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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to one Wheat Male Sterility (WMS) gene, its anther-
specific gene promoter, and uses of the same.

BACKGROUND OF THE INVENTION

[0002] The plant male sterility can be used to facilitate crossing for selective breeding and
hybrid seed production (Rao et al.,, 1990; Kempken and Pring, 1999; Mackenzie, 2012). In
many crop species, large numbers of male sterile strains have been discovered and preserved
as valuable genetic resources, and there are numerous attempts to produce male sterile
strains, especially in major cereal crops such as maize and rice.

[0003] The Pioneer Hi-Bred International developes the Seed Production Technology (SPT)
(Waltz, 2012). In maize, the SPT technology integrates the use of the dominant Ms45 gene for
male fertility, the recessive ms45 gene for male sterility, and the DsRed2 gene as a visual
selection marker. The Ms45 gene is regulated by an anther-specific promoter. The maize
maintainer line DP-32138-1 (ms45/ms45, Ms45-DsRed2/_) serves as a pollen donor to
produce non-transgenic male-sterile maize lines (ms45/ms45), which are used as the female
inbred parent to generate hybrid seeds. There are other studies on maize male sterilily;
mutagenesis of the cytochrome P450-like gene (Ms26) leads to the male sterilily in maize
(Djukanovic et al., 2013). On the other hand, an anther-specific expression of target genes is
crucial to create male sterility free from other unintended penalty. Luo et al. (2006) discovered
a tapetum-specific gene RTS by differential screening of rice cDNA libraries (Luo et al., 2006).
The RTS gene displays predominant expression in tapetum during meiosis and the expression
disappears before anthesis. Liu et al. (2013) identified a rice anther-specific lipid transfer
protein (OsLTP6) gene through high through-put expressional profiling (Liu et al., 2013). In
general, anther specific expression of male fertility/sterility genes is important for introducing
critical lines for hybrid seed production.

[0004] Genome editing allows specific modification of target genes in mammalian and other
eukaryotic organisms (Cheng and Alper, 2014). More recently, the transcription activator-like
effector nuclease (TALEN) and the clustered, regularly interspaced, short palindromic repeats
(CRISPR)/Cas9 are proved to be functional in wheat (Wang et al., 2014) and barley (Wendt et
al., 2013; Gurushidze et al., 2014). Therefore, genome editing can be used to introduce target-
specific modification in cereal crops, which may be used to generate valued-added products.

[0005] Taigu genic male sterile wheat (henceforth referred to as 'Taigu’) is a male-sterile
hexaploid wheat mutant discovered in China (Yang et al., 2009). A single dominant gene Ms2
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determines male sterility in 'Taigu'. VWWhen 'Taigu' wheat is crossed with male-fertile hexaploid
wheat, their F4 plants segregate on the male fertility/sterility: half male-fertile plants and half

male-sterile plants (Deng and Gao, 1982). Phenotypic (dwarfing conferred by Rht-Dic) and
molecular makers have been developed for the Ms2 locus (Liu and Deng, 1986; Cao et al.,
2009). Since 1983, the 'Taigu' wheat has been used as a tool for recurrent selection in China.
Up to date, hundreds of Chinese wheat lines have been developed to carry the Ms2 gene or
the tightly linked Rht-D1c/Ms2 locus (henceforth referred to as RMs2), collectively designated
'Taigu wheat'. By 2010, forty-two wheat cultivars with improved disease resistance, salt and
drought tolerance, or yield performance have been released via the RMs2-based recurrent
selection. In order to manipulate the Ms2 gene for a better production system, we aimed to
clone the Ms2 gene using transcriptome analysis.

SUMMARY OF THE INVENTION

[0006] The present invention provides a novel Wheat Male Sterility (WMS) gene, its gene
promoter, and uses of the same.

[0007] The present invention is defined by the appended claims. In particular, the present
invention provides:

1. [1] An isolated DNA of any one of the following (a) to (h):

1. (a) a cDNA comprising the nucleotide sequence of SEQ ID NO: 1;

2. (b) a DNA encoding the amino acid sequence of SEQ ID NO: 2;

3. (c) a DNA comprising the nucleotide sequence of SEQ ID NO: 6;

4. (d) a DNA encoding a protein which is (i) functionally equivalent to a protein
comprising the amino acid sequence of SEQ ID NO: 2, wherein the protein
comprising the amino acid sequence of SEQ ID NO: 2 induces wheat male sterility,
and (ii) comprises an amino acid sequence having at least 90% sequence identity
to SEQ ID NO: 2;

5. (e) a DNA that (i) encodes a protein which is functionally equivalent to the protein
comprising the amino acid sequence of SEQ ID NO: 2, wherein the protein
comprising the amino acid sequence of SEQ ID NO: 2 induces male sterility, and
(i) hybridizes under stringent conditions to the DNA comprising the nucleotide
sequences of SEQ ID NOs: 1 and 6;

6. (f) a DNA encoding an antisense RNA that is complementary to the transcription
product of the DNA of SEQ ID NOs: 1 and 6;

7.(g) a DNA encoding an RNA that comprises ribozyme activity that specifically
cleaves the transcription product of the DNA of SEQ ID NOs: 1 and 6; and

8. (h) a DNA encoding an RNA that down-regulates expression of the DNA of SEQ ID
NOs: 1 and 6 by the co-suppression effect when expressed in plant cells.

2. [2] A vector comprising a DNA of [1].
3. [3] A transformed plant cell into the genome of which the DNA of [1] or the vector of [2]
has been inserted.
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4. [4] A transformed plant comprising the transformed plant cells of [3].
5. [5] A transformed plant clone or offspring of the transformed plants of [4], wherein the
clone or offspring comprises the transformed plant cells of [3].
6. [6] A seed, tissue or organ from the transformed plants of [4] or [5], wherein the seed,
tissue or organ comprises the transformed plant cells of [3].
7. [7] An isolated DNA of any one of the following (a) to (c) that comprises anther-specific
promoter activity:
1. (a) a DNA comprising the nucleotide sequence of SEQ ID NO: 5;
2. (b) a DNA highly homologous to the nucleotide sequence of SEQ ID NO: 5; and
3. (c) a DNA that hybridizes under stringent conditions to the DNA comprising the
nucleotide sequence of SEQ ID NO: 5.
8. [8] A vector comprising the DNA of [7].
9. [9] A transformed plant cell into the genome of which the DNA of [7] or vector of [8] has
been inserted.

10. [10] A transformed plant comprising the transformed plant cells of [9].

11. [11] A transformed plant clone or offspring of the transformed plants of [10], wherein the
clone or offspring comprises the transformed plant cells of [9].

12. [12] A seed, tissue or organ from the transformed plants of [10] or [11], wherein the
seed, tissue or organ comprises the transformed plant cells of [9].

13. [13] Method of causing plant male fertility in a plant cell, comprising generating a
genetically modified plant cell using genome editing and/or targeted induced
mutagenesis on DNA comprising the nucleotide sequences of SEQ ID NOs: 1 or 4,
wherein these modifications abolish gene function and cause plant male fertility.

[0008] The present disclosure utilized RNA-seq to characterize the anther transcriptome of
'‘Lumai 15' and 'Lumai 15+Ms2’' (henceforth LM15y,s0) at the early meiosis stage. As a result,

one WMS gene was identified, which displayed an anther-specific expression at the early stage
of meiosis and only in wheat carrying a dominant Ms2 gene. The WMS gene was suggested to
be involved in male sterility in wheat, and the manipulation of WMS gene in plants might alter
plant fertility. In addition, the WMS promoter was thought to comprise anther-specific activity,
which is important to achieve anther-specific gene expression. Thus, the present disclosure
can be said to be highly valuable when used as a tool to achieve anther-specific gene
expression, to develop male sterility in various plant species, to establish recurrent selection in
various plant species, and to assist seed produciton. Specifically, the present disclosure relates
to the following:

1. [1] an isolated DNA of any one of the following (a) to (e): (a) a cDNA comprising the
nucleotide sequence of SEQ ID NO: 1; (b) a DNA encoding the amino acid sequence of
SEQ ID NO: 2; (¢) a DNA comprising the nucleotide sequence of SEQ ID NO: 6; (d) a
DNA encoding a protein which is (i) functionally equivalent to a protein comprising the
amino acid sequence of SEQ ID NO: 2, and (ii) comprises the amino acid sequence of
SEQ ID NO: 2, wherein one or more amino acids are substituted, deleted, added, and/or
inserted; and (e) a DNA that (i) encodes a protein which is functionally equivalent to the
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protein comprising the amino acid sequence of SEQ ID NO: 2, and (ii) hybridizes under
stringent conditions to the DNA comprising the nucleotide sequences of SEQ ID NOs: 1
and 6;

2.[2] a DNA encoding an antisense RNA that is complementary to the transcription product
of the DNA of SEQ ID NOs: 1 and 6;

3. [3] a DNA encoding an RNA that comprises ribozyme activity that specifically cleaves the
transcription product of the DNA of SEQ ID NOs: 1 and 6;

4.[4] a DNA encoding an RNA that down-regulates expression of the DNA of SEQ ID NOs:
1 and 6 by the co-suppression effect when expressed in plant cells;

5. [5] a DNA encoding a RNA that comprises a characteristic that is dominant-negative for
an endogenous transcripts in plant cells encoded by the DNA of [1]; or a DNA encoding
a protein that comprises a characteristic that is dominant-negative for an endogenous
protein in plant cells encoded by the DNA of [1];

6. [6] a vector comprising a DNA of any one of [1] to [5];

7. [7] a transformed plant cell to which a DNA of any one of [1] to [5] or the vector of [6] is
introduced;

8. [8] a transformed plant comprising the transformed plant cells of [7];

9. [9] a transformed plant clone or offspring of the transformed plants of [8], once the clone
or offspring containing the transformed plant cells of [7];

10. [10] a seed, tissue and organ from the transformed plants of [8] or [9], once they contain
the transformed plant cells of [7];

11. [11] a DNA of any one of the following (a) to (c) that comprises anther-specific promoter
activity: (a) a DNA comprising the nucleotide sequence of SEQ ID NO: 5; (b) a DNA
comprising the nucleotide sequence of SEQ ID NO: 5, wherein one or more nucleotides
are substituted, deleted, added, and/or inserted; and (¢) a DNA that hybridizes under
stringent conditions to the DNA comprising the nucleotide sequence of SEQ ID NO: 5;

12. [12] a vector comprising the DNA of [11];

13. [13] a transformed plant cell comprising the DNA of [11] or [12];

14. [14] a transformed plant comprising the transformed plant cells of [13];

15. [15] a transformed plant clone or offspring of the transformed plants of [14], once the
clone or offspring containing the transformed plant cells of [13];

16. [16] a seed, tissue and organ from the transformed plants of [14] or [15], once they
contain the transformed plant cells of [13];

17.[17] a genetically modified plant cell generated by genome editing and/or induced
mutagenesis on DNAs comprising the nucleotide sequences of SEQ ID NOs: 1 and 4,
once these modifications regulate plant male fertiltiy;

18. [18] a genetically modified plant comprising the genetically modified plant cells of [17];

19. [19] a plant clone or offspring of the genetically modified plants of [18], once the clone or
offspring containing the modified plant cells of [17]; and

20. [20] a seed, tissue and organ from from the genetically modified plants of [18] or [19],
once they contain the modified plant cells of [17].

BRIEF DESCRIPTION OF THE DRAWINGS
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[0009]

FIG. 1 depicts genotyping by the WMS-EM and WMS-PM markers. Top panels represented
genotyping by the WMS-EM marker, lower panels of genotyping by the WMS-PM marker; left
panels were genotypes of common wheat (parental lines) and BAC clones, right panels of
genotypes of F individuals from the 'LM15ys, /'Lumai 15’ combination. In Fq plants, six

representative plans were displayed, including three male-sterile plants (S1, S2 and S3) and
three male-fertile plants (F1, F2 and F3). Arrows indicated the specific bands that segregated
with the male sterility trait.

FIG. 2 depicts BAC clones carrying the WMS/wms gene. P89 and P1076 were derived from the
4D chromosome carrying a recessive wms gene; P204 and P1593 were derived from the 4D
chromosome carrying a dominant WMS gene. The region with gray shading represents the full
expression matrix of WMS gene (e.g., SEQ ID NO: 4) in the present invention. The insert size
of each BAC clone is in scale.

FIG. 3 depicts the anther-specific expression of the WMS gene. A) RT-PCR was performed to
detect the WMS cDNA in anther, glume, leaf, lemma, palea, pistil, root, and stem. B) gRT-PCR
was performed to measure the cDNA levels of WMS in anther, GLP (glume, lemma, and
palea), leaf, pistil, and stem. Actin was included as controls in both RT-PCR and gRT-PCR
analyses.

FIG. 4 confirms the anther-specific activity of the WMS promoter. A) Plasmids were prepared
to study the promoter activity; PC613 was a destination vector carrying the gateway compatible
GFP cassette; PC966 carried the Pyys: GFP expression cassette where the Pyus
represented the WMS promoter (SEQ ID NO: 5); PC976 carried a genomic copy of the WMS
gene (SEQ ID NO: 7); all three vectors had the same plasmid backbone of pPCAMBIA1300. B)
Transient expression of GFP fluorescence in wheat anthers; arrows indicated the green
fluorescence signals. C) RT-PCR was performed to detect the WMS cDNA in anther, glume,
leaf, lemma, palea, pistil and stem in wheat transgenic plant 'JZ7-2' (Table 3), which was
derived from genetic transformation with PC976; there were also two controls including Anther
1 from '‘Lumai 15" and Anther 2 from 'Lumai 15ys2". Bar = 100um.

FIG. 5 shows the TILLING screening and fertile anthers of M4 plants carrying induced

mutations in the dominant WMS gene. A) The presence of a dominant WMS gene was
confirmed by PCR analysis using WMS-FP12 and WMS-RP12 (top panel); TILLING detection
of the WMS mutation using primers WMS-FP8 and WMS-RP8 in selected M4 plants (S: sterile

tiller; F: fertile tiller; arrows indicated the Cell digested band; lower panel). B) Development of
fertile anthers in selected M1 mutants of the WMS gene. 'Lumai 15" and 'Lumai 15y5," were

included as controls. Bar = 1.5mm.

FIG. 6 shows genetic complementation of the dominant WMS gene in 'Bobwhite’. A) PCR
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analysis confirmed genomic intergration (BAR and WMS) and cDNA expression (WMS and
Actin) in the Tg generation. B) BAR-based bioassay for herbicide resistance (top panel; Bar =
2.5mm); the expression of WMS cDNA caused a male-sterile phenotype in transgenic To
plants (lower panel; Bar = 1.5mm). 'Bobwhite' acted as the wild type control.

FIG. 7 shows genetic complementation of the dominant WMS gene in Brachypodium 'Bd21-3'.
A) PCR analysis confirmed genomic intergration (BAR and WMS) and cDNA expression (WMS
and Actin) in the Ty generation. B) BAR-based bioassay for herbicide resistance (top panel,
Bar = 2.5mm); the expression of WMS cDNA caused a male-sterile phenotype in transgenic To
plants (lower panel; Bar = 0.5mm). The Brachypodium 'Bd21-3' was included as the wild type
control.

DETAILED DESCRIPTION

[0010] The present invention provides DNAs encoding the WMS protein. The nucleotide
sequence of the WMS cDNA in 'Taigu wheat' is set forth in SEQ ID NO: 1, the amino acid
sequence of the protein encoded by the WMS cDNA is set forth in SEQ ID NO: 2, the full-length
nucleotide sequence including promoter, transcriptable fragment, and terminator of the WMS
gene in 'Taigu wheat' is set forth in SEQ ID NO: 4, the nucleotide sequence of the WMS
promoter in 'Taigu wheat' is set forth in SEQ ID NO: 5, and the nucleotide sequence of the
transcriptable fragment of the WMS gene in 'Taigu wheat' is set forth in SEQ ID NO: 6.

[0011] The present invention comprises cDNA and genomic DNA that encode the WMS
protein. One skilled in the art can prepare the cDNA and genomic DNA using conventional
methods. cDNA can be prepared by: for example, a) extracting mRNA from 'Taigu wheat' (e.g.,
'LM1552); b) synthesizing cDNA using the mRNA as template; ¢) amplyfing the WIS cDNA

using PCR primers specific to the cDNA of the present invention (e.g., SEQ ID NO: 1); d)
cloning the PCR product into vectors. Equally, genomic DNA can be prepared by extracting it
from 'Taigu wheat', constructing a genomic library (where BAC, cosmid, fosmid, and such can
be used as a vector), and then screening positive clones using DNA fragments of the present
invention (e.g., SEQ ID NO: 4). The genomic DNA can also be prepared by PCR-based cloning
on DNAs of the present invention (e.g., SEQ ID NO: 4).

[0012] The present invention includes DNAs that encode proteins functionally equivalent to the
WMS protein from Taigu wheat (e.g., SEQ ID NO: 2). Herein, "proteins functionally equivalent
to the WMS protein from Taigu wheat" means target proteins that comprise a biological or
biochemical function equivalent to the WMS protein of the present invention (e.g., SEQ ID NO:
2). Examples include the induction of plant sterility. To evaluate whether a test gene can induce
male sterility, 'Taigu wheat' can be mutagenized via the EMS-induced mutagenesis as
demonstrated in Example 7, and the knockout and knockdown mutants of the test gene can be
identified by TILLING as demonstrated in Example 8. The test gene induced male sterility can
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be validated using genetic complementation in the male-fertile wheat 'Bobwhite'. For example,
the genomic allele of WMS (SEQ ID NO: 7) can be introduced into 'Bobwhite' using biolistics
bombardment as demonstrated in Example 9. In addition, it is feasible to the introduce the
genomic allele of WMS (SEQ ID NO: 7) into the model plant Brachypodium using
Agrobacterium-mediated transformation as demonstrated in Example 10. The resulting plant
phenotypes can be analyzed.

[0013] Other example of such a function is the anther-specific expression, which is
characterized by predominant expression in the anther that is at least five times or more,
preferably ten times or more, and more preferably 15 times or more than its expression in
other tissues listed in Example 5. To evaluate whether a test gene is specifically transcripted in
a plant's anther, mRNAs can be extracted from various types of plant tissues, and cDNA will be
synthesized from these mMRNAs. The quantitative reverse-transcription PCR (qRT-PCR) can be
used to measure the cDNA amount of the test gene in different types of plant tissues as
demonstrated in Example 5.

[0014] DNAs that encode proteins functionally equivalent to the WMS protein (SEQ ID NO: 2)
are preferably derived from monocotyledons, more preferably from Gramineae, and most
preferably from Triticeae species. Such DNA include, for example, alleles, homologues,
variants, derivatives, and mutants of the current invention (SEQ ID NO: 1 or SEQ ID NO: 6),
which encode a protein comprising the amino acid sequence of SEQ ID NO: 2, in which one or
more amino acids are substituted, deleted, added, or inserted.

