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1
BREEDING PAIR OF WHEAT PLANTS
COMPRISING AN MS45 PROMOTER
INVERTED REPEAT THAT CONFERS MALE
STERILITY AND A CONSTRUCT THAT
RESTORES FERTILITY

CROSS REFERENCE

This utility application claims the benefit of U.S. Provi-
sional Application No. 61/778,069, filed Mar. 12, 2013, and
U.S. Provisional Application No. 61/788,950, filed Mar. 15,
2013, both of which are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to the field of plant molecu-
lar biology, more particularly to influencing male fertility.

BACKGROUND OF THE INVENTION

Development of hybrid plant breeding has made possible
considerable advances in quality and quantity of crops
produced. Increased yield and combination of desirable
characteristics, such as resistance to disease and insects, heat
and drought tolerance, along with variations in plant com-
position are all possible because of hybridization proce-
dures. These procedures frequently rely heavily on provid-
ing for a male parent contributing pollen to a female parent
to produce the resulting hybrid.

Field crops are bred through techniques that take advan-
tage of the plant’s method of pollination. A plant is self-
pollinated if pollen from one flower is transferred to the
same or another flower of the same plant or a genetically
identical plant. A plant is cross-pollinated if the pollen
comes from a flower on a genetically different plant.

In certain species, such as Brassica campestris, the plant
is normally self-sterile and can only be cross-pollinated. In
self-pollinating species, such as soybeans and cotton, the
male and female plants are anatomically juxtaposed. During
natural pollination, the male reproductive organs of a given
flower pollinate the female reproductive organs of the same
flower.

Bread wheat (Triticum aestivum) is a hexaploid plant
having three pairs of homologous chromosomes defining
genomes A, B and D. The endosperm of wheat grain
comprises 2 haploid complements from a maternal cell and
1 from a paternal cell. The embryo of wheat grain comprises
one haploid complement from each of the maternal and
paternal cells. Hexaploidy has been considered a significant
obstacle in researching and developing useful variants of
wheat. In fact, very little is known regarding how homolo-
gous genes of wheat interact, how their expression is regu-
lated, and how the different proteins produced by homolo-
gous genes function separately or in concert.

An essential aspect of much of the work underway with
genetic male sterility systems is the identification of genes
influencing male fertility and promoters associated with
such genes. Such genes and promoters can be used in a
variety of systems to control male fertility including those
described herein.

BRIEF SUMMARY OF THE INVENTION

Compositions and methods for modulating male fertility
in a plant are provided. Compositions comprise nucleotide
sequences, and fragments and variants thereof, which modu-
late male fertility. Further provided are expression cassettes
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comprising one or more polynucleotides, operably linked to
a promoter, wherein expression of one or more polynucle-
otides modulates the male fertility of a plant. Various
methods are provided wherein the level and/or activity of a
polynucleotide that influences male fertility is modulated in
a plant or plant part.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A and 1B. Alignment of the wheat MS45 pro-
moter regions of the A, B, and D genomes (SEQ ID NOs: 1,
2, and 3, respectively). A consensus sequence is also pro-
vided (SEQ ID NO: 16).

FIG. 2. Alignment of wheat MS45 promoter consensus
(SEQ ID NO: 4) with ZmMS45 promoter region (SEQ ID
NO: 5). A consensus sequence is also provided (SEQ ID NO:
14).

FIG. 3. Alignment of wheat MS45 promoter consensus
(SEQ ID NO: 4) with wheat promoter inverted repeat (pIR)
sequence (SEQ ID NO: 6). A consensus sequence is also
provided (SEQ ID NO: 15).

FIG. 4. Restoration of fertility by Gain of Function:
GOF-MF.

FIG. 5. Restoration of fertility by Gain of Function:
GOF-MF; MS45.

FIG. 6. Restoration of fertility by Gain of Function:
GOF-pIRMSp.

FIG. 7. Restoration of fertility by Gain of Function:
GOF-pIRMSp; 5126:DAM.

DETAILED DESCRIPTION

The present inventions now will be described more fully
hereinafter with reference to the accompanying drawings, in
which some, but not all embodiments of the inventions are
shown. Indeed, these inventions may be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will satisfy applicable legal
requirements. Like numbers refer to like elements through-
out.

Many modifications and other embodiments of the inven-
tions set forth herein will come to mind to one skilled in the
art to which these inventions pertain having the benefit of the
teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that
the inventions are not to be limited to the specific embodi-
ments disclosed and that modifications and other embodi-
ments are intended to be included within the scope of the
appended claims. Although specific terms are employed
herein, they are used in a generic and descriptive sense only
and not for purposes of limitation.

1. Male Fertility Polynucleotides

Compositions disclosed herein include polynucleotides
and polypeptides that influence male fertility. In particular,
wheat MS45 promoter sequences are provided comprising
nucleotide sequences set forth in SEQ ID NO: 1, 2 or 3, or
fragments or variants thereof, such as SEQ ID NO: 4 or 6.

Sexually reproducing plants develop specialized tissues
specific for the production of male and female gametes.
Successtul production of male gametes relies on proper
formation of the male reproductive tissues. The stamen,
which embodies the male reproductive organ of plants,
contains various cell types, including for example, the
filament, anther, tapetum and pollen. As used herein, “male
tissue” refers to the specialized tissue in a sexually repro-
ducing plant that is responsible for production of the male
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gamete. Male tissues include, but are not limited to, the
stamen, filament, anther, tapetum and pollen.

The process of mature pollen grain formation begins with
microsporogenesis, wherein meiocytes are formed in the
sporogenous tissue of the anther. Microgametogenesis fol-
lows, wherein microspores divide mitotically and develop
into the microgametophyte or pollen grains. The condition
of “male fertility” or “male fertile” refers to those plants
producing a mature pollen grain capable of fertilizing a
female gamete to produce a subsequent generation of off-
spring. The term “influences male fertility” or “modulates
male fertility”, as used herein, refers to any increase or
decrease in the ability of a plant to produce a mature pollen
grain when compared to an appropriate control. A “mature
pollen grain” or “mature pollen” refers to any pollen grain
capable of fertilizing a female gamete to produce a subse-
quent generation of offspring. Likewise, the term “male
fertility polynucleotide” or “male fertility polypeptide”
refers to a polynucleotide or polypeptide that modulates
male fertility. A male fertility polynucleotide may, for
example, encode a polypeptide that participates in the pro-
cess of microsporogenesis or microgametogenesis.

Expression of fertility genes has been shown to influence
male fertility in a variety of ways. Mutagenesis studies of
Ms22 (also referred to as Mscal) resulted in phenotypically
male sterile maize plants with anthers that did not extrude
from the tassel and lacked sporogenous tissue. West and
Albertsen, (1985) Maize Newsletter 59:87; Neuffer, et al.,
(1977) Mutants of maize. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y. See also, U.S. Pat. No.
7,919,676.

Certain male sterility genes such as MACI1, EMSI1 or
GNE2 (Sorensen, et al., (2002) Plant J. 29:581-594) prevent
cell growth in the quartet stage. Mutations in the SPORO-
CYTELESS/NOZZLE gene act early in development, but
impact both anther and ovule formation such that plants are
male and female sterile. The SPOROCYTELESS gene of
Arabidopsis is required for initiation of sporogenesis and
encodes a novel nuclear protein (Genes Dev. (Aug. 15,
1999) 13(16):2108-17).

Ms26 polypeptides have been reported to have significant
homology to P450 enzymes found in yeast, plants, and
mammals. P450 enzymes have been widely studied and
characteristic protein domains have been elucidated. The
Ms26 protein contains several structural motifs characteris-
tic of eukaryotic P450’s, including the heme-binding
domain FxxGxRxCxG (domain D), domain A A/GGXD/
ETT/S (dioxygen-binding), domain B (steroid-binding) and
domain C. Phylogenetic tree analysis revealed that Ms26 is
most closely related to P450s involved in fatty acid omega-
hydroxylation found in Arabidopsis thaliana and Vicia
sativa. See, for example, US Patent Application Publication
Number 2012/0005792, herein incorporated by reference.

The Ms45 polynucleotide is a male fertility polynucle-
otide characterized in maize (see, for example, U.S. Pat. No.
5,478,369) and wheat (US Provisional Patent Application
Ser. No. 61/697,590, filed Sep. 6, 2012). Mutations of Ms45
can result in breakdown of microsporogenesis during vacu-
olation of the microspores rendering the mutated plants male
sterile. When the cloned Ms45 polynucleotide is introduced
into such mutated male sterile plants, the gene can comple-
ment the mutation and confer male fertility. The cloned
Ms45 gene, for example the Ms45 gene of maize or wheat
or rice, can also be used to complement male sterility
induced by expression of pIR molecule targeting the Ms45
promoter, as described herein. Certain embodiments
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described herein using the MS45 gene and/or promoter
could be practiced with other genes, such as MS26 or Ms22.

Strategies for manipulation of expression of male-fertility
polynucleotides in wheat will require consideration of the
ploidy level of the individual wheat variety. Triticum aesti-
vum 1is a hexaploid containing three genomes designated A,
B, and D (N=21); each genome comprises seven pairs of
nonhomologous chromosomes. Einkorn wheat varieties are
diploids (N=7) and emmer wheat varieties are tetraploids
(N=14).

Isolated or substantially purified nucleic acid molecules or
protein compositions are disclosed herein. An “isolated” or
“purified” nucleic acid molecule, polynucleotide or protein,
or biologically active portion thereof, is substantially or
essentially free from components that normally accompany
or interact with the polynucleotide or protein as found in its
naturally occurring environment. Thus, an isolated or puri-
fied polynucleotide or protein is substantially free of other
cellular material or culture medium when produced by
recombinant techniques or substantially free of chemical
precursors or other chemicals when chemically synthesized.
Optimally, an “isolated” polynucleotide is free of sequences
(optimally protein encoding sequences) that naturally flank
the polynucleotide (i.e., sequences located at the 5' and 3'
ends of the polynucleotide) in the genomic DNA of the
organism from which the polynucleotide is derived. For
example, in various embodiments, the isolated polynucle-
otide can contain less than about 5 kb, 4 kb, 3 kb, 2 kb, 1 kb,
0.5 kb or 0.1 kb of nucleotide sequence that naturally flank
the polynucleotide in genomic DNA of the cell from which
the polynucleotide is derived. A protein that is substantially
free of cellular material includes preparations of protein
having less than about 30%, 20%, 10%, 5% or 1% (by dry
weight) of contaminating protein. When the polypeptides
disclosed herein or biologically active portion thereof is
recombinantly produced, optimally culture medium repre-
sents less than about 30%, 20%, 10%, 5% or 1% (by dry
weight) of chemical precursors or non-protein-of-interest
chemicals.

A “subject plant” or “subject plant cell” is one in which
genetic alteration, such as transformation, has been affected
as to a gene of interest, or is a plant or plant cell which is
descended from a plant or cell so altered and which com-
prises the alteration. A “control” or “control plant” or
“control plant cell” provides a reference point for measuring
changes in phenotype of the subject plant or plant cell.

A control plant or plant cell may comprise, for example:
(a) a wild-type plant or plant cell, i.e., of the same genotype
as the starting material for the genetic alteration which
resulted in the subject plant or cell; (b) a plant or plant cell
of the same genotype as the starting material but which has
been transformed with a null construct (i.e., with a construct
which has no known effect on the trait of interest, such as a
construct comprising a marker gene); (c) a plant or plant cell
which is a non-transformed segregant among progeny of a
subject plant or plant cell; (d) a plant or plant cell genetically
identical to the subject plant or plant cell but which is not
exposed to conditions or stimuli that would induce expres-
sion of the gene of interest; or (e) the subject plant or plant
cell itself, under conditions in which the gene of interest is
not expressed.

A. Fragments and Variants of Male Fertility Sequences

Fragments and variants of the disclosed polynucleotides
and proteins encoded thereby are also provided. By “frag-
ment” is intended a portion of the polynucleotide or a
portion of the amino acid sequence and hence protein
encoded thereby. Fragments of a polynucleotide may encode
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protein fragments that retain the biological activity of the
native protein and hence influence male fertility. Alterna-
tively, fragments of a polynucleotide that are useful as
hybridization probes generally do not encode fragment
proteins retaining biological activity. Thus, fragments of a
nucleotide sequence may range from at least about 20
nucleotides, about 50 nucleotides, about 100 nucleotides,
and up to the full-length polynucleotide encoding the poly-
peptides disclosed herein. A fragment of a promoter poly-
nucleotide may or may not retain promoter function. A
fragment of a promoter polynucleotide may be used to create
a pIR (promoter inverted repeat, a.k.a. hairpin) useful in a
suppression construct which targets that promoter. See, for
example, Matzke, et al., (2001) Curr. Opin. Genet. Devel.
11:221-227; Mette, et al., (2000) EMBO J. 19:5194-5201.

A fragment of a polynucleotide that encodes a biologi-
cally active portion of a polypeptide that influences male
fertility may encode at least 15, 25, 30, 50, 100, 150, 200,
250, 300, 350, 400, 450, 500, 525 or 537 contiguous amino
acids, or up to the total number of amino acids present in a
full-length polypeptide that influences male fertility. Frag-
ments of a polynucleotide encoding a polypeptide that
influences male fertility that are useful as hybridization
probes or PCR primers generally need not encode a biologi-
cally active portion of a polypeptide that influences male
fertility.

Thus, a fragment of a male fertility polynucleotide as
disclosed herein may encode a biologically active portion of
a male fertility polypeptide or it may be a fragment that can
be used as a hybridization probe or PCR primer using
methods disclosed below or it may be a fragment of a
promoter sequence natively associated with a male fertility
polynucleotide. A biologically active portion of a male
fertility polypeptide can be prepared by isolating a portion of
one of the male fertility polynucleotides disclosed herein,
expressing the encoded portion of the male fertility protein
(e.g., by recombinant expression in vitro), and assessing the
activity of the encoded portion of the male fertility poly-
peptide. Polynucleotides that are fragments of a male fer-
tility polynucleotide comprise at least 16, 20, 50, 75, 100,
150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700,
800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600 or 1629
nucleotides or up to the number of nucleotides present in a
full-length male fertility polynucleotide.

“Variants” is intended to mean substantially similar
sequences. For polynucleotides, a variant comprises a dele-
tion and/or addition of one or more nucleotides at one or
more internal sites within the native polynucleotide and/or a
substitution of one or more nucleotides at one or more sites
in the native polynucleotide. As used herein, a “native” or
“wild type” polynucleotide or polypeptide comprises a natu-
rally occurring nucleotide sequence or amino acid sequence,
respectively. For polynucleotides, conservative variants
include those sequences that, because of the degeneracy of
the genetic code, encode the amino acid sequence of one of
the male fertility polypeptides disclosed herein. Naturally
occurring allelic variants such as these can be identified with
the use of well-known molecular biology techniques, as, for
example, with polymerase chain reaction (PCR) and hybrid-
ization techniques as outlined below. Variant polynucle-
otides also include synthetically derived polynucleotides,
such as those generated, for example, by using site-directed
mutagenesis but which still encode a male fertility polypep-
tide. Generally, variants of a particular polynucleotide dis-
closed herein will have at least about 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or more sequence identity
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to that particular as determined by sequence alignment
programs and parameters described elsewhere herein.

Variants of a particular polynucleotide disclosed herein
(i.e., the reference polynucleotide) can also be evaluated by
comparison of the percent sequence identity between the
polypeptide encoded by a variant polynucleotide and the
polypeptide encoded by the reference polynucleotide. Per-
cent sequence identity between any two polypeptides can be
calculated using sequence alignment programs and param-
eters described elsewhere herein. Where any given pair of
polynucleotides disclosed herein is evaluated by comparison
of the percent sequence identity shared by the two polypep-
tides they encode, the percent sequence identity between the
two encoded polypeptides is at least about 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or more sequence
identity.

“Variant” protein is intended to mean a protein derived
from the native protein by deletion or addition of one or
more amino acids at one or more internal sites in the native
protein and/or substitution of one or more amino acids at one
or more sites in the native protein. Variant proteins disclosed
herein are biologically active, that is they continue to
possess the desired biological activity of the native protein,
that is, male fertility activity as described herein. Such
variants may result from, for example, genetic polymor-
phism or from human manipulation. Biologically active
variants of a male fertility protein disclosed herein will have
at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or more sequence identity to the amino acid
sequence for the native protein as determined by sequence
alignment programs and parameters described elsewhere
herein. A biologically active variant of a protein disclosed
herein may differ from that protein by as few as 1-15 amino
acid residues, as few as 1-10, such as 6-10, as few as 5, as
few as 4, 3, 2 or even 1 amino acid residue.

The proteins disclosed herein may be altered in various
ways including amino acid substitutions, deletions, trunca-
tions, and insertions. Methods for such manipulations are
generally known in the art. For example, amino acid
sequence variants and fragments of the male fertility poly-
peptides can be prepared by mutations in the DNA. Methods
for mutagenesis and polynucleotide alterations are well
known in the art. See, for example, Kunkel, (1985) Proc.
Natl. Acad. Sci. USA 82:488-492; Kunkel, et al., (1987)
Methods in Enzymol. 154:367-382; U.S. Pat. No. 4,873,192;
Walker and Gaastra, eds. (1983) Techniques in Molecular
Biology (MacMillan Publishing Company, New York) and
the references cited therein. Guidance as to appropriate
amino acid substitutions that do not affect biological activity
of the protein of interest may be found in the model of
Dayhof; et al., (1978) Atlas of Protein Sequence and Struc-
ture (Natl. Biomed. Res. Found., Washington, D.C.), herein
incorporated by reference. Conservative substitutions, such
as exchanging one amino acid with another having similar
properties, may be optimal.

Thus, the genes and polynucleotides disclosed herein
include both the naturally occurring sequences as well as
DNA sequence variants which retain function. Likewise, the
male fertility polypeptides and proteins encompass both
naturally occurring polypeptides as well as variations and
modified forms thereof. Such polynucleotide and polypep-
tide variants will continue to possess the desired male
fertility activity. The mutations that will be made in the DNA
encoding the variant must not place the sequence out of
reading frame and optimally will not create complementary
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regions that could produce secondary mRNA structure. See,
EP Patent Application Publication Number 75,444.

The deletions, insertions and substitutions of the protein
sequences encompassed herein are not expected to produce
radical changes in the characteristics of the protein. How-
ever, when it is difficult to predict the exact effect of the
substitution, deletion or insertion in advance of doing so,
one skilled in the art will appreciate that the effect will be
evaluated by routine screening assays. That is, the activity
can be evaluated by assaying for male fertility activity.

Increases or decreases in male fertility can be assayed in
a variety of ways. One of ordinary skill in the art can readily
assess activity of the variant or fragment by introducing the
polynucleotide into a plant homozygous for a stable male
sterile allele of the polynucleotide, and observing male
tissue development in the plant. In certain embodiments, the
variant or fragment polynucleotide is introduced into a plant
which is male-sterile as a result of expression of a poly-
nucleotide which confers dominant male sterility. Such a
polynucleotide conferring dominant male sterility may be,
for example, a pIR directed to the native promoter of a
fertility gene, or a polynucleotide encoding a polypeptide
which interferes with development of reproductive tissue,
such as DAM-methylase or barnase (See, for example, U.S.
Pat. No. 5,792,853 or U.S. Pat. No. 5,689,049; PCT/EP89/
00495).

Variant functional polynucleotides and proteins also
encompass sequences and proteins derived from a muta-
genic and recombinogenic procedure such as DNA shuffling.
With such a procedure, one or more different male fertility
sequences can be manipulated to create a new male fertility
polypeptide possessing the desired properties. In this man-
ner, libraries of recombinant polynucleotides are generated
from a population of related sequence polynucleotides com-
prising sequence regions that have substantial sequence
identity and can be homologously recombined in vitro or in
vivo. For example, using this approach, sequence motifs
encoding a domain of interest may be shuffled between the
male fertility polynucleotides disclosed herein and other
known male fertility polynucleotides to obtain a new gene
coding for a protein with an improved property of interest,
such as an increased K,, in the case of an enzyme. Strategies
for such DNA shuffling are known in the art. See, for
example, Stemmer, (1994) Proc. Natl. Acad. Sci. USA
91:10747-10751; Stemmer, (1994) Nature 370:389-391;
Crameri, et al., (1997) Nature Biotech. 15:436-438; Moore,
etal., (1997)J. Mol. Biol. 272:336-347; Zhang, et al., (1997)
Proc. Natl. Acad. Sci. USA 94:4504-4509; Crameri, et al.,
(1998) Nature 391:288-291 and U.S. Pat. Nos. 5,605,793
and 5,837,458.

II. Sequence Analysis

As used herein, “sequence identity” or “identity” in the
context of two polynucleotides or polypeptide sequences
makes reference to the residues in the two sequences that are
the same when aligned for maximum correspondence over a
specified comparison window. When percentage of
sequence identity is used in reference to proteins it is
recognized that residue positions which are not identical
often differ by conservative amino acid substitutions, where
amino acid residues are substituted for other amino acid
residues with similar chemical properties (e.g., charge or
hydrophobicity) and therefore do not change the functional
properties of the molecule. When sequences differ in con-
servative substitutions, the percent sequence identity may be
adjusted upwards to correct for the conservative nature of
the substitution. Sequences that differ by such conservative
substitutions are said to have “sequence similarity” or “simi-
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larity”. Means for making this adjustment are well known to
those of skill in the art. Typically this involves scoring a
conservative substitution as a partial rather than a full
mismatch, thereby increasing the percentage sequence iden-
tity. Thus, for example, where an identical amino acid is
given a score of 1 and a non-conservative substitution is
given a score of zero, a conservative substitution is given a
score between zero and 1. The scoring of conservative
substitutions is calculated, e.g., as implemented in the pro-
gram PC/GENE (Intelligenetics, Mountain View, Calif.).

