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PLANTS HAVING REDUCED METHYLATION OF CYTOSINE NUCLEOTIDES AND
METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application Serial No.
62/327,662, filed April 26, 2016, which is incorporated by reference herein.

GOVERNMENT FUNDING
This invention was made with government support under grant number ROOGM 100000,

awarded by the NIH. The government has certain rights in the invention.

BACKGROUND

Cytosine DNA methylation is critical to maintaining transposon and gene silencing in
plant genomes and failure to do so often result in lethality. Prior studies using the model plant
Arabidopsis thaliana have demonstrated that using mutations that fail to maintain proper DNA
methylation states results in a variety of novel morphologies; however, this approach used in
Arabidopsis thaliana has not been successfully implemented in crop genomes. This is likely a
result of the much larger size of crop genomes and that failure to maintain proper DNA

methylation states is catastrophic to maintenance of genome integrity, and results in lethality.

SUMMARY

Provided herein are non-natural plants. In one embodiment, a plant includes at least one
5-hydroxymethylcytosine (5-hmC) in the genome. A 5-hmC can be immediately adjacent to and
5’ of a guanine. In other embodiments, a 5-hmC is the cytosine nucleotide in CHG or CHH,

where His A, C, or T. In on embodiment, the plant is a transgenic plant that includes a catalytic
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domain of a Tet protein, a polynucleotide encoding a catalytic domain of a Tet protein, or a
combination thereof. Also provided is a cell of the plant described herein, where the cell
includes the catalytic domain of the Tet protein, the polynucleotide encoding the catalytic
domain of the Tet protein, or both.

Also provided herein is a non-natural plant that includes a genome with reduced
methylation of cytosine residues compared to a control plant. In one embodiment, the reduction
in methylation includes a reduction of the methylation of cytosine residues at CG dinucleotides.
In another embodiment, the reduction in methylation includes a reduction of the methylation of
cytosine residues at CG dinucleotides, a reduction of the methylation of cytosine residues at
CHH trinucleotides, where H is A, C, or T, a reduction of the methylation of cytosine residues at
CHG trinucleotides, or a combination thereof. The reduction may be statistically significant. In
one embodiment, at least one cell of the plant having a genome with reduced methylation of
cytosine residues includes a catalytic domain of a Ten-eleven translocation methylcytosine
dioxygenase (Tet) protein, a polynucleotide encoding a catalytic domain of a Tet protein, or a
combination thereof. In another embodiment, the plant having a genome with reduced
methylation of cytosine residues does not include a catalytic domain of a Ten-eleven
translocation methylcytosine dioxygenase (Tet) protein or a polynucleotide encoding a catalytic
domain of a Tet protein, or a combination thereof. In one embodiment, such a non-transgenic
plant is the progeny of a plant described herein that is transgenic for the Tet protein.

A plant described herein can be a monocot or a dicot. Also provided are the progeny of a
plant described herein. In one embodiment, the progeny is a hybrid plant. In one embodiment,
the plant is a crop plant, such as soybean, corn, tomato, rice, common bean, sugarcane, pumpkin,
wheat, cassava, potato, cotton, a grass such as ryegrass or tall fescue, or a forage legume such as
clover or alfalfa. In one embodiment, the plant is an algae. In one embodiment, the plant is a
mosaic. The plant can be homozygous or hemizygous.

Also provided herein are methods. In one embodiment, a method includes providing a
plant described herein (e.g., a plant includes at least one 5-hydroxymethylcytosine (5-hmC) in
the genome; a transgenic plant that includes a catalytic domain of a Tet protein, a polynucleotide
encoding a catalytic domain of a Tet protein, or a combination thereof; or a plant that includes a
genome with reduced methylation of cytosine residues compared to a control plant), and

screening the plant for any change compared to a control plant. In one embodiment, the change
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includes at least one phenotypic variation. In one embodiment, the change includes an alteration
in flowering time, an alteration in root length, or an alteration in resistance to bacterial infection.