[0015] Genome editing can be used to knock out target genes in plants and animals (Cheng
and Alper, 2014). A number of genome editing techniques invoving the zinc-finger nuclease
(ZFNs), the transcription activator-like effector nuclease (TALEN)) and the clustered, regularly
interspaced, short palindromic repeats (CRISPR) have been successfully used to in wheat
(Shan et al., 2014; Wang et al., 2014)and barley (Wendt et al., 2013; Gurushidze et al., 2014).
Genome editing normally leads to single or multiple base deletion or insertion in the target
region of interested, and those occurred among the coding exons may cause amino acid
change or protein truncation(\Wang et al., 2014). So long as a DNA derived from genome
editing encodes a protein functionally equivalent to a natural WMS protein (SEQ ID NO: 2), that
DNA can be included as a DNA of the present invention, even if the introduced WMS protein
includes one or more amino acid substitutions, deletions, additions, or insertions. The DNAs
disclosed herein also include conservative mutants in which nucleotides are mutated without
resulting in mutation of the protein amino acid sequence (conservative mutations).

[0016] For those skilled in the art, it is feasible to modifiy the VWMS gene and its homologues of
the current invention (SEQ ID NOs: 1 and 6) using genome editing. In addition, it is feasible to
introduce the target mutation via induced mutagenesis or by natural germplasms screening.
For example, Slade et al. (2005) developed wheat EMS-induced mutant population and then
suscessfully identified target mutations using the method of targeting induced local lesions in
genomes (TILLING) (Slade et al., 2005). In addition, the germplasms pool evolves with large
amount of spontatnous mutations, it is feasible to identify target mutation in germplasms
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collection using Ecotilling (Till et al., 2006). For those skilled in the art, it is easy to develop
plant mutant populations and then identify mutations in the DNA (SEQ ID NOs: 1 and 6) of the
current invention. At the same time, it is easy to identify the spontaneous mutations of the the
DNA (SEQ ID NOs: 1 and 6) of the current invention in germplasms pool or breeding
lines/cultivars. Therefore, the current disclosure also covers: (a) using genome editing,
induced-mutagenesis,and natural screening to generate plant cells that mutation(s) on the
DNA (SEQ ID NOs: 1 and 6) of the current invention; (b) a plant carrying the type of plant cells
of (a); (c) a plant clone or offspring of the type of plants of (b), once they contain the type of
plant cells of (a); (d) a seed, tissue and organ from clone or offspring in (b) and (c), once they
contain the type of cell in (a).

[0017] Other methods for preparing DNAs that encode proteins functionally equivalent to the
WMS protein (SEQ ID NO: 2) include polymerase chain reaction (PCR) (Saiki et al., 1985;
Hemsley et al., 1989; Landt et al., 1990), recombinant DNA technology, and artificial gene
synthesis (Kosuri and Church, 2014), which are well known to those skilled in the art. Namely, it
is routine experimentation for one skilled in the art to isolate DNAs highly homologous to the
WMS gene from wheat or other plants by using PCR primers that specifically hybridize to a
nucleotide sequence of the WMS gene (SEQ ID NOs: 1 and 6), or by using a fragment of the
WMS gene (SEQ ID NOs: 1 and 6) as a proble to screen DNA and cDNA libraries. DNAs, which
are isolated using PCR technology, recombinant DNA technology, artificial gene synthesis, and
such, and which encode proteins functionally equivalent to the VWWMS protein (SEQ ID NO: 2),
are also included in the DNAs of the present invention. At the amino acid level, DNAs thus
isolated are thought to be highly homologous to the amino acid sequence of the WMS protein
(SEQ ID NO: 2). High homology means sequence identity, over the entire amino acid
sequence, of at least 50% or more, preferably 70% or more, and more preferably 90% or more
(for example, 95%, 96%, 97%, 98%, and 99% or more).

[0018] Amino acid and nucleotide sequence identity can be determined using the BLAST
algorithm (Altschul et al., 1990; Karlin and Altschul, 1993). Based on this algorithm, programs
called BLASTN, BLASTP, BLASTX, TBLASTN, and TBLASTX were introduced (Korf et al.,
2003). BLASTN searches a nucleotide database using a nucleotide query; BLASTP searches
protein database using a protein query; BLASTX searches protein database using a translated
nucleotide query; TBLASTN searches translated nucleotide database using a protein query;
TBLASTX searches translated nucleotide database using a translated nucleotide query. The
fundamental steps of  these analysis methods are publicly available
(http://blast.ncbi.nim.nih.gov/Blast.cgi).

[0019] Screening of the genomic DNA or cDNA libraries may utilize the Southern bloting
technology (Southern, 1975). Southern bloting involves two major steps. The first step is to
attach DNA fragments to nitrocellulose or nylon membrane, and the second step is to perform
hybridization between labeled proble DNA and the DNA fragment attached to the membrane.
During washing, it is necessary to ajust washing strigency by controlling temperature, salt
content,and time.The stringency increases along with the reduction of salt content in the SCC
buffer (20x, 10x, 6x, 2x, 1%, 0.5%, 0.2%, 0.1 x), the increase of temperature (42°C, 50°C, 55°C,
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60°C, 65°C, 70°C, 75°C) and the increase of washing time (1min, 2min, 5min, 10min, 15min,
20min, 30min). As disclosed herein, 'high stringency'indicates a washing step will be performed
in diluted SCC buffer (< 1x), under high temperature (=55 °C) and for extended duration (=10
min).

[0020] For application, the DNAs (SEQ ID NOs: 1 and 6) that encode the WMS protein of the
present invention are also thought to be useful in granting sterility to male fertile plants. In
other words, it is thought sterility can be granted to male fertile plants by inserting a DNA (SEQ
ID NOs: 1 and 6) encoding the WWMS protein of the present invention into a suitable vector,
introducing this vector into plant cells that are capable to form male-fertile plants, regenerating
the resulting recombinant plant cells, and then reproducing the transgenic plants that comprise
the characteristic of male sterility. Since male-sterile plants cannot self-pollinate, it is necessary
to maintain them using pollens from other male-fertile plants. On the other hand, the DNAs
(SEQ ID NOs: 1 and 6) that encode the WMS protein of the present invention are also thought
to be useful in granting fertility to male-sterile plants conferred by the WMS gene. In other
words, it is thought fertility can be granted to male-sterile plants by inserting the antisense RNA
(asRNA) and/or the hairpin RNA (hpRNA) of the DNA (SEQ ID NO: 1) encoding the WMS
protein of the present invention into a suitable vector, introducing this vector into plant cells that
are capable to form male-sterile plants, and then regenerating the resulting recombinant plant
cells. Since male-sterile varieties cannot self-pollinate, attempting to maintain them is difficult,
even when those varieties comprise desirable traits. However, if fertility can be recovered using
the antisense gene and/or the hairpin RNA of the DNA (SEQ ID NOs: 1 and 6) that encodes
the WMS protein, self-pollination becomes possible, as does the maintenance of desirable
traits.

[0021] The antisense nucleic acids regulate target gene expression via transcriptional
interference, RNA masking, double-stranded RNA (dsRNA)-dependent mechanisms and
chromatin remodeling (Lapidot and Pilpel, 2006). The antisense sequences used in the
present invention can inhibit the expression of a target gene by any of the above actions. As
disclosed herein, an antisense sequence designed to be complementary to an untranslated
region close to the 5' end of the mRNA of a gene will be effective in inhibiting translation of that
gene. However, a sequence complementary to a coding region, or to a 3'-end untranslated
region can also be used. In this way, DNAs comprising antisense sequences of a gene's
translated regions as well as untranslated regions are included in the antisense DNAs that can
be used for the DNA (SEQ ID NO: 1) of the present invention. An antisense DNA to be used
herein is ligated downstream of an appropriate promoter such as the maize ubiquitin (Ubi)
promoter (Christensen et al., 1992) or the WMS promoter (SEQ ID NO: 5), and a sequence
comprising a transcription termination signal is preferably ligated to the 3' end of the DNA.
DNAs thus prepared can be introduced into a desired plant using known methods. Antisense
DNA sequences are preferably sequences complementary to an endogenous gene, or a part
thereof of the plant to be transformed, but need not be perfectly complementary as long as
they can effectively inhibit gene expression. The transcribed RNA is preferably 90% or more,
and more preferably 95% or more (for example, 96%, 97%, 98%, 99%, or more)
complementary to the transcribed products of the target gene. In order to effectively inhibit
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target gene expression using an antisense sequence, an antisense DNA should comprise at
least 15 nucleotides or more, preferably 100 nucleotides or more, and even more preferably
500 nucleotides or more. Antisense DNAs to be used are generally less than 5 kb, and
preferably less than 2.5 kb long.

[0022] Suppression of endogenous gene expression can also be carried out using of the DNA
that encodes the target gene (Hammond et al., 2001; Paddison et al., 2002). To express the
hpRNA in plant cells, a DNA matrix designed to form hairpin RNA or drive RNA interference
(RNAI) can be linked to a promoter sequence such as the Ubi promoter and a transcription
termination sequence. By using hpRNA or RNAI technology, the transcription products of the
target genes of the present invention can be specifically down-regulated, and the gene
expression can be suppressed.

[0023] Suppression of endogenous gene expression may also be achieved by cosuppression
resulting from transformation with a DNA comprising a sequence identical or similar to a target
gene sequence (Smyth, 1997; Ketting and Plasterk, 2000). The term "cosuppression” refers to
the phenomenon of suppression of expression of both the introduced exogenous gene and the
target endogenous gene when a gene comprising a sequence identical or similar to that of the
target endogenous gene is introduced into plants by transformation. For example, to obtain a
plant in which the WMS gene is co-suppressed, plants of interest are transformed with a vector
DNA constructed to express the WMS gene (SEQ ID NOs: 1 and 6), or a DNA comprising a
similar sequence, and plants with suppressed male sterility compared to wild type plants are
selected from the plants thus obtained. Genes to be used for co-suppression do not have to be
completely identical to the target gene, however should comprise sequence identity of at least
70% or more, preferably 80% or more, more preferably 90% or more (for example, 95%, 96%,
97%, 98%, 99%, or more). Sequence identity may be determined using an above-described
method.

[0024] In addition, suppression of endogenous gene expression according to the present
disclosure can also be achieved by transforming a plant with a gene comprising characteristics
that are dominant-negative to the target gene. A gene comprising dominant-negative
characteristics is a gene that, when expressed, comprises the function of eliminating or
reducing the activity of an original endogenous gene of the plant. In Brachypodium, microRNA
(miRNA) miR5200 cleaves the mRNA of the flowering time gene FT, and the overexprssion of
miR5200 delays flowering time in Brachypodium (Wu et al.,, 2013). Some miRNA or small
interfering RNA (siRNA) may target to WMS and its homologues.It is also possible to design
artificial microRNA (amiRNA) that targets to WMS and its homologues. Collectively, it is
possible to manipulate the production of effective amiRNA, miRNA, and siRNA to regulate the
MRNA accumation of WMS and its homologues in order to control plant male fertility.

[0025] Vectors that can be used in plant cell transformation are not particularly limited as long
as they can express the inserted gene in plant cells. For example, vectors that comprise
promoters for expressing genes in specific plant tissues (e.g., the promoter of the present
invention as SEQ ID NO: 5) and promoters for constitutively expressing genes in plant cells
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(e.g., the Ubi promoter) can be used. In addition, vectors comprising a promoter which is
activated upon induction by an external stimulus can also be used. Herein, "plant cells"
comprise various forms of plant cells, for example, suspension culture cells, protoplasts, plant
sections, and calli, of various plant species.

[0026] A vector can be introduced to a plant cell using various methods known to those skilled
in the art, such as polyethylene glycol methods, electroporation methods, Agrobacterium-
mediated methods, and particle bombardment methods. Regeneration of plants from
transformed plant cells is also possible using methods known to those skilled in the art,
according to the type of plant cells. In plants, for example, many techniques for producing
recombinant plants are already established, and are widely used in the field of the present
invention. These methods include the method for introducing genes into protoplasts using
polyethylene glycol and then regenerating plants, the method for introducing genes into
protoplasts using electric pulse and then regenerating plants, the method for directly
introducing genes into cells using particle bombardment method and then regenerating plants,
and the method for introducing genes via an Agrobacterium and then regenerating plants.
These methods can be appropriately used in the present invention.

[0027] Once transformant plants, into which the genome of a DNA of the present invention has
been inserted, are obtained, it is possible to obtain offspring from these plants by sexual or
asexual reproduction. From these plants, their offspring, or their clones, reproductive materials
can be obtained (seeds, calli, protoplasts, etc). Using these materials, these plants can be
mass-produced. The present invention comprises plant cells introduced with DNAs covered by
the present invention, plants comprising those cells, the offspring or clones of those plants, and
the reproductive materials of those plants, their offspring, and their clones. Therefore, the
current invention covers: (a) transgenic plant cells carrying DNA of the current invention; (b) a
plant carrying the type of plant cells of (a); (¢) a plant clone or offspring of the type of plants of
(b), once they contain the type of plant cells of (a); (d) a seed, tissue and organ from clone or
offspring in (b) and (c), once they contain the type of cell in (a).

[0028] The fertility/sterility of plants produced in this way can be expected to differ from that of
wild type plants. For example, wheat 'Bobwhite' is male fertile, but the expression of the DNA
(e.g., SEQ ID NO: 4) confers male sterility to transgenic Bobwhite. On the other hand, once the
expression of DNA (e.g., SEQ ID NO: 4) in Taigu wheat has been suppressed, by the
introduction of antisense DNA or the like, are thought to be invested with male fertility. In
plants, the methods of the present invention can be used to regulate fertility/sterility so as to
suppress self-pollination and force cross-pollination, thereby granting the valuable
characteristic of hybrid vigor.

[0029] The present invention presents DNA comprising anther-specific promoter activity. An
example of this kind of DNA is a genomic DNA (SEQ ID NO: 4) upstream of the start codon in
the DNA (SEQ ID NO: 5) encoding the WMS protein in the current invention. The promoter
DNAs of the present invention include DNAs highly homologous to the nucleotide sequence of
SEQ ID NO: 5§, so long as they comprise anther-specific promoter activity. An example of these
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types of DNA is a DNA with anther-specific promotor activity, comprising the nucleotide
sequence of SEQ ID NO: 5, where one or more nucleotides are substituted, deleted, added, or
inserted. The DNA promoters are preferably derived from monocotyledons, more preferably
derived from Gramineae, and most preferably derived from Triticeae species. However, so
long as they comprise anther-specific promoter function, their derivation is not particularly
limited.

[0030] The above WMS protein-coding DNAs can be used for isolating DNAs comprising
anther-specific promoter activity. For example, genomic DNAs upstream of a DNA encoding
the WMS protein of the present invention can be acquired by using a DNA (SEQ ID NO: 6) of
the present invention, or a part of it, as a probe to screen a genomic DNA library. Since these
upstream genomic DNAs are thought to comprise anther-specific promoter activity, they have
high industrial value when used to specifically express arbitrary genes in the anther. "An
arbitrary gene" means a DNA whose transcription can be induced by a DNA promoter (SEQ ID
NO: 5) of the present invention. "An arbitrary gene" can be any coding and non-coding DNA
fragments, of which the non-coding DNAs may comprise ribozyme activity, or may be used to
generate amiRNA, asRNA, hpRNA, miRNA, siRNA and so on. These DNA fragment will present
anther-specific expression pattern under the WMS promoter (SEQ ID NO: 5). In addition, since
the DNAs that encode the WWMS protein are expressed specifically in plant anthers, they are
also thought to be useful as markers to identify the anther tissue in whole floral dissections.

[0031] DNAs highly homologous to the nucleotide sequence of SEQ ID NO: 5 can also be
obtained using PCR techniques (Saiki et al., 1985), recombinant DNA technology, and artificial
gene synthesis (Kosuri and Church, 2014). For example, by using a DNA comprising the
nucleotide sequence of SEQ ID NO: & or a part thereof as a template, and using
oligonucleotides that specifically hybridizes to a DNA molecule (SEQ ID NO: 5) as PCR
primers, DNAs highly homologous to the nucleotide sequence of SEQ ID NO: 5 can be isolated
from wheat and other plant species.

[0032] Methods well known to those skilled in the art can be used to prepare this kind of DNA.
For example, genome editing techniques, which are well-known in the art (Cheng and Alper,
2014), can be used for introducing mutations including one or more base substitutions,
deletions, additions, or insertions to DNA comprising the nucleotide sequence of SEQ ID NO: 5.
Mutations can also be introduced using site-directed mutagenesis, mutagen/radiation induced
mutagenesis, and PCR methods (Saiki et al., 1985; Hemsley et al., 1989; Landt et al., 1990).

[0033] Known reporter assays using reporter genes or such can be used to investigate
whether or not DNAs prepared as described above comprise anther-specific promoter activity.
The reporter gene is not particularly limited, so long as its expression can be detected. For
example, reporter genes generally used by those skilled in the art include the luciferase gene
(LUC), B-glucuronidase gene (GUS), and green fluorescence gene (GFP), etc. The expression
level of the reporter gene can be determined using methods known to those skilled in the art,
according to the type of reporter gene. For example, the expression level of the luciferase
gene as a reporter can be determined by measuring the fluorescence of a fluorescent
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compound, caused by the catalytic action of the luciferase gene expression product. The
expression level of the GUS gene can be determined by analyzing the coloring of 5-bromo-4-
chloro-3-indolyl-.beta.-glucuronide (X-Gluc) or the luminescence of Glucuron (ICN), caused by
the catalytic action of the GUS gene expression product. The expression level of the GFP gene
can be determined by measuring fluorescence due to the GFP protein.

[0034] The promoter DNAs of the present invention can be used to express an arbitrary gene
in an anther-specific manner by: for example, (a) constructing a vector comprising a promoter
DNA of the present invention; (b) operably linking the arbitrary gene downstream of the
promoter DNA of the present invention in that vector of (a); (¢) generating transgenic plant
cells carrying the WMS promoter (SEQ ID NO: 5) or the vector of (b); and (d) obtaining
transgenic plants containing transgenic plant cells of (c). "Operably linking" means binding an
arbitrary gene to a promoter DNA of the present invention such that it can be expressed in
response to the activation of the promoter DNA of the present invention. Since the promoter
DNA of the present invention comprise high anther-specific activity, it is preferable that the
arbitrary genes are genes that can be particularly expressed in the anther. For example, the
WMS of the present invention that relates to sterility/fertility of wheat can be suitably used.
General genetic engineering techniques can be used to construct a vector comprising a
promoter DNA of the present invention. There is no particular limitation as to the plant cells to
which the vector is introduced. The above-mentioned methods, known to those skilled in the
art, can be used to introduce vectors to plant cells, to regenerate transformed plant cells to
plants, etc.

[0035] Therefore, the present invention covers: (a) genetically modified plant cells with the
promoter DNAs covered by the present invention; (b) plants comprising the type of cells of (a);
(c) the offspring or clones of the plants of (b), once they contain the type of cells of (a); (d) a
seed, tissue and organ from clone or offspring in (b) and (c), once they contain the type of cell
in (a).

[0036] For those skilled in the art, it is feasible to modifiy the WMS promoter (SEQ ID NO: 5)
and its homologous sequence using genome editing, introduce mutation(s) to the WMS
promoter (SEQ ID NO: 5) and its homologous sequence using mutagenesis, or idenfity the
natural spontaneous mutation on the WMS promoter (SEQ ID NO: 5) and its homologous
sequence. Therefore, the current invention covers: (a) genetically modified plant cells with
variation on the WMS promoter (SEQ ID NO: 5) obtained by genome editing, mutagenesis, and
natural screening; (b) plants comprising the type of cells of (a); (c) the offspring or clones of
the plants of (b), once they contain the type of cells of (a); (d) a seed, tissue and organ from
clone or offspring in (b) and (c), once they contain the type of cell in (a).