As used herein, “percentage of sequence identity” means
the value determined by comparing two optimally aligned
sequences over a comparison window, wherein the portion
of the polynucleotide sequence in the comparison window
may comprise additions or deletions (i.e., gaps) as compared
to the reference sequence (which does not comprise addi-
tions or deletions) for optimal alignment of the two
sequences. The percentage is calculated by determining the
number of positions at which the identical nucleic acid base
or amino acid residue occurs in both sequences to yield the
number of matched positions, dividing the number of
matched positions by the total number of positions in the
window of comparison, and multiplying the result by 100 to
yield the percentage of sequence identity.

Unless otherwise stated, sequence identity/similarity val-
ues provided herein refer to the value obtained using GAP
Version 10 using the following parameters: % identity and %
similarity for a nucleotide sequence using GAP Weight of 50
and Length Weight of 3, and the nwsgapdna.cmp scoring
matrix; % identity and % similarity for an amino acid
sequence using GAP Weight of 8 and Length Weight of 2,
and the BLOSUMSG62 scoring matrix; or any equivalent
program thereof. By “equivalent program” is intended any
sequence comparison program that, for any two sequences
in question, generates an alignment having identical nucleo-
tide or amino acid residue matches and an identical percent
sequence identity when compared to the corresponding
alignment generated by GAP Version 10.

The use of the term “polynucleotide™ is not intended to
limit the present disclosure to polynucleotides comprising
DNA. Those of ordinary skill in the art will recognize that
polynucleotides, can comprise ribonucleotides and combi-
nations of ribonucleotides and deoxyribonucleotides. Such
deoxyribonucleotides and ribonucleotides include both natu-
rally occurring molecules and synthetic analogues. The
polynucleotides disclosed herein also encompass all forms
of sequences including, but not limited to, single-stranded
forms, double-stranded forms, hairpins, stem-and-loop
structures, and the like.

II1. Expression Cassettes

The male fertility polynucleotides disclosed herein can be
provided in expression cassettes for expression in an organ-
ism of interest. The cassette can include 5' and 3' regulatory
sequences operably linked to a male fertility polynucleotide
as disclosed herein. “Operably linked” is intended to mean
a functional linkage between two or more elements. For
example, an operable linkage between a polynucleotide of
interest and a regulatory sequence (e.g., a promoter) is a
functional link that allows for expression of the polynucle-
otide of interest. Operably linked elements may be contigu-
ous or non-contiguous. When used to refer to the joining of
two protein coding regions, by operably linked is intended
that the coding regions are in the same reading frame.

The expression cassettes disclosed herein may include in
the 5'-3' direction of transcription, a transcriptional and
translational initiation region (i.e., a promoter), a polynucle-
otide of interest, and a transcriptional and translational
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termination region (i.e., termination region) functional in the
host cell (i.e., the plant). Expression cassettes are also
provided with a plurality of restriction sites and/or recom-
bination sites for insertion of the male fertility polynucle-
otide to be under the transcriptional regulation of the regu-
latory regions described elsewhere herein. The regulatory
regions (i.e., promoters, transcriptional regulatory regions,
and translational termination regions) and/or the polynucle-
otide of interest may be native/analogous to the host cell or
to each other. Alternatively, the regulatory regions and/or the
polynucleotide of interest may be heterologous to the host
cell or to each other. As used herein, “heterologous” in
reference to a polynucleotide or polypeptide sequence is a
sequence that originates from a foreign species, or, if from
the same species, is substantially modified from its native
form in composition and/or genomic locus by deliberate
human intervention. For example, a promoter operably
linked to a heterologous polynucleotide is from a species
different from the species from which the polynucleotide
was derived, or, if from the same/analogous species, one or
both are substantially modified from their original form
and/or genomic locus, or the promoter is not the native
promoter for the operably linked polynucleotide. As used
herein, a chimeric polynucleotide comprises a coding
sequence operably linked to a transcription initiation region
that is heterologous to the coding sequence.

In certain embodiments the polynucleotides disclosed
herein can be stacked with any combination of polynucle-
otide sequences of interest or expression cassettes as dis-
closed elsewhere herein. For example, the male fertility
polynucleotides disclosed herein may be stacked with any
other polynucleotides encoding male-gamete disruptive
polynucleotides or polypeptides, cytotoxins, markers or
other male fertility sequences as disclosed elsewhere herein.
The stacked polynucleotides may be operably linked to the
same promoter as the male fertility polynucleotide, or may
be operably linked to a separate promoter polynucleotide.

As described elsewhere herein, expression cassettes may
comprise a promoter operably linked to a polynucleotide of
interest, along with a corresponding termination region. The
termination region may be native to the transcriptional
initiation region, may be native to the operably linked male
fertility polynucleotide of interest or with the male fertility
promoter sequences, may be native to the plant host, or may
be derived from another source (i.e., foreign or heterolo-
gous). Convenient termination regions are available from
the Ti-plasmid of 4. tumefaciens, such as the octopine
synthase and nopaline synthase termination regions. See
also, Guerineau, et al., (1991) Mol. Gen. Genet. 262:141-
144; Proudfoot, (1991) Cell 64:671-674; Sanfacon, et al.,
(1991) Genes Dev. 5:141-149; Mogen, et al., (1990) Plant
Cell 2:1261-1272; Munroe, et al., (1990) Gene 91:151-158;
Ballas, et al., (1989) Nucleic Acids Res. 17:7891-7903 and
Joshi, et al., (1987) Nucleic Acids Res. 15:9627-9639.

Where appropriate, the polynucleotides of interest may be
optimized for increased expression in the transformed plant.
That is, the polynucleotides can be synthesized using plant-
preferred codons for improved expression. See, for example,
Campbell and Gowri, (1990) Plant Physiol. 92:1-11 for a
discussion of host-preferred codon usage. Methods are
available in the art for synthesizing plant-preferred genes.
See, for example, U.S. Pat. Nos. 5,380,831 and 5,436,391
and Murray, et al., (1989) Nucleic Acids Res. 17:477-498,
herein incorporated by reference.

Additional sequence modifications are known to enhance
gene expression in a cellular host. These include elimination
of sequences encoding spurious polyadenylation signals,
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exon-intron splice site signals, transposon-like repeats and
other such well-characterized sequences that may be delete-
rious to gene expression. The G-C content of the sequence
may be adjusted to levels average for a given cellular host,
as calculated by reference to known genes expressed in the
host cell. When possible, the sequence is modified to avoid
predicted hairpin secondary mRNA structures.

The expression cassettes may additionally contain &'
leader sequences. Such leader sequences can act to enhance
translation. Translation leaders are known in the art and
include: picornavirus leaders, for example, EMCV leader
(Encephalomyocarditis 5' noncoding region) (Elroy-Stein, et
al,, (1989) Proc. Natl. Acad. Sci. USA 86:6126-6130);,
potyvirus leaders, for example, TEV leader (Tobacco Etch
Virus) (Gallie, et al., (1995) Gene 165(2):233-238), MDMV
leader (Maize Dwarf Mosaic Virus) (Johnson, et al., (1986)
Virology 154:9-20) and human immunoglobulin heavy-
chain binding protein (BiP) (Macejak, et al., (1991) Nature
353:90-94); untranslated leader from the coat protein mRNA
of alfalfa mosaic virus (AMV RNA 4) (Jobling, et al., (1987)
Nature 325:622-625); tobacco mosaic virus leader (TMV)
(Gallie, et al., (1989) in Molecular Biology of RNA, ed. Cech
(Liss, New York), pp. 237-256) and maize chlorotic mottle
virus leader (MCMV) (Lommel, et al., (1991) Virology
81:382-385). See also, Della-Cioppa, et al., (1987) Plant
Physiol. 84:965-968. Other methods known to enhance
translation can also be utilized, for example, introns, and the
like.

In preparing the expression cassette, the various DNA
fragments may be manipulated, so as to provide for the DNA
sequences in the proper orientation and, as appropriate, in
the proper reading frame. Toward this end, adapters or
linkers may be employed to join the DNA fragments or other
manipulations may be involved to provide for convenient
restriction sites, removal of superfluous DNA, removal of
restriction sites, or the like. For this purpose, in vitro
mutagenesis, primer repair, restriction, annealing, resubsti-
tutions, e.g., transitions and transversions, may be involved.

A. Expression Cassettes Comprising a Male Fertility
Polynucleotide

In particular embodiments, the expression cassettes dis-
closed herein comprise a promoter operably linked to a male
fertility polynucleotide, or active fragment or variant
thereof, as disclosed herein. In certain embodiments, a male
fertility promoter disclosed herein, or an active fragment or
variant thereof, is operably linked to a male fertility poly-
nucleotide disclosed herein, or an active fragment or variant
thereof.

In certain embodiments, plant promoters can preferen-
tially initiate transcription in certain tissues, such as stamen,
anther, filament and pollen, or developmental growth stages,
such as sporogenous tissue, microspores and microgameto-
phyte. Such plant promoters are referred to as “tissue-
preferred”, “cell type-preferred” or “growth-stage pre-
ferred”. Promoters which initiate transcription only in
certain tissue are referred to as “tissue-specific”. Likewise,
promoters which initiate transcription only at certain growth
stages are referred to as “growth stage-specific”. A “cell
type-specific” promoter drives expression only in certain
cell types in one or more organs, for example, stamen cells,
or individual cell types within the stamen such as anther,
filament or pollen cells.

Male fertility polynucleotides disclosed herein, and active
fragments and variants thereof, can be operably linked to
male-tissue-specific or male-tissue-preferred promoters
including, for example, stamen-specific or stamen-preferred
promoters, anther-specific or anther-preferred promoters,
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pollen-specific or pollen-preferred promoters, tapetum-spe-
cific promoters or tapetum-preferred promoters, and the like.
Promoters can be selected based on the desired outcome. For
example, the polynucleotides of interest can be operably
linked to constitutive, tissue-preferred, growth stage-pre-
ferred or other promoters for expression in plants.

In one embodiment, the promoters may be those which
preferentially express a polynucleotide of interest in the
male tissues of the plant. No particular male fertility tissue-
preferred promoter must be used in the process, and any of
the many such promoters known to one skilled in the art may
be employed. One such promoter is the 5126 promoter,
which preferentially directs expression of the polynucleotide
to which it is linked to male tissue of the plants, as described
in U.S. Pat. Nos. 5,837,851 and 5,689,051. Other examples
include the maize Ms45 promoter described at U.S. Pat. No.
6,037,523; SF3 promoter described at U.S. Pat. No. 6,452,
069; the BS92-7 promoter described at WO 2002/063021; a
SGB6 regulatory element described at U.S. Pat. No. 5,470,
359; the TA29 promoter (Koltunow, et al., (1990) Plant Cell
2:1201-1224; Goldberg, et al., (1993) Plant Cell 5:1217-
1229 and U.S. Pat. No. 6,399.856); the type 2 metallothio-
nein-like gene promoter (Charbonnel-Campaa, et al., (2000)
Gene 254:199-208) and the Brassica Bea9 promoter (Lee, et
al., (2003) Plant Cell Rep. 22:268-273).

In some embodiments, expression cassettes comprise
male-gamete-preferred promoters operably linked to a male
fertility polynucleotide. Male-gamete-preferred promoters
include the PG47 promoter (U.S. Pat. No. 5,412,085; U.S.
Pat. No. 5,545,546; Plant J 3(2):261-271 (1993)), as well as
ZM13 promoter (Hamilton, et al., (1998) Plant Mol. Biol.
38:663-669); actin depolymerizing factor promoters (such
as Zmabpl, Zmabp2; see, for example, Lopez, et al., (1996)
Proc. Natl. Acad. Sci. USA 93:7415-7420); the promoter of
the maize pectin methylesterase-like gene, ZmC5 (Wakeley,
etal., (1998) Plant Mol. Biol. 37:187-192); the profilin gene
promoter Zmprol (Kovar, et al, (2000) The Plant Cell
12:583-598); the sulphated pentapeptide phytosulphokine
gene ZmPSK1 (Lorbiecke, et al., (2005) Journal of Experi-
mental Botany 56(417):1805-1819); the promoter of the
calmodulin binding protein Mpcbp (Reddy, et al., (2000) J.
Biol. Chem. 275(45):35457-70).

As disclosed herein, constitutive promoters include, for
example, the core promoter of the Rsyn7 promoter and other
constitutive promoters disclosed in WO 1999/43838 and
U.S. Pat. No. 6,072,050; the core CaMV 35S promoter
(Odell, et al., (1985) Nature 313:810-812); rice actin (McEIl-
roy, et al., (1990) Plant Cell 2:163-171); ubiquitin (Chris-
tensen, et al, (1989) Plant Mol. Biol. 12:619-632 and
Christensen, et al., (1992) Plant Mol. Biol. 18:675-689);
pEMU (Last, et al., (1991) Theor. Appl. Genet. 81:581-588);
MAS (Velten, et al., (1984) EMBO J. 3:2723-2730); ALS
promoter (U.S. Pat. No. 5,659,026), and the like. Other
constitutive promoters include, for example, U.S. Pat. Nos.
5,608,149; 5,608,144; 5,604,121; 5,569,597, 5,466,785,
5,399,680, 5,268,463; 5,608,142 and 6,177,611.

“Seed-preferred” promoters include both those promoters
active during seed development such as promoters of seed
storage proteins as well as those promoters active during
seed germination. See, Thompson, et al., (1989) BioEssays
10:108, herein incorporated by reference. Such seed-pre-
ferred promoters include, but are not limited to, Ciml
(cytokinin-induced message); cZ19B1 (maize 19 kDa zein);
milps (myo-inositol-1-phosphate synthase) (see, WO 2000/
11177 and U.S. Pat. No. 6,225,529, herein incorporated by
reference). Gamma-zein is an endosperm-specific promoter.
Globulin-1 (Glob-1) is a representative embryo-specific
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promoter. For dicots, seed-specific promoters include, but
are not limited to, bean f-phaseolin, napin, p-conglycinin,
soybean lectin, cruciferin, and the like. For monocots,
seed-specific promoters include, but are not limited to,
maize 15 kDa zein, 22 kDa zein, 27 kDa zein, gamma-zein,
waxy, shrunken 1, shrunken 2, globulin 1, etc. See also, WO
2000/12733, where seed-preferred promoters from end1 and
end2 genes are disclosed; herein incorporated by reference.
Additional embryo specific promoters are disclosed in Sato,
et al., (1996) Proc. Natl. Acad. Sci. 93:8117-8122; Nakase,
etal., (1997) Plant J 12:235-46 and Postma-Haarsma, et al.,
(1999) Plant Mol. Biol. 39:257-71. Additional endosperm
specific promoters are disclosed in Albani, et al., (1984)
EMBO 3:1405-15; Albani, et al., (1999) Theor. Appl. Gen.
98:1253-62; Albani, et al., (1993) Plant J. 4:343-55; Mena,
et al., (1998) The Plant Journal 116:53-62 and Wu, et al.,
(1998) Plant Cell Physiology 39:885-889.

Dividing cell or meristematic tissue-preferred promoters
have been disclosed in Ito, et al., (1994) Plant Mol. Biol.
24:863-878; Reyad, et al., (1995) Mo. Gen. Genet. 248:703-
711; Shaul, et al,, (1996) Proc. Natl. Acad. Sci. 93:4868-
4872; Tto, et al., (1997) Plant J. 11:983-992; and Trehin, et
al., (1997) Plant Mol. Biol. 35:667-672.

Stress inducible promoters include salt/water stress-in-
ducible promoters such as PSCS (Zang, et al., (1997) Plant
Sciences 129:81-89); cold-inducible promoters, such as,
corl5a (Hajela, et al., (1990) Plant Physiol. 93:1246-1252),
corl5b (Wlihelm, et al., (1993) Plant Mol Biol 23:1073-
1077), wsc120 (Ouellet, et al., (1998) FEBS Lett. 423-324-
328), ci7 (Kirch, et al., (1997) Plant Mol. Biol. 33:897-909),
ci21A (Schneider, et al., (1997) Plant Physiol. 113:335-45);
drought-inducible promoters, such as, Trg-31 (Chaudhary, et
al., (1996) Plant Mol. Biol. 30:1247-57), rd29 (Kasuga, et
al.,, (1999) Nature Biotechnology 18:287-291); osmotic
inducible promoters, such as, Rab17 (Vilardell, et al., (1991)
Plant Mol. Biol. 17:985-93) and osmotin (Raghothama, et
al., (1993) Plant Mol Biol 23:1117-28) and heat inducible
promoters, such as, heat shock proteins (Barros, et al.,
(1992) Plant Mol. 19:665-75; Marrs, et al., (1993) Dev.
Genet. 14:27-41) and smHSP (Waters, et al., (1996) J.
Experimental Botany 47:325-338). Other stress-inducible
promoters include rip2 (U.S. Pat. No. 5,332,808 and US
Patent Application Publication Number 2003/0217393) and
rp29a (Yamaguchi-Shinozaki, et al., (1993) Mol. Gen.
Genetics 236:331-340).

As discussed elsewhere herein, the expression cassettes
comprising male fertility polynucleotides may be stacked
with other polynucleotides of interest. Any polynucleotide
of interest may be stacked with the male fertility polynucle-
otide, including for example, male-gamete-disruptive poly-
nucleotides and marker polynucleotides.

Male fertility polynucleotides disclosed herein may be
stacked in or with expression cassettes comprising a pro-
moter operably linked to a polynucleotide which is male-
gamete-disruptive; that is, a polynucleotide which interferes
with the function, formation, or dispersal of male gametes.
A male-gamete-disruptive polynucleotide can operate to
prevent function, formation, or dispersal of male gametes by
any of a variety of methods. By way of example but not
limitation, this can include use of polynucleotides which
encode a gene product such as DAM-methylase or barnase
(see, for example, U.S. Pat. No. 5,792,853 or U.S. Pat. No.
5,689,049; PCT/EP89/00495); encode a gene product which
interferes with the accumulation of starch or affects osmotic
balance in pollen (see, for example, U.S. Pat. Nos. 7,875,
764; 8,013,218; 7,696,405); inhibit formation of a gene
product important to male gamete function, formation or
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dispersal (see, for example, U.S. Pat. Nos. 5,859,341; 6,297,
426); encode a gene product which combines with another
gene product to prevent male gamete formation or function
(see, U.S. Pat. Nos. 6,162,964; 6,013,859; 6,281,348; 6,399,
856; 6,248,935; 6,750,868; 5,792,853); are antisense to, or
cause co-suppression of, a gene critical to male gamete
function, formation, or dispersal (see, U.S. Pat. Nos. 6,184,
439; 5,728,926, 6,191,343; 5,728,558, 5,741,684); interfere
with expression of a male fertility polynucleotide through
use of hairpin formations (Smith, et al., (2000) Nature
407:319-320, WO 1999/53050 and WO 1998/53083;
Matzke, et al., (2001) Curr. Opin. Genet. Devel. 11:221-
227); see also, Scheid, et al., (2002) Proc. Natl. Acad. Sci.,
US4 99:13659-13662; Waterhouse and Helliwell, (2003)
Nature Reviews Genetics 4:29-38; Aufsaftz, et al., (2002)
Proc. Nat’l. Acad. Sci. 99(4):16499-16506; Sijen, et al.,
(2001) Curr. Biol. 11:436-440 or the like.

Male-gamete-disruptive polynucleotides include domi-
nant negative genes such as methylase genes and growth-
inhibiting genes. See, U.S. Pat. No. 6,399,856. Dominant
negative genes include diphtheria toxin A-chain gene
(Czako and An, (1991) Plant Physiol. 95:687-692; Green-
field, et al., (1983) PNAS 80:6853); cell cycle division
mutants such as CDC in maize (Colasanti, et al., (1991)
PNAS 88:3377-3381); the WT gene (Farmer, et al., (1994)
Mol. Genet. 3:723-728) and P68 (Chen, et al., (1991) PNAS
88:315-319).

Further examples of male-gamete-disruptive polynucle-
otides include, but are not limited to, pectate lyase gene pelE
from Erwinia chrysanthermi (Kenn, et al., (1986) J. Bacte-
riol. 168:595); CytA toxin gene from Bacillus thuringiensis
Israeliensis (McLean, et al., (1987) J. Bacteriol. 169:1017,
U.S. Pat. No. 4,918,006); DNAses, RNAses, proteases or
polynucleotides expressing anti-sense RNA. A male-gam-
ete-disruptive polynucleotide may encode a protein involved
in inhibiting pollen-stigma interactions, pollen tube growth,
fertilization, or a combination thereof.

Male fertility polynucleotides disclosed herein may be
stacked with expression cassettes disclosed herein compris-
ing a promoter operably linked to a polynucleotide of
interest encoding a reporter or marker product. Examples of
suitable reporter polynucleotides known in the art can be
found in, for example, Jefferson, et al., (1991) in Plant
Molecular Biology Manual, ed. Gelvin et al. (Kluwer Aca-
demic Publishers), pp. 1-33; DeWet, et al., (1987) Mol. Cell.
Biol. 7:725-737; Goff, et al., (1990) EMBO J. 9:2517-2522;
Kain, et al., (1995) BioTechniques 19:650-655 and Chiu, et
al., (1996) Current Biology 6:325-330. In certain embodi-
ments, the polynucleotide of interest encodes a selectable
reporter. These can include polynucleotides that confer
antibiotic resistance or resistance to herbicides. Examples of
suitable selectable marker polynucleotides include, but are
not limited to, genes encoding resistance to chlorampheni-
col, methotrexate, hygromycin, streptomycin, spectinomy-
cin, bleomycin, sulfonamide, bromoxynil, glyphosate and
phosphinothricin.