In one embodiment, a method includes providing a plant described herein (e.g., a plant
includes at least one 5-hydroxymethylcytosine (5-hmC) in the genome; a transgenic plant that
includes a catalytic domain of a Tet protein, a polynucleotide encoding a catalytic domain of a
Tet protein, or a combination thereof; or a plant that includes a genome with reduced methylation
of cytosine residues compared to a control plant), and screening the plant for a change in
methylation of the genome compared to a control plant. The change in methylation can be, for
instance, a change in the amount of methylation of the genome, or a change in the location of
methylated nucleotides of the genome. In one embodiment, the method includes screening the
plant for a redistribution of heterochromatin.

As used herein, the term “transgenic plant” refers to a plant that has been transformed to
contain at least one coding region. For example, a coding region not normally present in a plant
may be introduced and optionally expressed. A transformed plant described herein can include,
but is not limited to (i) direct transfectant, meaning that the DNA construct was introduced
directly into the plant, such as through Agrobacterium, (i) a progeny of a transfected plant, or
(1ii) a plant that is the result of regeneration from callus. The second or subsequent generation
plant can be produced by sexual reproduction, i.e., fertilization. A transgenic plant may, and in
certain embodiment does, have a phenotype that is different from a plant that has not been
transformed.

As used herein, the term “protein” refers broadly to a polymer of two or more amino
acids joined together by peptide bonds. The term “protein” also includes molecules which
contain more than one protein joined by a disulfide bond, or complexes of proteins that are
joined together, covalently or noncovalently, as multimers (e.g., dimers, tetramers). Thus, the
terms peptide, oligopeptide, and polypeptide are all included within the definition of protein and
these terms are used interchangeably.

As used herein, “heterologous amino acids” refers to amino acids that are not normally or
naturally found flanking the sequence depicted at, for instance, SEQ ID NO:1, 2, or 3, or a
catalytically active domain of SEQ ID NO:1, 2, or 3.

As used herein, the term “polynucleotide” refers to a polymeric form of nucleotides of

any length, either ribonucleotides, deoxynucleotides, peptide nucleic acids, or a combination
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thereof, and includes both single-stranded molecules and double-stranded duplexes. A
polynucleotide can be obtained directly from a natural source, or can be prepared with the aid of
recombinant, enzymatic, or chemical techniques. A polynucleotide described herein may be
isolated. An “isolated” polynucleotide is one that has been removed from its natural
environment. Polynucleotides that are produced by recombinant, enzymatic, or chemical
techniques are considered to be isolated and purified by definition, since they were never present
in a natural environment.

A “regulatory sequence” is a nucleotide sequence that regulates expression of a coding
sequence to which it is operably linked. Nonlimiting examples of regulatory sequences include
promoters, enhancers, transcription initiation sites, translation start sites, translation stop sites,
transcription terminators, and poly(A) signals. The term “operably linked” refers to a
juxtaposition of components such that they are in a relationship permitting them to function in
their intended manner. A regulatory sequence is “operably linked” to a coding region when it is
joined in such a way that expression of the coding region is achieved under conditions
compatible with the regulatory sequence.

Conditions that are “suitable” for an event to occur, or “suitable” conditions are
conditions that do not prevent such events from occurring. Thus, these conditions permit,
enhance, facilitate, and/or are conducive to the event.

The term "and/or" means one or all of the listed elements or a combination of any two or
more of the listed elements.

The words "preferred" and "preferably" refer to embodiments of the invention that may
afford certain benefits, under certain circumstances. However, other embodiments may also be
preferred, under the same or other circumstances. Furthermore, the recitation of one or more
preferred embodiments does not imply that other embodiments are not useful, and is not intended
to exclude other embodiments from the scope of the invention.

The terms "comprises" and variations thereof do not have a limiting meaning where these
terms appear in the description and claims.