[0037] In summary, the current invention contains the WMS gene (SEQ ID NOs: 1 and 6),
WMS homologues, and their promoter (e.g., SEQ ID NO: 5). Another specific expression of the
WMS gene (SEQ ID NOs: 1 and 6) is able to grant the regular male-fertile plants with male
sterility. By suppressing WMS gene expression in plants, it is possible to grant the regular
male-sterile plants the characteristic of male fertility. In addition, since the WMS gene promoter
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is thought to comprise anther-specific activity, it is useful to express arbitrary genes in an
anther-specific manner. As expected, the application of the WMS (SEQ ID NOs: 1 and 6), its
homologues, and their promoters (e.g. SEQ ID NO: 5) will greatly advance plant breeding and
seed industry.

[0038] Hereinbelow, the present invention will be specifically described using Examples.

EXAMPLES

[0039] The present invention was based on a pair of Ms2 isogenic wheat lines 'Lumai 15" and
'LM15 52", which were developed by the Shandong Agricultural Universtiy. VWWheat plants were

maintained in a greenhouse under 16h photoperiod (105 pmol m2 s™!) with day temperature of
25-30°C and night temperature of 15-20°C. Water, regular chemicals and plant hormones
were from Fisher Scientific (Pittsburgh, PA, USA) and Sigma-Aldrich (St. Louis, MO, USA),
plant tissue culture media from PhytoTechnology Laboratories (Overland Park, KS, USA),
microbial growth media from BD (Becton, Dickinson and Company, Franklin Lakes, NJ, USA),
and antibiotics from Gold Biotechnology (St. Louis, MO, USA). PCR Primers used are listed in
Table 1.

Table 1: PCR primers used

Primer ID Primer sequence (5' to 3') ﬁequence ID
o.
WMS-RP1 (AGGTTTGCTTGAGTTCCTCCCG SEQ ID NO: 8
WMS-RP2 (CCTTGTGGTGATGAGCGTGAAG SEQ ID NO: 9
WMS-FP1 (CGGGAGGAACTCAAGCAAACCT SEQ ID NO:
WMS-FP2 {GAGTGGTTCACGTGCTGATTAC SEQ ID NO:
WMS-FP3 {CAGTACCCGCAGTGGACAC SEQ ID NO:
WMS-RP3 {TAAATCACAGGCAGGATTTGATAAAC SEQ ID NO:
WMS-FP4 {CCGTCAGCACACTGTACTTCA SEQ ID NO:
WMS-RP4 {CGATGTAGAGCCTCAAATCC SEQ ID NO:
WMS-FP5 {CACATGTTTGCGCTCGAAATG SEQ ID NO:
WMS-RP5 JAAGAAACGAGCCGTCCAGTA SEQ ID NO:
WMS-FP6 {CGCAGTGGACACACGCTTAGCTT SEQ ID NO:
WMS-RP6 {TGAGTTGGAGTTGGTCCCCATC SEQ ID NO:
WMS-FP7 {TCTCAGAAACGAGCCCCAAGT SEQ ID NO:
WMS-RP7 {GAACCATCCCTGGTCGATGT SEQ ID NO:
WMS-FP8 (GGCTCTGATACCAAATGTTGTTG SEQ ID NO:
WMS-RP8 JATGGTGGTGTGCCCCTAAAAAG SEQ ID NO:
WMS-FP9 (GCTTGAAACTGCTGGTATATATG SEQ ID NO:
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Primer ID Primer sequence (5' to 3') ﬁequence ID
o.
WMS-RPS {GTAATCAGCACGTGAACCACTC SEQ ID NO:
WMS-FP10 {TGTTCCTGGATTCGTGAGTGG SEQ ID NO:
WMS-RP10 {CGATCTCCGTGTCCATGTGCTAC SEQ ID NO:
WMS-FP11 {GCGGCCGCGGGTGAGGCTTTGCCAAGG SEQ ID NO:
WMS-RP11 {GGCGCGCCCGATCTCCGTGTCCATGTGCTAC} SEQ ID NO:
WMS-RP12 CGTAGATGCGGACCCAGGGGAT SEQ ID NO:
BAR-FP1 {AAGCACGGTCAACTTCCGTA SEQ ID NO:
BAR-RP1 JGAAGTCCAGCTGCCAGAAAC SEQ ID NO:
Actin-FP1* {TCAGCCATACTGTGCCAATC SEQ ID NO:
Actin-RP1* {CTTCATGCTGCTTGGTGC SEQ ID NO:
Actin- FP2 {GCCATGTACGTCGCAATTCA SEQ ID NO:
Actin-RP2  {AGTCGAGAACGATACCAGTAGTACGA SEQ ID NO:
Note: To facilitate gene cloning, the restriction enzyme site Nofl was included in the
PCR primer WMS-FP11, and the Ascl site was added to the PCR primer WMS-
FP11. Restriction enzyme sites were highlighted using underlines. * RT-PCR
primers Actin-FP1 and Actin-RP1 worked on wheat and Brachypodium cDNA
samples.

Example 1

Transcriptome Analysis Reveals a Gene Showing Anther-specific Expression

[0040] RNA sequencing (RNA-seq) involves direct sequencing of cDNAs using high-throughput
DNA sequencing technologies (Nagalakshmi et al., 2001). A RNA-seq approach was
performed to reveal the anther-specific transcriptome in a pair of Ms2 isogenic lines, 'Lumai 15'
and 'LM15y55". The auricle distance between the flag and penultimate leaves was used as
criteria for selecting anthers at the similar development stage. Anthers, pistils, and flag leaves
were sperately collcted from a main stem or tiller on which an auricle distance reached four
centi meters. For anthers, three replications were prepared for 'Lumai 15" and 'LM15ys>2,
respectively. For pistils, three replications were prepared by pooling equal amount of tissues
from 'Lumai 15" and 'LM15y,5', as well as for flag leaves. Total RNAs were extracted using the
Trizol method (Life Technologies, Grand Island, NY, USA) and submitted for RNA-seq provided
by Berry Genomics Company (Beijing, China).

[0041] Sequencing libraries were prepared for an average insert size of 500bp. Paired end
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(PE) sequencing was performed for two lanes of 125-base paired reads on HiSeg2500
(llumina, San Diego, USA). Raw data were pre-processed using Trimmomatic (Bolger et al.,
2014), and clean data were acquired after eliminating the adapter, low quality bases (half or
more bases of a read with a quality value Q < 3), and unknown bases (unknown bases of a
read > 3%). de novo transcriptome assembley of clean data was performed using Trinity (Haas
et al., 2013). Transcript abundance was estimated using RSEM (Li and Dewey, 2011), and
differentially expressed transcripts/genes were identified using the edger program (Robinson et
al., 2010). In general, many genes were associated with higher expression in anthers from
'LM15y52" than in anthers from 'Lumai 15'. In particular, an unknown gene (SEQ ID NO: 1)

showed specific expression in 'LM15y2, but undetectable in 'Lumai 15', which was
hypothesized to confer wheat male sterility (WMS) in LM15ys2. The unknown gene, now

designated as WMS, was chosen for functional analysis.

Example 2

Cloning of the Full-length cDNA of the WMS Gene

[0042] Total RNAs from anthers of 'LM15y5,", an aliquot of RNAs submitted for RNA-seq, were

used to prepare cDNAs using the RevertAid Frist Strand cDNA Synthesis Kit (Thermo
Scientific, Waltham, MA, USA). The 5' and 3' cDNA ends of the WMS gene (SEQ ID NO: 1)
were identified from 'LM15ys2 by RACE PCR using the SMARTer RACE cDNA Amplification

ket(Clontech Laboratories, Mountain View, CA, USA). The 5 RACE PCR involved the use of
two WMS primers, WMS-RP1 and WMS-RP2, where WMS-RP2 was nested to WMS-RP1. The
3' RACE PCR involved the use of another two WMS primers, WMS-FP1 and WMS-FP2, where
WMS-FP2 was nested to WMS-FP1. Sequencing of the 5 and 3' RACE PCR products
validated the full-length status of the WMS gene assembled during RNA-seq analysis.
Accordingly, a full-length cDNA of WMS was cloned from 'LM15y55" using the WMS primers,

WMS-FP3 and WMS-FP3, which agreed to the nucleotide sequence of SEQ ID NO: 1. The
1,485-bp cDNA contains an 882-bp open reading frame (ORF). Two in-frame stop codons in
the 5' end of the cDNA proposed that the predicted ORF is reliable. In the present invention,
the upstream region adjacent to the predicted start codon was considered as the promoter of
the WMS gene.

Example 3

Construction of the Genomic BAC Library on ' LM15ys,’

[0043] A bacterial artificial chromosome (BAC) library was constructed for 'LM15,;5>" using
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standard prototols (Luo and Wing, 2003; Shi et al., 2011). In brief, high-molecular weight
(HMW) genomic DNA was extracted from leaf tissues, partially digested using the restriction
enzyme Hindlll, and separated on 1% agarose by pulsed-field gel electrophoresis (PFGE);
DNA fragments in the range of 100-300kb were recovered from the agarose gel, reselected by
running PFGE again, ligated into the BAC vector pIlndigoBAC536-S which was opened by
Hindlll and dephosphorylated; the ligation product was transformed into the E coli DH10B T1
Phage-Resistant Cells (Invitrogene, Carlsbad, CA, USA); transformants were selected on LB
medium with 12.5 mg/L of chloramphenicol, 80 mg/L X-gal, 100 mg/L IPTG; white colonies
were individually picked into 384-well microtiter plates.

[0044] As a result, 706,176 BAC clones were picked and arranged in 1,839 384-well plates
(Table 2). Quality test on 337 randomly selected BAC clones revealed an average insert size of
124.6 kb and an empty rate of 0.50%. Therefore, the 'LM15y,s, BAC library represented a 5.5-
fold coverage of the wheat genome (~ 16Gb).

Table 2: The BAC library of wheat 'LM15ys,'

Batch {Plate {Clones {Empty {Insert {Clone {Genome {Proportion of
codes jquantity itested §Rate (%) {size (kb)jquantity {coverage ilibrary (%)
A 1,112 {106 0.00 118.0 427,008§3.149 57.81

B 330 123 0.81 132.2 126,72031.047 19.22

C 255 77 2.59 1476 {97,920 {0.903 16.58

D 142 31 0.00 102.1 54,528 {0.348 6.39

Total 1,839 {337 0.50 1246 {706,176{5.5 100
Example 4

Screening and Sequencing of BAC clones of 'LM15MZ

[0045] A PCR-based screening procedure was developed for the 'LM15 ;55" BAC library. The

BAC library was first duplicated by inoculating a new set of 384-well plates, a primary plasmid
pool was prepared from the culture of each duplicated plate using the ZR BAC DNA Miniprep
Kit (Zymo Research Corporation, Irvine, CA, U.S.A)), and a super plasmid pool was made by
pooling equal amount of plasmid DNA from ten primary pladmid pools. In total, 1,839 primary
plasmid pools were prepared, and 184 super plasmid pools were made.

[0046] In order to screen the BAC library, multiple PCR primers were designed matching the
cDNA sequence of WMS gene (SEQ ID NO: 1), and were then tested whether they would work
on genomic DNAs from 'Lumai 15" and 'LM15y,. As a result, WMS-FP4 and WMS-RP4

amplified a single fragment in 'Lumai 15', but two fragments in 'LM15y,s," where the larger
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fragment of 'LM15y,55 ran to the same level in 1% agarose gel as the fragment of 'Lumai 15'
(FIG. 1). Apparently, the smaller fragment was specific to 'LM15 ;55" most likely from the Ms2

region which leads to male sterility in 'Taigu wheat'. Indeed, the smaller fragment cosegregated
with male sterility in a large segregation population (ca. 5000 plants), for which the seeds were
harvested from the male-sterile plants of 'LM15y,s5" that were pollinated by pollen grains from

the male-fertile plants of 'Lumai 15', and the population segregated approximately half male-
fertle and half male-sterile. Therefore, an exon-derived PCR marker, WMS-EM, was
developed by using the WMS-FP4 and WMS-RP4 primers.

[0047] The WMS-EM marker was used to screen the super plasmid pools and then the
primary plamid pools of the 'LM15,s2 BAC library. Once a primary pool was identified, the BAC

clone would be determined using the 384-well PCR. In total, three BAC clones were recovered
(FIG. 2), including one clone giving smaller PCR product and two clones generating larger PCR
product. Most likely, BAC clones (P89 and P1076) giving larger PCR product were generated
from the 4D chromosome lacking the dominant Ms2 gene, while the BAC clone (P1593) giving
smaller PCR product was generated from the 4D chromosome carrying the dominant Ms2
gene (FIG. 1). The WMS-EM marker of P1593 was completely linked to male sterility,
suggesting a dominant WMS gene on P1593, while the WMS-EM marker of P89/P1076 did not
show tight association with male sterility, suggesting a recessive wms gene on P89/P1076. All
three BAC clones were chosen for next generation sequencing provided by the Berry
Genomics Company. The raw sequence data was pre-processed by eliminating adapters, low
quality bases (half or more bases of a read with a quality value Q < 5), and unknown bases
(unknown bases of a read > 10%). BAC vector (pIndigoBAC536-S) and E. coli. genomic DNA
was de-comtaminated uing the cross match tool of the Phrap package (Ewing et al., 1998). de
novo assembly of clean data was performed for different K-mer size (21-91) by the ABySS
1.5.2 program (Simpson et al., 2009). A K-mer value of 41 was chosen for sequence assembly,
which corresponded to the best N50 value. Sequence analysis revealed that P89 and P1076
shared a 54,056bp identical fragment, representing the same chromosome, but they were
substantial polymorphisms between P89/P1076 and P1593. According to the WMS cDNA (SEQ
ID NO: 1), all three BACs contained a complete transcriptable region of the WMS/wms gene,
the predicted WM S cDNA of P1593 was identical to the neucletode sequence of SEQ ID NO: 1,
but there were eleven single neucleotide polymorphisms (SNPs) between the predicted wms
cDNA of P89/P1076 and the neucletode sequence of SEQ ID NO: 1. In comparision, the wms
gene in P89 and P1076 was complete with sequence information of promoter (SEQ ID NO: 3),
but the WMS gene in P1593 was incomplete because it sited on one BAC end leading to an
incomplete promoter (FIG. 2).

[0048] Therefore, multiple PCR primers were designed to match the wms promoter (SEQ ID
NO: 3), and were then tested whether they would work on genomic DNAs from 'Lumai 15" and
'LM15y52". As a result, WMS-FP5 and WMS-RP5 amplified two bands in 'Lumai 15", but three
bands in 'LM15ys,, where the smaller fragment of 'LM15ys5" ran to the same level in 1%
agarose gel as the fragment of 'Lumai 15' (FIG. 1). Apparently, the larger fragment was
specific to 'LM15y,52. Therefore, a promoter-derived PCR marker, WMS-PM, was developed
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by using the WMS-FP5 and WMS-RP5 primers. The WMS-PM marker was used to screen the
'LM15y;s2' BAC library. An additional BAC clone P204 was identified (FIGS. 1 and 2), which was
derived from the 4D chromosome with the dominant Ms2 gene. Again, the BAC clone P204
was sequenced and assembled, which shared a 1,212bp overlap with the BAC clone P1593. In
comparision, the wms gene (SEQ ID NO: 3) is 8,657 bp, but the corresponding sequence of
the WMS gene is 10, 592 bp (SEQ ID NO: 4), the size difference is mainly due to the
transposon insertions in the WMS promoter.

Example §

Analysis of Tissue-specific Expression of WIS Gene

[0049] Both reverse-transcription PCR (RT-PCR) and qRT-PCR were used to measure the
MRNA level of WMS gene in each wheat tissue. RT-PCR involved the use of two WMS primers,
WMS-FP6 and WMS-RP6, and two primers, Actin-FP1 and Actin-RP1, for the Actin control.
gRT-PCR involved the use of two other WMS primers, WMS-FP7 and WMS-RP7, and two
primers, Actin-FP2 and Actin-RP2, for the Actin control (Fu et al., 2007). The WMS gene was
specifically expressed in wheat anthers, but not in other tissues such as glume, leaf, lemma,
palea, pistil, root, and stem (FIG. 3A); the mRNA levels of WMS in the anther was 100 times
more prominent than in any other tested tissues (FIG. 3B).

Example 6

Identification of the WIMS Promoter

[0050] The DNA region upstream to the predicted start codon was analyzed by comparing
these of the dominant WMS and recessive wms. To recover a functional promoter, a relatively
long fragment (2 to 4 kb) is considered for plant genes, especially those unknown genes. In the
present invention, a 3502bp fragment (SEQ ID NO: 3) was considered as the promoter for the
recessive wms gene in '‘Lumai 15'. The corresponding region of the dominant WMS gene from
'LM15y50" was 5578bp (SEQ ID NO: 4). The selected promoters of WMS and wms shared

2414bp identical bases at the 5' end, but the rest 1088bp of the wms promoter displayed
substantial variations when compared to the rest 3164bp of the WMS promoter. The size
increase in the WMS promoter was mainly caused by two transposon insertions of 275bp and
1791bp, respectively. Presumably, the 5578bp upstream region of the WMS gene was thought
to comprise the anther specific activity.

[0051] To verify the anther-specific activity of the WMS promoter (SEQ ID NO: 5), two plant
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expression constructs were prepared, including the destination vector PC613 and the GFP
reporter construct PC966 (Pywys: :GFP) (FIG. 4A), here Pyys represents the WMS promoter

(SEQ ID NO: 5). The GFP gene in PC613 and PC966 was derived from pGWB4 (Nakagawa et
al., 2007). Both PC613 and PC966 had the same plasmid backbone of pCAMBIA1300. The
DNA linker between Pwwus and GFP was 5'-

TAGGGAGAGGCGCGCCGACCCAGCTTTCTTGTACAAAGTGGTGATCATG-3', the 5' bases
TAGGGAG were derived from the end of the WMS promoter, and the 3' end ATG stands for
the start codon of GFP PC613 and PC966 were bombarded into different floral origans
(lemma, palea, pistil and anther) as instructed in Example 9. GFP fluorescence was observed
under stereo fluorescence microscope three days post bombardment. GFP signals were
detected in tissues bombarded with construct PC966 (Pyys::GFP), especially in anther, but

not in tissues bombarded with the construct PC613. Therefore, WMS promoter (SEQ ID NO: 5)
in current innovation has promoter activity and can promote GFP expression in anther.

