggtaac cazagcitty tgtottghtet 360
cctatacaac aaacaazcsa attglatcaa ggttaattga tcaagecatta gectaaacaaa 420

tctagetaag gaactaaggt ttaagacagt aatacaatct aagacctitac astatattgg 480

agaatttatt ctggtttttt aataatcatg caaatttaaa gtecgttacta attacgtacc 540
aacaccaaat tatcccatta tactgtagca aaaatgatgt gtaagtgtat ataaatactt 600
gtgtaatcce atcectteatg attaattaat tattacaata tegaateccet tgactteact 660
caaacacgtt cacgatggceg tcatctgatg caacacaaga tattaatact tacacotata 720
Latacacaca cataagtaca tatatatacg tgtaaaacat gagattctat ttgcgaagtc 780
tttgtctata taagttccaa cttttctoac agttgtgtet tettttecta cctcgecget 840
cttcaaccaa aataatcccet aactbtitgtt ggcacaactt tttettteca g 891
-8-
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