It is understood that wherever embodiments are described herein with the language
“include,” “includes,” or “including,” and the like, otherwise analogous embodiments described

in terms of “consisting of” and/or “consisting essentially of” are also provided.
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Unless otherwise specified, "a," "an," "the," and "at least one" are used interchangeably
and mean one or more than one.
Also herein, the recitations of numerical ranges by endpoints include all numbers

subsumed within that range (e.g., 1 to Sincludes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A-11 shows overexpression of TET1 induced global CG demethylation in A.
thaliana. FIG. 1A is a bar graph of global methylation levels in two Col-0 WT replicates, two
35S:TET1 transgenic individuals and mez/. FIG. 1B shows a metaplot of CG methylation levels
(100 kb windows) across five 4. thaliana chromosomes. Methylation level differences were
defined relative to Col-0 WT-1, and Col-0 WT-2 was used to assess background interference.
Genome browser view of methylome profile of two regions (FIG. 1C and FIG. 1D) of the 4.
thaliana genome (purple vertical lines = CG methylation, blue vertical lines = CHG methylation
and gold vertical lines = CHH methylation). Metagene plots of CG methylation level across (FIG
1E) gene bodies and (FIG 1F) transposable elements. FIG 1G shows a heat map of CG
methylation level of CG DMRs. Bar plots of CHG (FIG 1H) and CHH (FIG 11) methylation
levels of CG DMRs that possess non-CG methylation in wild-type individuals.

FIG. 2A-2G shows widespread redistribution of heterochromatin in 35S:TET1 plants.
FIG 2A is a genome browser view of /BM/ (AT3G07610) in Col-0 WT, three 35S:TET1
transgenic plants and met/. A decrease in CG methylation from coding regions was accompanied
by an increase in non-CG methylation. Both CG and non-CG methylation was lost from the large
intron (purple vertical lines = CG methylation, blue vertical lines = CHG methylation and gold
vertical lines = CHH methylation). FIG 2B shows the amount of the genome affected by
differential CHG methylation. These DMRs were defined relative to Col-0 WT-1, as Col-0 WT-
2 DMRs were used to assess background interference. FIG 2C is a heat map of CHG
methylation displaying CHG DMRs. Corresponding CG and CHH methylation levels are shown
in FIG 2D and FIG 2E. Heat maps showing logy transformed FPKM profiles of up-regulated
genes (FIG 2F) and down-regulated genes (FIG 2G) in two 35S:TET1 transgenic individuals,

metl and ibml mutants relative to WT.
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FIG. 3A-3D shows 35S:TET1 plants have a delayed flowering phenotype. FIG 3A shows
photographs of one 35S:TET1-1 transgenic plant and Col-0 WT plant and (FIG 3B)
corresponding number of rosette leaves. FIG 3C is a genome browser view of /'IWA
(AT4G25530). Both CG and non-CG DNA methylation are depleted from the S’UTR in
35S:TET1-2 plants (purple vertical lines = CG methylation, blue vertical lines = CHG
methylation and gold vertical lines = CHH methylation). FIG 3D shows expression level
(FPKM) of FWA.

FIG. 4A-4H shows global methylation (FIG 4A) and ShmC (FIG 4B) levels of Col-0 WT
plants and 35S:TET1 transgenic plants. Metagene plots of CHG (FIG 4C and FIG 4D) and CHH
(FIG 4E and FIG 4F) methylation levels across gene bodies and transposable elements.
Frequency plots of mCHG (FIG 4G) and mCHH (FIG 4H) differences in CG DMRs that possess
non-CG methylation in wild type individuals. The average value of two Col-0 WT plants was
defined as the Col-0 WT.

FIG. 5-01 through FIG. 5-03 shows the amino acid sequences of SEQ ID NO:1, SEQ ID
NO:2, and SEQ ID NO:3.

FIG. 6-01 through FIG. 6-04 is a multiple sequence alignment of a Tetl, a Tet2, and a
Tet3 protein based on the Clustal Omega algorithm.

FIG. 7A shows the vector map of the plasmid hTet1-CDinpMDC32 used for plant
transformation. FIG. 7B-01 through FIG. 7B-03 shows the sequence of the plasmid hTet1-
CDinpMDC32. FIG. 7B-04 shows a nucleotide sequence (SEQ ID NO:4) that encodes amino
acids 1418 — 2136 of SEQ ID NO:1.