[0052] To perform genetic complementation (Example 9) and to validate the function of the
WMS promoter (SEQ ID NO: 5), the WMS genomic allele (SEQ ID NO: 7) was cloned and used
to assemble a plant expression construct PC976 (FIG. 4A). Vector construction and particle
bombardment were performed as illustrated in Example 9. Both PC966 and PC976 utilized
identical fragment of the WMS promoter (SEQ ID NO: 5). Tissue-specific expression of the
WMS gene was documented in the transgenic wheat line 'JZ7-2' (Table 3), which invovived the
use of the WMS WMS primers, WMS-FP6 and WMS-RP6, and the Actin primers, Actin-FP1
and Actin-RP1. As a result, the WMS promoter (SEQ ID NO: 5) of the current innovation
conferred anther-specific expression of the WMS gene, but not in other tissues including leaf,
stem, glume, lemma, palea and pistil (FIG. 4C). In conclusion, the WMS promoter (SEQ ID NO:
5) has anther-specific expression activity.

[0053] Therefore, it is feasible to assemble an expression cassette containing the WMS
promoter (SEQ ID NO: 5) and a target gene. The expression cassette, once introduced into
plants (such as cereal crops, woods, vegetables and flowers), will confer anther-specific
expression of the target gene. This will be important for generating male sterility and other
important traits in plants.

Example 7

Development of the EMS population of 'Lumai 15gys2’

[0054] The mutant population of 'LM15,s5', containing 1, 200 WMS -positive M4 plants, were
created using the 87.4 uM solution of Ethyl methanesulfonate (EMS; Sigma-Aldrich, St. Louis,
MO). In brief, every 400 seeds (Mo) from the cross 'LM15,557' Lumai 15" were soaked in 100
ml of 87.4 uyM EMS (0.9% in water, v/v), and were then incubated in a runing shaker at 150
rpm and under 25°C for 10h. After the EMS treatment, seeds were washed under running
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water at room temperatures for 4h. Mutagenized M, seeds were set on wet papers and
maintained in a platic box (length x width x hight = 40cm x 30cm x 20cm) covered by plastic
wrap, and then incubated under 25°C and 16h photoperiod for 8d. Vigorous seedlings with
roots were transplanted to soil and maintained in a cold room under 4°C and 12h photoperiod
for 6w. The vernalized M1 plants were then maintained in a greenhouse under 25°C and 16h
photoperiod. In greenhouse, only plants carrying a dominant WMS gene were maintained, but
those lacking the dominant WMS were discarded, which generated a mutant population
including 1200 WMS-containing M4 plants.

Example 8

TILLING Screening of the WMS Mutation in EMS Population of 'LM15 pys2’

[0055] Because of the presence of a dominant WMS gene, all 1200 WMS-cotaining M4 plants

are supposed to be male-sterile. However, some mutations on the WMS gene are thought to
abolish its function, causing a male-fertile characteristic. Therefore, the characteristics of male
fertility/sterility were investigated in all spikes of the 1200 WMS-containing M4 plants. Out of

3138 spikes inspected, twenty spikes displayed male-fertile phenotypes, characterized by
regular anther, pollen dispersal, and seed setting (FIG. 5).

[0056] Genomic DNA was prepared from the main-stem associated flag leaf of the M4 plants

using the Sarkosyl method (Yuan et al., 2012). DNA concentrations were measured using a
Nanodrop spectrophotometer (Thermo Scientific, Wilmington, DE, USA) and normalized to

100ng pI'!. Equal amount of DNAs were pooled fourfold and organized into 96-well format.
DNA samples were also prepared from the flag leaves of main stems or tillers that produced
male-fertile spikes. Each of these DNAs was pooled twofold with equal amount of genomic
DNA from the wild type 'LM15;55'.

[0057] Total genomic DNA was extracted using the Sarkosyl method (Yuan et al., 2012). For all
plants, a flag leaf segment (3-5 c¢cm in length) of the primary tiller was used to prepare
independent DNA samples. DNA concentration was measured by the ND2000
spctrophotometer (Thermo Scientific, Wilmington, DE, USA) and was adjusted to 100 ng/pl
using ddH>O. Every four DNA samples were pooled together and stored in 96-well plates. For
the twenty tillers/spikes showing male-fertile phenotype, their flag leaves were collected to
prepare independent DNA samples. Once a male-fertile tiller happened to be a primary tiller,
DNA sample of the primary tiller was used instead. Each DNA from a male-fertile tiller was then
equally pooled with the DNA of wild type 'LM15,55' and stored in 96-well plate as well.

[0058] A modified TILLING approach (Uauy et al., 2009) was used to detect induced mutations
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of the WMS gene. The polyacrylamide detection method involves a two-step screening
approach. The first PCR screen involves two PCR reactions: 1) a long-range PCR was
performed to amplify the WMS allele on all DNA pools using the KOD FX kit (Toyobo Co.,
Osaka, Japan); the PCR involved the use of the selective PCR primers, WWMS-FP8 and WMS-
RP10; the PCR was performed in a 50 pyl mixes containing 1x PCR buffer (KOD-Plus-Neo), 1.5
mM MgSOy4, 0.2 mM each dNTP, 0.2 uM each primer, 200 ng genomic DNA, 1U Taq

polymerase (KOD-Plus-Neo), and ddH,O; the PCR reactions were carried out under the

following conditions: initial denaturation at 94°C for 2 min, followed by 35 cycles of 98°C for 10
s, 60°C for 30 s, and 68 °C 6 min, and a final extension at 68°C for 10 min; the PCR product
was diluted 500 times using ddH-O and then used as the template for the next PCR; 2) the

second PCR was performed in a 25 yl mixes containing 1 x PCR buffer (1.5 mM MgCl,, 0.2

mM each dNTP; Promega, Madison, USA), 0.2 uM each primers, 2 ul DNA template from the
diluted PCR product, 1U of Taq polymerase (Promega), and ddH,0; the 5922bp template was

split into three fragments for amplification: the first fragment amplified with WWMS-FP8 and
WMS-RP8, the second fragment amplified with WMS-FP9 and WMS-RP9, and the third
fragment amplified with WMS-FP10 and WMS-RP10; PCR reactions were carried out under the
following conditions: initial denaturation at 94°C for 5 min, followed by 35 cycles (94°C for 30 s,
61°C for 30 s, 72°C for 90 s), and a final extension at 72°C for 10 min. A denaturing and re-
annealing step is included at the end of the PCR reaction (99°C for 10 min, 90 cycles of 72°C
for 20 s decreasing 0.3°C per cycle) to allow the formation of heteroduplexes if a mutation is
presentin the pool.

[0059] After the re-annealing step, the PCR product was digested with celery juice extract
(CJE) which was obtained using the protocol described by Till et al. (Till et al., 2006). The
amount of CJE for heteroduplex-digestion was optimized as suggested by Uauy et al. (Uauy et
al., 2009). The CJE reaction included: 14 pl PCR product, 1 yl CJE, 2 ul 10 x digestion buffer
(Till et al., 2006) and 3 pl ddH5O for a final volume of 20 pl. The digestion was carried out at

45°C for 30 min and stopped immediately by adding 5 pl EDTA (75mM) per sample and mixing
thoroughly. Five micro liters of bromophenol blue loading dye (6x) were added and about 24 pl
reaction mix was loaded on a 3% polyacrylamide gel (19:1 Acrylamide:bis ratio). Positive pools
were identified by detecting cleaved PCR products whose combined size was comparable to
the intact PCR product. As for the twofold DNA pools, the presence of a cleaved PCR band
indicated there is a point mutaton in the PCR template of the selected DNA sample. As for the
fourfold DNA pools, a cleaved PCR band indicated one DNA sampe of the identified DNA pool
must carry a point mutaton in the PCR template, which can be identified in the second screen.

[0060] The second screen was performed to determine which individual DNA in the fourfold
DNA pool actually carries the mutation. Each individual DNA was then pooled twofold with
equal amount of genomic DNA from the wild type 'LM15y,55, these twofold DNA pools were

then screened for cleaved products as discovered in the first screen.

[0061] To elucidate the base change, a regular PCR was performed on the selected individual
DNA,; the PCR product was sequenced to reveal the point mutation (FIG. 5). For male-fertile
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M, spikes, the identified point mutations were again confirmed in the M» plants.

[0062] TILLING screening revealed 35 mutants among 1200 primary tillers, while there were
eight mutants among the 20 male-fertile tillers (FIG. 5). According to primary tillers, the
mutation rate of WMS gene is about 2.92%. However, for the 20 male-fertile tillers, there were
actually eight tillers carrying detectable mutations, and the 12 tillers likely had no mutations on
the WMS gene. Given an independent status between WMS and male fertility (Ho hypothesis),
the population mutation rate (2.92%) would be used to calculate expected values for mutation
and non-mutation among 20 male-fertile tillers, which are 0.58 and 19.42, respectively.

However, the chi-square goodness-of-fit test rejected the null hypothesis (x¢ =97.13, df=1, P
=6.49E-23). Therefore, the WMS gene likely dertermines male sterility in Taigu wheat.

Example 9

Generation of Transgenic Bobwhite Using Biolistic Bombardment

[0063] In order to perform genetic complementation, a 10,592-bp genomic fragment (SEQ 1D
NO: 7) of the WMS gene was cloned from LM15ys2" using the KOD FX kit and two specific

PCR primers WMS-FP11 and WMS-RP11. After cloning the PCR product to the entry and
destination vectors, a plant expression construct (PC976) was prepared, which carried a BAR
selection marker (FIG. 4A). BAC clones carrying the WMS gene were obtained in the current
invention. It will be convenient to clone the WMS gene (SEQ ID NO: 7) from BAC clones of the
current invention. For those who are interested in direct cloning from Taigu wheat, a back-to-
back PCR (Vasl et al., 2004) will facilitate the amplification of the full-length WMS gene (SEQ ID
NO: 7).

[0064] Protocols for the tissue culture and biolistic bombardment of wheat were adapted from
previous studies (Weeks et al., 1993; Lv et al., 2014). Immature caryopses from T. aestivum
cultivar 'Bobwhite' were harvested two weeks after anthesis, sterilized with 70% (v/v) ethanol

containing 0.05% (v/v) Tween 20 for 5 min, then with 20% (v/v) Clorox® bleach supplemented
with 0.05% (v/v) Tween 20 for 15 min, and washed 3-5 times using sterile distilled water.
Immature embryos (ca. 1 mm long) were isolated from the sterilized caryopses, placed with the
scutellum facing upward on the dissection media (MS base 4.3 g/L, maltose 40 g/L, thiamine-
HCI 0.5 mg/L, L-asparagine 0.15 g/L, 2,4-D 2 mg/L, CuSO4 0.78 mg/L, Phytagel 2.5 g/L, pH
5.8), and maintained for 4-6 days at 22-23°C in the dark. Immature embryos were then treated
for four hours on the high osmoticum media (MS base 4.3 g/L, maltose 40 g/L, sucrose 171.15
g/L, thiamine-HCI 0.5 mg/L, L-asparagine 0.15 g/L, 2,4-D 2 mg/L, CuSQO4 0.78 mg/L, Phytagel
2.5 g/L, pH 5.8), and subjected to biolistic bombardment. Twenty hours after bombardment,
immature embryos were transferred to recovery media (same as the dissection media),
maintained for 2 weeks at 22-23°C in the dark. Embryo-derived calli were moved to the
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regeneration media (a dissection media supplemented with 0.1 mg/L 6-BA and 3 mg/L
bialaphos) and maintained for two weeks in the growth chamber (22-23 °C, 16 h light / 8 h

dark, light intensity of 25 umol m2 s1). Regenerated shoots (2-3 cm) were transferred to the
rooting media (a half-strength dissection media supplemented with 3 mg/L bialaphos), and
maintained under the same environmental condition as for regeneration. Vigorous shoots with
well-developed roots were established in soil in the greenhouse.

[0065] The biolistic bombardment was performed using the PDS-1000/He Particle Delivery
System (Bio-Rad Laboratories, USA). To prepare three bombardments, 2 mg of microcarriers
(Gold particles of 0.6 um in diameter; Bio-Rad, USA) were measured into a 1.5 ml
microcentrifuge tube, sterilized by mixing with 35 ul pure ethanol, recovered by spinning (12,
000 rpm for 5 s) and removing the supernatant, rinsed in 200 ul ice-cold sterile distilled water,
and collected by spinning and removing the supernatant. The pre-treated microcarriers were
resuspended in 245 yl pre-chilled sterile water containing 20 ug plasmid DNA, and combined
with another 250 ul pre-chilled CaCl, (2.5 M). Where required, solutions in the previous steps

were mixed thoroughly by pipetting. The microcarrier suspension was then supplied with 50 pl
pre-chilled spermidine solution (1.45%, v/v) and mixed immediately by vortexing in the cold
room (4 °C) for 15-20 min. The plasmid-coated microcarriers were recovered by centrifugation
(12,000 rpm for 10 s) and followed by removal of the supernatant, and finally resuspended in
36 pl pure ethanol. For each bombardment, 10 pl gold suspension was loaded to the center of
a macrocarrier disk (Bio-Rad), air-dried in the laminar flow hood, and placed in the microcarrier
launch assembly under the 1100 psi rupture discs. Sixty immature embryos arranged in a 3.5-
cm diameter circle were placed 6-cm below the macrocarrier assembly. The PDS-1000/He
System was operated according to the manufacturer's instruction. Bombardment conditions
were 1,300 psi helium pressure and 25 mm Hg vacuum.

[0066] In total, 2742 wheat immatue embryos were bombarded with the construct PC976, and
26 plants were regenerated each from an independent embryo (Table 3). In greenhouse, the
putative transgenic plants were initially screened by testing their resistance to 0.3% (v/v)

Finale® herbicide. At the stem extension stage, all tillers (one leaf perl tiller, 3cm segment per
leaf) were challenged by herbicide painting. Herbicde sensitivity was surveyed five days post
painting. The painted region remained green and healthy on herbicide resistant tillers, but
wilted on herbicide sensitive tillers. There were only five plants showing herbicide resistance
(FIG. 6 and Table 3). At flowering stage, three plants were male sterile, and two of them were
herbicide resistant as well (FIG. 6 and Table 3). The presence of the BAR selection marker and
the the WMS gene were then tested in putative transgenic plants using PCR primers BAR-FP1,
BAR-RP1, WMS-FP8 and WMS-RP12. Seven plants were positive for both BAR and WMS
genes (Table 3). RT-PCR was used to test the WIMS transcription in young spikes, which
involved the use of PCR primers WMS-FP6 and WMS-RP6 as for the WMS gene, and Actin-
FP1 and Actin-RP1 for the internal control. The WMS cDNA was only detected in three male-
sterile transgenic plants (FIG. 6). In conclusion, the introduction of the WMS genomic fragment
(SEQ ID NO: 7) and the expression of WMS cDNA (SEQ ID NO: 1) led to male sterility in
transgenic wheat. Therefore, the introduction of the WMS genomic fragment (SEQ ID NO: 7) or



DK/EP 3303592 T3

the WMS cDNA (SEQ ID NO: 1) under an approximate promoter into fertile plants (such as
cereal crops, woods, flowers and vegetables) may generate male-sterile transgenic plants.

This will greatly advance plant recurrent selection and hybrid seed production.
Table 3: Transgenic Ty wheat plants for the WMS genee

Plant No. | Callus No. I-II,Z:EE:::; St?r?}fty
JZ76-1 217
JZ26-2 227
J176-3 251
126-4 253 - —
JZ6-5 260 - —
1266 260 - —
J176-7 279
JZ6-8 290
1Z6-9 293
JZ7-1 400
177-2 402
JZ7-3 415
JZ7-4 416
JZ77-5 417 - _
JZ7-6 420 - _
JZ79-1 439 - _
J179-2 445 - _
JZ79-3 446 - _
179-4 452 - _
J79-5 454 - —
J79-6 458 - _
J79-7 459 - _
179-8 460 - _
JZ79-9 463 —
JZ9-10 464 —
JZ9-11 467 —

Note: '+indicated herbicide resistant, BAR gene positive, WMS gene positive, WMS cDNA
positive, and male sterile; -'indicated herbicide susceptible, BAR gene negative, WMS gene
negative, WMS cDNA negative, and male fertile. Cells with a '+'symbol were highlighted with
gray shading. The number of plants positive for each investigated traits were highlighted in the
subtotal rows.

Example 10
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Generation of Transgenic Brachypodium Using Agrobacterium-meidated
Transformation

[0067] The current invention also validated the WMS gene function in the model plant
Brachypodium. The plant expression construct PC976 (FIG. 4A) was delivered into the
Agrobacterium strain 'AGL1' by electroporation. Transgenic Brachypodium plants were
obtained using an Agrobacterium-mediated protocol (Bragg et al., 2012).

[0068] To prepare bacterium inocula, the Agrobacterium AGL1 carrying the construct PC976
was streaked on solid MG/L medium (Tryptone 5g/L, Yeat extract 2.5g/L, NaCl 5g/L, D-
Mannitol 5g/L, MgSO4 0.1g/L, K2ZHPO4 0.25g/L, L-Glutamic acid 1.2g/L, Agar power 15g/L, PH
7.2) supplemented with appropriate antibiotics (kanamycin 50mg/L, carbenicillin 100mg/L, and
rifampicin 40mg/L), incubated for two days at 28°C in dark, harvested by scraping
Agrobacterium colonies off the MG/L medium, and resuspended to an ODggg of 0.6 in the liquid

CIM.

[0069] Immature seeds were collected from B. distachyon accession 'Bd21-3' at the seed-filling

stage, sterilized in 10% (v/v) Clorox® bleach supplemented with 0.1% (v/v) Triton X-100 for 4
minutes, and rinsed 3 times using sterile water. Immature embryos (0.3-0.7 mm long) were
isolated from sterilized seeds, placed with the scutellum facing upwards on the callus initiation
media (CIM: LS base 4.43g/L, GuSO4 0.6mg/L, Sucrose 30g/L, 2,4-D 2.5mg/L, Phytagel 2g/L,

PH 5.8), and incubated at 28°C in dark. Four weeks later, calli became visible due to the
proliferation of the scutellum; only the yellowish embryogenic calli were picked for subculture
and Agrobacterium-mediated transformation.

[0070] Embryogenic calli were infected for 5 minutes by submerging in the fresh
Agrobacterium inocula that contained 200 uM acetosyringone and 0.1% (w/v) synperonic
PE/F68, dried on filter papers to remove free inoculum suspension, and incubated on three
layers of filter paper for 3 days at 22°C in dark. After the co-cultivation, calli were first
maintained on the CIM media supplemented with 150 mg/L timentin and 40 mg/L hygromycin
for one week at 28 °C in dark, and then subcultured for two more weeks. Vigorous calli were
transferred to the regeneration media (Bragg et al., 2012) (LS base 4.43g/L, GuSO4 0.6mg/L,

maltose 30g/L, kinetin 0.2 mg/L, Phytagel 2g/L, PH 5.8) that contained 150 mg/L timentin and
40 mg/L hygromycin, and maintained at 28°C in LD conditions (16 hours light/8 hour dark, light

intensity of 20 ymol m2 s 1). When regenerated shoots reached 1-2 cm, they were transferred
to the rooting media (Bragg et al., 2012) (MS base with vitamin 4.42g/L, sucrose 30g/L,
Phytagel 2g/L, PH 5.8) that contained 150 mg/L timentin, and maintained under the same
condition as in the regeneration step. Once the regenerated shoots developed healthy roots
(2-3 cm), they were established in soil in the greenhouse.