In some embodiments, the expression cassettes disclosed
herein comprise a polynucleotide of interest encoding
scorable or screenable markers, where presence of the
polynucleotide produces a measurable product. Examples
include a p-glucuronidase, or uidA gene (GUS), which
encodes an enzyme for which various chromogenic sub-
strates are known (for example, U.S. Pat. Nos. 5,268,463
and 5,599,670); chloramphenicol acetyl transferase, and
alkaline phosphatase. Other screenable markers include the
anthocyanin/flavonoid  polynucleotides including, for
example, a R-locus polynucleotide, which encodes a product
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that regulates the production of anthocyanin pigments (red
color) in plant tissues, the genes which control biosynthesis
of flavonoid pigments, such as the maize C1 and C2, the B
gene, the p1 gene, and the bronze locus genes, among others.
Further examples of suitable markers encoded by polynucle-
otides of interest include the cyan fluorescent protein (CYP)
gene, the yellow fluorescent protein gene, a lux gene, which
encodes a luciferase, the presence of which may be detected
using, for example, X-ray film, scintillation counting, fluo-
rescent spectrophotometry, low-light video cameras, photon
counting cameras or multiwell luminometry, a green fluo-
rescent protein (GFP) and DsRed2 (Clontechniques, 2001)
where plant cells transformed with the marker gene are red
in color, and thus visually selectable. Additional examples
include a p-lactamase gene encoding an enzyme for which
various chromogenic substrates are known (e.g., PADAC, a
chromogenic cephalosporin), a xylE gene encoding a cat-
echol dioxygenase that can convert chromogenic catechols,
an a-amylase gene and a tyrosinase gene encoding an
enzyme capable of oxidizing tyrosine to DOPA and dopa-
quinone, which in turn condenses to form the easily detect-
able compound melanin.

The expression cassette can also comprise a selectable
marker gene for the selection of transformed cells. Select-
able marker genes are utilized for the selection of trans-
formed cells or tissues. Marker genes include genes encod-
ing antibiotic resistance, such as those encoding neomycin
phosphotransferase II (NEO) and hygromycin phospho-
transferase (HPT), as well as genes conferring resistance to
herbicidal compounds, such as glufosinate ammonium, bro-
moxynil, imidazolinones and 2,4-dichlorophenoxyacetate
(2,4-D). Additional selectable markers include phenotypic
markers such as f-galactosidase and fluorescent proteins
such as green fluorescent protein (GFP) (Su, et al., (2004)
Biotechnol Bioeng 85:610-9 and Fetter, et al., (2004) Plant
Cell 16:215-28), cyan florescent protein (CYP) (Bolte, et al.,
(2004) J. Cell Science 117:943-54 and Kato, et al., (2002)
Plant Physiol 129:913-42) and yellow florescent protein
(PhiYFP™ from Evrogen, see, Bolte, et al., (2004) J. Cell
Science 117:943-54). For additional selectable markers, see
generally, Yarranton, (1992) Curr. Opin. Biotech. 3:506-511;
Christopherson, et al., (1992) Proc. Natl. Acad. Sci. USA
89:6314-6318; Yao, et al., (1992) Cell 71:63-72; Reznikoff,
(1992) Mol. Microbiol. 6:2419-2422; Barkley, et al., (1980)
in The Operon, pp. 177-220; Hu, et al., (1987) Cell 48:555-
566; Brown, et al., (1987) Cell 49:603-612; Figge, et al.,
(1988) Cell 52:713-722; Deuschle, et al., (1989) Proc. Natl.
Acad. Aci. USA 86:5400-5404; Fuerst, et al., (1989) Proc.
Natl. Acad. Sci. USA 86:2549-2553; Deuschle, et al., (1990)
Science 248:480-483; Gossen, (1993) Ph.D. Thesis, Univer-
sity of Heidelberg; Reines, et al., (1993) Proc. Natl. Acad.
Sci. US4 90:1917-1921; Labow, et al., (1990) Mol. Cell.
Biol. 10:3343-3356; Zambretti, et al., (1992) Proc. Natl.
Acad. Sci. USA 89:3952-3956; Baim, et al., (1991) Proc.
Natl. Acad. Sci. USA 88:5072-5076; Wyborski, et al., (1991)
Nucleic Acids Res. 19:4647-4653; Hillenand-Wissman,
(1989) Topics Mol. Struc. Biol. 10:143-162; Degenkolb, et
al., (1991) Antimicrob. Agents Chemother. 35:1591-1595;
Kleinschnidt, et al.,, (1988) Biochemistry 27:1094-1104;
Bonin, (1993) Ph.D. Thesis, University of Heidelberg; Gos-
sen, et al., (1992) Proc. Natl. Acad. Sci. USA 89:5547-5551;
Oliva, et al., (1992) Antimicrob. Agents Chemother. 36:913-
919; Hlavka, et al., (1985) Handbook of Experimental
Pharmacology, Vol. 78 (Springer-Verlag, Berlin); Gill, et al.,
(1988) Nature 334:721-724. Such disclosures are herein
incorporated by reference. The above list of selectable
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marker genes is not meant to be limiting. Any selectable
marker gene can be used in the compositions and methods
disclosed herein.

In some embodiments, the expression cassettes disclosed
herein comprise a first polynucleotide of interest encoding a
male fertility polynucleotide operably linked to a first pro-
moter polynucleotide, stacked with a second polynucleotide
of interest encoding a male-gamete-disruptive gene product
operably linked to a male tissue-preferred promoter poly-
nucleotide. In other embodiments, the expression cassettes
described herein may also be stacked with a third polynucle-
otide of interest encoding a marker polynucleotide operably
linked to a third promoter polynucleotide.

In specific embodiments, the expression cassettes dis-
closed herein comprise a first polynucleotide of interest
encoding a wheat male fertility gene disclosed herein oper-
ably linked to a promoter, which may be a tissue-preferred
or constitutive promoter, such as the cauliflower mosaic
virus (CaMV) 35S promoter. The expression cassettes may
further comprise a second polynucleotide of interest encod-
ing a male-gamete-disruptive gene product operably linked
to a male tissue-preferred promoter. In certain embodiments,
the expression cassettes disclosed herein may further com-
prise a third polynucleotide of interest encoding a marker
gene, such as the phosphinothricin acetyltransferase (PAT)
gene from Streptomyces viridochomagenes operably linked
to a constitutive promoter, such as the cauliflower mosaic
virus (CaMV) 35S promoter.

IV. Plants

A. Plants Having Altered Levels/Activity of Male Fertil-
ity Polypeptide

Further provided are plants having altered levels and/or
activities of a male fertility polypeptide and/or altered levels
of male fertility. In some embodiments, the plants disclosed
herein have stably incorporated into their genomes a heter-
ologous male fertility polynucleotide, or active fragments or
variants thereof, as disclosed herein. Thus, plants, plant
cells, plant parts, and seeds are provided which comprise at
least one heterologous male fertility polynucleotide as set
forth in any one of SEQID NO: 1,2,3,4,5,6,7,8, 9, 10,
11, 12 or 13 or any useful fragments or variants disclosed
herein.

Plants are further provided comprising the expression
cassettes disclosed herein comprising a male fertility poly-
nucleotide operably linked to a promoter that is active in the
plant. In some embodiments, expression of the male fertility
polynucleotide modulates male fertility of the plant. In
certain embodiments, expression of the male fertility poly-
nucleotide increases male fertility of the plant. For example,
plants are provided comprising an expression cassette com-
prising an MS45 polynucleotide as set forth in SEQ ID NO:
8, or an active fragment or variant thereof, operably linked
to a promoter. Upon expression of the Ms45 polynucleotide,
male fertility of the plant is increased.

In certain embodiments, expression cassettes comprising
a heterologous male fertility polynucleotide as disclosed
herein, or an active fragment or variant thereof, operably
linked to a promoter active in a plant, are provided to a male
sterile plant. Upon expression of the heterologous male
fertility polynucleotide, the male fertility of the plant is
restored. In specific embodiments, the plants disclosed
herein comprise an expression cassette comprising a heter-
ologous male fertility polynucleotide as disclosed herein, or
an active fragment or variant thereof, operably linked to a
promoter, stacked with one or more expression cassettes
comprising a polynucleotide of interest operably linked to a
promoter active in the plant. For example, the stacked
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polynucleotide of interest can comprise a male-gamete-
disruptive polynucleotide and/or a marker polynucleotide.

Plants disclosed herein may also comprise stacked expres-
sion cassettes described herein comprising at least two
polynucleotides such that the at least two polynucleotides
are inherited together in more than 50% of meioses, i.e., not
randomly. Accordingly, when a plant or plant cell compris-
ing stacked expression cassettes with two polynucleotides
undergoes meiosis, the two polynucleotides segregate into
the same progeny (daughter) cell. In this manner, stacked
polynucleotides will likely be expressed together in any cell
for which they are present. For example, a plant may
comprise an expression cassette comprising a male fertility
polynucleotide stacked with an expression cassette compris-
ing a male-gamete-disruptive polynucleotide such that the
male fertility polynucleotide and the male-gamete-disrup-
tive polynucleotide are inherited together. Specifically, a
male sterile plant could comprise an expression cassette
comprising a male fertility polynucleotide disclosed herein
operably linked to a constitutive promoter, stacked with an
expression cassette comprising a male-gamete-disruptive
polynucleotide operably linked to a male tissue-preferred
promoter, such that the plant produces mature pollen grains.
However, in such a plant, development of the daughter
pollen cells comprising the male fertility polynucleotide will
be impacted by expression of the male-gamete-disruptive
polynucleotide.

B. Plants and Methods of Introduction

As used herein, the term plant includes plant cells, plant
protoplasts, plant cell tissue cultures from which a plant can
be regenerated, plant calli, plant clumps and plant cells that
are intact in plants or parts of plants such as embryos, pollen,
ovules, seeds, leaves, flowers, branches, fruit, kernels, ears,
cobs, husks, stalks, roots, root tips, anthers, grain and the
like. As used herein “grain” is intended the mature seed
produced by commercial growers for purposes other than
growing or reproducing the species. Progeny, variants and
mutants of the regenerated plants are also included within
the scope of the disclosure, provided that these parts com-
prise the introduced nucleic acid sequences.

The methods disclosed herein comprise introducing a
polypeptide or polynucleotide into a plant cell. “Introduc-
ing” is intended to mean presenting to the plant the poly-
nucleotide or polypeptide in such a manner that the sequence
gains access to the interior of a cell. The methods disclosed
herein do not depend on a particular method for introducing
a sequence into the host cell, only that the polynucleotide or
polypeptides gains access to the interior of at least one cell
of the host. Methods for introducing polynucleotide or
polypeptides into host cells (i.e., plants) are known in the art
and include, but are not limited to, stable transformation
methods, transient transformation methods, and virus-me-
diated methods. In some embodiments, a polynucleotide is
introduced to a plant by sexual cross to another plant. For
example, pollen comprising a polynucleotide of interest is
transferred to the stigma of a receptor plant, to produce
progeny comprising the polynucleotide of interest.

“Stable transformation” is intended to mean that the
nucleotide construct introduced into a host (i.e., a plant)
integrates into the genome of the plant and is capable of
being inherited by the progeny thereof. “Transient transfor-
mation” is intended to mean that a polynucleotide is intro-
duced into the host (i.e., a plant) and expressed temporally
or a polypeptide is introduced into a host (i.e., a plant).

Transformation protocols as well as protocols for intro-
ducing polypeptides or polynucleotide sequences into plants
may vary depending on the type of plant or plant cell, i.e.,



US 9,803,214 B2

17

monocot or dicot, targeted for transformation. Suitable
methods of introducing polypeptides and polynucleotides
into plant cells include microinjection (Crossway, et al.,
(1986) Biotechniques 4:320-334), electroporation (Riggs, et
al., (1986) Proc. Natl. Acad. Sci. USA 83:5602-5606, Agro-
bacterium-mediated transformation (Townsend, et al., U.S.
Pat. No. 5,563,055; Zhao, et al., U.S. Pat. No. 5,981,840),
direct gene transfer (Paszkowski, et al., (1984) EMBO J.
3:2717-2722), and ballistic particle acceleration (see, for
example, Sanford, et al., U.S. Pat. No. 4,945,050; Tomes, et
al., U.S. Pat. No. 5,879,918; Tomes, et al., U.S. Pat. No.
5,886,244, Bidney, et al., U.S. Pat. No. 5,932,782; Tomes, et
al., (1995) “Direct DNA Transfer into Intact Plant Cells via
Microprojectile Bombardment,” in Plant Cell, Tissue, and
Organ Culture: Fundamental Methods, ed. Gamborg and
Phillips (Springer-Verlag, Berlin); McCabe, et al., (1988)
Biotechnology 6:923-926) and Lecl transformation (WO
2000/28058). Also see, Weissinger, et al., (1988) Ann. Rev.
Genet. 22:421-477; Sanford, et al., (1987) Particulate Sci-
ence and Technology 5:27-37 (onion); Christou, et al.,
(1988) Plant Physiol. 87:671-674 (soybean); McCabe, et al.,
(1988) Bio/Technology 6:923-926 (soybean); Finer and
McMullen, (1991) In Vitro Cell Dev. Biol. 27P:175-182
(soybean); Singh, et al., (1998) Theor. Appl. Genet. 96:319-
324 (soybean); Datta, et al., (1990) Biotechnology 8:736-
740 (rice); Klein, et al., (1988) Proc. Natl. Acad. Sci. USA
85:4305-4309 (maize); Klein, et al., (1988) Biotechnology
6:559-563 (maize); Tomes, U.S. Pat. No. 5,240,855; Buis-
ing, et al., U.S. Pat. Nos. 5,322,783 and 5,324,646; Tomes,
et al., (1995) “Direct DNA Transfer into Intact Plant Cells
via Microprojectile Bombardment,” in Plant Cell, Tissue,
and Organ Culture: Fundamental Methods, ed. Gamborg
(Springer-Verlag, Berlin) (maize); Klein, et al., (1988) Plant
Physiol. 91:440-444 (maize); Fromm, et al., (1990) Biotech-
nology 8:833-839 (maize); Hooykaas-Van Slogteren, et al.,
(1984) Nature (London) 311:763-764; Bowen, et al., U.S.
Pat. No. 5,736,369 (cereals); Bytebier, et al., (1987) Proc.
Natl. Acad. Sci. USA 84:5345-5349 (Liliaceae); De Wet, et
al.,, (1985) in The Experimental Manipulation of Ovule
Tissues, ed. Chapman, et al., (Longman, N.Y.), pp. 197-209
(pollen); Kaeppler, et al., (1990) Plant Cell Reports 9:415-
418 and Kaeppler, et al., (1992) Theor. Appl. Genet. 84:560-
566 (whisker-mediated transformation); D’Halluin, et al.,
(1992) Plant Cell 4:1495-1505 (electroporation); Li, et al.,
(1993) Plant Cell Reports 12:250-255 and Christou and
Ford, (1995) Annals of Botany 75:407-413 (rice); Osjoda, et
al., (1996) Nature Biotechnology 14:745-750 (maize via
Agrobacterium tumefaciens), all of which are herein incor-
porated by reference.

Wheat transformation protocols are available to one of
skill in the art. See, for example, He, et al., (2010) J. Exp.
Botany 61(6):1567-1581; Wu, et al., (2008) Transgenic Res.
17:425-436; Nehra, et al., (1994) Plant J. 5(2):285-297,
Rasco-Gaunt, et al., (2001) J. Exp. Botany 52(357):865-874;
Razzagq, et al., (2011) African J. Biotech. 10(5):740-750. See
also, Tamas-Nyitrai, et al., (2012) Plant Cell Culture Pro-
tocols, Methods in Molecular Biology 877:357-384.

In specific embodiments, the male fertility polynucle-
otides or expression cassettes disclosed herein can be pro-
vided to a plant using a variety of transient transformation
methods. Such transient transformation methods include,
but are not limited to, the introduction of the male fertility
polypeptide or variants and fragments thereof directly into
the plant or the introduction of a male fertility transcript into
the plant. Such methods include, for example, microinjec-
tion or particle bombardment. See, for example, Crossway,
et al., (1986) Mol Gen. Genet. 202:179-185; Nomura, et al.,
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(1986) Plant Sci. 44:53-58; Hepler, et al., (1994) Proc. Natl.
Acad. Sci. 91: 2176-2180 and Hush, et al., (1994) Tke
Journal of Cell Science 107:775-784, all of which are herein
incorporated by reference. Alternatively, the male fertility
polynucleotide or expression cassettes disclosed herein can
be transiently transformed into the plant using techniques
known in the art. Such techniques include viral vector
system and the precipitation of the polynucleotide in a
manner that precludes subsequent release of the DNA. Thus,
the transcription from the particle-bound DNA can occur,
but the frequency with which it is released to become
integrated into the genome is greatly reduced. Such methods
include the use of particles coated with polyethylimine (PEI;
Sigma #P3143).

In other embodiments, the male fertility polynucleotides
or expression cassettes disclosed herein may be introduced
into plants by contacting plants with a virus or viral nucleic
acids. Generally, such methods involve incorporating a
nucleotide construct of disclosed herein within a viral DNA
or RNA molecule. It is recognized that a male fertility
sequence disclosed herein may be initially synthesized as
part of a viral polyprotein, which later may be processed by
proteolysis in vivo or in vitro to produce the desired recom-
binant protein. Methods for introducing polynucleotides into
plants and expressing a protein encoded therein, involving
viral DNA or RNA molecules, are known in the art. See, for
example, U.S. Pat. Nos. 5,889,191, 5,889,190, 5,866,785,
5,589,367, 5,316,931 and Porta, et al., (1996) Molecular
Biotechnology 5:209-221, herein incorporated by reference.

Methods are known in the art for the targeted insertion of
a polynucleotide at a specific location in the plant genome.
In one embodiment, the insertion of the polynucleotide at a
desired genomic location is achieved using a site-specific
recombination system. See, for example, WO 1999/25821,
WO 1999/25854, WO 1999/25840, WO 1999/25855 and
WO 1999/25853, all of which are herein incorporated by
reference. Briefly, the polynucleotide disclosed herein can
be contained in transfer cassette flanked by two non-iden-
tical recombination sites. The transfer cassette is introduced
into a plant having stably incorporated into its genome a
target site which is flanked by two non-identical recombi-
nation sites that correspond to the sites of the transfer
cassette. An appropriate recombinase is provided and the
transfer cassette is integrated at the target site. The poly-
nucleotide of interest is thereby integrated at a specific
chromosomal position in the plant genome.

The cells that have been transformed may be grown into
plants in accordance with conventional ways. These are
referred to as TO plants. See, for example, McCormick, et
al., (1986) Plant Cell Reports 5:81-84. These plants may
then be grown, and pollinated with either the same trans-
formed strain or different strains, and the resulting progeny
having desired expression of the desired phenotypic char-
acteristic identified. Two or more generations (e.g., T1, T2,
T3) may be grown to ensure that expression of the desired
phenotypic characteristic is stably maintained and inherited
and then seeds harvested to ensure expression of the desired
phenotypic characteristic has been achieved. In this manner,
the present disclosure provides transformed seed (also
referred to as “transgenic seed”) having a male fertility
polynucleotide disclosed herein, for example, an expression
cassette disclosed herein, stably incorporated into their
genome. Seed comprising any expression cassette disclosed
herein can be sorted based on size parameters, including but
not limited to, seed length, seed width, seed density, seed
color, or any combination thereof.
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The male fertility polynucleotides and expression cas-
settes disclosed herein may be used for transformation of
any plant species, including, but not limited to, monocots
and dicots. Examples of plant species of interest include, but
are not limited to, corn (Zea mays), Brassica sp. (e.g., B.
napus, B. rapa, B. juncea), alfalfa (Medicago sativa), rice
(Oryza sativa), rye (Secale cereale), sorghum (Sorghum
bicolor, Sorghum vulgare), millet (e.g., pearl millet (Penn-
isetum glaucum), proso millet (Panicum miliaceum), foxtail
millet (Setaria italica), finger millet (Eleusine coracana),
sunflower (Helianthus annuus), safflower (Carthamus tinc-
torius), wheat (Triticum aestivum), soybean (Glycine max),
tobacco (Nicotiana tabacum), potato (Solanum tuberosum),
peanuts (Arachis hypogaea), cotton (Gossypium bar-
badense, Gossypium hirsutum), sweet potato (Ipomoea
batatus), cassava (Manihot esculenta), coftee (Coffea spp.),
coconut (Cocos nucifera), pineapple (Arnanas comosus),
citrus trees (Citrus spp.), cocoa (Theobroma cacao), tea
(Camellia sinensis), banana (Musa spp.), avocado (Persea
americana), fig (Ficus casica), guava (Psidium guajava),
mango (Mangifera indica), olive (Olea europaea), papaya
(Carica papaya), cashew (Anacardium occidentale), maca-
damia (Macadamia integrifolia), almond (Prunus amygd-
alus), sugar beets (Beta vulgaris), sugarcane (Saccharum
spp.), oats, barley, vegetables, ornamentals, grasses and
conifers.