FIG 8 shows nucleotide sequences of promoters. SEQ ID NO:5 (AT3G18780); SEQ ID
NO:6 (pAT4G40020); SEQ ID NO:7 (AT3G22880_DMCI1 Promoter); SEQ ID NO:8
(AT4G20900 ms5 promoter); SEQ ID NO:9(GmuCoreIN); SEQ ID NO:10 (Gmupri); SEQ ID
NO:11 (GmuCore); SEQ ID NO:12 (ZmRbces1 Promoter), SEQ ID NO:13 (OsAntl Promoter);
SEQ ID NO:14 (Nos promoter).
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Provided herein are non-natural plants. Also provided herein are non-natural plant cells.
A non-natural plant cell can be an individual cell or a cell culture. A non-natural plant cell can be
part of a plant. A non-natural plant cell can be a portion of an embryo, endosperm, sperm or egg
cell, or a fertilized egg. The term plant includes whole plant, plant parts (stems, roots, leaves,
fruit, etc.) or organs, plant cells, seeds, and progeny of same. A plant can be a gametophyte
(haploid stage) or a sporophyte (diploid stage).

As used herein, a “plant” refers to eukaryotic algae and to members of the kingdom
Plantae. Examples of eukaryotic algae include, but are not limited to, members of the genus
Chlamydamonas, such as C. reinhardti, members of the genus Botryococcus, such as B. braunii,
members of the genus Chlorella, members of the genus Dunaliella, such as D. tertiolecta,
members of the genus Gracilaria, members of the genus Pleurochrysis, such as P. carterae and
members of the genus Sargassum, to name a few examples. Eukaryotic algae include unicellular
and multicellular forms. As used herein, reference to “plant” includes both multicellular plants
and unicellular plants, e.g., a plant cell.

A plant that is a member of the kingdom Plantae can be a monocot or a dicot. Examples
of plants that are a member of the kingdom Plantae include, but are not limited to, flowering
plants, also referred to as angiosperms. Examples of flowering plants include crop plants. A
crop plant is a cultivated plant that is harvested for food, clothing, livestock fodder, biofuel,
medicine, or other uses. Examples of crop plants include, but are not limited to, soybean (e.g.,
Glycine max), corn (Zea mays), tomato, rice (e.g., Oryza sativa), common bean (e.g, Phaseolus
vulgaris), sugarcane, pumpkin, wheat (e.g., Triticum spp.), cassava, potato, cotton, or peanut.

An additional example of a crop plant includes those found in hay, such as forage grasses (e.g.,
ryegrass and tall fescue), forage legumes (e.g., clover and alfalfa), or other herbaceous plants.
Another example of a flowering plant is a tree. A tree can be a crop plant. Examples of trees
include, but are not limited to, members of the Populus genus. Other plants that are a member of
the kingdom Plantae include, but are not limited to, Arabidopsis thaliana, Brachypodium
distachyon, Seteria viridis, Setaria italica. In one embodiment, a non-natural plant is not an 4.
thaliana. In one embodiment, the plant is an epigenetic recombinant inbred line (epiRIL).

epiRILs are plants that have been derived by using a wild-type plant as one parent and another
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parent described herein having reduced DNA methylation. The resulting F1 progeny from this
cross can be used to create large F2 populations for which plants can be selected and self
fertilized for numerous generations to create a recombinant inbred line. Optionally, a
recombinant inbred line created in this way does not include a Tet protein, or a polynucleotide
encoding a Tet protein, e.g., the plants of the recombinant inbred line are not transgenic.

In one embodiment, a plant is a transgenic plant. In one embodiment, a plant cell is a
transgenic plant cell. A transgenic plant or transgenic plant cell includes a Ten-eleven
translocation methylcytosine dioxygenase (Tet) protein, a coding region encoding a Tet protein,
or a combination thereof. A transgenic plant or a transgenic plant cell can be homozygous or
hemizygous for a coding region encoding a Tet protein. Such a plant or plant cell can have a
genome with reduced methylation of cytosine nucleotides as described herein.