[0071] In total, 100 calli were infected by the Agrobacterium strain ‘AGL7' with PC976. Eleven
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plants were recovered from eight independent calli (Table 4). In greenhouse, the putative

transgenic plants were initially screened by testing their resistance to 0.3% (v/v) Finale®
herbicide. At the three leaf stage (ca. 10 cm high), all tillers (one leaf perl tiller, 1cm segment
per leaf) were challenged by herbicide painting. Herbicde sensitivity was surveyed five days
post painting. The painted region remained green and healthy on herbicide resistant tillers, but
wilted on herbicide sensitive tillers. There were ten plants showing herbicide resistance (FIG. 7
and Table 4). At flowering stage, ten plants were male sterile, and they were also herbicide
resistant (FIG. 7 and Table 4). The presence of the BAR selection marker and the the WMS
gene were then tested in putative transgenic plants using PCR primers BAR-FP1, BAR-RP1,
WMS-FP8 and WMS-RP12. All ten plants were positive for both BAR and WMS genes (Table
4). RT-PCR was used to test the WMS transcription in young spikes, which involved the use of
PCR primers WMS-FP6 and WMS-RP6 as for the WMS gene, and Actin-FP1 and Actin-RP1 for
the internal control. The WMS cDNA was detected in the ten male-sterile transgenic plants
(FIG. 7, Table 4). Taken together, among 11 putative transgenic plants, ten plants were
herbicide resistant, positive for both BAR and WMS transgenes, posive for the WMS cDNA,
and male-sterile. While there was only one plant being herbicide sensitive, lacking both BAR
and WMS transgenes, negative for the WMS cDNA, and be male fertile. Therefore, the
genomic fragment of WMS (SEQ ID NO: 7) is potent to induce male sterility in Brachypodium.

[0072] Again, the introduction of the WMS genomic fragment (SEQ ID NO: 7) or the WMS
cDNA (SEQ ID NO: 1) under an approximate promoter into fertile plants (such as cereal crops,
woods, flowers and vegetables) may generate male-sterile transgenic plants. This will greatly

advance plant recurrent selection and hybrid seed production.
Table 4: Transgenic To Brachypodium plants for the WMY genee

Plant No. | Callus No. ';‘:izi;ildg‘* glf;;"i WMS gDNA | WMS cDNA Si‘e’lrf::fty
221 221 - - - - -
222 222
337 227
328 228
229 229
22.5A 225
22-5B 22-5
22.6A 226
22.6B 226
2212A | 2212
22128 | 2212

Note: “t'indicated herbicide resistant, BAR gene positive, WMS gene positive, WALS cDNA
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positive, and male sterile; “—"indicated herbicide susceptible, BAR gene negative, WAS gene
negative, WAMS ¢cDNA negative, and male fertile. Cells with a ‘“+’symbol were highlighted
with gray shading. The number of plants positive for each investigated traits were
highlighted in the subtotal rows.
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ccaagacaca
gaggttcegg
atctttegtg
ctaaatatct
atttccagtt
tagctgatte
aaatgaatga
gggaggaact
gatcecccaat
atagtgatct
ttagtcatgg

atttttatac
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—————— g ——

ttgtacatct
caatttatac
tatataccag
atgatatttg
atattgtgga
ttaaatcgca
gatgtttctg
agtgaggtaa
cttgtacaac
aagacataga

aatgtaacac

actggtattg
cgagtecette
agaattagge
tatatatgag
caacaccatg
gatttggatc
ttgtttggag
ggcttacage
caatcgattce
tcetcaccacce
ccteggtett
gttttagttg
tggtggacag
gatggggacc
gtaacgtagg
agtaagaaaa
gcacctttet
caactttgga
ccatcataat
ccaaagaatt
tgttecagaa
taggttttte
ctgttataag
gtttgtaggg
cttttttttt

tacgactaca

——g—9g——9— ——g————g—= —————————— ———————— - —————= [

tatttcggca
actatttgat
ggacgtctac
aactaagegt
atttaatctg
ttggtcttac
gattegtgag
ttaagctttc
cectatgett
agatgtttta

gtttaacgtce

gagttagact
actgttetgg
tattagcact
atattttaca
cataattaat
tggcggeega
tgaatttagce
tgcatttcayg
attcctecgg
tgttttcaga
gttgcatcac
ccacatatat
tattctcatg
aactccaact
accaacaaca
agatgatcct
catgttttgg
ggattttatt
ttctatgaat
ttgeegttgt
gccaattaac
cacagcacta
gttactgtaa
cegtgtttta
tgcagecetta

atcectttcgg

gataaattta
gaattgataa
tatcagaaca
ttatcagtca
ggctatatgt
actggcagaa
tggttcacgt
catgcacaaa
atctaaatgt
ttaagtcaat

ttgecattgtg

ggtatactta
gtgtactgag
caggattagce
taccgtatga
tgcaatacta
tatagtcctt
gtacattatc
aacataacaa
ggctgectetg
aaacaactca
cacattttat
tgcaagtaaa
ctgatgaaat
caggatagea
ttgettttte
tecagtgttet
aatattattg
cegttggatt
tgtattttcc
tgtcaagtgg
tacattgatt
ccattgttaa
atatcgatta
gtceocacaca
tecegeagecat

agagttttga

aaaccccaca
ggtaagaact
catgattgaa
taagatagac
aatagctcca
gttttacatg
gctgattaca
ctagaacaag
gacaactcaa

ttctgttctt

ggacggaggyg

gctgatatat
cataagtcga
cataaatcaa
atattgttgt
attctetgeg
ctaccttgct
ccactattet
ttaccaccaa
gttctattat
acgtactccc

agagaacttg

atattatcct
gaactctaga
tecactgecaga
tttccaatat
ctgtggcata
tgcagatcet
gttttetage
atttagattt
ctctagtaag
tctgteccac

teatttgett

attgggaaat
gtaaacaaca
ctacagatag
tacctgtaaa
cagaatgtac
ctcccatgtt
tggaacttca
tgtgagtttg
ccacctcatg
acgccagagyg
tttatttttc
ctgatettat
atcaatcctt
tggtacgett
aaaatttcaa
gttectetttg
ttacacactt
gctcatggat
tacacccctt
tgttcacctg
cgtatgagea
tatatatgta
gtgatatgtc
tatgttgaaa
tctcaagttyg

gattgagaga

cattttgaaa
tgcacttegg
gttttatgca
cattgataag
tagacaatte
gtttttgtta
gtttttgtot
aacagactat
atgcatctct
tactatacaa
agttgatcta
atttecetttt
actgaatact
ctttgetgtt
gtagtttgga
gctaaaatga
gaatccatag
acccttgate
ttccegtagg
cacgtgctac
cacagtacta
catacgagat
cttgcaaaac
tcgagctgac
atgatacgtc

tgacatatga

actaaggcat
atgagatggg
cagcacaacc
tggtatatct
tggacceateac
tatagaacac
gttgataatt
ttacgadcag
ggatgctatt
ttacattcat
cgattteocgt
gcttgeagtt
acaatacctt
gaaataagtg
cctgaataca
caagtaattt
ggttttatag
aaagtaatga
attctacaca
cttcaatgtt
agcctactaa
attgtgcata
aagaagagaa
cttatgttee
atcccecggac

gcagtgcetgt
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ctgtacatat
tggacaatge
gaagggtgca
gaactgaagg

gatggctgag

tttatgtaat
tgtgattcat
gtgatttate
aagatgtaag
aggaatgata
aaggaacgat
caccaactgt
cctacctcga
gtcgtccatt

catggacacyg

<210> 4

tatttcottgt
tgtattttat
tgtagtgtat
caagacagca

agccggaggt

ataatttgee
cggtcocatat
tgecccatgtt
tttatteggt
tacttagtaa
ttgttttttg
atatgtttca
ccgagtagcet
ccecatcatcet

gagatcg

<211> 10592

<212> DNA

acagtttcta
gagtcttggt
gacategett
gcaagcaagc

catcaggcac

ctagtgttge
taatgttatt
ttaggatttt
ataagttaat
aagaatggaa
aactagtata
gctetgeaac

catcaaccga

gatagtctag

attatgaact
aggaatgtat
tgacggagga
actgacaaag

gatgctcaac

aatatgtaca
gtgtgaataa
attttgtaat
aaaaagtgaa
ggttggacaa
gagatttcac
agcatcgteg
gttattttge

atccatceat

<213> Triticum aestivum 'Lumai 15+MS2'

<220>

cttgaataat
gtgtttggta
ggtgctgatt
tatggattga

gceggaggte

cttgtccegg
taaaatcggt
gtacgggact
atatagctca

aattgtaatt

aatattttag
atgtttatca
cacttattga
acagttaagg
agcattgcge
ttgagctgag
tgatggtegt
agtacatcaa

actaccgtat

<221> The Genomic Coding Region of the WMS Gene
<222> (5579)..(9656)

<223> The Full-Length Genomic Coding Region

<400> 4
gcggccgcgg

cggteeteey
ggcgaggcge
acgacggtag
cgagaacacc
gcggcggegyg
ggatcctecg
ggggaggcge
cgacgacgga
gaagacacgc
tggcggeggy
aatactcecge

gggaggeget

gtgaggcttt
ccgetecectg
tggtggatct
agacggatgce
ctecctegeat
gtgaggegtt
ccgeteectg
cggtggatcc
gacggatgca
tcetegegtt
tgaggcgttig
cggtcacotga

ggtggatcce

gccaaggcat
acgatgtcgg
ggaggacatg
geggtgatgg
cggtcccceg
ggagaggcge
atggcagega
cgaggacacg
cggcggcgag
ggtcactecge
gagaggegtc
tgacggagga

gaggacatgc

caatggatcc
agacagatgc
ctcctegtgt
gtgaggecgtt
ctgettgeta
tggtggatce
agagggatge
cteetegegt
tgaggegttg
tgetegetga
gatggatccg
gaggggtgeyg

tcctegegte

cgaggacatg
gcggeggtagg
cggtccteeg
ggggaggctce
acgacggcgyg
agaggacacg
geggeggcegg
cggtectcocge
gcgaggegte
caatggcaga
gaggacacgc
cggcgacggyg

ggtcectecge

tattttageca
aatcctgect
cttagcaaag
cgggtttteca
ctggcagaaa
ggccattaca
catttgatct
acaaatatgg

tttagtagca

of the WMS Gene

ctgctcgegt
gtggggcatt
ccgetcecectg
cggtggatce
agagggatge
ctecettgtge
gtgaggegtt
cgoteccctga
ggtggatccce
gagggatgcg
tcctogtgte
tgaggcattyg

tgcceectga
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8160

8220

8280

8340

8400

8460

8520

8580

8640

8657

60

120

180

240

300

360

420

480

540

600

660

720

780



cgaaggcgaa gacggatgceg aggecgeccggg tgaggcattg tcgaggegte ggtggatccee

gaggacacgce tcgtcaagtc agtcctccge cgetcectgt cgacggtgga gacggtttcea

tggegatggg
acgtecggtcec
cgagctgtce
ggagegettg
ggccaaggec
cggcggcaat
cacggccgea
atgaaatgece
tcacggccac
aataaaaccg
ttgtcgtegt
ggtgcgtggt
ggcgacgect
ccaggcccgg
tctecagete
cctecccattg
gggcectecte
acggegtggg
cgegeteteg
gegtgtagtg
ggtcgtagta
cacggceget
tggggaggtg
catcogegtg
gggcaggegt
ggcggcccga
accecatgge
gtttggggtg
gaccggtcca
tggggcecgac
cgeggecteg

cacatgtttg

cgtegegege
ggggtegege
cttctgecat

tagagtcaat

tgaggegteg
tecegecgete
gagcacgagg
ctecagggge
agcgcacgac
gggttcgecece
ccccaaatca
aaaaaaatta
aaaacggccc
ccgoccacgce
tgtcgctgac
acacgggggc
cacgcetocgg
gtggaacaca
ggggatggcg
gaegetecataeg
ctcegetgte
cgtgaggeccg
acgtggeegt
ctegtoocga
caggtcgtcc
cgtcgggacc
cacgtegete
gatgtactgce
gggggctcga
ggacaagcca
tgcgaggcgg
tgtegggttt
cggtttccca
cgegegtgtg
aggcggacga

cgctcgaaat

tgggegtggg atttgttett
gcaagggcga gagcagaacce
aggtgtagct cgtcgaccge

cgattttcet ggccaatgge

gcaaacgcgt
cctgacgatg
caatggtgca
tggeegegea
cccaaacgga
atgtctgett
tgtccagggt
aataaatgeca
agtteocatgg
gctectgeeg
gaggtcgacg
gggctggaag
tgaccatgge
gccacgggct
acgtegeegg
tgegtettea
atgcgaggag
cgcacccgeg
cgeggeceeqg
aaccacgtgt
ggcaggaggc
ggcgggatcg
catgggagcg
tggtegeget
tgcggtggtg
geetegtggt
ccggecgacy
cgaggaggea
tttaagaagg
cattaatgtt
gcgacgegte

ggatcggoeo

gcactggtgg
gtggagactyg
agttgcggeg
gatctecteg
cgtecggttt
gggtcegttyg
ggacgtgatt
agcataaaaa
ttcacataga
tgcecgteoge
tagtccggeg
gcgggaggtg
gttgtgggge
cctecteecat
ccgcagagag
tggagtcocte
gtggtggtgg
tacgcctgeg
acaaggtgcc
cccacaggta
ggcggcggea
gcaccecggtt
gegtectegt
tgeoegoegge
atgcgggctce
cgegettece
agatcgagga
gcacgggetg
acggcgactg
ggctggtggg
cegtttgetgt

ggacacaaaa

ttgtceccaaa tggacggggce cggacgggat
atcgaccgceca ageggtgatt ttetgegeac
caagtatatc actgtctcge gatttgagca

gtcaagggga gagatttggt caaatgggceg

atccttagga
atgcacggeg
aaggcgaaca
gacggccatg
ggcetgettt
ggttgtcgat
aaaaaaacac
tataaaacat
cataattaac
cgtettotea
gcgtccagag
cctacaccte
accagtccac
cacctcctcee
ggccatcate
catgacacgt
cagcggagat
cacctgggga
ggcgaagaaa
ggagtcgggg
ctggatctce
ggcggagaga
ctcccaataa
cgtagggeceg
ctcttteatg
cttgegaceg
cggggagagg
gagtggggag
tttgectggac
aggtaggtgg
cagocgegac

cggaccagat

cacgetegtt
gctctggeat
ccgaggagta
accctecgac
cgtetgtttg
atgccceaacyg
aaaaactaaa
aaattaacca
ataaaaacaa
gtggeegeey
gtgggacggc
ctectectgt
tgctagccca
gtcctecacea
tettegagge
tgeatgagec
ggtgaaggcg
gcagecgetg
aaggcgcgac
gegtaccgag
tegeggegeg
tgccagttat
cgeeggcata
atggtgaatg
gageageggce
gtgttccaga
gagagctagg
tgtggacgac
ggatgacagg
ccgectgeta
ccaaatccgg

aggttcagge
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gaagtcgeag
caaggegcta
aatttgagaa
agttttctgt
actcttagec
ggcgecctec
ggcgcaccag
gccagtcceccet
gaaggaagag
gccogecacgaa
gagtacacag
gcacgcatge
gctgcecatgac
tgcaactaga
cgcgcacgca
cgteoegtcta
cccggcgcaa
aggtgagttc
ccatgecegte
gtgcegecgt
tacgectatet
cgtetggtge
ccctgcactg
ccgeggecte
tgectegecge
ccacgegectce

cgagatette

aatgttgttg
acatagaaga
cgtacgetge
cceggacaaca
taccacacge
gcccacgace
caactaactg
tccegogece
tcacacctcg

gcgeccgaca

acccatgtat
aggcgggegce
ttgagectgge
ctattttatg
caggcgetag
attggagatg
tactggacgyg
cgccgecgga
gagcegatgea
cagccgateg
agggccttet
atccactgca
gaeccgegect
cggagcgccc
cgccaacggg
accaacacac
tcgeggtgge
atcategteg
gacgtegttg
goecttegeg
gcgcaactag
gcacccataa
ccgtgecgtce
tgcgacacca
gocgcacggea
gccgecacgec

atgtecgeceg

cecgecagtee
aagaaggaag
cggocgoacy
acgagtacac
aagcacgcat
cggctgeatg
catgcaacta
gccgegeacyg
cgcgtecgte

cgeceggege

atgtgeacgg
cagggtcagg
atcgatgceca
tgtgtagege
gaagaaaata
cecttatgtg
ctegtttett
gctetetete
gtggacacaa
tttteattce
atacccaagc
gcgaaagcta
gccgagteca
acgcaacgcc
atacgactgg
acacacatga
ttatgcccaa
atgtcgeceat
tagoecgeoge
tgcacteecee
gtccagtgte
cacgcaccgg
aaccgtagcg
cgcaggtect
tecacgecaca
cggcatcacg

cgegecacgyg

ctegecgecg
aggagcgatg
aacagcegat
agagggectt
gcatccactg
acgcoegegce
gacggagege
cacgccaacg
taaccaacac

aatcgeggtg

gtgggtgggt
atcctagteg
tataagtegt
tcatacgtgyg
ctattttatt
ccetetetacg
attctaaaca
tctetetece
caagctttac
tgagctcgaa
tacacacatc
actacatgca
cgatcegeac
cgcccegege
ttccagcgee
cccegecgeg
cactcaccce
ggcegtegea
cgtectgacyg
gegeteececgyg
tcgacgeggt
tegegecegg
cagcgectce
ccgegaccete
cegecgtgga
ccacaccgcc

cogecececy

gecttaggge
tttggettag
cgggcgtcegg
ctctecagegt
tccagtcaag
ccgeagcage
cagatactag
tecgcacaaac
gcggtgcacg
ctcagecace
aggctagcta
cgcatgcage
ggcgtgacca
tccteagete
tggcgecggte
cacccgecge
ccttagcecac
tcgeaccget
tcegetgeecac
ccecgegetcee
ccactcccac
ctagacaceyg
acggtcgtcg
ctegtetecyg
ctegeecgege
gtggactcge

aacctgtgge

atttacaacg
ttoeccegtcea
gcgetaacte
tggaagaggg
tgecctgatta
cggaaactac
tgttgttgee
atagaagaaa
tacgetgeeg
ggacaacaac
ccacacgcaa
ccacgacccyg
actaactgcea
ccgecgeccge
acacctecgcg
gcccgacacg
gaattacagc
gcggecteeg
acctgeccace
cgcgegeacy
ggtccegacg
cgtcttattg
cgccgagcecg
cgaccgccac
gttgecgacg
cgcgegttge

tctgatacca

gagctctcte
cagtggacac
cgttttcatt
ctatacccaa
cagcgaaage
ctgecgagta
ccacgcaacg
ggatacgact
acacacacat

gcttatgccee

tctetetete
aacaagcttt
cetgageteg
gctacacaca
taactacatg
cacgatecge
coogeccege
ggttccagcg
gacocegecy

aacaactagt

cetegeacaa
acgcggtgea
aactcagcca
tcaggetage
cacgcatgea
acggegtgac
gcteetcage
cctggegegy
cgcacccgee