In particular embodiments, wheat plants are used in the
methods and compositions disclosed herein. As used herein,
the term “wheat” refers to any species of the genus Triticum,
including progenitors thereof, as well as progeny thereof
produced by crosses with other species. Wheat includes
“hexaploid wheat” which has genome organization of
AABBDD, comprised of 42 chromosomes, and “tetraploid
wheat” which has genome organization of AABB, com-
prised of 28 chromosomes. Hexaploid wheat includes 7.
aestivum, 1. spelta, T. mocha, T. compactum, T. sphaero-
coccum, T. vavilovii and interspecies cross thereof. Tetra-
ploid wheat includes 7. durum (also referred to as durum
wheat or Triticum turgidum ssp. durum), 1. dicoccoides, T.
dicoccum, 1. polonicum and interspecies cross thereof. In
addition, the term “wheat” includes possible progenitors of
hexaploid or tetraploid Triticum sp. such as 1. wartu, 1.
monococcum or 1. boeoticum for the A genome, Aegilops
speltoides for the B genome, and 7. tauschii (also known as
Aegilops squarrosa or Aegilops tauschii) for the D genome.
A wheat cultivar for use in the present disclosure may belong
to, but is not limited to, any of the above-listed species. Also
encompassed are plants that are produced by conventional
techniques using Triticum sp. as a parent in a sexual cross
with a non-Triticum species, such as rye Secale cereale,
including but not limited to Triticale. In some embodiments,
the wheat plant is suitable for commercial production of
grain, such as commercial varieties of hexaploid wheat or
durum wheat, having suitable agronomic characteristics
which are known to those skilled in the art.

Vegetables include tomatoes (Lycopersicon esculentum),
lettuce (e.g., Lactuca sativa), green beans (Phaseolus vul-
garis), lima beans (Phaseolus limensis), peas (Lathyrus
spp.) and members of the genus Cucumis such as cucumber
(C. sativus), cantaloupe (C. cantalupensis), and musk melon
(C. melo). Ornamentals include azalea (Rhododendron spp.),
hydrangea (Macrophylla hydrangea), hibiscus (Hibiscus
rosasanensis), roses (Rosa spp.), tulips (Tulipa spp.), dat-
fodils (Narcissus spp.), petunias (Petunia hybrida), carna-
tion (Dianthus caryophyllus), poinsettia (Euphorbia pul-
cherrima) and chrysanthemum.
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Conifers that may be employed in practicing the present
methods and compositions include, for example, pines such
as loblolly pine (Pinus taeda), slash pine (Pinus elliotii),
ponderosa pine (Pinus ponderosa), lodgepole pine (Pinus
contorta) and Monterey pine (Pinus radiata); Douglas-fir
(Pseudotsuga menziesii); Western hemlock (T5uga canaden-
sis); Sitka spruce (Picea glauca); redwood (Sequoia sem-
pervirens); true firs such as silver fir (4bies amabilis) and
balsam fir (4bies balsamea) and cedars such as Western red
cedar (Thuja plicata) and Alaska yellow-cedar (Chamaecy-
paris nootkatensis). In specific embodiments, plants dis-
closed herein are crop plants (for example, corn, alfalfa,
sunflower, Brassica, soybean, cotton, safflower, peanut, sor-
ghum, wheat, millet, tobacco, etc.). In other embodiments,
corn and soybean plants are optimal and in yet other
embodiments corn plants are optimal.

Other plants of interest include grain plants that provide
seeds of interest, oil-seed plants and leguminous plants.
Seeds of interest include grain seeds, such as corn, wheat,
barley, rice, sorghum, rye, etc. Oil-seed plants include
cotton, soybean, safflower, sunflower, Brassica, maize,
alfalfa, palm, coconut, etc. Leguminous plants include beans
and peas. Beans include guar, locust bean, fenugreek, soy-
bean, garden beans, cowpea, mungbean, lima bean, fava
bean, lentils, chickpea, etc.

Typically, an intermediate host cell will be used in the
practice of the methods and compositions disclosed herein to
increase the copy number of the cloning vector. With an
increased copy number, the vector containing the nucleic
acid of interest can be isolated in significant quantities for
introduction into the desired plant cells. In one embodiment,
plant promoters that do not cause expression of the poly-
peptide in bacteria are employed.

Prokaryotes most frequently are represented by various
strains of E. coli; however, other microbial strains may also
be used. Commonly used prokaryotic control sequences
which are defined herein to include promoters for transcrip-
tion initiation, optionally with an operator, along with ribo-
some binding sequences, include such commonly used pro-
moters as the beta lactamase (penicillinase) and lactose (lac)
promoter systems (Chang, et al., (1977) Nature 198:1056),
the tryptophan (trp) promoter system (Goeddel, et al., (1980)
Nucleic Acids Res. 8:4057) and the lambda derived P L
promoter and N-gene ribosome binding site (Shimatake, et
al.,, (1981) Nature 292:128). The inclusion of selection
markers in DNA vectors transfected in . coli. is also useful.
Examples of such markers include genes specifying resis-
tance to ampicillin, tetracycline, or chloramphenicol.

The vector is selected to allow introduction into the
appropriate host cell. Bacterial vectors are typically of
plasmid or phage origin. Appropriate bacterial cells are
infected with phage vector particles or transfected with
naked phage vector DNA. If a plasmid vector is used, the
bacterial cells are transfected with the plasmid vector DNA.
Expression systems for expressing a protein disclosed herein
are available using Bacillus sp. and Salmonella (Palva, et al.,
(1983) Gene 22:229-235); Mosbach, et al., (1983) Nature
302:543-545).

In some embodiments, the expression cassette or male
fertility polynucleotides disclosed herein are maintained in a
hemizygous state in a plant. Hemizygosity is a genetic
condition existing when there is only one copy of a gene (or
set of genes) with no allelic counterpart on the sister
chromosome. In certain embodiments, the expression cas-
settes disclosed herein comprise a first promoter operably
linked to a male fertility polynucleotide which is stacked
with a male-gamete-disruptive polynucleotide operably
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linked to a male tissue-preferred promoter, and such expres-
sion cassettes are introduced into a male sterile plant in a
hemizygous condition. When the male fertility polynucle-
otide is expressed, the plant is able to successfully produce
mature pollen grains because the male fertility polynucle-
otide restores the plant to a fertile condition. Given the
hemizygous condition of the expression cassette, only cer-
tain daughter cells will inherit the expression cassette in the
process of pollen grain formation. The daughter cells that
inherit the expression cassette containing the male fertility
polynucleotide will not develop into mature pollen grains
due to the male tissue-preferred expression of the stacked
encoded male-gamete-disruptive gene product. Those pollen
grains that do not inherit the expression cassette will con-
tinue to develop into mature pollen grains and be functional,
but will not contain the male fertility polynucleotide of the
expression cassette and therefore will not transmit the male
fertility polynucleotide to progeny through pollen.

V. Modulating the Concentration and/or Activity of Male
Fertility Polypeptides

A method for modulating the concentration and/or activity
of the male fertility polypeptides disclosed herein in a plant
is provided. The term “influences” or “modulates”, as used
herein with reference to the concentration and/or activity of
the male fertility polypeptides, refers to any increase or
decrease in the concentration and/or activity of the male
fertility polypeptides when compared to an appropriate
control. In general, concentration and/or activity of a male
fertility polypeptide disclosed herein is increased or
decreased by at least 1%, 5%, 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80% or 90% relative to a native control plant,
plant part, or cell. Modulation as disclosed herein may occur
during and/or subsequent to growth of the plant to the
desired stage of development. In specific embodiments, the
male fertility polypeptides disclosed herein are modulated in
monocots, particularly wheat.

A variety of methods can be employed to assay for
modulation in the concentration and/or activity of a male
fertility polypeptide. For instance, the expression level of the
male fertility polypeptide may be measured directly, for
example, by assaying for the level of the male fertility
polypeptide or RNA in the plant (i.e., Western or Northern
blot), or indirectly, for example, by assaying the male
fertility activity of the male fertility polypeptide in the plant.
Methods for measuring the male fertility activity are
described elsewhere herein. In specific embodiments, modu-
lation of male fertility polypeptide concentration and/or
activity comprises the modulation (i.e., an increase or a
decrease) in the level of male fertility polypeptide in the
plant. Methods to measure the level and/or activity of male
fertility polypeptides are known in the art and are discussed
elsewhere herein. In still other embodiments, the level
and/or activity of the male fertility polypeptide is modulated
in vegetative tissue, in reproductive tissue, or in both veg-
etative and reproductive tissue.

In one embodiment, the activity and/or concentration of
the male fertility polypeptide is increased by introducing the
polypeptide or the corresponding male fertility polynucle-
otide into the plant. Subsequently, a plant having the intro-
duced male fertility sequence is selected using methods
known to those of skill in the art such as, but not limited to,
Southern blot analysis, DNA sequencing, PCR analysis or
phenotypic analysis. In certain embodiments, marker poly-
nucleotides are introduced with the male fertility polynucle-
otide to aid in selection of a plant having or lacking the male
fertility polynucleotide disclosed herein. A plant or plant
part altered or modified by the foregoing embodiments is
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grown under plant forming conditions for a time sufficient to
modulate the concentration and/or activity of the male
fertility polypeptide in the plant. Plant forming conditions
are well known in the art.

As discussed elsewhere herein, many methods are known
the art for providing a polypeptide to a plant including, but
not limited to, direct introduction of the polypeptide into the
plant, or introducing into the plant (transiently or stably) a
polynucleotide construct encoding a male fertility polypep-
tide. It is also recognized that the methods disclosed herein
may employ a polynucleotide that is not capable of direct-
ing, in the transformed plant, the expression of a protein or
an RNA. Thus, the level and/or activity of a male fertility
polypeptide may be increased by altering the gene encoding
the male fertility polypeptide or its promoter. See, e.g.,
Kmiec, U.S. Pat. No. 5,565,350; Zarling, et al., PCT/US93/
03868. Therefore mutagenized plants that carry mutations in
male fertility genes, where the mutations increase expres-
sion of the male fertility gene or increase the activity of the
encoded male fertility polypeptide are provided.

In other embodiments, the concentration and/or activity of
a male fertility polypeptide is increased by introduction into
a plant of an expression cassette comprising a male fertility
polynucleotide (e.g. SEQ ID NO: 8 or 10), or an active
fragment or variant thereof, as disclosed elsewhere herein.
The male fertility polynucleotide may be operably linked to
promoter that is heterologous to the plant or native to the
plant. By increasing the concentration and/or activity of a
male fertility polypeptide in a plant, the male fertility of the
plant is likewise increased. Thus, the male fertility of a plant
can be increased by increasing the concentration and/or
activity of a male fertility polypeptide. For example, male
fertility can be restored to a male sterile plant by increasing
the concentration and/or activity of a male fertility polypep-
tide.

It is also recognized that the level and/or activity of the
polypeptide may be modulated by employing a polynucle-
otide that is not capable of directing, in a transformed plant,
the expression of a protein or an RNA. For example, the
polynucleotides disclosed herein may be used to design
polynucleotide constructs that can be employed in methods
for altering or mutating a genomic nucleotide sequence in an
organism. Such polynucleotide constructs include, but are
not limited to, RNA:DNA vectors, RNA:DNA mutational
vectors, RNA:DNA repair vectors, mixed-duplex oligo-
nucleotides, self-complementary RNA:DNA oligonucle-
otides, and recombinogenic oligonucleobases. Such nucleo-
tide constructs and methods of use are known in the art. See,
U.S. Pat. Nos. 5,565,350, 5,731,181; 5,756,325, 5,760,012,
5,795,972 and 5,871,984, all of which are herein incorpo-
rated by reference. See also, WO 1998/49350, WO 1999/
07865, WO 1999/25821 and Beetham, et al., (1999) Proc.
Natl. Acad. Sci. USA 96:8774-8778, herein incorporated by
reference. It is therefore recognized that methods disclosed
herein do not depend on the incorporation of the entire
polynucleotide into the genome, only that the plant or cell
thereof is altered as a result of the introduction of the
polynucleotide into a cell.

In one embodiment, the genome may be altered following
the introduction of the polynucleotide into a cell. For
example, the polynucleotide, or any part thereof, may incor-
porate into the genome of the plant. Alterations to the
genome disclosed herein include, but are not limited to,
additions, deletions, and substitutions of nucleotides into the
genome. While the methods disclosed herein do not depend
on additions, deletions and substitutions of any particular
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number of nucleotides, it is recognized that such additions,
deletions or substitutions comprises at least one nucleotide.

The article “a” and “an” are used herein to refer to one or
more than one (i.e., to at least one) of the grammatical object
of the article. By way of example, “an element” means one
or more element.

All publications and patent applications mentioned in the
specification are indicative of the level of those skilled in the
art to which this disclosure pertains. All publications and
patent applications are herein incorporated by reference to
the same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.

Although the foregoing invention has been described in
some detail by way of illustration and example for purposes
of clarity of understanding, it will be obvious that certain
changes and modifications may be practiced within the
scope of the appended claims.

TABLE 1

Summary of SEQ ID NOS

SEQ ID: Description

Wheat MS45 promoter_ 4AL

Wheat MS45 promoter_ 4BS

Wheat MS45 promoter_ 4DL

Wheat MS45 promoter consensus

Maize MS45 promoter fragment

Wheat pIR

PHP 54693 T-DNA

Rice MS45 genomic region used in PHP37034

9 Maize MS45 promoter region used in PHP 37034

- BEN G VRN NSV SR

10 Rice MS26 cds

11 Plant-optimized DAM

12 PHP 56791 T-DNA

13 PHP 54783 T-DNA

14 Maize/wheat consensus of FIG. 2

15 Wheat PRO/pIR consensus of FIG. 3

16 Full-length consensus of FIGS. 1A and 1B

EXPERIMENTAL

Example 1. Identification of Wheat MS45
Regulatory Region

This example demonstrates the identification of the wheat
DNA sequences that correspond to elements to control
expression of wheat MS45 in planta.

The 413 amino acid sequence of Zea mays MS45 (Cigan,
et al., (2001) Sex Plant Reprod. 14:135-142) was used to
search the wheat genomic 454 sequences, CerealsDB,
(Wilkenson, et al., (2012) BMC Bioinformatics 13:219) of
Chinese Spring wheat to identify and assembly contigs
containing wheat MS45 ortholog sequences. Three non-
identical contigs were assembled of approximately 1000
nucleotides, corresponding to sequences from 4Al, 4BS and
4DL corresponding hexaploid wheat Triticum aestivum
(SEQ ID NOS: 1, 2 and 3). Alignment of theses sequences
reveals high sequence identity across the three contigs from
wheat (FIG. 1). Similarly, alignment of a 500 bp region
containing a consensus sequence of the wheat promoters
(SEQ ID NO: 4) with the 500 bp region (SEQ ID NO: 5)
containing the ZmMS45 promoter region shows regions of
similarity extending to nearly 73% identity across nucleotide
positions 369-426 of the wheat and maize sequences, sug-
gesting conservation of regulatory elements between wheat
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and maize. Overall, 45% sequence identity is observed
across the entire 500 base pair region of wheat and maize
(FIG. 2).

A synthetic DNA sequence (SEQ ID NO: 6) was gener-
ated that contains 98% sequence identity to the wheat Ms45
consensus (FIG. 3). The synthetic wheat Ms45 promoter
inverted repeat sequence of SEQ ID NO: 6 was used in gene
suppression studies described in examples below.

Example 2. Promoter-Inverted-Repeat Expression
Affects Plant Fertility in Wheat

This example demonstrates that the fertility or fertility
potential of plants can be altered by expression of promoter
inverted repeat molecules (pIR) specific for the promoter of
a gene that encodes a protein involved in male fertility
pathway.

A promoter inverted repeat construct was generated by
linking a ubiquitin promoter to inverted repeats which
contained a portion of the wheat MS45 promoter (SEQ ID
NO: 6), including a NOS spacer segment between the
inverted repeat sequences. Nucleic acid molecules and
methods for preparing the vector PHP54693 were as previ-
ously described (Cigan, et al., (2005) Plant Journal 43:929-
940). SEQ ID NO: 7 contains the T-DNA sequence for
PHP54693. PHP54693 was introduced into wheat Fielder
variety by Agrobacterium-mediated transformation using
methods known in the art and referenced elsewhere herein.

Plants were grown in the greenhouse; transgene copy-
number was determined by quantitative polymerase chain
reaction (QPCR). Plants were grown to maturity and male
fertility phenotype was recorded. Results are shown in Table

TABLE 2
Male Fertility phenotype of transgenic wheat

plants containing PHP54693.

TOTAL SINGLE
PHP54693 EVENTS OR LOW COPY MULTI-COPY
MALE STERILE 36 20 16
MALE FERTILE 13 8 5

49

Suppression was sufficient to cause male-sterility in 73%
of'events. Both single-copy and multi-copy T-DNA insertion
events were male-sterile, at approximately equal frequency,
indicating that both single-copy and multi-copy insertion
events are effective.

Microscopic examination of anthers from several inde-
pendent PHP54693 plants revealed that these anthers lacked
pollen in contrast to similarly staged anthers from untrans-
formed Fielder plants. In addition, microspores isolated
from anthers of male sterile PHP54693 plants were observed
to break down after the quartet stage of development. This
observation is similar to the stage at which microspores from
male sterile maize ms45 mutants are observed to break
down. These results demonstrate that a pIR construct
directed to wheat MS45 promoter is capable of generating
male sterile wheat plants.

It is noted that the pIR of PHP54693 is driven by a
constitutive, heterologous promoter, i.e. ZmUBI. This dem-
onstrates that one of skill in the art may select from among
a wide range of promoters for use in the suppression
construct, including any promoter which provides expres-
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sion in the tissue wherein the target gene is expressed and in
which suppression is desired. In certain embodiments the
promoter may drive expression preferentially in one or more
male reproductive tissues.

Example 3. Expression of Exogenous MS45 Gene
Product Restores Fertility

This example demonstrates that male-sterile plants con-
taining a pIR construct targeting the wheat MS45 promoter
(PHP54693 T-DNA, SEQ ID NO: 7) can be restored to male
fertility when also containing an exogenous MS45 gene
construct.

Constructs were prepared containing an MS45 coding
sequence derived from rice (SEQ ID NO: 8) operably linked
to a heterologous maize Ms45 promoter (SEQ ID NO: 9).
This construct was introduced into wheat Fielder variety by
Agrobacterium-mediated transformation as described above.
Regenerated transformed wheat plants were grown in the
greenhouse. All regenerated PHP37034 wheat plants were
male fertile.

A wheat plant containing a single-copy PHP37034 TDNA
insertion (Male 1) was used as a pollen donor and crossed
onto two non-identical male sterile PHP54693 plants (Fe-
male 1 and Female 2). Seed was harvested from these
crosses, planted, and progeny genotyped for the presence of
PHP54693 and PHP37034 TDNA insertions by PCR. Plants
containing only PHP54693 or both TDNAs, PHP54693 and
PHP37034, were grown to maturity and male fertility phe-
notype recorded.

As shown in Table 3, Group 1 and 2 wheat plants
containing only PHP54693 did not contain pollen and were
male sterile (No Seed). In contrast, PHP54693 plants also
containing PHP37034 from both groups shed pollen and
were capable of self-fertilization (Seed). Seed number per
plant in PHP54693/PHP37034 progeny was similar to seed
numbers obtained from untransformed Fielder variety
plants.

TABLE 3
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Example 4. Use of Exogenous MS45 Gene
Products to Restore Fertility in PHP54693 Plants

The promoter expressing the rice MS45 gene in
PHP37034 can be derived from a source other than maize;
for example, the rice and Arabidopsis homologs of the maize
MS45, 5126, BS7 and MS26 genes, can be used, or any plant
promoter capable of transcribing MS45 such that expression
of'the transcription unit renders plants male fertile, including
a constitutive promoter. In certain respects, it is advanta-
geous to use non-wheat promoters to express the fertility-
restoring gene, such as the MS45 gene. For example, where
promoter inverted repeats from the same species reduce
target gene function such that the plant is non-viable or
non-reproductive, a promoter from a different species can be
used to transcriptionally express the complementing gene
function (e.g., MS45), thus circumventing this potential
problem. Alternatively, promoters natively associated with
genes other than MS45 may be used, provided that the
expression occurs at least in tissues in which complemen-
tation is desired, including male-tissue-preferred or consti-
tutive promoters from wheat or from other species. Further,
a native promoter, for example a wheat MS45 promoter, can
be used to drive the fertility-restoring gene if that native
promoter is sufficiently altered that it is not targeted by the
pIR.

In addition, the MS45 gene in PHP37034 can be from a
source other than rice, for example the maize or wheat MS45
coding region.

Taken together, the present Examples demonstrate that an
endogenous polyploid plant fertility gene can be inactivated
using promoter inverted repeat-mediated suppression, and
that a fertile phenotype can be restored in genotypically
sterile plants.

Male fertility phenotype of transgenic wheat plants containing Dominant sterility

construct PHP54693 and Restorer PHP37034.

Dominant Sterility Construct RESTORER

PLANT GROUP PHP54693

PHP37034 FEMALE MALE SEED SET
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These data provide the surprising result that in hexaploid
Fielder wheat, the A, B and D genome copies of the wheat
Ms45 promoter are suppressed by PHP54693, resulting in
loss of Ms45 expression and male sterile wheat. These
results further demonstrate that an exogenous MS45 gene
construct contained in PHP37034 is capable of restoring
fertility to hexaploid wheat plants containing the Dominant
male sterility construct PHP54693 which suppresses the
endogenous wheat MS45 gene.
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Example 5. Inbred Maintenance and Increase of
LOF-pIRmf Male Sterile Plants Using a
Hemizygous Maintainer

It would be advantageous to produce a pure line of male
sterile plants to allow for cross pollination with a different
inbred variety to produce hybrid seed. Generally, strategies
that incorporate dominant sterility as a means to invoke male
sterility cannot self-pollinate. This example provides such a
method.
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In some embodiments, when promoter inverted repeat
strategies are used to silence genes involved in male fertility
(Loss of Function: LOF-pIRmf{), supplying an exogenous
copy of the silenced gene restores male fertility. This is an
example of restoration of fertility by Gain of Function
(GOF-MF) (FIG. 4). As described previously, when silenc-
ing the wheat MS45 gene and restoring using an exogenous
source of the suppressed fertility gene, the female inbreds
are examples of LOF-pIRmf, while the male restorers are
examples of GOF-MF (FIG. 5).