A Tet protein useful herein catalyzes the conversion of the modified DNA base 5-
methylcytosine (5-mC) to 5-hydroxymethylcytosine (5-hmC) (Tahiliani et al., 2009, Science 324
(5929): 930-5). A Tet protein that catalyzes the conversion of the modified DNA base 5-mC to
5-hmC has methylcytosine dioxygenase activity. Methods for measuring the ability of a Tet
protein to convert the modified DNA base 5-mC to 5-hmC are routine and well known.
Examples of methods include, but are not limited to, mass spectrometry, dot blot using anti-
S5hmC antibodies, and Tet-assisted bisulfite sequencing (TAB-seq). In vertebrate cells a Tet
protein can also catalyze the conversion of 5-hmc to 5-formylcytosine, and the conversion of 5-
formylcytosine to S-carboxylcytosine.

In one embodiment, a Tet protein modifies a S-methylcytosine that is present in the
dinucleotide CG. The dinucleotide CG is also referred to herein as CpG, where the “p” refers to
the phosphate present between the C and the G in a single strand of DNA. In one embodiment, a
Tet protein does not modify a 5-methylcytosine that is present in a trinucleotide CHG or CHH,
where His A, C, or T. Tet proteins, and the coding regions that encode them, are not present in a
naturally occurring plant. Likewise, 5-hydroxymethylcytosine is not present in a naturally
occurring plant. Thus, also provided herein is a non-natural plant that includes at least one 5-
hydroxymethylcytosine (5-hmC) present in the genome of the plant. In one embodiment, the 5-
hmC is immediately adjacent to and 5’ of a guanine, e.g., the S-methylcytosine is present in the

dinucleotide CG.
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A Tet protein can be a member of the group having EC number 1.14.11.n2. An example
of a Tet protein is Tetl. A specific example of a Tet1 protein is depicted at SEQ ID NO:1
(Genbank accession number NP_085128) (FIG. 5). Another example of a Tet protein is Tet2. A
specific example of a Tet2 protein is depicted at SEQ ID NO:2 (Genbank accession number
NP_001120680). Another example of a Tet protein is Tet3. A specific example of a Tet3
protein is depicted at SEQ ID NO:3 (Genbank accession number NP_001274420).

In one embodiment, the Tet protein present in a plant is a fragment of a Tet protein that
has methylcytosine dioxygenase activity. The fragment includes the catalytic domain. It is
known that all Tet enzymes contain a C-terminal catalytic domain that belongs to the
dioxygenase superfamily and oxidizes SmC in a 2-oxoglutarate-(2-OG) and Fe(II)-dependent
manner (Hu et. al., 2013, Cell, 155:1545-1555). Hu et al. shows that truncation of amino
terminal residues of Tet2 before residue 1129 or of carboxy terminal residues after residue 1936
had a minor effect on Tet2 activity. Further truncation of Tet2 (residues before 1156 or after
1913) significantly decreased its activity. According to Hu et al., these results indicate that Tet2
(1129-1936) is the minimum, catalytically active fragment. Residues 1129-1936 of the Tet2
analyzed by Hu et al. correspond to residues 1129-1936 of the Tet2 depicted at SEQ ID NO:2.
Furthermore, residues 1129-1936 of SEQ ID NO:2 correspond to residues 1418-2086 of SEQ ID
NO:1 and residues 824-1731 of SEQ ID NO:3. Thus, in one embodiment, a Tet protein useful
herein includes the catalytic domain of residues 1418-2086 of SEQ ID NO:1, residues 1129—
1936 of SEQ ID NO:2, or residues 824-1731 of SEQ ID NO:3, and optionally additional amino
acids, such as heterologous amino acids. An example of a Tet catalytic domain with additional
amino acids is amino acids 1418-2136 of SEQ ID NO:1, which was used in Example 1.