gtgcaccteag
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ttgagagtge
ttgacacget
gacatcggca
atcgggetgg
taggcgcage
ggcagggcac
gtgtetegtg
ggacttcctc
cceggettgg
gctacteoatt
tatgcagccg
aaggtgttct
ggaggcggga
acactgtact
ctcagaaacg
atttgettat
ccctgettga
gcteogtteg
cecgtcggcga
aaatccatct
tgacgacatg

tttgttectct

ccataaggtt
cagctagtaa
cctecacgage
cagaccecte
acagagagcg
tceggttggg
tcgtgtttgt
tatctgtata
cagttttggt
actgtagatt
gctacaaatg
ttecegggag
tgattgatce
gaaacatagt
ttacattagt

ttagecatttt

ggcacccgac
ctegettete
taggcategg
tggagctgct
agccggaaac
cacagcocct
ggatcaggtce
atccagttcc
cagcagcaat
ctcactatcg
gegggctget
tcacgctcat
cgtggacaag
tcaaacgggg
aggtatgctg
gcgactatat
aactgctggt
ttttttcetee
cgaaccctag
cactgaagtt
atcaacagta

agctagagca

agtcctaagt
accctegecee
ccaagccecag
ttctettcta
ctcagcegea
gagatgcact
ttetgttttt
gcattcggga
tttcaccegt
gattcagttg
aatgagccca
gaactcaagc
ccaatgectt
gatctttgat
catggaaata

tgtacttgta

tgecacagtge
cagatteoctg
ccteggeatce
tgcagtaccc
tagctagecag
cggeggacte
ccggcggcgyg
gcgaccaagg
gtgagtaatc
cetggecgge
gatccaggat
caccacaagg
caaggccgeqg
cgggtacage
tgcttgetec
attatcatgg
atatatgaac
ttetetegece
ctcggatcag
gcatttcaac
gattagtecet

atataatact

tgaccttett
teggtetgtt
cttgtaaacc
gtcaacggte
gecccecgaace
tettttttea
ctagcccecaa
tttgaggctc
gggegctact
ctgaacgata
acaacattac
aaacctggge
cgacagttta
ctgggtacat
tgaaaacgag

catcttattt

acatgcatge
ccagagecgg
ggcccctcga
gcagtggaca
gtcgagaagg
ggcactgegt
cgctcatgec
aatccccetgg
taatctccac
ctegtgatca
tgggacggag
aggggcggcg
cccagggtag
ggcagattat
atccatcgca
ttgttgeeca
ccttttetta
aaaacaaatt
tccgettcec
attgctgtte
ttttattata

ataggatcag

agctggctet
cgtatccace
cgacgctcag
cacgcttage
ccggecggag
gaaaaagaca
gggacctteg
gtcecgeatct
tgttgattga
acatgaatgc
acgeegegygce
ccattaacag
gggacgaggt
tcacegectt
ttttttttgt
cgttgttcaa
agetteggtg
cecatctcoace
ttcaaaaaaa
cgtacatcta
tataggatga

tactttttag

ttctettgac
cgacttgate
tatataagcg
tttagctacg
gtagggagat
cgetggtgag
gegetgtgeg
acgagtcaac
tctgcataat
gegegtatgt
ggagggagcce
gagggcactg
cgecgtcage
ggagatccat
tttgttttaa
agatttgege
taggactacg
gatctettet
agaaaaataa
aacttacata
taccaatteg

gggcacacca

ctgetgecect
tcttacgage
cttecgtece
gccggeggeyg
ctagaaatca
gcaagtcagt
gttgctatct
tacatcgacc
ttcaatgttc
aaacaagacc
tatgaggtta
gcggagcaat
actgaaacag
agatagcect
gtagattgat

cggcagataa

taaacctegt
ccaagcagcce
ccgectagte
gcggegecaa
agcgaacgeg
gaaaattata
gcctgetgea
aggtaaatat
ggtctacaag
gattccacta
ctcteetett
atcaaggtat
gcaccatectg
gatttcatat
ctgttatttt

atttaaaacc

cgtcatagee
cgttcegttt
tegtecagte
gtcatccaag
gcggcgaggt
tgttgatctt
tccgactaac
tttctatttc
ccaattaget
tgcatgtttt
tcagggatgg
tcataagtca
tacttttgtt
atctacgtcce
atcetattac

ccacagetga
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tatatatatt
gtcgagaact
atcaatcact
gttgttttec
ctgcgectgtg
ttgcttgcag
attectgtttt
accaaattta
attatctcta
cteccetetgt
acttgtcatt
tgaaaactaa
tteggatgag
atgcacagca

ataagtggta

aattctggac
tgttatatag
tgtcotgttga
actatttacg
tctctggatg
tacaattaca
atctacgatt
cttttgettg
atactacaat
ctgttgaaat
ttggacctga
aatgacaagt
catagggttt
tgatcaaagt
gtaggattct
gctaccttca
tactaagcct
gagatattgt
aaaacaagaa
ctgaccttat
acgtcatccc
tatgagcagt

ataatcttot

atcctcaatt
ctagatatat
gcagaatgat
aatatatatt
gcatattaaa
atcctgatgt
ctagcagtga
gatttecttgt
gtaagaagac
cccacaatgt
tgcttactgg
ggcatcgagt
atgggagaat
caacctatat

tatctcaaca

cctecgattt
aacacttgtt
taattggott
accagcaatc
ctatttctca
ttcatceoteg
tcogtgtttt
cagtttggtg
accttgatgg
aagtggtaac
atacaagtaa
aatttgecacce
tatagcaact
aatgaccatc
acacaccaaa
atgtttgtte
actaataggt
gcatactgtt
gagaagtttg
gttcecgttt
cggactacga
gctgtctgta

cceggtggac

tatacactat
accagggacyg
atttgaacta
gtggaattta
tcgecattggt
tectggatte
ggtaattaag
acaaccccta
atagaagatg
aacacgttta
tattggagtt
cottcactgt
taggcetatta
atgagatatt

ccatgcataa

ttgatgaatt
tctactatca
agcgtttate
atctgggeta
cttacactgg
gtgagtggtt
ctttecatge
tgcttateta
ttttattaag
acgtcttgea
agactggtat
tetgggtgta
gcactcagga
ttacataccyg

ttaattgcaa

gataaggtaa
gaacacatga
agtcataaga
tatgtaatag
cagaagtttt
cacgtgctga
acaaactaga
aatgtgacaa
tcaatttetg
ttgtgggacg
acttaattgg
ctgaggtaaa
ttagcetaca
tatgatacct

tactacagaa

gaactcataa
ttgaacataa
tagacatatt
ctocaattet
acatgctacc
ttacaccact
acaagttacc
ctcaagttct
ttettacgta
gagggagaga
gaaatcattt
caacatgcac
gataggtttt
gtaaacattg

tgtactagac

ggatctggeg gecgatatag tecttetecce atgttgtttt

tggagtgaat
acagctgeat
gattcattec
ccacctgttt
gtcttgttge
agttgccaca
gacagtattc
ggaccaactc
gtaggaccaa
gaaaaagatg
tttectectgt
ttggaggatt
ataatttcta
gaattttgece
cagaagccaa
ttttecacag
ataaggttac
tagggccgtg
ttttttgecag
ctacaatcct
catattattt

aatgectgtat

ttagcgtaca
ttcagaacat
teceggggetg
tcagaaaaca
atcaccacat
tatattgcaa
tcatgctgat
caactcagga
caacattgct
atcectteagt
tttggaatat
ttattecgtt
tgaattgtat
gttgttgtca
ttaactacat
cactaccatt
tgtaaatatc
ttttagtcee
ccttatcoge
ttcggagagt
cttgtacagt

tttatgagte

ttatctggaa
aacaatgtga
ctetgeccoace
actcaacgce
tttattttat
gtaaactgat
gaaatatcaa
ttgcatggta
ttttcaaaat
gttetgttet
tattgttaca
ggattgctca
tttectacac
agtggtgtte
tgattcgtat
gttaatatat
gattagtgat
acacatatgt
agcattcotca
tttgagattg
ttctaattat

ttggtaggaa

cttcagtttt
gtttgaacag
tcatgatgca
agaggtacta
ttttecagttyg
cttatatttce
tccttaatga
cgettetttg
ttcaagtagt
ctttggctaa
cacttgaate
tggataccct
cecttttece
acctgcacgt
gagcacacag
atgtacatat
atgtocttge
tgaaatcgag
agttgatgat
agagatgaca
gaactcttga

tgtatatgtt
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8520
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tggtataaaa tcggtgaagg gtgcatgtag

tgattgtacg ggactgaact gaaggcaaga

attgaatata gctcagacgg ctgagagecy

aggtcaattg taatttttat gtaatataat

tttagtattt tagecectgtga ttcateggtce

tatcaaatcc tgcctgtgat ttatctgccc

attgacttag caaagaagat gtaagtttat

taaggogggt tttcaaggaa tgatatactt

tgegeootgge agaaaaagga acgatttgtt

tgtatgacat
cagcagcaag
gaggtcatca
ttgecctagt
catattaatg
atgttttagg
tceggtataag
agtaaaagaa

ttttgaacta

cgctttgacy
caagcactga
ggcacgatgce
gttgcaatat
ttattgtgtg
attttatttt
ttaataaaaa
tggaaggttg

gtatagagat

gaggaggtge
caacgtgtgg
tcaacgeegg
gtacaaatat
aataaatgtt
gtaatcactt
gtgaaacagt
gacaaagcat

ttcacttgag

ctgagggeca ttacacacca actgtatatg tttcagectcet gcaacagecat cgtegtgatg

gtegtcattt gatctectac ctecgaccgag tagetcatca accgagttat tttgeagtac

atcaaacaaa tatgggtcgt ccattcccat catctgatag tctagatcca teccatactac

cgtattttag tagecacatgg acacggagat cg

<210>5

<211> 5578
<212> DNA

<213> Triticum aestivum 'Lumai 15+MS2'

<220>

<221> misc_feature
<223> The Promoter of the WMS Gene

<400> 5
geggeegegy

cggtectecyg
ggcgaggege
acgacggtag
cgagaacacae
gcggeggcgyg
ggatcctecyg
ggggaggcge
cgacgacgga
gaagacacgc
tggcggeggg
aatcctccge
gggaggcgcet
cgaaggcgaa
gaggacacgc

tggcgatggyg

gtgaggeottt
ccgectecctg
tggtggatct
agacggatge
ctectcegeat
gtgaggegtt
ccgeteectg
cggtggatce
gacggatgca
tcectegegtt
tgaggegttg
cggtccctga
ggtggatcce
gacggatgcg
tcgtcaagte

tgaggcgtcg

gccaaggeat
acgatgtcgg
ggaggacatg
geggtgatgg
cggtcaeaceg
ggagaggcge
atggcagcga
cgaggacacg
cggcggcggg
ggtecctecge
gagaggcgtc
tgacggcgga
gaggacatgc
aggcgecggg
agtcctecge

gcaaacgcegt

caatggatcc
agacagatgc
ctcetegtgt
gtgaggagtt
ctgettgeta
tggtggatce
agagggatgce
ctecectegegt
tgaggegttg
tgctcgectga
gatggatccg
gaggggtgcg
toctegegte
tgaggcattg
cgcetecctgt

gcactggtayg

cgaggacatg
gcggeggtgg
cggtccteoag
ggggaggcte
acgacggcgg
agaggacacg
gcggcggcgg
cggtctecege
gcgaggegte
caatggcaga
gaggacacgc
cggcggcggg
ggtcctecege
tcgaggegtce
cgacggtgga

atccttagga

ctgctegegt
gtggggecatt
ccegetecactyg
cggtggateac
agagggatge
ctececttgtge
gtgaggegtt
cgctccctga
ggtggatcce
gagggatgcg
tcectegtgte
tgaggcattg
tgcececctga
ggtggatcec
gacggtttca

cacgctegtt
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acgtcggtcc
cgagctgtcc
ggagegettg
ggccaaggcc

cggceggcaat

cacggccgca
atgaaatgcc
tecacggocac
aataaaaccg
ttgtegtegt
ggtgcgtggt
ggcgacgoct
ccaggcecgg
tctecagete
ccteceattg
gggcctecte
acggegtggg
cgcgctetcy
gcegtgtegtg
ggtcgtagta
cacggeeget
tggggaggtg
catccgegtg
gggcaggcgt
ggcggoccega
accccatgge
gtttggggtg
gaccggtcca
tggggecgac
cgeggecteg
cacatgtttg
cgtegogege
ggggtaegage
ctteotgocat
tagagtcaat
gaagtcgcag

caaggagcta

tcecgeegetce
gagcacgagg
ctccagggge
agcgcacgac

gggttcgecce

cecccaaatca
aaaaaaatta
aaaacggeccce
ccgeccacge
tgtcgectgac
acacgggggc
cacgetocgg
gtggaacaca
ggggatggeg
gcgetcateg
ctecgetgte
cgtgaggecy
acgtggecegt
ctcgtcecga
caggtcgtce
cgtegggace
cacgtegete
gatgtactgc
gggggctcga
ggacaagcca
tgcgaggegg
tgtcgggttt
cggttteeca
cgegegtgtg
aggcggacga
cgctcgaaat
tgggcgtgag
gcaagggega
aggtgtagcet
cgattttcct
acccatgtat

aggcgggege

cctgacgatg
caatggtgca
tggecagagea
cccaaacgga

atgtectgett

gtggagactg
agttgcggeg
gatctecteg
cgtceggttt

gggtcegtty

atgcacggcg
aaggcgaaca
gacggceatg
ggcctgettt

ggttgtcgat

gctctggeat
ccgaggagta
accctccogac
cgtctgtttg

atgcccaacyg

tgtccagggt
aataaatgca
agtteocatgg
gctectgeeg
gaggtcgacg
gggctggaag
tgaccatgge
gccacgggcet
acgtegecegg
tgegtettcea
atgcgaggag
cgcacccgeg
cgeggecceyg
aaccacgtgt
ggcaggaggc
ggcegggateg
catgggageg
tggtecgcget
tgeggtggtg
gcetegtyggt
coggocgacy
cgaggaggca
tttaagaagg
cattaatgtt
gcgacgcgtce
ggatcggeec
atttgttett
gagcagaacc
cgtcgaccge
ggccaatgge
atgtgcacgg

cagggtcagg

ggacgtgatt
agcataaaaa
ttcacataga
tgececgtege
tagtcecggeg
gcgggaggtyg
gttgtgggge
cctectecat
ccgcagagag
tggagtccte
gtggtggtgyg
tacgecctgeg
acaaggtgec
cccacaggtce
ggcggeggea
gcacccggtt
gcegtectegt
tgeccgecgge
atgcgggctc
cgegetteoee
agatcgagga
gcacgggctg
acggcgactg
ggetggtggg
cgtttgetgt
ggacacaaaa
ttgtceccaaa
atcgaccgea
caagtatatce
gtcaagggga
gtgggtgggt

atcctagteg

saaaaaacac
tataaaacat
cataattaac
cgtecttetea
gcegtecagag
cctacaccte
accagtccac
cacctcectce
ggccatcata
catgacacgt
cagcggagat
cacctgggga
ggcgaagaaa
ggagtcgggg
ctggatctce
ggcggagaga
cteccaataa
cgtagggeceg
ctctttcatg
cttgecgaceg
cggggagagyg
gagtggggag
tttgetggac
aggtaggtgg
cegecgegac
cggaccagat
tggacgggge
agceggtgatt
actgtctege
gagatttggt
gecttaggge

tttggettag

aasaaactaaa
aaattaacca
ataaaaacaa
gtggcegeeg
gtgggacgge
ctectectgt
tgetagecca
gtcctcacca
tecttegagge
tgecatgagecc
ggtgaaggcg
gcagecgetg
aaggcgcegac
gegtaccgag
tcgeggegeg
tgecagttat
cgecggcata
atggtgaatg
gagccgegge
gtgttccaga
gagagctagg
tgtggacgac
ggatgacagg
cagactgota
ccaaatcegy
aggttcagge
cggacgggat
ttetgegeoac
gatttgagca
caaatgggcg
atttacaacg

ttecegtceca
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aatttgagaa
agttttctgt
actcttagec
ggcgeccetee
ggcgcaccag
gccagtecet
gaaggaagag
gocgcacgaa
gagtacacag
gcacgcatge
gctgcatgac
tgcaactaga
cgcgcacgea
cgtcegtcta
cceggcgcaa
aggtgagttc
ccatgccgtc
gtgcegeegt
tacgctatct
cgtctggtge
cecetgecactg
ccgeggecte
tgctegeege
ccacgecgetce
cgagatette
aatgttgttg
acatagaaga
cgtacgetge
ccggacaaca
taccacacgc

gcccacgace

caactaactg
teccgegece
tcacaccteg
gogcecgaca
ttgagagtgc

ttgacacget

ttgagctgge
ctattttatg
caggcgctag
attggagatg
tactggacgg
cgccgceegga
gagcgatgeca
cagccgatcg
agggecttet
atccactgea
gccecgegect
cggagcgccc
cgccaacggyg
accaacacac
tecgeggtgge
atcategteg
gacgtcgttg
goccttegeg
gcgcaactag
gcacccataa
cecgtgeegte
tgcgacaceca
gcgeacggea
gccgcacgec
atgtcegeeg
ccgccagtece
aagaaggaag
cggccgeacyg
acgagtacac
aagcacgcat

cggctgeatg

catgcaacta
gocgegeacy
cgegtceegte
cgceceggege
ggcaccegac

cteogettete

atcgatgcca
tgtgtagecge
gaagaaaata
cccttatgtg
ctegtttett
gcteteteta
gtggacacaa
ttttecattce
atacccaagce
gcgaaagcta
gccgagtcca
acgcaacgcc
atacgactgg
acacacatga
ttatgecccaa
atgtcgecat
tagccgecge
tgcactecce
gtccagtgtc
cacgcaccgg
aaccgtageg
cgcaggtect
tcacgececaca
cggcatcacg
cgcgccacgg
ctegeegecyg
aggagcgatg
aacagecgat
agagggcectt
gcatccactg

acgcccgege

gacggagcgc ccacgcaacg cccgccccge

cacgccaacqg
taaccaacac
aatcgeggtyg
tgcacagtgc

ccgattcectg

tataagtcgt
tcatacgtgg
ctattttatt
cctetetacg
attctaaaca
tetetetece
caagctttac
tgagctcgaa
tacacacatc
actacatgca
cgatcecgecac
cgoocegegae
tteccagegee
cccegecgeg
cactcaccce
ggcegtegea
cgtcctgacg
gcgetecegg
tcgacgcggt
tcgegecegg
cagcgectcece
ccgegaccte
ccgeegtgga
ccacaccegec
cageceaccg
gagetetete
cagtggacac
cgttttcatt
ctatacccaa
cagcgaaagc

ctgeegagte

ggatacgact
acacacacat
gcttatgece
acatgcatgce

cecegegeegyg

cgggcgtegy
ctctcagegt
tccagtcaag
ccgeageage
cagatactag
tcgcacaaac
geggtgeacyg
ctcageccacc
aggctagcta
cgcatgcage
ggcgtgacca
tcctecagete
tggegeggte
cacccgccge
ccttagccac
tcgecaccget
tcgctgeccac
cecegegaetee
ccactcccac
ctcgccaccg
acggtcgtceg
ctegteteag
ctegecgege
gtggactcge
aacctgtgge
tctetctete
aacaagcttt
cectgageteg
gctacacaca
taactacatg

cacgatacge

ggttccageg
gaccccgceg
aacaactagt
agctggctct

cgtctecace

gcgctaactce
tggaagaggg
tgactgatta
cggaaactac
tgttgttgee
atagaagaaa
tacgetgeceg
ggacaacaac
ccacacgcaa
ccacgaccceyg
actaactgca
ccgegeecge
acacctegeg
gcccgacacyg
gaattacagce
geggecteeg
acctgccacc
cgegegeacy
ggtcccgacg
cgtcttattg
cgcocegageceyg
cgaccgccac
gttgcecgacg
cgcgegttge
tctgatacca
cctegcacaa
acgcggtgea
aactcagcca
tcaggctage
cacgcatgca

acggegtgac

gctcctcage

cotggegegy
cgcaccegec
gtgcaccteg
ttctecttgac

cgacttgatc
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gacatcggea tcggcatcgg cctcggeate ggcccctega cgacgcotcag tatataageg

atcgggetgg tggagectget tgcagtacce gecagtggaca cacgecttage tttagectacg

taggcgecage agccggaaac tagctagceag gtcgagaagg ccggecggag gtagggag

<210>6
<211> 4681
<212> DNA

<213> Triticum aestivum 'Lumai 15+MS2'

<220>

<221> The Genomic Coding Region of the WMS Gene

<222> (97)..