It would be advantageous to generate an inbred main-
tainer population, to increase the male sterile inbred line. To
accomplish this, in one embodiment for wheat, the maize
MS45 promoter expressing the rice MS45 gene (GOF-MF)
is linked to the maize alpha amylase gene under control of
the maize PG47 promoter and linked to a DsRed2 gene
under control of the barley LTP2 promoter (see, e.g., U.S.
Pat. No. 5,525,716) and also carrying a PINII terminator
sequence (GOF-MF-AA-DsRED). This construct is trans-
formed directly into wheat by Agrobacterium-mediated
transformation. Wheat plants containing single-copy GOF-
MF-AA-DsRED cassette are emasculated and stigmas are
fertilized with pollen from male fertile plants containing
LOF-pIRmf and GOF-MF constructs. Seeds are harvested,
screening by PCR for plants or seeds containing only the
GOF-MF-AA-DsRED and LOF-pIRmf TDNA insertions.
These seeds are planted and plants are allowed to self-
pollinate. Red fluorescing seed from these selfed plants are
planted and progeny screened by QPCR for homozygous
LOF-pIRmf TDNA insertions. Seed from this generation of
progeny segregates at a frequency of 1:1 red and non-red
fluorescing. Red-fluorescing seed is hemizygous for GOF-
MF-AA-DsRED, homozygous for LOF-pIRmf, while non-
fluorescing seed is homozygous for LOF-pIRmf. Progeny of
the non-fluorescing seed are male sterile and can be used as
female inbreds during hybrid production. The red-fluoresc-
ing seed produce progeny (hemizygous for GOF-MF-AA-
DsRED; homozygous LOF-pIRmf) that can be used to
maintain and propagate the male sterile inbred.

Example 6. E. coli DNA
(Adenosine-N-6-)-Methyltransterase (DAM)
Expression Affects Plant Fertility in Wheat

This example demonstrates that the fertility or fertility
potential of wheat plants can be altered by expression of E.
coli DNA (Adenosine-N-6-)-Methyltransterase (DAM)
when under the control of the maize anther promoter 5126.

In maize, anther-directed expression of the £. col/i DAM
gene resulted in a high frequency of male sterile plants due
to disruption of normal tapetum function (Unger, et al.,
(2001) Trans Res 10:409-422). However, it was not known
whether expression of DAM in a polyploid plant would
result in male sterility.

Nucleic acid molecules and methods for preparing a
vector to express in wheat plants, PHP56791, are similar to
those previously described (Unger, et al., (2001) Trans Res
10:409-422). DNA sequence of the DAM gene was modified
for expression in plants (SEQ ID NO: 11). The optimized
DAM gene was placed under the transcriptional control of
the maize 5126 promoter (Unger, et al., (2001) Trans Res
10:409-422) to generate the plant transformation vector
PHP56791. (SEQ ID NO: 12) PHP56791 was introduced
into wheat Fielder variety by Agrobacterium-mediated
transformation methods similar to those described or refer-
enced elsewhere herein.
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Plants were grown in the greenhouse and transgene copy-
number was determined by quantitative polymerase chain
reaction (QPCR). Plants were grown to maturity and male
fertility phenotype was recorded. As shown in Table 4, of the
85 primary TO wheat transformants, 73 plants were male
sterile while 12 plants were male fertile. Microscopic exami-
nation of anthers from several independent PHP56791 plants
revealed that these anthers lacked pollen in contrast to
similarly staged anthers from untransformed Fielder plants.
In addition, anthers were consistently one-third to one-half
the size of fully-developed fertile anthers and did not contain
microspores beyond the early vacuolate stage of develop-
ment. The small size of the anthers and lack of pollen in
PHP56791 male sterile plants were similar to the male
sterility phenotypes observed in maize plants transformed
with anther-expressed DAM gene.

These results demonstrate that the plant optimized DAM
gene expressed from the maize anther promoter in
PHP56791 is capable of generating male sterile wheat
plants.

TABLE 4
Frequency of male sterility in plants containing PHP56791
TOTAL SINGLE
PHP56791 EVENTS OR LOW COPY MULTI-COPY
MALE STERILE 73 46 27
MALE FERTILE 12 8 4
85

Example 7. Preparation of Wheat Male Sterility
Restorer Lines and Restoration of Male Fertility to
PHP56791 Containing Wheat Plants

This example demonstrates that male-sterile plants con-
taining construct PHP56791 can be restored to male fertility
when also containing a promoter silencing construct.

In maize, promoter silencing constructs effectively tran-
scriptionally silence both endogenous and transformed pro-
moters in planta (Cigan, et al., (2005) Plant Journal 43:929-
940). This example was designed to test whether a promoter
inverted repeat designed to silence the maize anther pro-
moter, 5126, was capable of directing similar male sterility
phenotypes in wheat. In addition, if fertility was not
impacted by the maize 5126 promoter inverted repeat, the
experiment would determine whether this silencing cassette
could suppress the anther expression of the DAM gene in
PHP56791 transgenic wheat plants.

Nucleic acid molecules and methods for preparing the
plant vector PHP54783 capable of suppressing the maize
5126 promoter used to express the DAM gene in PHP56791
are essentially as described for PHP20089 (Cigan, et al.,
(2005) Plant Journal 43:929-940). PHP54783 (SEQ ID NO:
13) was introduced into wheat Fielder variety by Agrobac-
terium-mediated transformation methods similar to those
described or referenced elsewhere herein. Transformed
plants were regenerated from tissue culture and grown in the
greenhouse. Transgene copy-number was determined by
quantitative polymerase chain reaction (QPCR). Plants were
grown to maturity and male fertility phenotype was
recorded.

All plants containing only the PHP54783 TDNA inser-
tions were male fertile, suggesting that unlike expression of
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this pIR suppression cassette in maize, the Zm5126 pIR does
not result in male sterile wheat plants.

To determine whether the Zm5126 pIR silencing cassette
was capable of reversing the male sterility phenotype asso-
ciated with PHP56791, pollen from two non-identical
single-copy PHP54783 TDNA insertions (Male 1 and Male
2) were used to fertilize three non-identical, male sterile,
PHP56791 plants (Female 1, 3, 4). Seed was harvested from
these crosses, planted and progeny genotyped for the pres-
ence of PHP54783 and PHP56791 TDNA insertions by
PCR. Plants containing only PHP56791, or both PHP56791
and PHP54783, were grown to maturity and male fertility
phenotype recorded. As shown in Table 5, Group 1 and 4
wheat plants containing only PHP56791 did not contain
pollen and were male sterile (No Seed).

TABLE 5
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Taken together, the present Examples demonstrate that a
Dominant male sterility gene can be inactivated using pIR-
mediated suppression and that a fertile phenotype can be
restored in genotypically sterile plants.

Example 9. Inbred Maintenance and Increase of
LOF-DomMS Male Sterile Plants Using a
Hemizygous Maintainer

It would be advantageous to produce a pure line of male
sterile plants to allow for cross pollination with a different
inbred variety to produce hybrid seed. Generally, sterility
strategies that include dominant approaches prevent plants
from self-pollinating. This example provides such a method.

Male Fertility phenotype of transgenic wheat plants containing Dominant sterility

construct PHP56791 and Restorer PHP54783.

Dominant Sterility Construct RESTORER

PLANT GROUP PHP56791 PHP54783 FEMALE MALE SEED SET
1 1 + + 1 1 SEED
2 1 + 1 1 NO SEED
3 1 + 1 1 NO SEED
4 1 + 1 1 NO SEED
1 3 + + 3 1 SEED
1 4 + + 4 2 SEED
2 4 + + 4 2 SEED
3 4 + + 4 2 SEED
4 4 + 4 2 NO SEED
5 4 + 4 2 NO SEED
6 4 + 4 2 NO SEED

In contrast, PHP56791 plants also containing PHP54783
from Groups 1, 3 and 4 shed pollen and were capable of
self-fertilization (Seed). Seed number per plant in
PHP56791/PHP54783 progeny was similar to seed numbers
obtained from untransformed Fielder variety plants. These
results demonstrate that the Zea mays 5126 promoter
inverted repeat was capable of restoring fertility to wheat
plants containing the Dominant male sterility construct
PHP56791.

Example 8. Sources of Promoters and Gene
Products to Confer Male Sterility and Restore
Fertility in Wheat

The promoter expressing the E. coli DAM gene in
PHP56791 can be an anther-preferred promoter such as the
promoter of the maize MS45, BS7 or MS26 gene, or for
example, the promoter of the rice or Arabidopsis homolog of
the maize MS45, 5126, BS7 or MS26 gene, such that
expression by this plant promoter:DAM transcription unit
renders wheat plants male sterile. In certain respects, it is
advantageous to use non-wheat promoters to express the
DAM gene. For example, where promoter inverted repeats
from the same species have the potential to reduce target
promoter function such that the plant is non-viable or
non-reproductive, a promoter from a different species can be
used to transcriptionally express the dominant sterility gene
(e.g., DAM), thus circumventing this potential problem.

In addition, the E. coli DAM gene in PHP56791 can be
replaced by sources other than DAM, for example barnase
or another gene product that renders plants male sterile as a
result of reduced tapetum function or other disruption of
development of male reproductive tissue.

45
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In some embodiments, dominant male sterility is accom-
plished by the introduction of a construct comprising a
promoter driving a gene to express a gene product, such as
a protein or RNA, that causes male sterile plants due to
general or specific disruption of reproductive development,
such as anther development, tapetum development or
microspore function. In these Dominant Loss of Function
(LOF-DomMS) examples, restoration of fertility could be
accomplished by co-expressing an exogenous promoter
inverted repeat (pIR) construct that silences the promoter
(MSp) used to drive the Dominant sterility gene (MSpMS).
This is an example of restoration of fertility by Gain of
Function by promoter inverted repeats (GOF-pIRMSp)
(FIG. 6). As described previously, disrupting normal tape-
tum function by Zm5126:DAM (MSpMS) is an example of
the LOF-DomMS female inbred; restoration of fertility
using an exogenous source of the Zm5126pIR (pIRMSp) is
an example of GOF-pIRMSp (FIG. 7).

It would be advantageous to generate an inbred main-
tainer population which could be used to increase the male
sterile inbred line containing MSpMS. To accomplish this,
the GOF-pIRMSp is linked to the maize alpha amylase gene
under control of the PG47 promoter and linked to a DsRed2
gene under control of the barley LTP2 promoter (see, e.g.,
U.S. Pat. No. 5,525,716) and also carrying a PINII termi-
nator sequence (GOF-pIRMSp-AA-DsRED). This construct
is transformed directly into wheat by Agrobacterium-medi-
ated transformation. Wheat plants containing single-copy
GOF-pIRMSp-AA-DsRED cassette are emasculated and
stigmas are fertilized with pollen from male fertile plants
containing MSpMS/GOF-pIRMSp. Seeds are harvested,
screening by PCR for plants or seeds containing only the
GOF-pIRMSp-AA-DsRED and MSpMS TDNA insertions.
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Plants are allowed to self-pollinate. Red fluorescing seed
from these selfed plants are planted and progeny screened by
QPCR for homozygous MSpMS TDNA insertions. Seed
from this generation of progeny will segregate at a fre-
quency of 1:1 red and non-red fluorescing. Red fluorescing
seed is hemizygous for GOF-pIRMSp-AA-DsRED and
homozygous for MSpMS; while non-fluorescing seed is
homozygous for MSpMS. Progeny of the non-fluorescing
seed are male sterile and can be used as female inbreds
during hybrid production. The red fluorescing seed produce
progeny (hemizygous for GOF-pIRMSp-AA-DsRED;
homozygous for MSpMS) that would be used to propagate
the male sterile inbred. In the example above, the MSpMS
could be Zm5126DAM, while GOF-pIRMSp would corre-
spond to Zm5126pIR.

Example 10. Embodiments

1. A breeding pair of plants, comprising: a first plant and a
second plant, wherein the first plant comprises an exog-
enous nucleic acid molecule that when expressed sup-
presses the first plant’s GOF-MF gene (gain of function
male fertility gene) or the first plant’s promoter driving
the GOF-MF gene so that the first plant is male sterile, and
(b) a second plant, wherein the second plant expresses a
GOF-MF (gain of function male fertility) gene so that the
second plant is male-fertile and wherein the GOF-MF
gene in the second plant is able to restore male fertility
when the second plant is crossed with the first plant and
the resulting progeny are male fertile.

2. The pair of plants of embodiment 1, wherein the GOF-MF
gene is endogenous or exogenous to the second plant.
3. The pair of plants of embodiment 1, wherein the GOF-MF

gene is a MS45, MS26, or MS22 fertility gene.

4. The pair of plants of embodiment 1, wherein the GOF-MF
gene is from a monocot or dicot.

5. The pair of plants of embodiment 1, wherein the GOF-MF
gene is from wheat, maize, rice, sorghum, barley, rye,
Arabidopsis, soybean or sunflower.

6. The pair of plants of embodiment 1, wherein the exog-
enous nucleic acid molecule encodes a protein or is an
RNAi, microRNA, an antisense or hairpin molecule ele-
ment.

7. The pair of plants of embodiment 6, wherein in the first
plant the hairpin molecule suppresses expression of the
GOF-MF gene selected from the group consisting of:
wheat, maize, rice, sorghum, barley, rye, Arabidopsis,
soybean or sunflower MS45, MS26 or MS22 gene.

8. The pair of plants of embodiment 1, wherein the exog-
enous nucleic acid molecule is operably linked to a
promoter.

9. The pair of plants of embodiment 8, wherein the promoter
is an inducible promoter, a constitutive promoter, a tissue
preferred promoter, a temporally regulated promoter or an
element thereof.

10. The pair of plants of embodiment 8, wherein the pro-
moter is a ubiquitin promoter.

11. The pair of plants of embodiment 8, wherein the pro-
moter is a male reproductive tissue-preferred promoter.
12. The pair of plants of embodiment 1, wherein the GOF-
MF gene (gain of function male fertility gene) in plant 2
comprises a suppression element capable of suppressing
expression of the exogenous nucleic acid molecule sup-
pressing the GOF-MF gene or promoter driving the
GOF-MF gene in the first plant so that when plant 1 and
plant 2 are crossed the resulting progeny are male-fertile.
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13. The pair of plants of embodiment 12, wherein the
suppression element in the second plant encodes a protein
or is an RNAi, microRNA, an antisense or hairpin mol-
ecule element that silences the promoter driving the
exogenous nucleic acid or the exogenous nucleic acid
nucleic acid, thereby restoring fertility to the resulting
progeny.

14. The pair of plants of embodiment 12, wherein the
suppression element in the second plant is a hairpin that
targets the promoter driving the expression of the exog-
enous nucleic acid molecule, such that the resulting
progeny is male-fertile.

15. The pair of plants of embodiment 1, wherein the GOF-
MF gene in the second plant is a GOF-MF gene that is the
same as the GOF-MF gene being suppressed in the first
plant.

16. The pair of plants of embodiment 1, wherein the
sequence encoding the GOF-MF gene in the second plant
is a GOF-MF gene that is suppressed in the first plant, is
different than the GOF-MF gene in the first plant but is
capable of restoring fertility to progeny resulting from
crossing plant 1 with plant 2.

17. A method of restoring male fertility in a plant exhibiting
male sterility, comprising crossing the breeding pair of
plants of embodiment 1.

18. A method of restoring male fertility in a plant exhibiting
male sterility, comprising crossing the breeding pair of
plants of embodiment 6.

19. A plant produced by the method of embodiments 17 or
18, wherein said plant comprises an exogenous nucleic
acid molecule that when expressed, suppresses the plant’s
GOF-MF gene (gain of function male fertility gene) or the
plant’s promoter driving the GOF-MF gene and a second
plant, wherein the second plant expresses a GOF-MF
(gain of function male fertility) gene so that the plant is
male-fertile.

20. Cells of the plant of embodiment 19.

21. Seed or progeny of the plant of embodiment 19.

22. Seed or progeny of the plant of embodiment 19 com-
prising the GOF-MF gene and the exogenous nucleic acid
construct.

23. A method of generating a male-fertile plant, comprising
crossing the breeding pair of any of the embodiments of
1-16.

24. A plant produced by the method of embodiment 23.

25. A cell of the plant of embodiment 24.

26. Seed or progeny of the plant of embodiment 24.

27. A method of increasing male sterile seeds comprising:
(a) emasculating a first plant that is hemizygous for the

GOF-MF (gain of function male fertility) gene and
wherein the GOF-MF (gain of function male fertility)
gene is operably linked to a gene that disrupts the
function and/or development of male-reproductive tis-
sue and a marker gene;

(b) pollinating the first plant with pollen from a second
plant, wherein the plant is male fertile and comprising
an exogenous nucleic acid construct that targets the
second plant’s GOF-MF gene, and wherein the second
plant comprises a GOF-MF gene (gain of function male
fertility gene) that maintains fertility in the second
plant;

(c) harvesting seeds;

(d) selecting seeds comprising the GOF-MF (gain of
function male fertility) gene operably linked to the gene
that disrupts the function and/or development of male-
reproductive tissue and the marker gene and the exog-
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enous nucleic acid construct that targets the second
plant’s GOF-MF gene or promoter;

(e) planting the seeds from step (d);

(f) allowing the plants grown from the seeds of step (d) to
self-pollinate;

(g) harvesting seeds from the resulting progeny of step (f);

(h) selecting the seeds harvested in step (g) for seeds that
express the marker, wherein the seeds that express the
marker are hemizygous for the GOF-MF gene linked to
the gene that disrupts the function and/or development
of male-reproductive tissue and the marker gene and
homozygous for the exogenous nucleic acid;

(1) planting the seeds from step (h);

(j) allowing the plants grown from the seeds of step (i) to
self-pollinate;

(k) harvesting seeds from the resulting progeny of step (j);

(1) selecting seeds harvested in step (k) for seeds that are
homozygous for the exogenous nucleic acid construct
that targets the plant’s GOF-MF gene and do not
contain the marker gene.
28. A method of increasing male-sterile plants comprising:
a. pollinating plants grown from the seeds of step (1) of
embodiment 27 with pollen from the plant comprising
the GOF-MF (gain of function male fertility) gene
operably linked to the gene that disrupts the function
and/or development of male-reproductive tissue and
the marker gene and the exogenous nucleic acid con-
struct that targets the second plant’s GOF-gene; and

b. harvesting the seeds from the resulting progeny of step
(a) wherein the seeds that homozygous for the exog-
enous nucleic acid suppression molecule are male-
sterile and do not contain the marker gene.

29. The method of embodiment 28, wherein the gene that
disrupts the function and/or development of male-repro-
ductive tissue is alpha amylase or barnase.

30. The method of embodiment 28, wherein the marker gene
is a selectable or scorable marker.

31. A method of producing male-sterile female plants, the
method comprising:

a. planting the seeds from step (1) from the embodiment
of claim 27; and

b. allowing the seeds to grow into plants, wherein the
resulting plants are homozygous for the exogenous
nucleic acid construct and male-sterile.

32. A method of producing hybrid plant seed, comprising:
pollinating plants homozygous for the nucleic acid mol-

ecule that suppresses the GOF-MF gene or the pro-
moter driving the GOF-MF gene with a male fertile
plant.

33. A method of producing hybrid plant seed, comprising:
pollinating the male-sterile female plants of embodiment

31 with a male fertile plant.

34. Hybrid seed produced by the method of embodiments 32
or 33.

35. A method of obtaining a hybrid plant, comprising
growing the hybrid seed of embodiment 34.

36. A hybrid plant produced by the method of embodiment
35.

37. A breeding pair of plants, comprising: a first transgenic
plant and a second transgenic plant, wherein the first
transgenic plant is homozygous for an expressible exog-
enous nucleic acid molecule that when expressed sup-
presses the first plant’s GOF-MF gene or the promoter
driving the first plant’s GOF-MF gene so that the plant is
male-sterile; and wherein the second transgenic plant is
hemizygous for the GOF-MF gene operably linked to a
gene that disrupts the function and/or development of
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male-reproductive tissue and operably linked to a marker
and homozygous for an exogenous nucleic acid construct
that targets the second plant’s GOF-MF gene, that main-
tains fertility in the second plant.

38. The pair of plants of embodiment 37 wherein the
sequence encoding the GOF-MF gene in the second plant
is a homolog of the GOF-MF gene that is suppressed in
the first plant.

39. The pair of plants of embodiment 36, wherein the
GOF-MF gene is from a monocot or dicot.

40. The pair of plants of embodiment 36, wherein the
restorer gene is from wheat, maize, rice, sorghum, barley,
rye, soybean, Arabidopsis or sunflower.

41. The pair of plants of embodiment 36 wherein the
sequence encoding the GOF-MF gene in the second plant
is operably linked to a promoter.

42. The pair of plants of embodiment 41, wherein the
promoter driving the GOF-MF gene is from a different
species than the species of the promoter driving expres-
sion of the GOF-MF gene.

43. The pair of plants of embodiment 41, wherein the
promoter in the second plant is a MS45, MS26, 5126, BS7
or MS22 gene promoter.

44. The embodiments of 1-43, wherein the pair of plants are
polyploid.

45. The embodiments of 1-44, wherein the pair of plants are
hexaploid.

46. A method of maintaining a male-sterile plant compris-
ing:
a.gcrossing the pair of plants in embodiments 37-45.

Example 11. Embodiments-LOF

—_

. A breeding pair of plants, comprising: a first plant and a
second plant, wherein the first plant expresses a dominant
male sterility gene so that the first plant is male-sterile,
and (b) a second plant, wherein the second plant com-
prises an expressible exogenous nucleic acid molecule
comprising a polynucleotide that when expressed sup-
presses the expression of the dominant male sterility gene
or the promoter operably linked to the dominant male
sterility gene of the first plant.