In one embodiment, a Tet protein having methylcytosine dioxygenase activity is, or is
structurally similar to, a reference protein that includes the amino acid sequence of SEQ ID
NO:1, SEQ ID NO:2, or SEQ ID NO:3. In one embodiment, a Tet protein having
methylcytosine dioxygenase activity is, or is structurally similar to, a reference protein that
includes the amino acid sequence of a catalytic domain of a Tet1, Tet2, or Tet3 protein (e.g.,
amino acids 1418-2086 of SEQ ID NO:1, amino acids 1129-1936 of SEQ ID NO:2, or amino
acids 824-1731 of SEQ ID NO:3).

As used herein, a protein is “structurally similar” to a reference protein if the amino acid

sequence of the protein possesses a specified amount of similarity and/or identity compared to
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the reference protein. Structural similarity of two proteins can be determined by aligning the
residues of the two proteins (for example, a candidate protein and the protein of, for example,
any one of SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3, or a portion of one of those proteins)
to optimize the number of identical amino acids along the lengths of their sequences; gaps in
either or both sequences are permitted in making the alignment in order to optimize the number
of identical amino acids, although the amino acids in each sequence must nonetheless remain in
their proper order.

A pair-wise comparison analysis of amino acid sequences can be carried out using the
BESTFIT algorithm in the GCG package (version 10.2, Madison, WI). Alternatively, proteins
may be compared using the Blastp program of the BLAST 2 search algorithm, as described by
Tatiana et al., (1999 FEMS Microbiol Lett, 174:247-250), and available on the National Center
for Biotechnology Information (NCBI) website. The default values for all BLAST 2 search
parameters may be used, including matrix = BLOSUM®62; open gap penalty = 11, extension gap
penalty = 1, gap x_dropoff = 50, expect = 10, wordsize = 3, and filter on.

In the comparison of two amino acid sequences, structural similarity may be referred to
by percent “identity” or may be referred to by percent “similarity.” “Identity” refers to the
presence of identical amino acids. “Similarity” refers to the presence of not only identical amino
acids but also the presence of conservative substitutions. A conservative substitution for an
amino acid in a protein described herein may be selected from other members of the class to
which the amino acid belongs. For example, it is well-known in the art of protein biochemistry
that an amino acid belonging to a grouping of amino acids having a particular size or
characteristic (such as charge, hydrophobicity, and hydrophilicity) can be substituted for another
amino acid without altering the activity of a protein, particularly in regions of the protein that are
not directly associated with biological activity. For example, nonpolar (hydrophobic) amino
acids include alanine, leucine, isoleucine, valine, proline, phenylalanine, tryptophan, and
tyrosine. Polar neutral amino acids include glycine, serine, threonine, cysteine, tyrosine,
asparagine and glutamine. The positively charged (basic) amino acids include arginine, lysine
and histidine. The negatively charged (acidic) amino acids include aspartic acid and glutamic
acid. Conservative substitutions include, for example, Lys for Arg and vice versa to maintain a
positive charge; Glu for Asp and vice versa to maintain a negative charge; Ser for Thr so that a

free -OH is maintained; and Gln for Asn to maintain a free -NH2. Likewise, biologically active

10
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analogs of a protein containing deletions or additions of one or more contiguous or
noncontiguous amino acids that do not eliminate a functional activity of the protein are also
contemplated.

Guidance concerning how to make phenotypically silent amino acid substitutions is
provided in Bowie et al. (1990, Science, 247:1306-1310), wherein the authors indicate proteins
are surprisingly tolerant of amino acid substitutions. For example, Bowie et al. disclose that there
are two main approaches for studying the tolerance of a polypeptide sequence to change. The
first method relies on the process of evolution, in which mutations are either accepted or rejected
by natural selection. The second approach uses genetic engineering to introduce amino acid
changes at specific positions of a cloned gene and selects or screens to identify sequences that
maintain functionality. As stated by the authors, these studies have revealed that proteins are
surprisingly tolerant of amino acid substitutions. The authors further indicate which changes are
likely to be permissive at a certain position of the protein. For example, most buried amino acid
residues require non-polar side chains, whereas few features of surface side chains are generally
conserved. Other such phenotypically silent substitutions are described in Bowie et al, and the
references cited therein.