(4174)

<223> Trancriptable Genomic Region of the WMS Gene

<400> 6

cagtaccege
gctagecaggt
gcggectegg
ggcggcggeyg
gaccaaggaa
gagtaatcta
tggeceggect
tecaggattg
ccacaaggag
aggccgcgece
ggtccagegg
cttgcetccat
tatcatggtt
atatgaaccc
ctctegecaa

cggatcagtc

agtggacaca
cgagaaggcc
cactgcgtga
ctcatgecegg
tcecctgggt
atctccactg
cegtgatcaac
ggacggagac
gggeggegece
cagggtaggg
cagattattc
ccategeatt
gttgeccacg
ttttettaag
aacaaattcc

cgcttcecctt

cgcttagett
ggccggaggt
aaaagacacg
gaccttegge
acgeatctac
ttgattgatc
atgaatgege
gccgeggegg
attaacagga
gacgaggtcg
accgecttgg
ttttttgttt
ttgttcaaag
cttcggtgta
atctcaccga

caaaaaaaag

tagctacgta
agggagatgg
ctggtgaggt
getgtgeggg
gagtcaacce
tgcataatge
gegtatgtta
agggagcecaa
gggcactggg
cegtcagecac
agatccatct
tgttttaaat
atttgcgecc
ggactacgge
tctettetee

aaaaataaaa

ggcgcageag
cagggcacca
gtetegtggg
acttectcat
cggcttggea
tactcattct
tgecagecgge
ggtgttette
aggcgggacyg
actgtacttce
cagaaacgag
ttgettatge
ctgcttgaaa
tcegttegtt
gtcggegacg

atccatctca

caggaaacta
cagccccteg
atcaggtcece
ccagttecege
gcagcaatgt
cactatcgece
gggctgetga
acgctcatea
tggacaagca
aaacggggcg
gtatgetgtyg
gactatatat
ctgetggtat
ttttcteett
aaccctaget

ctgaagttgc

atttcaacat tgctgttccg tacatctaaa

ttagtcecttt
ataatactat
accttettet
ggtcetgttte
tgtaaaccct
caacggtege
cccgaaccet
ttttttcage

aagccccaaat

ttattatata
aggatcagta
gctgeccotta
ttacgagecce
tcecgteeeee
cggcggcgge
agaaatcaag
aagtcagtga

tactatctac

taggatgatc
ctttttaggg
aacctegteg
aagcagcccg
gcectegtete
ggcgcocaagt
cgaacgceggce
aaattatatg

ctactacatc

cttacatatg
ccaattcgtt
gcacaccace
tcatagecea
tteegttteco
gtccagtcea
catccaagac
ggcgaggtte
ttgatcttte

caactaacta

acgacatgat
tgttctctag
ataaggttag
gectagtaaac
tcacgageccee
gaccccetett
agagagcgct
cggttgggga
gtgtttgttt

tctatataac

caacagtaga
ctagagcaat
tectaagttyg
cetegeccte
aagccocaget
ctcttctagt
cagccegcage
gatgecacttc
ctgtttttet

attcaoagaatt
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S

tgaggctcta
gegctacttt
gaacgataaa
aacattacta
acctgggege
acagtttaac
gggtacatag
aaaacgaggt
tcttattteg
tacactattt
cagggacgtc
ttgaactaag
ggaatttaat
gcattggtet
ctggattegt
taattaagct
aacccctatg
agaagatgtt
cacgtttaac
ttggagttag
ttcactgttc

ggctattage

gagatatttt
atgcataatt
atctggegge
gagtgaattt
agctgcattt
ttecattccte
acctgttttc
cttgttgeat
ttgccacata
cagtattctc
accaactcca
aggaccaaca
aaaagatgat
tecteectgttt

ggaggatttt

catcgaccag
caatgttegg
acaagaccga
tgaggttact
ggagcaatat
tgaaacaggc
atagccctga
agattgatct
gcagataaat
gatgaattga
tactatcaga
cgtttatcag
ctgggctata
tacactggeca
gagtggttca
ttcecatgeac
cttatctaaa
ttattaagtce
gtcttgeatt
actggtatac
tgggtgtact

actcaggatt

acataccgta
aattgecaata
cgatatagte
agcgtacatt
cagaacataa
cggggetget
agaaaacaac
caccacattt
tattgeaagt
atgctgatga
actcaggatt
acattgecttt
ccttcagtgt
tggaatatta

attccgttgg

gtaaatattt
tctacaagece
ttecactatg
ctectettte
caaggtattc
accatctgta
tttcatatat
gttattttat
ttaaaacccc
taaggtaaga
acacatgatt
tcataagata
tgtaataget
gaagttttac
cgtgetgatt
aaactagaac
tgtgacaact
aatttctgtt
gtgggacgga
ttaattggga
gaggtaaaca

agcctacaga

tgatacctgt
ctacagaatg
cttcteecat
atctggaact
caatgtgagt
ctgccaccte
tcaacgccag
tattttattt
aaactgatct
aatatcaatc
gcatggtacg
ttcaaaattt
tctgttctet
ttgttacaca

attgctcatg

e -

tctatttcca
aattagectac
catgttttge
agggatggtt
ataagtcatg
cttttgttga
ctacgtectt
cctattactt
acagctgata
actcataagt
gaacataaat
gacatattgt
ccaattectet
atgctacctt
acaccactat
aagttaccac
caagttctat
cttacgtact
gggagagaac
aatcattttg
acatgcactt

taggttttat

e m

gttttggttt
tgtagattga
tacaaatgaa
ceccgggagga
attgatccce
aacatagtga
acattagtca
agcatttttg
tatatattat
cgagaactct
caatcactge
tgttttecaa
gcgetgtgge
gettgeagat
tetgttttet
caaatttaga
tatctctagt
cectetgtee
ttgtcatttg
aaaactaagg
cggatgagat

gcacagcaca

traccegtgg
ttcagttget
tgagcccaac
actcaagcaa
aatgeoeotteg
totttgatet
tggaaatatg
tacttgtaca
cctcaattta
agatatatac
agaatgatat
tatatattgt
atattaaatc
cctgatgtte
agcagtgagyg
tttettgtac
aagaagacat
cacaatgtaa
cttactggta
catcgagtee
gggagaatta

acctatatat

aaacattgat
tactagacaa
gttgtttttg
tcagtttttg
ttgaacagac
atgatgcatc
aggtactata
ttcagttgat
tatatttact
cttaatgaat
cttectttget
caagtagttt
ttggctaaaa
cttgaatcca

gatacccttg

aagtggtata
ttetggacce
ttatatagaa
tctgttgata
tatttacgac
tctggatget
caattacatt
ctacgatttc
tttgettgea
actacaatac
gttgaaataa
ggacctgaat
tgacaagtaa
tagggtttta

atcaaagtaa

tctcaacace
teegatttgg
cacttgtttg
attggecttac
cagcaatcga
atttctcacc
catcecteggt
cgtgttttag
gtttggtgga
cttgatgggg
gtggtaacgt
acaagtaaga
tttgcacctt
tagcaacttt

tgaccatcat
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aatttctatg
attttgecgt
gaagccaatt
tteccacageca
aaggttactg
gggcegtgtt
ttttgeagecc
acaatccttt
tattatttcet
tgctgtattt
gcatgtagtg
aggcaagaca
gagagccgga
aatataattt
catcggteca

a

<210>7

aattgtattt
tgttgtcaag
aactacattg
ctaccattgt
taaatatcga
ttagtcccac
ttatccgeag
cggagagttt
tgtacagttt
tatgagtctt
tatgacatcg
gcagcaagca
ggtcatcagg
gcectagtgt

tattaatgtt

<211> 10600

<212> DNA

tcctacacece
tggtgttcac
attcgtatga
taatatatat
ttagtgatat
acatatgttg
cattctcaag
tgagattgag
ctaattatga
ggtaggaatg
ctttgacgga
agcactgaca
cacgatgctc
tgcaatatgt

attgtgtgaa

crtttecagt
ctgcacgtge
gcacacagta
gtacatatga
gtccttgcaa
aaatcgagct
ttgatgatac
agatgacata
actcttgaat
tatatgtttg
ggaggtgctg
acgtgtggat
aacgccggag
acaaatattt

taaatgttta

<213> Triticum aestivum 'Lumai 15+MS2'

<220>

aggattctac
taccttcaat
ctaagectac
gatattgtge
aacaagaaga
gaccttatgt
gtcatcecccyg
tgagcagtge
aatcttgtec
gtataaaatc
attgtacggg
tgaatatage
gtcaattgta
tagtatttta

tcaaatcctg

<221> The Genomic Coding Region of the WMS Gene
<222> (5579)..(9656)
<223> The Full-Length Genomic DNA Vector of the WWMS Gene

<400>7
geggeegegg

cggtcctecyg
ggcgaggege
acgacggtag
cgagaacacc
gcggcggcgg
ggatcctecg
ggggaggcge
cgacgacgga
gaagacacgc
tggcggeggg
aatcctecge

gggaggcgcet

gtgaggettt
ccgctecetg
tggtggatcet
agacggatgce
ctecctegeat
gtgaggcgtt
ccgeteectg
cggtggatcee
gacggatgca
tcetegegtt
tgaggegttg
cggtccctga

ggtggatccc

gccaaggcat
acgatgtegg
ggaggacatg
geggtgatgyg
cggtceeceg
ggagaggcgce
atggcagcga
cgaggacacg
cggcgycggy
ggtactecge
gagaggcgte
tgacggegga

gaggacatgc

caatggatcc
agacagatge
ctecetegtgt
gtgaggcgtt
ctgettgeta
tggtggatce
agagggatgc
ctcectegegt
tgaggegttg
tgetcgetga
gatggateccg
gaggggtgcyg

tcctcgegte

cgaggacatg
gcggeggtgg
cggtecteceg
ggggaggcte
acgacggcgg
agaggacacg
gcggeggegyg
cggtcteooge
gcgaggegte
caatggcaga
gaggacacge
cggcggcggyg

ggtcctecge

acaccaaaga
gtttgttcca
taataggttt
atactgttat
gaagtttgta
tcecegttttt
gactacgact
tgtctgtaca
cggtggacaa
ggtgaagggt
actgaactga
tcagacgget
atttttatgt
gcetgtgatt

cctgtgattt

ctgectegegt
gtggggeatt
ccgetecctyg
cggtggatce
agagggatgce
ctccttgtge
gtgaggegtt
cgeteceotga
ggtggatcce
gagggatgcg
tectegtgte
tgaggcattg

tgccecectga
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180
240
300
360
420
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cgaaggcgaa
gaggacacgc
tggegatggg
acgtcggtce
cgagctgtcc
ggagcgettg
ggccaaggece
cggeggcaat
cacggccgea
atgaaatgcecce
tcacggccac

aataaaaccg

ttgtcegtegt
gatgcgtagt
ggcgacgect
ccaggeoecgyg
tetecagete
ccteoceatty
gggcctecte
acggegtggg
cgcgcteteg
gcgtgtegtyg
ggtcgtagta
cacggceeget
tggggaggtyg
catccgegtg
gggcaggegt
ggeggoecga
acceccatgge
gtttggggtg
gaccggtcca
tggggecgac
cgcggecteg
cacatgtttg
cgtegegege
ggggtegege
cttctgecat

= arearel ol

gacggatgceg
tcgtcaagtce
tgaggcgtceg
tcecgecgete
gagcacgagyg
ctccaggggce
agcgcacgac
gggttcgcee
ccccaaatca
aaaaaaatta
aaaacggccc

ccgcccacgce

tgtegetgac
acacgggggce
cccgetoegg
gtggaacaca
ggggatggeg
gcgetcateg
ctcegetgte
cgtgaggecyg
acgtggeocgt
ctecgtoeecga
caggtcgtce
cgtaegggace
cacgtcgete
gatgtactgc
gggggctcga
ggacaagcca
tgcgaggegy
tgtcgggttt
cggtttocca
cgegegtgtyg
aggcggacga
cgctcgaaat
tgggcgtggy
geaagggega
aggtgtagct

e e L e el

aggcgeeggg
agtcctecge
gcaaacgcgt
cctgacgatg
caatggtgca
tggcagagea
cccaaacgga
atgtetgett
tgteccagggt
aataaatgca
agttccatgg

gctectgeeg

tgaggcattg
cgcteeoctgt
gcactggtgg
gtggagactg
agttgcggeg
gatcteeteg
cgtecggttt
gggtcegttg
ggacgtgatt
agcataaaaa
ttcacataga

tgeccoccgtege

tcgaggegte
cgacggtgga
atccttagga
atgcacggcg
aaggcgaaca
gacggccatg
ggectgettt
ggttgtcgat
aaaaaaacac
tataaaacat
cataattaac

cgtcttetea

ggtggatccc
gacggtttca
cacgctecgtt
gctectggeat
ccgaggagta
accctecgac
cgtctgtttg
atgcccaacg
aaaaactaaa
aaattaacca
ataaaaacaa

gtggecgecg

gaggtcgacyg
gggctggaag
tgaccatgge
gccacggget
acgtegecgg
tgegtettcea
atgcgaggag
cgcacccgeg
cgeggeceag
aaccacgtgt
ggcaggaggc
ggegggateg
catgggageg
tggtcgecget
tgeggtggtyg
geetegtggt
ccggocgacyg
cgaggaggca
tttaagaagg
cattaatgtt
gcgacgegtc
ggatcggecc
atttgttott
gagcagaacc
cgtcgaccgce

rerera Al reres

tagtccggeg
gcgggaggtg
gttgtgggge
cctectecat
cegcagagag
tggagtccte
gtggtggtgg
tacgecetgeg
acaaggtgea
cccacaggte
ggcggeggea
gcacceggtt
gcgtectegt
tgcecgeegge
atgegggctc
cgegetteee
agatcgagga
gcacgggctg
acggcgactg
ggctggtggg
cgtttgetgt
ggacacaaaa
ttgtcccaaa
atcgaccgea

caagtatatc

Aok A rervreres

gegtecagag
cctacaccte
accagtccac
caccteectee
ggccatecate
catgacacgt
cagcggagat
cacctgggga
ggcgaagaaa
ggagtcgggyg
ctggatctce
ggcggagaga
ctcccaataa
cgtagggccg
ctetttecatg
cttgegaceg
cggggagagyg
gagtggggag
tttgctggac
aggtaggtgg
cagocgegac
cggaccagat
tggacgggge
agceggtgatt
actgtctege

Fra read i rracd

gtgggacgge
ctcctectgt
tgectagccca
gtecctcacca
tettegagge
tgcatgagcc
ggtgaaggeg
gecageocgetg
aaggcgcgac
gegtaccgag
tcgeggegeg
tgecagttat
cgecggcata
atggtgaatg
gagccgegge
gtgttecaga
gagagctagy
tgtggacgac
ggatgacagy
cagceatgeta
ccaaatcecgg
aggttcaggc
cggacgggat
ttetgegeac

gatttgagca

PR Yo P
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Layayruaau
gaagtcgcag
caaggcgcta
aatttgagaa
agttttctgt
actecttagec

ggcgeectee

ggcgcaccag
gccagteccet
gaaggaagag
gccgecacgaa
gagtacacag
gcacgcatgce
gctgeatgac
tgcaactaga
cgcgcacgea
cgtcoegtcta
cccggegeaa
aggtgagttc
ccatgcegte
gtgcegecgt
tacgctatct
cgtctggtge
ccctgeactg
ccgecggectc
tgctecgecge
ccacgegcte
cgagatcttc
aatgttgttg
acatagaaga
cgtacgetge
ccggacaaca
taccacacge
gcccacgacc
caactaactg
tecegageee
tcacacctcg

gogeccgaca

LyarLLLuu
acccatgtat
aggcgggege
ttgagctgge
ctattttatg
caggegetag

attggagatg

tactggacgg
cgecgeegga
gagcgatgca
cagcegateg
agggcettet
atccactgea
gaccgegeat
cggagegecc
cgccaacggyg
accaacacac
tegeggtgge
atcatcgtcg
gacgtcgttg
goccttegeg
gcgcaactag
gcacccataa
cegtgeegte
tgcgacacca
gcgcacggca
gccgcacgec
atgtcecgeceg
cagccagtec
aagaaggaag
cggccgeacy
acgagtacac
aagcacgcat
cggctgecatg
catgcaacta
gocgegeacyg
cgcgtecegtce

cgeceggege

yyulaatyye
atgtgcacgg
cagggtcagg
atcgatgcca
tgtgtagege
gaagaaaata

cecttatgtg

ctegtttett
gectctetete
gtggacacaa
ttttecattece
atacccaage
gcgaaagceta
gecgagtoca
acgcaacgcc
atacgactgg
acacacatga
ttatgoccaa
atgtcgccat
tagacgecge
tgcactececee
gtccagtgtc
cacgcaccgyg
aaccgtageg
cgcaggtect
tcacgccaca
cggcatcacg
cgcgecacgg
ctcegeegeeqg
aggagcgatg
aacagccgat
agagggectt
geatccactg
acgcccgege
gacggagegce
cacgccaacqg
taaccaacac

aatcgeggtyg

yuuaayyyya
gtgggtgggt
atcctagtcg
tataagtcgt
tcatacgtgg
ctattttatt

cctetetacg

yayatLiyye
gaecttaggge
tttggcttag
cgggegtcgyg
ctcetecagegt
tccagtcaag

ccgcageage

veaalyyyuy
atttacaacg
ttcecegtcea
gcgetaacte
tggaagaggyg
tgectgatta

cggaaactac

attctaaaca
tctctetece
caagctttac
tgagctcegaa
tacacacatc
actacatgca
cgatcegeac
cgcccegage
ttececagegeco
ccceogecgeg
cactcaccce
ggcegtegea
cgtectgacg
gegeteecegg
tcgacgcggt
tegegecegyg
cagecgectce
ccgcgacctc
ccgecgtgga
ccacaccgcec
ccgccececeg
gagctctete
cagtggacac
cgttttcatt
ctatacccaa
cagcgaaagc
ctgccgagtce
ccacgcaacg
ggatacgact
acacacacat