2. The pair of plants of embodiment 1, wherein expression
of the dominant male sterility gene is DAM, streptavidin,
MS44 mutant, or barnase.

3. The pair of plants of embodiment 1, wherein expression
of the dominant male sterility gene is plant codon opti-
mized.

4. The pair of plants of embodiment 1, wherein, in the first
plant, the dominant male sterility gene is operably linked
to a promoter.

5. The pair of plants of embodiment 4, wherein the promoter
is an inducible promoter, a constitutive promoter, a tissue
preferred promoter, a temporally regulated promoter or an
element thereof.

6. The pair of plants of embodiment 4 wherein the promoter
is an anther-specific promoter.

7. The pair of plants of embodiment 4, wherein the anther-
specific promoter is MS45, MS26, MS22, or 5126 gene
promoter.

8. The pair of plants of embodiment 4 wherein the promoter
is a tassel-preferred promoter.

9. The pair of plants of embodiment 1, wherein the exog-

enous nucleic acid molecule in the second plant encodes

a protein or is an RNAi, an antisense or hairpin suppres-

sion element.
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10. The pair of plants of embodiment 1, wherein the poly-
nucleotide in the second plant that suppresses the expres-
sion of the exogenous nucleic acid molecule in the first
plant is operably linked to a promoter.

11. The pair of plants of embodiment 10, wherein the
promoter is an inducible promoter, a constitutive pro-
moter, a tissue preferred promoter, a temporally regulated
promoter or an element thereof.

12. The pair of plants of embodiment 10, wherein the
promoter is an anther-specific promoter.

13. The pair of plants of embodiment 10, wherein the
promoter is an anther-specific promoter is the MS45,
MS26, MS22, or 5126 gene promoter.

14. The pair of plants of embodiment 10, wherein the
promoter is a tassel-preferred promoter

15. The pair of plants of embodiment 1, wherein the first and
second plants are polyploid.

16. The pair of plants of embodiment 1, wherein the first and
second plants are monocots or dicots.

17. The pair of plants of embodiment 1, wherein the first and
second plants are wheat, maize, rice, sorghum, barley, rye,
Arabidopsis, soybean or sunflower.

18. A method of restoring male fertility in a plant exhibiting
male sterility, comprising crossing the breeding pair of
plants of embodiments 1-17.

19. A plant produced by the method of embodiment 18,
wherein said plant is male-fertile and is hemizygous for
the dominant male sterility gene and the exogenous
nucleic acid molecule.

20. Cells of the plant of embodiment 19.

21. Seed or progeny of the plant of embodiment 19.

22. A method of increasing male-sterile female seeds com-
prising:

(a) emasculating a first plant, wherein the first plant is
hemizygous for an expressible exogenous nucleic acid
comprising a polynucleotide that when expressed sup-
presses the expression of a dominant male sterility gene
or a promoter operably linked to the dominant male
sterility gene so that the first plant is a male-sterile
female plant, and wherein the expressible exogenous
nucleic acid is operably linked to a gene that disrupts
the function and/or development of male-reproductive
tissue and a marker gene;

(b) pollinating the first plant with pollen from male-fertile
plants hemizygous for the expressible exogenous
nucleic acid molecule comprising the polynucleotide
that when expressed, suppresses the expression of the
dominant male sterility gene in plant 1 or the promoter
operably linked to the dominant male sterility gene in
plant 1 and hemizygous for a dominant sterility gene;

(c) harvesting seeds;

(d) selecting seeds that are hemizygous for the expressible
exogenous nucleic acid linked to the gene that disrupts
the function and/or development of male-reproductive
tissue and the marker gene and hemizygous for the
dominant male sterility gene;

(e) planting the seeds from step (d);

(f) allowing the plants grown from the seeds of step (d) to
self-pollinate; and

(g) harvesting seeds from step (f);

(h) selecting seeds that are hemizygous for the expressible
exogenous nucleic acid linked to the gene that disrupts
the function and/or development of male-reproductive
tissue and the marker gene and homozygous for the
dominant sterility gene;

(1) planting the seeds from step (h);
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(j) allowing the plants grown from the seeds of step (h) to
self-pollinate; and

(k) harvesting seeds from the plants in step (j); and

(1) selecting seeds that are homozygous for the dominant
sterility gene;

23. A method of producing male-sterile female plants, the
method comprising:

a. planting the seeds from step (1) of embodiment 22; and

b. allowing the seeds to grow into plants, wherein the
resulting plants are homozygous for the dominant ste-
rility gene.

24. A method of producing hybrid plant seed, comprising:
pollinating the male-sterile female plants homozygous for

the dominant sterility gene of embodiment 23 with a
male-fertile inbred plant.

25. The method of embodiment 23, wherein the dominant
male sterility gene is DAM, streptavidin, MS44 mutant or
barnase.

26. The method of embodiment 23, wherein expression of
the dominant male sterility gene is plant codon optimized.

27. The method of embodiment 23, wherein the dominant
male sterility gene is operably linked to a promoter.

28. The method of embodiment 27, wherein the promoter is
an inducible promoter, a constitutive promoter, a tissue
preferred promoter, a temporally regulated promoter or an
element thereof.

29. The method of embodiment 27, wherein the promoter is
an anther-specific promoter.

30. The method of embodiment 29, wherein the anther-
specific promoter is MS45, MS26, MS22, or 5126 gene
promoter.

31. The method of embodiment 29, wherein the promoter is
a tassel-preferred promoter.

32. The method of embodiment 23, wherein the plants are
polyploid.

33. The method of embodiment 23, wherein the plants are
monocots or dicots.

34. The method of embodiment 23, wherein the plants are
wheat, corn, maize, rice, sorghum, barley, rye, soybean,
Arabidopsis or sunflower.

35. Hybrid seed produced by the method of embodiments
24-34.

36. A method of obtaining a hybrid plant, comprising
growing the hybrid seed of embodiment 35.

37. The method of embodiment 22, wherein the gene that
disrupts the function and/or development of male-repro-
ductive tissue gene is alpha amylase or barnase.

38. The method of embodiment 22, wherein the marker gene
is a selectable or scorable marker.

39. A hybrid plant produced by the method of embodiment
36.

40. A method of propagating a male-sterile plant compris-
ing:

a. crossing a first plant that is hemizygous for an express-
ible exogenous nucleic acid comprising a polynucle-
otide that when expressed suppresses the expression of
a dominant male sterility gene or a promoter operably
linked to the dominant male sterility gene so that the
first plant is a male-sterile female plant, and wherein
the expressible exogenous nucleic acid is operably
linked to a gene that disrupts the function and/or
development of male-reproductive tissue and a marker
gene with a plant from the embodiment of 23.

41. A male-sterile female plant produced by the method of
embodiment 40.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 18

<210> SEQ ID NO 1
<211> LENGTH: 916

<212> TYPE:

DNA

<213> ORGANISM: Triticum aestivum

<400> SEQUENCE: 1

ctataaaaat

taagcacctt

tgcttattta

tgcttcaaaa

tttgttgggt

actgaaggga

caccgcatta

gtcaataact

tgcttettte

gtcatgcatg

agaatccact

atgcaaatcc

ctactcccaa

acgctagetyg

taagaattta

ccctcetaccet

aagcaccggt

gcattgtaca

tacaggacag

aaatccgatt

gcttaaaaag

cccatgtegt

cgccaattat

aaatcattat

tcctecaaag

ataattggct

ttatgettgt

caaattccaa

acgatcacac

actcatgcaa

agatcacatt

ccatgyg

<210> SEQ ID NO 2
<211> LENGTH: 939

<212> TYPE:

DNA

gettgagaaa

aggtcttgga

acgcttaatt

tgtttttata

gaagagaaag

caccctaggyg

ctctceectcet

cacgaatgat

tttgctette

cggtatatce

tgacctgtac

aagcgcecata

cgacccatge

ctcecegtgea

gecegegett

aatccggttt

gaaataaacc

agacgtttct

agcacctage

aaagaaagaa

ccttecgaaa

aatcccectta

accgaattct

tctecctgat

tcctggatca

atcttgcatce

tccecttage

aaccteegtyg

tgtcggtata

ttttegtecy

<213> ORGANISM: Triticum aestivum

<400> SEQUENCE: 2

aagcatcggt

gcaccegtge

attgtacaag

caggtcagac

aaaacccget

gtgcttaaaa

acccatgteg

acgccaatta

taaatcatta

ctcctcecaaa

tgaaaattgg

tcactatcca

getgttetga

tgcgtgtegg

tatatttteg

gcttatttat
tttagaaaaa
gecttggaga
gcttaattag
ctatttttte
gaaagaaaaa
tcgecctagy
tcteteecte
tcacgaatga
gtttgetett
ctcggtatcee
agcaacgaag
accgaaatac
gataatcttyg

gagcaaatce

acatggcaga
tceggtttat
aataaagcag
gegtetetee
taagcacata
gaaagaaaga
gecttectaa
taatcttctt
ggctgaatte
ctcteectgt
tcctggatca
gcatgcaagt
acctactecce
tgacgctage

attaagaatt

cgcttaatag
ttttgtaage
getttettta
tgtagaaata
acattgtaca
atgcgatctg
acgtaggacc
acaattatct
ttgacttcte
atactgatcc
ctttatgett
cccaaattee
aaacgatcac
tgactcatge

taagatcaca

atttttgtaa

aggctttett

cctgtagaaa

attgtacgag

agcgatctag

cgtaggaccyg

taattacctce

tgactgctee

cctgatecte

ctttatgett

actatccaag

tgttctgaac

cgtgccggga

tattttceggy

catgcaaact

acgctetect
acctctecta
agtatcggtyg
ggcaccgatg
agaccttaag
aaaatttaaa
gaccctgeat
ccataacaac
cettgetett
tcaccagatc
gttgacctgt
aaaagcgceca
accgacccat
aactccegty

ttgccegege

gcacctetee

taagtatccg

taggcacaaa

gecttacgta

aaatttaaac

accctacacyg

tataacatct

cttgctette

accagatcag

getttttttyg

caacgaaggce

cgaaatacac

taatattgtc

gcaaatccat

agagccactyg

gtaaaaataa

agcaccttge

cttatttgta

acttcaaaaa

catttgtegyg

cactgaaggyg

gcaccgcatt

tgctaataac

ctgcttettt

aggtcatgca

acatcttgca

tatccectta

gcaaccteceg

cgtgteggaa

tttttttegt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

916

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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-continued
ctgcatgcaa aacagagcca ctgccctcta ccteccatgg 939
<210> SEQ ID NO 3
<211> LENGTH: 994
<212> TYPE: DNA
<213> ORGANISM: Triticum aestivum
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (784)..(784)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 3
aaccatactt ttcttaagca tcggtgetta tttatacatg gcagacgett aattagacge 60
ctctectgta aaaataagca cccgtgettt agaaaaatce ggtttatttt tgtaagcace 120
tctectaage accttgcatt gtacaaggece ttggagaaat aaagcagget ttctttaagt 180
atcggtgett atttgtacag gtcagacget taattaggeg tcetctectgt agaaatagge 240
accgatgctt caaaaaaaaa cccgctctat ttttctaage acataacatt gtacaagacce 300
ttaagcattt gtcgggtgct taaaagaaag aaaaagaaag aaagaatgcyg atctgaaaat 360
ttaaacactg aagggaccca tgtcgtegece ctagggectt cctaaacgta ggaccgacce 420
tgcatgcace gcattacgcce aattatctcet cectctaate ttcttacaat tatctccata 480
acaactgcta ataactaaat cattatcacg aatgaggctg aattcttgac ttctececttg 540
ctecttetget tetttcectect ccaaagtttg ctettctete cectgtatact gatcectcacce 600
agatcaggtc atgcatgaaa attggctecgg tatcctectyg gatcacttta tgcttgttga 660
cctgtacate ttgcatcact atccaagcaa cgaaggcatg caagtcccaa attccaaaag 720
cgccatatcee ccttagetgt tctgaaccga aatacaccta cteccaaacyg atcacaccte 780
geengaacceyg aaatacacct actcccaaac gatcacaccg acccatgcaa ccteegtgeg 840
tgtcgggata atcttgtgac gctagetgac tcatgcaact ccegtgegtyg tcggaatata 900
tttteggage aaatccatta agaatttaag atcacattge ccgegetttt ttcegtcectgea 960
tgcaaaacag agccactgcc ctctacctcee atgg 994
<210> SEQ ID NO 4
<211> LENGTH: 500
<212> TYPE: DNA
<213> ORGANISM: Triticum aestivum
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (181)..(182)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (458) .. (458)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 4
tctaatctte ttacaattat ctccataaca actgctaata actaaatcat tatcacgaat 60
gaggctgaat tcttgactte tcecttgete ttcectgettet ttetectecca aagtttgetce 120
ttctetecct gtatactgat cctcaccaga tcaggtcatg catgaaaatt ggctceggtat 180
nncctectgyg atcactttat gettgacctg tacatcttge atcactatcc aagcaacgaa 240
ggcatgcaayg tcccaaattc caaaagcgcec atatccectt agetgttcetg aaccgaaata 300
cacctactce caaacgatca caccgaccca tgcaacctece gtgegtgteg ggataatctt 360
gtgacgctag ctgactcatg caactccegt gegtgtegga atatattttc ggagcaaatce 420
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cattaagaat ttaagatcac attgccecgeg cttttttneg tetgcatgca aaacagagec

actgcectet

acctccatgg

<210> SEQ ID NO 5
<211> LENGTH: 500

<212> TYPE:

DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 5

tagagttgcc

tatttggcca

agctatttet

tgtcecctgag

acgtcaggtt

ttegtettgt

aacaatccat

tccattaaag

ctttttegte

agactagccc

gecccataaa

ctagattagt

atgtgeggtt

cggcagetet

tccategtec

cttactcatg

atcacaacag

caccaccatg

<210> SEQ ID NO 6
<211> LENGTH: 442

<212> TYPE:

DNA

tagaatgttt
ttatttaaac
aaaaagggag
tggcaacgat
cgtgtcatct
aagccttgec
caacttccat

ctagcgttet

tcccaataaa

cgaaactgaa

agagagagga

agccaccgta

cacatggcat

tattctgaac

gcaaacacgce

ccegetaget

<213> ORGANISM: Triticum aestivum

<400> SEQUENCE: 6

ctctaatctt

tgaggctaat

ttctecteect

cctectggat

aggcatgcaa

acacctactce

tgtgacgcta

ccattaagaa

cttacaatta

tcttgactte

gtatactgat

cactttatge

gtceccaaatt

ccaaacgatc

getgacteat

tttaagatca

<210> SEQ ID NO 7
<211> LENGTH: 5804

<212> TYPE:

DNA

tctccataac

tcecettgete

cctcaccaga

ttgttgacct

ccaaaagcge

acaccgaccc

gcaactcecyg

ca

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: PHP54693_T-DNA

<400> SEQUENCE: 7

aagcttetet

cacgaatgag

ttgctettet

cggtatecte

caacgaaggc

cgaaatacac

taatcttgtyg

gcaaatccat

aatcttctta

gctaattett

ctcectgtat

ctggatcact

atgcaagtcc

ctactcccaa

acgctagetyg

taagaattta

caattatctc

gacttctece

actgatccte

ttatgettgt

caaattccaa

acgatcacac

actcatgcaa

agatcacaga

aactgctaat
ttctgettet
tcaggtcatg
gtacatcttyg
catatccect
atgcaacctce

tgcatgtecgyg

cataacaact

ttgctettet

accagatcag

tgacctgtac

aagcgcecata

cgacccatge

ctcecegtgea

attcctgeag

ttacaatcac

atcgagcgaa

agaaatcagt

atcatagctce

actacatgcet

caagaggata

acatatgttt

tcectetete

aactaaatca

ttctecteca

catgaaaatt

catcactatc

tagctgttet

cgtgegtgte

aatatatttt

gctaataact

gettetttet

gtcatgcatg

atcttgcatce

tccecttage

aaccteegty

tgtcggaata

cccaaactga

tgtgtataat

accaaatctyg

tttaagtcat

ataggtgect

tgttcaaccy

cctactecca

cctgaaccaa

ctctgecgat

ttatcacgaa
aagtttgcete
ggcteggtat
caagcaacga
gaaccgaaat
gggataatct

cggagcaaat

aaatcattat

cctecaaagt

aaaattggcet

actatccaag

tgttctgaac

cgtgtcggga

tattttcgga

aggcgggaaa

480

500

60

120

180

240

300

360

420

480

500

60

120

180

240

300

360

420

442

60

120

180

240

300

360

420

480
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-continued
cgacaatctg atcatgagcg gagaattaag ggagtcacgt tatgacccce gccgatgacg 540
cgggacaagce cgttttacgt ttggaactga cagaaccgca acgattgaag gagccactca 600
geegegggtt tetggagttt aatgagctaa gcacatacgt cagaaaccat tattgcegegt 660
tcaaaagtcg cctaaggtca ctatcagcta gcaaatattt cttgtcaaaa atgctccact 720
gacgttccat aaattcccct cggtatccaa ttagagtcte atattcacca tggtgtgatce 780
ttaaattctt aatggatttg ctccgaaaat atattccgac atgcacggga gttgcatgag 840
tcagctageg tcacaagatt atcccgacac gecacggaggt tgcatgggte ggtgtgatcg 900
tttgggagta ggtgtatttc ggttcagaac agctaagggyg atatggcget tttggaattt 960
gggacttgca tgccttegtt gcttggatag tgatgcaaga tgtacaggtc aacaagcata 1020
aagtgatcca ggaggatacc gagccaattt tcatgcatga cctgatctgg tgaggatcag 1080
tatacaggga gagaagagca aactttggag gagaaagaag cagaagagca agggagaagt 1140
caagaattag cctcattcgt gataatgatt tagttattag cagttgttat ggagataatt 1200
gtaagaagat tagaggcggc cgcgggtcta gaccatggtg gatcctctag agtcgacctg 1260
cagaagtaac accaaacaac agggtgagca tcgacaaaag aaacagtacc aagcaaataa 1320
atagcgtatg aaggcagggc taaaaaaatc cacatatagc tgctgcatat gccatcatcce 1380
aagtatatca agatcaaaat aattataaaa catacttgtt tattataata gataggtact 1440
caaggttaga gcatatgaat agatgctgca tatgccatca tgtatatgca tcagtaaaac 1500
ccacatcaac atgtatacct atcctagatc gatatttcca tccatcttaa actcgtaact 1560
atgaagatgt atgacacaca catacagttc caaaattaat aaatacacca ggtagtttga 1620
aacagtattc tactccgatc tagaacgaat gaacgaccgc ccaaccacac cacatcatca 1680
caaccaagcg aacaaaaagc atctctgtat atgcatcagt aaaacccgca tcaacatgta 1740
tacctatcct agatcgatat ttccatccat catcttcaat tcgtaactat gaatatgtat 1800
ggcacacaca tacagatcca aaattaataa atccaccagg tagtttgaaa cagaattcta 1860
ctecgatceta gaacgaccge ccaaccagac cacatcatca caaccaagac aaaaaaaagce 1920
atgaaaagat gacccgacaa acaagtgcac ggcatatatt gaaataaagyg aaaagggcaa 1980
accaaaccct atgcaacgaa acaaaaaaaa tcatgaaatc gatcccgtet gcggaacgge 2040
tagagccatc ccaggattcc ccaaagagaa acactggcaa gttagcaatc agaacgtgtce 2100
tgacgtacag gtcgcatcceg tgtacgaacg ctagcagcac ggatctaaca caaacacgga 2160
tctaacacaa acatgaacag aagtagaact accgggccct aaccatggac cggaacgccg 2220
atctagagaa ggtagagagg gggg9gggggyg gaggacgagce ggcgtacctt gaagcggagg 2280
tgccgacggg tggatttggg ggagatctgg ttgtgtgtgt gtgcgctcceg aacaacacga 2340
ggttggggaa agagggtgtg gagggggtgt ctatttatta cggcgggcga ggaagggaaa 2400
gcgaaggage ggtgggaaag gaatccccceg tagcetgecegt gecgtgagag gaggaggagyg 2460
ccgectgecg tgccggctceca cgtcectgecge tceegccacge aatttcectgga tgccgacagce 2520
ggagcaagtce caacggtgga gcggaactct cgagaggggt ccagaggcag cgacagagat 2580
gcegtgeegt ctgetteget tggeccgacg cgacgctget ggttcegetgg ttggtgtecy 2640
ttagactcgt cgatcgacgg cgtttaacag gctggcatta tctactcgaa acaagaaaaa 2700
tgtttcectta gtttttttaa tttcttaaag ggtatttgtt taatttttag tcactttatt 2760
ttattctatt ttatatctaa attattaaat aaaaaaacta aaatagagtt ttagttttct 2820
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-continued
taatttagag gctaaaatag aataaaatag atgtactaaa aaaattagtc tataaaaacc 2880
attaacccta aaccctaaat ggatgtacta ataaaatgga tgaagtatta tataggtgaa 2940
gctatttgca aaaaaaaagg agaacacatg cacactaaaa agataaaact gtagagtcect 3000
gttgtcaaaa tactcaattg tcctttagac catgtctaac tgttcattta tatgattctce 3060
taaaacactg atattattgt agtactatag attatattat tcgtagagta aagtttaaat 3120
atatgtataa agatagataa actgcacttc aaacaagtgt gacaaaaaaa atatgtggta 3180
attttttata acttagacat gcaatgctca ttatctctag agaggggcac gaccgggtca 3240
cgctgcactg caggcatgca agcttgatat cgaattccca tggagtcaaa gattcaaata 3300
gaggacctaa cagaactcgc cgtaaagact ggcgaacagt tcatacagag tctcecttacga 3360
ctcaatgaca agaagaaaat cttcgtcaac atggtggagc acgacacgct tgtctactcce 3420
aaaaatatca aagatacagt ctcagaagac caaagggcaa ttgagacttt tcaacaaagg 3480
gtaatatccg gaaacctcct cggattccat tgcccagcta tetgtcactt tattgtgaag 3540
atagtggaaa aggaaggtgg ctcctacaaa tgccatcatt gcgataaagg aaaggccatc 3600
gttgaagatyg cctctgccga cagtggtccce aaagatggac ccccacccac gaggagcatce 3660
gtggaaaaag aagacgttcc aaccacgtct tcaaagcaag tggattgatg tgatatctcce 3720
actgacgtaa gggatgacgc acaatcccac taagctgacce gaagctggece gctctagaac 3780
tagatcgaat tcctgcagec cgggggatce agettcecgett agtttttagt ttttggcaga 3840
aaaaatgatc aatgtttcac aaaccaaata tttttataac ttttgatgaa agaagatcac 3900
cacggtcata tctaggggtyg gtaacaaatt gcgatctaaa tgtttcttca taaaaaataa 3960
ggcttcttaa taaattttag ttcaaaataa atacgaataa agtctgattc taatctgatt 4020
cgatccttaa attttataat gcaaaattta gagctcatta ccacctctag tcatatgtct 4080
agtctgaggt atatccaaaa agccctttct ctaaattcecca cacccaactce agatgtttgce 4140
aaataaatac tccgactcca aaatgtaggt gaagtgcaac tttctccatt ttatatcaac 4200
atttgttatt ttttgtttaa catttcacac tcaaaactaa ttaataaaat acgtggttgt 4260
tgaacgtgcg cacatgtctce ccttacatta tgttttttta tttatgtatt attgttgttt 4320
tcetecgaac aacttgtcaa catatcatca ttggtcttta atatttatga atatggaagc 4380
ctagttattt acacttggct acacactagt tgtagttttg ccacttgtct aacatgcaac 4440
tctagtagtt ttgccacttg cctggcatgce aactctagta ttgacacttg tatagcatat 4500
aatgccaata cgacacctgc cttacatgaa acattatttt tgacacttgt ataccatgca 4560
acattaccat tgacatttgt ccatacacat tatatcaaat atattgagcg catgtcacaa 4620
actcgataca aagctggatg accctcececcte accacatcta taaaaacccg agcgctactg 4680
taaatcactc acaacacaac acatatcttt tagtaacctt tcaataggcg tcccccaaga 4740
actagtaacc atggccctgt ccaacaagtt catcggcgac gacatgaaga tgacctacca 4800
catggacggce tgcgtgaacg gccactactt caccgtgaag ggcgagggca gcggcaagcce 4860
ctacgagggce acccagacct ccaccttcaa ggtgaccatg gccaacggeyg gcccectgge 4920
cttctectte gacatcctgt ccaccgtgtt catgtacgge aaccgcectgcet tcaccgecta 4980
cceccaccage atgcccgact acttcaagca ggecttcceee gacggcatgt cctacgagag 5040
aaccttcacce tacgaggacg gcggcegtgge caccgccage tgggagatca gcectgaaggg 5100
caactgcttc gagcacaagt ccaccttcca cggcgtgaac ttcccecgceceg acggcecccegt 5160
gatggccaag aagaccaccg gctgggacce ctecttegag aagatgaccg tgtgcgacgg 5220
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catcttgaag ggcgacgtga ccgcecttect gatgctgcag ggcggcggca actacagatg 5280
ccagttccac acctectaca agaccaagaa geccgtgace atgeccccca accacgtggt 5340
ggagcaccge atcgccagaa ccgacctgga caagggegge aacagcegtge agetgaccga 5400
gcacgcegtyg geccacatca ccteegtggt geccttcectga agecggcccat ggatattcega 5460
acgcgtaggt accacatggt taacctagac ttgtccatct tctggattgg ccaacttaat 5520
taatgtatga aataaaagga tgcacacata gtgacatgct aatcactata atgtgggcat 5580
caaagttgtg tgttatgtgt aattactagt tatctgaata aaagagaaag agatcatcca 5640
tatttcttat cctaaatgaa tgtcacgtgt ctttataatt ctttgatgaa ccagatgcat 5700
ttcattaacc aaatccatat acatataaat attaatcata tataattaat atcaattggg 5760
ttagcaaaac aaatctagtc taggtgtgtt ttgcgaatgc ggcc 5804
<210> SEQ ID NO 8
<211> LENGTH: 2079
<212> TYPE: DNA
<213> ORGANISM: Oryza sativa
<400> SEQUENCE: 8
atggaagaga agaagcagca gcagcagcegt ccacagagag ggcgcgatgg catcctgcag 60
tatcecgcace ttttettege ggecgetggeg ctggecctge tectcaccga cccegttecac 120
cteggecege tegeeggggt ggactaccgg ceggtgagge acgagcetgge gcecgtaccge 180
gaggtgatgyg cgeggtggee gcegggacaac ggcagecgge tcaggcacgg caggctggag 240
ttegteggag aggtgttegg gecggagtee atcgagtteg accgccacgyg ccgeggecce 300
tacgececggee tcegecgacgg cecgcegtegtyg cggtggatgg gggaggacge cgggtgggag 360
acgttecgeeg tcatgagecce tgactggtaa cgaacaccte gectgcattt tgctcectegee 420
ctccacgaaa acacctctceg tagcagtgta caattacgtg ttcttatatt gcaaaaaaag 480
gteggagaaa gtttgtgcca atggggtgga gtcgacgacg aagaagcagce acgagatgga 540
gegacggtyge ggecggecte tcegggetgag gtttcacgge gagaccggeg agetctacgt 600
cgecgacgeg tactacggge tcatgteegt cggtecgaac ggeggggtgyg cgacctetcet 660
cgcgagagaa gtceggeggga geccggtcaa cttegcgaac gacctcgaca tccaccgcaa 720
cggctecegtyg ttettcaccg acacgagcac gagatacaac agaaagtgtyg cagctgcagt 780
atcactctct tcagttgtat cgattctcta tttectteta tcgttcaaga ttttcetgatt 840
agaatcagtt gtgcagggat catctgaacg ttctgctaga aggtgaaggce acagggaggce 900
tgctcagata tgacccagaa accaaagcetg cecatgtegt getgageggyg ctggtettee 960
cgaatggcgt gcagatttcect gacgaccagce agttcecctect cttctccgaa acaacaaact 1020
gcaggtgaaa tggcacaagc tttcacaggt tctgaaaata ctaaaggtta aacaagattc 1080
agaattgatt aacattgcac gcatatgctg ttctaggata atgcggtact ggctggaagg 1140
gccaagagece gggcaggtgg aggtgttege cgacctgecg gggttecegg acaacgtgeg 1200
actgagcagce ggcggeggceg geggecgett ctgggtggeyg atcgactget gcaggacgge 1260
ggcgcaggag gtgttcgcca agceggccegtg gcectgcgaacyg ctcectacttca agetgcecect 1320
gacgatgcgg acgctgggga agatggtcag catgcggatg cacaccctceg tcgegctect 1380
cgacggcgaa ggggacgtceg tcgaggtget cgaggacegyg ggcggcgagyg tgatgegget 1440
ggtgagcgayg gtgagggagg tggggcgcaa getgtggatce ggcaccegtgg ctcataacca 1500
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catcgecacg atcecttace cgttggaaga gcagagtage agcagcagca gcaacgtgcet 1560
tggtgattga tactttgata ggctggtttt agcagcaaca aaggtgtact agttgatgta 1620
ttgtttgtgt ttgccgggcc atcatagaaa gtgcctggtg atctctggga cttgatggca 1680
aatgttgggc aaattgtgat cgaataagat tagtactaga gttatcgtgt aataaggaca 1740
tgcatggact accatgtatt tcatgttatg acgctcctaa gagccacaga ccacagtgat 1800
ggtattagac cccttctcag aatggttectg ctcatttteg gettcecgatcg tggtacgegt 1860
tcgtgtette gtgtgatcgyg aaaaaaaata tttgccgttt acaagtgata gtttttcagt 1920
ggatgtaatt tgtgcgaaat accatcgtac aaacgttttg ttctttttca tcatagtcat 1980
tagcctttca tgaatagtac tcacatttat aaggccgatg gtgttgtcct ataaagaaaa 2040
aaaatgtacc agtaagtagg gtggctaacg agccaactce 2079
<210> SEQ ID NO 9
<211> LENGTH: 488
<212> TYPE: DNA
<213> ORGANISM: Zea mays
<400> SEQUENCE: 9
atcgaattce tgcagecctt ttcccaataa attacaatca ctgtgtataa ttatttggece 60
agccccataa attatttaaa ccgaaactga aatcgagcga aaccaaatct gagctattte 120
tctagattag taaaaaggga gagagagagg aagaaatcag ttttaagtca ttgtccctga 180
gatgtgeggt ttggcaacga tagccaccgt aatcataget cataggtgcc tacgtcaggt 240
tecggecagete tcegtgtcatce tcacatggea tactacatge ttgttcaacce gttegtettg 300
ttccatcegte caagecttge ctattctgaa ccaagaggat acctactccce aaacaatcca 360
tcttactcat gcaacttcca tgcaaacacg cacatatgtt tcctgaacca atccattaaa 420
gatcacaaca gctagcgtte tccegetage ttccectetet cetetgecga tetttttegt 480
ccaccacc 488
<210> SEQ ID NO 10
<211> LENGTH: 1635
<212> TYPE: DNA
<213> ORGANISM: Oryza sativa
<400> SEQUENCE: 10
atgaagagcce ccatggagga agctcatgca atgccagtga catcattcett cccagtagca 60
ggaatccaca agctcatage tatcttectt gttgtectcet catggatctt ggtccacaag 120
tggagectga ggaaccagaa agggccaaga tcatggccaa tcatcggege gacagtggag 180
caactgaaga actaccacag gatgcatgac tggcttgteg agtacttgtce gaaggacagg 240
acggtgaccg tcgacatgcce tttcacctece tacacctaca ttgccgacce ggtgaacgte 300
gagcatgtece tgaagaccaa cttcaccaat taccccaagg gtgaagtgta caggtcttac 360
atggatgtgce tgcteggtga tggcatattce aatgccgacyg gcgagatgtyg gaggaagcaa 420
aggaagacgg cgagcttcga gtttgectee aagaacttga gagacttcag cactgtggtg 480
ttcagggagt actccctgaa gcectatcaage attctgagec aagcatgcaa ggccggcaga 540
gttgtagaca tgcaggaatt gttcatgagg atgacactgg actcgatctg caaggtcggyg 600
tttggggttyg agatcgggac getgtcacct gatctcecegyg agaacagett tgcccaggca 660
ttecgacgetyg ccaacatcat cgtcacgetg cggttcateg atcctetgtyg gegtetgaag 720
aagttcttge acgteggatc agaggctcete ctegagcaga gcatgaaget ggttgatgac 780
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ttcacctaca gcgtgatcceg ccgccgecaag getgagatet tgcaggceteyg agccagegge 840
aagcaagaga agatcaagca cgacatactg tcgcggtteca tcegagctegyg ggaggecgge 900
ggcgacgagyg ggggcggcag ctteggggac gacaagagec tcecgcgacgt ggtgctcaac 960
ttegtgatceg ccgggcgtga cacgacggcg acgacgcetgt cgtggttcac gtacatggeg 1020
atgacgcacce cggcecgtege cgacaagetce cggegcegage tggecgegtt cgaggatgag 1080
cgegegegeg aggagggegt cgegcetegece gacgecgeceg gcegaggegte gttegeggeg 1140
cgegtggege agttegegte getgctgage tacgacgegg tggggaagcet ggtgtacctg 1200
cacgegtgeg tgacggagac gectccgecte tacceggegyg tgccgcagga ccccaagggyg 1260
atcgtggagg acgacgtgct ccccgacgge accaaggtge gegecggegyg gatggtgacg 1320
tacgtgccct actccatggg gaggatggag tacaactggg gccccgacgce ggcgagctte 1380
cggeeggage ggtggetcag cggcgacgge ggcgegttece ggaacgegte gcecgttcaag 1440
ttcaccgegt tccaggcegg gecgcggate tgcctcecggca aggactccge ctacctecag 1500
atgaagatgg cgctcgccat cctcecttecge ttcectacacct tcgacctegt cgaggaccac 1560
ccegtcaagt accggatgat gaccatccte tccatggcetce acggcctcaa ggtccgegte 1620
tccaccteeg tetga 1635
<210> SEQ ID NO 11
<211> LENGTH: 837
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: plant-optimized DAM
<400> SEQUENCE: 11
atggagaaga acagggcctt cttgaagtgg gcaggtggaa agtaccctcet cctggacgac 60
atcaagcgge atctcccaaa gggcgagtge ctggtcegaac ccettegtggyg cgctggaage 120
gtgttcctga acaccgactt cagecgctac atcctegegg acatcaactc cgacctgatce 180
tcectgtaca acatcgtcaa gatgcgeacce gacgagtacyg tgcaggctge acgggagett 240
ttegtteegg agaccaactg cgcggaggtyg tactaccagt tcecgcgagga gttcaacaag 300
agccaggace cgtttaggcg cgectgttett ttectctace tgaaccgcta cggctacaac 360
ggtetttgte gctacaatct ccgeggcgag ttcaacgtee cettegggag gtacaagaag 420
ccatacttee cggaggcaga gcetctaccac ttegceggaga aggctcagaa cgcegttette 480
tactgcgaga gctacgcgga ttcgatgget agggccgacyg atgctagegt tgtgtactge 540
gacccgeegt atgcaccact gtctgecact gcaaacttca ccgcatacca caccaacagce 600
ttcacccteg agcagcaggce gcacctegca gaaatcgcag aaggactggt cgaacgccac 660
atcceggtece ttatcagcaa ccacgacacce atgettacce gegagtggta ccagagggceg 720
aaactccacg tggtcaaggt gcggcgcage atatccteca acggcggaac ccgcaagaag 780
gtegacgage tgctggccct gtacaagcce ggcegtegtga geccagcgaa gaagtag 837

<210> SEQ ID NO 12
<211> LENGTH: 5840

<212> TYPE

: DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: PHP56791 T-DNA

<400> SEQUENCE: 12
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ctatgattta gaataatata caaatatatt acataaaaaa tatattaatt gaattagtgt 60
tgtctaattt ataattatta gaatgtaatt caattccaac gaaacaacgg ggccttaggt 120
ttaatatctt ccttacactg cgaaaatgtt gttacacttyg ccaaaaaaaa tcaatcgcat 180
atttacctta caaggacata ttttagcaaa atgctataga catgaatcca acgtaatcaa 240
tagagtgaga tttactggta aactaccaat tgctcatctyg ctecggtacca accagecttt 300
cctattacca tgcacatgtt gectctcaac tgcagcatcet ttcaagcegt gagcagacat 360
gttgcagatc gaagtaaggt atatatgtgc atagtctcct aattcttcat cttcaaccte 420
tagctgattg atctctggta tttaccactc tttecttect tecttectte aattctaaat 480
accacaaatc aaagttgctt tgccatggag aagaacaggg ccttettgaa gtgggcaggt 540
ggaaagtacc ctctectgga cgacatcaag cggcatctcce caaagggcga gtgectggte 600
gaaccctteg tgggcgcetgg aagegtgtte ctgaacaccyg acttcagecg ctacatccte 660
gcggacatca actccgacct gatctccectg tacaacatcg tcaagatgeg caccgacgag 720
tacgtgcagg ctgcacggga gettttegtt ceggagacca actgcgcegga ggtgtactac 780
cagttccegeg aggagttcaa caagagecag gacccgttta ggegegetgt tettttecte 840
tacctgaacce gctacggcta caacggtett tgtcgctaca atctccgegyg cgagttcaac 900
gteccctteyg ggaggtacaa gaagccatac ttcccggagg cagagctcta ccacttegeg 960
gagaaggctc agaacgcgtt cttcectactgce gagagctacg cggattcgat ggctagggece 1020
gacgatgcta gecgttgtgta ctgcgacccg ccgtatgcac cactgtctgce cactgcaaac 1080
ttcaccgcat accacaccaa cagcttcacce ctecgagcage aggcgcacct cgcagaaatce 1140
gcagaaggac tggtcgaacg ccacatcccg gtccttatca gcaaccacga caccatgcett 1200
acccgegagt ggtaccagag ggcgaaactce cacgtggtea aggtgcggeyg cagcatatce 1260
tccaacggeg gaacccgcaa gaaggtcgac gagetgetgg cectgtacaa gcecceggegte 1320
gtgagcccag cgaagaagta gtagttaacc tagacttgtce catcttectgg attggccaac 1380
ttaattaatg tatgaaataa aaggatgcac acatagtgac atgctaatca ctataatgtg 1440
ggcatcaaag ttgtgtgtta tgtgtaatta ctagttatct gaataaaaga gaaagagatc 1500
atccatattt cttatcctaa atgaatgtca cgtgtcttta taattctttg atgaaccaga 1560
tgcatttcat taaccaaatc catatacata taaatattaa tcatatataa ttaatatcaa 1620
ttgggttagc aaaacaaatc tagtctaggt gtgttttgcg aattgcggcce gctctagaac 1680
tagtggatcc cccgggctge aggaattcce atggagtcaa agattcaaat agaggaccta 1740
acagaactcg ccgtaaagac tggcgaacag ttcatacaga gtctcttacg actcaatgac 1800
aagaagaaaa tcttcgtcaa catggtggag cacgacacgc ttgtctactc caaaaatatc 1860
aaagatacag tctcagaaga ccaaagggca attgagactt ttcaacaaag ggtaatatcc 1920
ggaaacctecce tcggattcca ttgcccaget atctgtcact ttattgtgaa gatagtggaa 1980
aaggaaggtg gctcctacaa atgccatcat tgcgataaag gaaaggccat cgttgaagat 2040
gectetgeeyg acagtggtcee caaagatgga cccccaccca cgaggagcat cgtggaaaaa 2100
gaagacgttc caaccacgtc ttcaaagcaa gtggattgat gtgatatctc cactgacgta 2160
agggatgacg cacaatccca ctaaagcttg catgcctgca gtgcagegtg acccggtegt 2220
gccectetet agagataatg agcattgcat gtctaagtta taaaaaatta ccacatattt 2280
tttttgtcac acttgtttga agtgcagttt atctatcttt atacatatat ttaaacttta 2340
ctctacgaat aatataatct atagtactac aataatatca gtgttttaga gaatcatata 2400



55

US 9,803,214 B2

56

-continued
aatgaacagt tagacatggt ctaaaggaca attgagtatt ttgacaacag gactctacag 2460
ttttatcttt ttagtgtgca tgtgttctce tttttttttg caaatagctt cacctatata 2520
atacttcatc cattttatta gtacatccat ttagggttta gggttaatgg tttttataga 2580
ctaatttttt tagtacatct attttattct attttagcct ctaaattaag aaaactaaaa 2640
ctctatttta gtttttttat ttaataattt agatataaaa tagaataaaa taaagtgact 2700
aaaaattaaa caaataccct ttaagaaatt aaaaaaacta aggaaacatt tttcttgttt 2760
cgagtagata atgccagcct gttaaacgec gtcgacgagt ctaacggaca ccaaccagcg 2820
aaccagcagce gtcgegtegg gecaagegaa gcagacggea cggcatctet gtcegetgect 2880
ctggacccct ctcgagagtt ccgctcecacce gttggacttg ctceccegetgte ggcatccaga 2940
aattgegtgg cggagcggca gacgtgagece ggcacggcag gceggectect cctectcetcea 3000
cggcaccggce agctacgggg gattccttte ccaccgetece ttegetttee cttectegece 3060
cgccgtaata aatagacacc ccctccacac cctetttece caacctegtg ttgtteggag 3120
cgcacacaca cacaaccaga tctcccccaa atccaccegt cggcacctece gettcaaggt 3180
acgccgceteg tectecceee ceccectete taccttetet agatcggegt tecggtecat 3240
gcatggttag ggcccggtag ttctacttet gttcatgttt gtgttagatc cgtgtttgtg 3300
ttagatccgt gectgctageg ttegtacacg gatgcgacct gtacgtcaga cacgttctga 3360
ttgctaactt gccagtgttt ctectttgggg aatcctggga tggctctage cgttcecgcag 3420
acgggatcga tttcatgatt ttttttgttt cgttgcatag ggtttggttt gecccttttcee 3480
tttatttcaa tatatgccgt gcacttgttt gtcgggtcat cttttcatge ttttttttgt 3540
cttggttgtg atgatgtggt ctggttgggce ggtcgttceta gatcggagta gaattctgtt 3600
tcaaactacc tggtggattt attaattttg gatctgtatg tgtgtgccat acatattcat 3660
agttacgaat tgaagatgat ggatggaaat atcgatctag gataggtata catgttgatg 3720
cgggttttac tgatgcatat acagagatgc tttttgttecg cttggttgtg atgatgtggt 3780
gtggttgggc ggtcgttcat tcgttctaga tcggagtaga atactgtttc aaactacctg 3840
gtgtatttat taattttgga actgtatgtg tgtgtcatac atcttcatag ttacgagttt 3900
aagatggatg gaaatatcga tctaggatag gtatacatgt tgatgtgggt tttactgatg 3960
catatacatg atggcatatg cagcatctat tcatatgctc taaccttgag tacctatcta 4020
ttataataaa caagtatgtt ttataattat tttgatcttg atatacttgg atgatggcat 4080
atgcagcagc tatatgtgga tttttttagc cctgccttca tacgctattt atttgcettgg 4140
tactgtttct tttgtcgatg ctcaccctgt tgtttggtgt tacttctgca ggtcgacttt 4200
aacttagcct aggatccaca cgacaccatg teccccgage gecgeccegt cgagatccge 4260
ceggecaceg ccgecgacat ggccgecgtyg tgcgacateg tgaaccacta catcgagace 4320
tccaccgtga acttecgcac cgagcecgcag accccgcagg agtggatcga cgacctggag 4380
cgectecagg accgctacce gtggetegtg gecgaggtgyg agggcegtggt ggccggeate 4440
gectacgeeyg geccgtggaa ggcccgcaac gectacgact ggaccgtgga gtcecaccgtg 4500
tacgtgtcce accgccacca gegcectegge cteggcteca cectcectacac ccacctecte 4560
aagagcatgg aggcccaggg cttcaagtce gtggtggeceyg tgatcggect cccgaacgac 4620
cegtecgtge gectecacga ggccctegge tacaccgece geggcaccct ccgegecgece 4680
ggctacaage acggcggcetyg gcacgacgtce ggcttetgge agegcegactt cgagetgecg 4740
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geeeegecge geceggtgeg ccecggtgacg cagatcteceyg gtggaggegg cageggtgge 4800
ggaggcteceg gaggceggtgg ctecatggece tecteccgagyg acgtcatcaa ggagttcatg 4860
cgcettcaagg tgcgcatgga gggctceegtg aacggccacyg agttcgagat cgagggcgag 4920
ggcgagggece geccectacga gggcacccag accgccaage tgaaggtgac caagggcegge 4980
ccectgeect tegectggga catcctgtcee cceccagttece agtacggcte caaggtgtac 5040
gtgaagcacc ccgecgacat ccccgactac aagaagetgt ccettecccga gggcettcaag 5100
tgggagcgeg tgatgaactt cgaggacggce ggcegtggtga ccgtgaccca ggactcectcece 5160
ctgcaggacg gctccttcecat ctacaaggtg aagttcatcg gecgtgaactt cccctcecgac 5220
ggccccegtaa tgcagaagaa gactatggge tgggaggect ccaccgageg cctgtacccece 5280
cgegacggeg tgctgaaggg cgagatccac aaggccctga agetgaagga cggceggcecac 5340
tacctggtgg agttcaagtc catctacatg gccaagaagc ccgtgcaget geccggctac 5400
tactacgtgg actccaagct ggacatcacc tcccacaacg aggactacac catcgtggag 5460
cagtacgagc gcgccgaggg ccgccaccac ctgttcecetgt agtcaggatce tgagtcgaaa 5520
cctagacttg tccatcttet ggattggcca acttaattaa tgtatgaaat aaaaggatgc 5580
acacatagtg acatgctaat cactataatg tgggcatcaa agttgtgtgt tatgtgtaat 5640
tactagttat ctgaataaaa gagaaagaga tcatccatat ttcttatcct aaatgaatgt 5700
cacgtgtctt tataattctt tgatgaacca gatgcatttc attaaccaaa tccatataca 5760
tataaatatt aatcatatat aattaatatc aattgggtta gcaaaacaaa tctagtctag 5820
gtgtgttttyg cgaatgcggce 5840
<210> SEQ ID NO 13
<211> LENGTH: 6897
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: PHP54783 T-DNA
<400> SEQUENCE: 13
aagcttgcect gcgaaaatgt tgttacactt gccaaaaaaa atcaatcgca tatttacctt 60
acaaggacat attttagcaa aatgctatag acatgaatcc aacgtaatca atagagtgag 120
atttactggt aaactaccaa ttgctcatct getcggtacce aaccagcectt tcctattace 180
atgcacatgt tgcctctcaa ctgcagecatce tttcaagecyg tgagcagaca tgttgcagat 240
cgaagtaagg tatatatgtg catagtctcc taattctteca tcettcaacct ctagetgatt 300
gatctctggt atttaccact ctttceccttece ttcecttectt caattctaaa taccacaaat 360
caaagttgct ttggaattcc tgcagecccaa actgaaggeg ggaaacgaca atctgatcat 420
gagcggagaa ttaagggagt cacgttatga cccccgecga tgacgcggga caagecgttt 480
tacgtttgga actgacagaa ccgcaacgat tgaaggagec actcagccge gggtttetgg 540
agtttaatga gctaagcaca tacgtcagaa accattattg cgcgttcaaa agtcgcectaa 600
ggtcactatc agctagcaaa tatttcttgt caaaaatgct ccactgacgt tccataaatt 660
ccecteggta tccaattaga gtctcatatt caccatgaca aagcaacttt gatttgtggt 720
atttagaatt gaaggaagga aggaaggaaa gagtggtaaa taccagagat caatcagcta 780
gaggttgaag atgaagaatt aggagactat gcacatatat accttacttc gatctgcaac 840
atgtctgcte acggecttgaa agatgctgca gttgagagge aacatgtgca tggtaatagg 900
aaaggctggt tggtaccgag cagatgagca attggtagtt taccagtaaa tctcactcta 960
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ttgattacgt tggattcatg tctatagcat tttgctaaaa tatgtccttg taaggtaaat 1020
atgcgattga ttttttttgg caagtgtaac aacattttcg caggcggccg cgggtctaga 1080
ccatggtgga tccggatcct ctagagtcga cctgcagaag taacaccaaa caacagggtg 1140
agcatcgaca aaagaaacag taccaagcaa ataaatageg tatgaaggca gggctaaaaa 1200
aatccacata tagctgctgc atatgccatc atccaagtat atcaagatca aaataattat 1260
aaaacatact tgtttattat aatagatagg tactcaaggt tagagcatat gaatagatgc 1320
tgcatatgcc atcatgtata tgcatcagta aaacccacat caacatgtat acctatccta 1380
gatcgatatt tccatccatc ttaaactcgt aactatgaag atgtatgaca cacacataca 1440
gttccaaaat taataaatac accaggtagt ttgaaacagt attctactcc gatctagaac 1500
gaatgaacga ccgcccaacce acaccacatc atcacaacca agcgaacaaa aagcatctet 1560
gtatatgcat cagtaaaacc cgcatcaaca tgtataccta tcctagatcg atatttceccat 1620
ccatcatctt caattcgtaa ctatgaatat gtatggcaca cacatacaga tccaaaatta 1680
ataaatccac caggtagttt gaaacagaat tctactccga tctagaacga ccgcccaacce 1740
agaccacatc atcacaacca agacaaaaaa aagcatgaaa agatgacccyg acaaacaagt 1800
gcacggcata tattgaaata aaggaaaagg gcaaaccaaa ccctatgcaa cgaaacaaaa 1860
aaaatcatga aatcgatccc gtctgcggaa cggctagagce catcccagga ttccccaaag 1920
agaaacactg gcaagttagc aatcagaacg tgtctgacgt acaggtcgca tceccgtgtacg 1980
aacgctagca gcacggatct aacacaaaca cggatctaac acaaacatga acagaagtag 2040
aactaccggg ccctaaccat ggaccggaac gecgatctag agaaggtaga gagggggggy 2100
gggggaggac gagcggcgta ccttgaageg gaggtgecga cgggtggatt tgggggagat 2160
ctggttgtgt gtgtgtgcge tcecgaacaac acgaggttgg ggaaagaggg tgtggagggg 2220
gtgtctattt attacggcgg gcgaggaagg gaaagcgaag gagcggtggg aaaggaatcce 2280
ccegtagetyg cegtgecgtyg agaggaggag gaggecgect gecgtgeegyg ctcacgtetg 2340
cegetecgee acgcaattte tggatgecga cagceggagea agtccaacgyg tggagcggaa 2400
ctctecgagag gggtccagag gcagcgacag agatgccegtg cecgtcectgcett cgettggecce 2460
gacgcgacgce tgctggttceg ctggttggtg tccgttagac tegtcgatcg acggcgttta 2520
acaggctggce attatctact cgaaacaaga aaaatgtttc cttagttttt ttaatttctt 2580
aaagggtatt tgtttaattt ttagtcactt tattttattc tattttatat ctaaattatt 2640
aaataaaaaa actaaaatag agttttagtt ttcttaattt agaggctaaa atagaataaa 2700
atagatgtac taaaaaaatt agtctataaa aaccattaac cctaaaccct aaatggatgt 2760
actaataaaa tggatgaagt attatatagg tgaagctatt tgcaaaaaaa aaggagaaca 2820
catgcacact aaaaagataa aactgtagag tcctgttgtc aaaatactca attgtccttt 2880
agaccatgtc taactgttca tttatatgat tctctaaaac actgatatta ttgtagtact 2940
atagattata ttattcgtag agtaaagttt aaatatatgt ataaagatag ataaactgca 3000
cttcaaacaa gtgtgacaaa aaaaatatgt ggtaattttt tataacttag acatgcaatg 3060
ctcattatct ctagagaggg gcacgaccgg gtcacgctgce actgcaggca tgcaagcttce 3120
ccectegagg tcgacggtat cgataagcett gatatcgaat tcccatggag tcaaagattce 3180
aaatagagga cctaacagaa ctcgccgtaa agactggcga acagttcata cagagtctct 3240
tacgactcaa tgacaagaag aaaatcttcg tcaacatggt ggagcacgac acgcttgtct 3300
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actccaaaaa tatcaaagat acagtctcag aagaccaaag ggcaattgag acttttcaac 3360
aaagggtaat atccggaaac ctcctceggat tccattgecce agctatctgt cactttattg 3420
tgaagatagt ggaaaaggaa ggtggctcct acaaatgcca tcattgcgat aaaggaaagg 3480
ccatecgttga agatgectcet gecgacagtg gteccaaaga tggaccccca cccacgagga 3540
gcatcgtgga aaaagaagac gttccaacca cgtcttcaaa gcaagtggat tgatgtgata 3600
tcteccactga cgtaagggat gacgcacaat cccactaagce tgaccgaagce tggccgctcet 3660
agaactagat cgaattcctg cagcccatce ctcagccgece tttcactate ttttttgece 3720
gagtcattgt catgtgaacc ttggcatgta taatcggtga attgcgtcga ttttectett 3780
ataggtgggc caatgaatcc gtgtgatcge gtctgattgg ctagagatat gtttcttect 3840
tgttggatgt attttcatac ataatcatat gcatacaaat atttcattac actttataga 3900
aatggtcagt aataaaccct atcactatgt ctggtgtttc attttatttg cttttaaacg 3960
aaaattgact tcctgattca atatttaagg atcgtcaacg gtgtgcagtt actaaattct 4020
ggtttgtagg aactatagta aactattcaa gtcttcactt attgtgcact cacctctege 4080
cacatcacca cagatgttat tcacgtctta aatttgaact acacatcata ttgacacaat 4140
atttttttta aataagcgat taaaacctag cctctatgtc aacaatggtg tacataacca 4200
gcgaagttta gggagtaaaa aacatcgcct tacacaaagt tcgctttaaa aaataaagag 4260
taaattttac tttggaccac ccttcaacca atgtttcact ttagaacgag taattttatt 4320
attgtcactt tggaccaccc tcaaatcttt tttccatcta catccaattt atcatgtcaa 4380
agaaatggtc tacatacagc taaggagatt tatcgacgaa tagtagctag catactcgag 4440
gtcattcata tgcttgagaa gagagtcggg atagtccaaa ataaaacaaa ggtaagatta 4500
cctggtcaaa agtgaaaaca tcagttaaaa ggtggtataa agtaaaatat cggtaataaa 4560
aggtggccca aagtgaaatt tactctttte tactattata aaaattgagg atgtttttgt 4620
cggtactttg atacgtcatt tttgtatgaa ttggttttta agtttattcg cttttggaaa 4680
tgcatatctg tatttgagtc gggttttaag ttegtttget tttgtaaata cagagggatt 4740
tgtataagaa atatctttaa aaaaacccat atgctaattt gacataattt ttgagaaaaa 4800
tatatattca ggcgaattct cacaatgaac aataataaga ttaaaatagc tttccccegt 4860
tgcagcgcat gggtattttt tctagtaaaa ataaaagata aacttagact caaaacattt 4920
acaaaaacaa cccctaaagt tcctaaagec caaagtgcta tccacgatcce atagcaagcce 4980
cagceccaace caacccaacc caacccaccce cagtccagec aactggacaa tagtctccac 5040
accceeccac tatcaccgtg agttgtecge acgcaccgea cgtctegcag ccaaaaaaaa 5100
aaaaagaaag aaaaaaaaga aaaagaaaaa acagcaggtyg ggtccgggte gtgggggccg 5160
gaaacgcgayg gaggatcgeg agccagcgac gaggccggece ctecctecge ttecaaagaa 5220
acgccccecca tecgccactat atacatacce ccecectetec teccatccee ccaaccctac 5280
caccaccacce accaccacct ccacctecte ceeecteget gecggacgac gagctectece 5340
ccectecccee tecgecgeeg cegegecggt aaccacccecg cceccctectect ctttetttet 5400
ccgttttttt tttcecegtete ggtctegate tttggecttg gtagtttggg tgggcgagag 5460
geggettegt gegegeccag atcggtgege gggaggggeyg ggatctegeg getggggetce 5520
tcgececggegt ggatcaggece cggatctcecge ggggaatggg gcectcteggat gtagatctge 5580
gatccgceegt tgttggggga gatgatgggg ggtttaaaat ttccgccatg ctaaacaaga 5640
tcaggaagag gggaaaaggg cactatggtt tatattttta tatatttctg ctgcttecgtce 5700
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aggcttagat gtgctagate tttetttett ctttttgtgg gtagaatttyg aatccctcag

cattgttcat cggtagtttt tcttttecatg atttgtgaca aatgcagect cgtgeggage

ttttttgtag gtagaaggat ccaccggteg ccaccatgge cctgtccaac aagttcatceg

gecgacgacat gaagatgacc taccacatgg acggctgegt gaacggecac tacttcacceg

tgaagggcga gggcagcegge aagcecctacg agggcaccca gacctecace ttcaaggtga

ccatggccaa cggeggeccee ctggecttet ccttegacat cetgtecace gtgttcatgt

acggcaaccyg ctgcttcace gectacceca ccageatgece cgactactte aagcaggect

tcceccgacgg catgtectac gagagaacct tcacctacga ggacggegge gtggcecacceg

ccagctggga gatcagectg aagggcaact gettegagea caagtcecace ttcecacggeg

tgaacttcce cgccgacgge cecgtgatgg ccaagaagac caceggetgg gaccectect

tcgagaagat gaccgtgtge gacggcatct tgaagggega cgtgaccgee ttectgatge

tgcagggcegyg cggcaactac agatgccagt tccacaccte ctacaagacce aagaagcccg

tgaccatgce ccccaaccac gtggtggage accgeatcge cagaaccgac ctggacaagg

geggcaacag cgtgcagetg accgagcacyg ccgtggecca catcacctec gtggtgecct

tctgaagegyg cccatggata ttecgaacgeg taggtaccga cttgtecate ttetggattg

gccaacttaa ttaatgtatg aaataaaagg atgcacacat agtgacatgce taatcactat

aatgtgggca tcaaagttgt gtgttatgtg taattactag ttatctgaat aaaagagaaa

gagatcatcc atatttctta tcctaaatga atgtcacgtg tctttataat tetttgatga

accagatgca tttcattaac caaatccata tacatataaa tattaatcat atataattaa

tatcaattgg gttagcaaaa caaatctagt ctaggtgtgt tttgcgaatg cggccge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 14

LENGTH: 253

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: maize-wheat consensus of Figure 2

SEQUENCE: 14

tttcatccta attaataaat aatcactggt atttgcccet tttttecaaa ttccatctga

ctccagatag aagaaggcta ctttetgatg tcttgcacta ccagaaagca gtccatcacg

catcctttet agatacacte tcaacgtege catgectget tegaatctte cactactcat

gcaactcctyg ccgaatattt tcgacaatcc attaagaaaa catccegett tetettecga

ctctcaccee atg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 15

LENGTH: 437

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: wheat PRO-pIR consensus of Figure 3

SEQUENCE: 15

tctaatctte ttacaattat ctccataaca actgctaata actaaatcat tatcacgaat

gaggctaatt cttgacttcect cecttgetet tetgettett tetectccaa agtttgetet

tctetecctyg tatactgate ctcaccagat caggtcatge atgaaaattg getceggtate

ctcectggate actttatget tgacctgtac atcttgeatce actatccaag caacgaaggce

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6897

60

120

180

240

253

60

120

180

240
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atgcaagtcc
ctactcccaa

acgctagetyg

aagaatttaa gatcaca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 935

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: consensus of Figure 1

SEQUENCE: 16

aagcatcggt gettatttat acatggcaga

gcaccegtge tttagaaaaa tccggtttat

attgtacaag gccttggaga aataaagcag

caggtcagac gcttaattag gegtetetece

aaacccgete tattttttaa gcacataaca

cttaaaagaa agaaaaagaa agaaagaatg

catgtegteg ccctagggece ttectaaacg

ccaattatct ctccecctctaa tcettcettaca

atcattatca cgaatgagge tgaattettg

ctccaaagtt tgctettete tcectgtata

aaattggcte ggtatectee tggatcactt

ctatccaage aacgaaggca tgcaagtccce

gttctgaace gaaatacacc tactcccaaa

gtgtcgggat aatcttgtga cgctagetga

attttcggag caaatccatt aagaatttaa

atgcaaaaca gagccactge cctctaccte

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 17
LENGTH: 10
TYPE: PRT

caaattccaa aagcgccata tccecttage tgttctgaac cgaaatacac
acgatcacac cgacccatge aaccteegtg cgtgteggga taatcttgtg

actcatgcaa ctccegtget gteggaatat atttteggag caaatccatt

cgcttaatag acgctctect gtaaaaataa

ttttgtaage acctctecta agecaccttge

getttottta agtatcggtg cttatttgta

tgtagaaata ggcaccgatg cttcaaaaaa

ttgtacaaga ccttaagcat ttgtegggtg

cgatctgaaa atttaaacac tgaagggacc

taggaccgac cctgcatgca ccgeattacg

attatctcca taacaactgce taataactaa

acttctcect tgcetcettetg cttetttete

ctgatcctca ccagatcagg tcatgeatga

tatgcttgtt gacctgtaca tcttgcatca

aaattccaaa agcgccatat ccecttaget

cgatcacacce gacccatgca acctecgtge

ctcatgcaac tccegtgegt gteggaatat

gatcacattg cccgegettt tttegtetge

catgg

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: P450 heme-binding domain

FEATURE:

NAME/KEY: misc_feature
LOCATION: (2)..(3)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: (5)..(5)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: (7)..(7)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: (9)..(9)
OTHER INFORMATION: Xaa

SEQUENCE: 17

can

can

can

can

be any naturally

be any naturally

be any naturally

be any naturally

Phe Xaa Xaa Gly Xaa Arg Xaa Cys Xaa Gly

1

5

10

occurring amino

occurring amino

occurring amino

occurring amino

300

360

420

437

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

935

acid

acid

acid

acid
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<210> SEQ ID NO 18
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: P450_domain_ A
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (1).. (1)
<223> OTHER INFORMATION: Ala or Gly
<220> FEATURE:
<221> NAME/KEY: misc_feature
«<222> LOCATION: (3)..(3)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: Asp or Glu
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (6)..(6)
<223> OTHER INFORMATION: Thr or Ser
<400> SEQUENCE: 18

Ala Gly Xaa Asp Thr Thr
1 5

That which is claimed:

1. A method of modulating fertility in a polyploid wheat
plant, said method comprising a step of expressing in said
plant a first construct targeting an MS45 gene promoter,
wherein said first construct comprises a promoter inverted
repeat (pIR) comprising at least a 20-nucleotide fragment of
SEQ ID NO: 1, 2, and/or 3 and is effective for silencing
expression of endogenous MS45 genes which inhibits fer-
tility.

2. The method of claim 1 wherein the fragment is a
consensus sequence derived from the MS45 promoter
sequences of two or more of the A, B, and D genomes of
wheat.

3. A construct effective for inhibiting fertility in a poly-
ploid wheat plant, said construct comprising a promoter
inverted repeat (pIR) comprising at least a 20-nucleotide
fragment of SEQ ID NO: 1, 2, and/or 3 and is effective for
silencing expression of endogenous MS45 genes.

4. The method of claim 1, further comprising restoring
fertility to said wheat plant by introducing into said plant a
second construct comprising a promoter operably linked to
a polynucleotide, wherein said polynucleotide encodes a
gene product, expression of which gene product comple-
ments the inhibition of fertility resulting from the first
construct.

30

35

40

45

50

5. The method of claim 4, wherein said introducing is by
transformation or by crossing.

6. A plant comprising the construct of claim 3.

7. A breeding pair of wheat plants comprising a first wheat
plant and a second wheat plant, wherein the first wheat plant
expresses a promoter inverted repeat (pIR), wherein the pIR
comprises at least a 20-nucleotide fragment of SEQ ID NO:
1, 2, and/or 3 and is effective for silencing expression of
endogenous MS45 genes and wherein expression of said pIR
results in male sterility of the first wheat plant; and wherein
the second wheat plant comprises a construct comprising a
polynucleotide, expression of which will complement the
male-sterility of the first wheat plant, and wherein the
polynucleotide is operably linked to a second promoter
which would not be impacted by the pIR of the first wheat
plant; wherein crossing the wheat plants restores fertility to
progeny of the first wheat plant.

8. The breeding pair of plants of claim 7, wherein the pIR
is operably linked to a promoter which expresses preferen-
tially in male reproductive tissue.

9. The breeding pair of plants of claim 7, wherein the pIR
comprises the sequence of SEQ ID NO:6.

#* #* #* #* #*