gecttatgeee

cagatactag
tcgcacaaac
geggtgeacy
ctcagecace
aggctageta
cgcatgcage
ggcgtgacca
tccteagete
tggcgeggte
cacccgacge
ccttagccac
tegecaccget
tegetgecac
ccecgegetee
ccactcccac
ctegecacceg
acggtegteg
ctegtetecg
ctcgeegege
gtggactege
aacctgtgge
tctetetete
aacaagcttt
cctgagetceg
gctacacaca
taactacatg
cacgatccge
ccocgaccege
ggttecageg
gacccegecyg

aacaactagt

tgttgttgec
atagaagaaa
tacgctgecg
ggacaacaac
ccacacgcaa
ccacgacccg
actaactgea
ccgcgeecge
acacctcgeg
gcccgacacyg
gaattacagc
gcggecteeg
acctgocaco
cgogegeacy
ggtcccgacg
cgtettattg
cgocgagecg
cgaccgccac
gttgccgacg
cgegegttge
tctgatacca
cctcgeacaa
acgceggtgea
aactcagcca
tcaggectage
cacgcatgca
acggcgtgac
gctectcoage
cetggegegg
cgcacccgec

gtgcaccteg
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ttgagagtge
ttgacacgct
gacatcggca
atcgggetgg
taggcgcage
ggcagggcac
gtgtctegtg
ggacttcocte
cceggottgg
gctactcatt
tatgcagccg
aaggtgttet
ggaggcggga
acactgtact
ctcagaaacg
atttgettat
ccctgettga
gctccgtteg
cegteggega
aaatcoatct
tgacgacatg
tttgttctct
ccataaggtt
cagctagtaa
cctcacgage
cagaccccte
acagagageg
tceggttggg
tegtgtttgt
tatctgtata
cagttttggt

actgtagatt

gctacaaatg
ttececegggag
tgattgatcc
gaaacatagt
ttacattagt

ttaagcatttt

ggcacccgac
ctecgettete
teggecatecgg
tggagctget
agccggaaac
cacagccoct
ggatcaggtc
atccagttce
cagcagcaat
ctcactatcg
gcgggctget
tecacgecteat
cgtggacaag
tcaaacgggg
aggtatgctg
gegactatat
aactgctggt
ttttttctece
cgaaccctag
cactgaagtt
atcaacagta
agctagagca
agtcctaagt
accctegece
ccaagcccag
ttctetteta
ctcagcagca
gagatgcact
ttctgttttt
gcattcggga
tttecacecegt

gattcagttg

aatgagccca
gaactcaage
ccaatgectt
gatctttgat
catggaaata

toatacttata

tgecacagtge
ccgattectg
ccteggeate
tgeagtaccee
tagctagcag
cggeggecte
ccggeggegyg
gcgaccaagy
gtgagtaatc
cctggecgyge
gatccaggat
caacacaagg
caaggccgceg
cgggtccagc
tgettgetee
attatecatgg
atatatgaac
ttctectcgece
cteggatcag
gcattteaac
gattagtcct
atataatact
tgaccttett
teggtetgtt
cttgtaaacc
gtcaacggte
gcocccgaace
tottttttea
ctagccccaa
tttgaggctc
gggcgctact

ctgaacgata

acaacattac
aaacctggge
cgacagttta
ctgggtacat
tgaaaacgag

catcttattt

acatgcatge
ceogegecgyg
ggceccctega
geagtggaca
gtcgagaagg
ggcactgcgt
cgctecatgec
aatcceoctgg
taatctcocac
cteogtgatea
tgggacggag
aggggcggeg
cccagggtag
ggcagattat
atccatcgea
ttgttgecca
ccttttetta
aaaacaaatt
tecegetteee
attgctgtte
ttttattata
ataggatcag
ctgetgecet
tattacgage
cttececgtece
gccggcggcg
ctagaaatca
gcaagtcagt
gttgctatct
tacatecgace
ttcaatgtte

aaacaagacc

agctggetet
cgtetcecacce
cgacgctcag
cacgettage
ccggecggag
gaaaaagaca
gggacctteg
gtccgeatet
tgttgattga
acatgaatgce
acgcecgcgge
caattaacag
gggacgaggt
tcaccgeett
ttttttttgt
cgttgttcaa
agctteggtyg
ccatctcacc
ttcaaaaaaa
cgtacatcta
tataggatga
tactttttag
taaacctegt
ccaagcagea
cagectegte
geggegcocaa
agcgaacgcg
gaaaattata
gectgctgea
aggtaaatat
ggtctacaag

gatteccacta

ttetettgac
cgacttgatc
tatataagcg
tttagetacyg
gtagggagat
cgectggtgag
gcgetgtgeg
acgagtcaac
tctgeataat
gogegtatgt
ggagggagcc
gagggcactg
cgeccgteage
ggagatccat
tttgttttaa
agatttgege
taggactacg
gatctcttect
agaaaaataa
aacttacata
tceccaatteg
gggcacacca
cgtcatagec
cgttoecgttt
tcgtecagte
gtcatccaag
gcggegaggt
tgttgatectt
tccgactaac
tttcetattte
ccaattaget

tgecatgtttt

tatgaggtta
gcggagcaat
actgaaacag
agatagccct
gtagattgat

caacaagataa

ctctoctett
atcaaggtat
gcaccatctg
gatttcatat
ctgttatttt

atttaaaacc

tcagggatgg
tcataagtca
tacttttgtt
atctacgtcece
atcctattac

ccacaactaa
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tatatatatt
gtcegagaact
atcaatcact
gttgttttec
ctgcgetgtg
ttgcttgecag
attectgtttt
accaaattta
attatctcta
ctececctetgt
acttgtcatt
tgaaaactaa
ttcggatgag
atgcacagca
ataagtggta
aattctggac
tgttatatag
tgtetgttga
actatttacg
tctctggatg
tacaattaca
atctacgatt
cttttgeottg
atactacaat

ctgttgaaat

ttggacctga
aatgacaagt
catagggttt
tgatcaaagt
gtaggattct
gctaccttea
tactaagcct
gagatattgt
aaaacaagaa
ctgaccttat

acgtcatece

+atrrrarrcant
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atcetcaatt
ctagatatat
gcagaatgat
aatatatatt
gcatattaaa
atcctgatgt
ctagcagtga
gatttcttgt
gtaagaagac
cccacaatgt
tgcttactgg
ggcatcgagt
atgggagaat
caacctatat
tatctcaaca
ccteoegattt
aacacttgtt
taattggett
accagcaatc
ctatttetca
ttcatcctceg
teegtgtttt
cagtttggtg
accttgatgg

aagtggtaac

atacaagtaa
aatttgcacce
tatagcaact
aatgaccatc
acacaccaaa
atgtttgtte
actaataggt
gcatactgtt
gagaagtttg
gttcececegttt

cggactacga

falakatas fal ot )

tatacactat
accagggacyg
atttgaacta
gtggaattta
tcgeattggt
tecectggatte
ggtaattaag
acaaccccta
atagaagatg
aacacgttta
tattggagtt
ccttcactgt
taggctatta
atgagatatt
ccatgecataa
ggatctggeg
tggagtgaat
acagctgcat
gattcattcc
ccacctgttt
gtcttgttge
agttgeccaca
gacagtatte
ggaccaactc

gtaggaccaa

gaaaaagatg
tttectecetgt
ttggaggatt
ataatttcta
gaattttgec
cagaagccaa
ttttccacag
ataaggttac
tagggecegtyg
ttttttgecag

ctacaatccet

matar+ati+

ttgatgaatt
tctactatca
agcgtttatc
atctgggcta
cttacactgg
gtgagtggtt
ctttacatge
tgcttateta
ttttattaag
acgtcttgea
agactggtat
tctgggtgta
gcactcagga
ttacataccyg
ttaattgcaa
gccgatatag
ttagegtaca
ttcagaacat
tceggggetyg
tcagaaaaca
atcaccacat
tatattgeaa
tcatgetgat
caactcagga

caacattget

atccttcagt
tttggaatat
ttattcegtt
tgaattgtat
gttgttgtca
ttaactacat
cactaccatt
tgtaaatate
ttttagtecce
cettatecege
tteggagagt

¥t anantk

gataaggtaa
gaacacatga
agtcataaga
tatgtaatag
cagaagtttt
cacgtgctga
acaaactaga
aatgtgacaa
tcaatttctg
ttgtgggacyg
acttaattgg
ctgaggtaaa
ttagcctaca
tatgatacct
tactacagaa
tcecttetece
ttatetggaa
aacaatgtga
ctotgecace
actcaacgce
tttattttat
gtaaactgat
gaaatatcaa
ttgcatggta

ttttcaaaat

— = - —

gaactcataa
ttgaacataa
tagacatatt
ctacaattet
acatgctace
ttacaccact
acaagttacc
ctcaagttct
ttcttacgta
gagggagaga
gaaatcattt
caacatgcac
gataggtttt
gtaaacattg
tgtactagac
atgttgtttt
cttcagtttt
gtttgaacag
tcatgatgca
agaggtacta
ttttcagttg
cttatatttc
tecttaatga
cgcttctttg

ttcaagtagt

gttctgttcet
tattgttaca
ggattgctca
tttcectacac
agtggtgtte
tgattegtat
gttaatatat
gattagtgat
acacatatgt
agcattctca
tttgagattg

++rtantdafk

ctttggcectaa
cacttgaatc
tggataccct
cecttttece
acctgcacgt
gagcacacag
atgtacatat
atgteccttge
tgaaatcgag
agttgatgat
agagatgaca

reaart b res
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7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000

9060

9120
9180
9240
9300
9360
9420
9480
9540
9600
9660

9720

a7an



cacyaycaye
ataatcttgt
tggtataaaa
tgattgtacg
attgaatata
aggtcaattg
tttagtattt
tatcaaatce
attgacttag
taaggegggt
tgegcetgge
ctgagggeca
gtcgtcattt
atcaaacaaa
cgtattttag

<210> 38
<211> 22

<212> DNA

YLy Ly e
ccecggtggac
tcggtgaagg
ggactgaact
gctcagacgg
taatttttat
tagcctgtga
tgectgtgat
caaagaagat
tttcaaggaa
agaaaaagga
ttacacacca
gatctcctac
tatgggtegt

tagcacatgg

aatgctgtat
gtgcatgtag
gaaggcaaga
ctgagageeg
gtaatataat
ttecateggte
ttatctgeece
gtaagtttat
tgatatactt
acgatttgtt
actgtatatg
ctcgaccgag
ccattccecat

acacggagat

<213> Artificial Sequence

<220>

<223> Synthetic PCR Primer

<220>

<221> misc_feature
<223> WMS-RP1

<400> 8

aggtttgctt gagttcctee cg 22

<210>9
<211> 22

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic PCR Primer

<220>

<221> misc_feature
<223> WMS-RP2

<400> 9

ccttgtggtg atgagegtga ag 22

L Ly LRy

tttatgagte
tgtatgacat
cagcagcaag
gaggtcatca
ttgcecctagt
catattaatg
atgttttagyg
tcggtataag
agtaaaagaa
ttttgaacta
tttecagetet
tagectcatca
catctgatag

cgggegegee

ttggtaggaa
cgctttgacg
caagcactga
ggcacgatge
gttgcaatat
ttattgtgtg
attttatttt
ttaataaaaa
tggaaggttyg
gtatagagat
gcaacagcat
accgagttat

tctagatcca

yaacLLeLya
tgtatatgtt
gaggaggtge
caacgtgtgg
tcaacgocgg
gtacaaatat
aataaatgtt
gtaatcactt
gtgaaacagt
gacaaagcat
ttecacttgag
cgtegtgatg
tttgcagtac

tccatactac
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9900

9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560

10600
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<210>10

<211> 22

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-FP1

<400> 10
cgggaggaac tcaagcaaac ct 22

<210> 11

<211> 22

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-FP2

<400> 11
gagtggttca cgtgctgatt ac 22

<210>12

<211> 19

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-FP3

<400> 12
cagtacccgce agtggacac 19

<210> 13
<211> 26
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<212>DNA
<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-RP3

<400> 13
taaatcacag gcaggatttg ataaac 26

<210> 14

<211> 21

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-FP4

<400> 14
ccgtcagcac actgtacttc a 21

<210>15

<211> 20

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-FP4

<400> 15

cgatgtagag cctcaaatcc 20
<210> 16

<211> 21

<212>DNA

<213> Artificial Sequence

<220>



<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-RP5

<400> 16
cacatgtttg cgctcgaaat g 21

<210> 17

<211> 20

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-FP5

<400> 17
aagaaacgag ccgtccagta 20

<210> 18

<211> 23

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-FP6

<400> 18
cgcagtggac acacgcttag ctt 23

<210>19

<211> 22

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
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<221> misc_feature
<223> WMS-RP6

<400> 19
tgagttggag ttggtcceca tc 22

<210> 20

<211> 21

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-FP7

<400=> 20
tctcagaaac gagccccaagt 21

<210=> 21

<211> 20

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-RP7

<400> 21
gaaccatccc tggtcgatgt 20

<210> 22

<211> 23

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-FP8
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<400> 22
ggctctgata ccaaatgttg ttg 23

<210> 23

<211> 22

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-FP8

<400> 23
atggtggtgt gcecectaaaa ag 22

<210> 24

<211> 23

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-FP9

<400> 24
gcttgaaact getggtatat atg 23

<210=> 25

<211> 22

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-RP9

<400> 25
gtaatcagca cgtgaaccac tc 22
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<210> 26

<211> 21

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-FP10

<400> 26
tgttcctgga ttcgtgagtg g 21

<210=> 27

<211> 23

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-RP10

<400> 27
cgatctcegt gtccatgtge tac 23

<210> 28

<211> 27

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-FP11

<400> 28
gcggecgegg gtgaggcttt geccaagg 27

<210> 29
<211> 31
<212> DNA
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<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-RP11

<400> 29
ggcgcegcecceg atcteegtgt ccatgtgeta ¢ 31

<210> 30

<211> 22

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> WMS-RP12

<400> 30
cgtagatgcg gacccagggg at 22

<210=> 31

<211> 20

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> BAR-FP1

<400> 31
aagcacggtc aacttccgta 20

<210> 32

<211> 20

<212>DNA

<213> Artificial Sequence

<220>



<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> BAR-RP1

<400> 32
gaagtccagc tgccagaaac 20

<210> 33

<211> 20

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> Actin-FP1

<400> 33
tcagccatac tgtgccaatc 20

<210> 34

<211> 18

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> Actin-FP1

<400> 34
cttcatgctg cttggtge 18

<210> 35

<211> 20

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
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<221> misc_feature
<223> Actin-FP2

<400> 35
gccatgtacg tcgcaattca 20

<210> 36

<211> 26

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthetic PCR Primer

<220>
<221> misc_feature
<223> Actin-RP2

<400> 36
agtcgagaac gataccagta gtacga 26
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Patentkrav

1. Isoleret DNA ifelge en hvilken som helst af folgende (a) til (h):
(a) et cDNA, der omfatter nukleotidsekvensen ifelge SEQ ID NO: 1;
(b) et DNA, der koder for aminosyresekvensen ifelge SEQ ID NO: 2;
(c) et DNA, der omfatter nukleotidsekvensen ifelge SEQ ID NO: 6;
(d) et DNA, der koder for et protein, som er (i) funktionelt ekvivalent til et protein, der
omfatter aminosyresekvensen ifglge SEQ ID NO: 2, hvor proteinet, der omfatter
aminosyresekvensen ifglge SEQ ID NO: 2, inducerer hanlig sterilitet hos hvede og (i)
omfatter en aminosyresekvens, der har mindst 90 % sekvensidentitet med SEQ ID NO:
2;
(e) et DNA, der (1) koder for et protein, som er funktionelt kvivalent til proteinet, der
omfatter aminosyresekvensen ifglge SEQ ID NO: 2, hvor proteinet, der omfatter
aminosyresekvensen ifelge SEQ ID NO: 2, inducerer hanlig sterilitet, og (i1) under
stringente betingelser hybridiserer til DNA'et, der omfatter nukleotidsekvenserne ifolge
SEQ ID NO: 1 og 6;
(f) et DNA, der koder for et antisense-RNA, som er komplementeert til
transkriptionsproduktet af DNA'et ifelge SEQ ID NO: 1 og 6;
(g) et DNA, der koder for et RNA, som omfatter ribozymaktivitet, der specifikt spalter
transkriptionsproduktet af DNA'et ifelge SEQ ID NO: 1 og 6; og
(h) et DNA, der koder for et RNA, som nedregulerer ekspression af DNA'et ifolge SEQ
ID NO: 1 og 6 ved co-suppressionsvirkningen, nar det udtrykkes i planteceller.

2. Vektor, der omfatter et DNA ifelge krav 1.

3. Transformeret plantecelle, 1 hvis genom DNA'et ifelge krav 1 eller vektoren ifelge krav 2 er

blevet insereret.

4. Transformeret plante, der omfatter de transformerede planteceller ifelge krav 3.

5. Transformeret planteklon eller afkom af de transformerede planter ifelge krav 4, hvor klonen

eller afkommet omfatter de transformerede planteceller ifelge krav 3.
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6. Fro, vaev eller organ fra de transformerede planter ifelge krav 4 eller 5, hvor froet, vaevet

eller organet omfatter de transformerede planteceller ifglge krav 3.

7. Isoleret DNA ifelge en hvilken som helst af folgende (a) til (c), der omfatter
stovknapsspecifik promotoraktivitet:
(a) et DNA, der omfatter nukleotidsekvensen ifelge SEQ ID NO: 5;
(b) et DNA, der er hgjhomologt til nukleotidsekvensen ifelge SEQ ID NO: 5; og
(c) et DNA, der under stringente betingelser hybridiserer til DNA'et, der omfatter
nukleotidsekvensen ifelge SEQ ID NO: 5.

8. Vektor, der omfatter DNA'et ifolge krav 7.

9. Transformeret plantecelle, 1 hvis genom DNA'et ifelge krav 7 eller vektoren ifelge krav 8 er

blevet insereret.

10. Transformeret plante, der omfatter de transformerede planteceller ifelge krav 9.

11. Transformeret planteklon eller afkom af de transformerede planter ifelge krav 10, hvor

klonen eller afkommet omfatter de transformerede planteceller ifglge krav 9.

12. Fro, vaev eller organ fra de transformerede planter ifelge krav 10 eller 11, hvor froet, vevet

eller organet omfatter de transformerede planteceller ifelge krav 9.

13. Fremgangsmade til fremkaldelse af hanlig fertilitet hos planter i en plantecelle, hvilken
fremgangsmade omfatter generering af en genetisk modificeret plantecelle under anvendelse af
genomredigering og/eller malrettet induceret mutagenese pa DNA, der omfatter
nukleotidsekvenserne ifelge SEQ ID NO: 1 eller 4, hvor modifikationerne ophaver

genfunktionen og forarsager hanlig fertilitet hos planter.
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