Guidance on how to modify the amino acid sequences of proteins disclosed herein
and maintain catalytic activity is also provided at FIG. 6. FIG. 6 depicts a Clustal Omega
amino acid alignment of SEQ ID NOs:1, 2, and 3 (Sievers et al., 2011, Molecular Systems
Biology 7: 539, doi:10.1038/msb.2011.75; Goujon et al., 2010, Nucleic acids research 38
(Suppl 2):W695-9, doi:10.1093/nar/gkq313). Identical amino acids are marked with an

.

asterisk (“*”), strongly conserved amino acids are marked with a colon (“:”), and weakly
conserved amino acids are marked with a period (“.”). Guidance on how to modify the
amino acid sequences of proteins disclosed herein is also available to the skilled person.
Hu etal. (Huet. al., 2013, Cell, 155:1545-1555) discloses a structure based protein
sequence alignment of human and mouse Tetl, Tet2, and Tet3 proteins, and other related
proteins (see Figure S2 of Hu et al.). The figure shows identical and highly conserved
residues highlighted in black and conserved residues in gray. Secondary structural
elements are indicated above the sequences. Residues that are involved in zinc

coordination are connected by solid lines. Residues involved in Fe (II) coordination and N-

oxalylglycine (NOG, a 2-OG analog) interaction are indicated by triangles and circles,
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respectively. Residues involved in DNA binding and CpG recognition are indicated by
squares and hexagons, respectively. Loops L1 and L2 that are involved in DNA interaction
are indicated. Wu et al. (Wu et al., 2011, Genes & Development, 25:2436-2452) teaches
that mutation of the residues involved in Fe (I) coordination abolishes enzymatic activity.
By reference to these figures, the skilled person can predict which alterations to an amino
acid sequence having structural similarity with a protein disclosed herein are likely to
modify enzymatic activity, as well as which alterations are unlikely to modify enzymatic
activity.
Also available to the skilled person is the crystal structure of a Tet protein, Tet2
(Hu et. al., 2013, Cell, 155:1545-1555). The crystal structure shows the interaction
between the protein and a DNA substrate, and critical residues for TET2-DNA interaction
(see Figure 4 of Hu et al.). The skilled person will recognize that the structure of TET2 can
be used to help predict which amino acids may be substituted, and which sorts of
substitutions (e.g., conservative or non-conservative) can be made to a Tet protein
disclosed herein without altering the methylcytosine dioxygenase activity of the Tet
protein.
Thus, as used herein, reference to a protein as described herein and/or reference to
the amino acid sequence of one or more SEQ ID NOs can include a protein with at least
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence
similarity to a reference amino acid sequence.
Alternatively, as used herein, reference to a protein as described herein and/or reference
to the amino acid sequence of one or more SEQ ID NOs can include a protein with at least 50%,
at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% sequence identity to a reference amino acid

sequence.
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A Tet protein may include heterologous amino acids. Heterologous amino acids can be
at the N-terminal end, the C-terminal end, or the combination thereof. The number of
heterologous amino acids can be, for instance, at least 10, at least 100, or at least 1000. Any
series of amino acids can be present provided they do not completely inhibit the methylcytosine
dioxygenase activity of the Tet protein. Such a protein may be referred to as a fusion protein.
Examples of amino acid sequences include a detectable marker, e.g., a protein that is easily
detected by various methods. Examples include fluorescent polypeptides such as green, yellow,
blue, or red fluorescent proteins, and a tag, such as, but not limited to, a polyhistidine-tag (His-
tag). In another embodiment, the heterologous amino acids can have a specific DNA binding
activity. Examples of proteins having DNA binding activity that can be fused to a Tet protein
include, but are not limited to, Cas9d of the CRISPR system and TALE of the TAL system
(Maeder, 2013, Nat. Biotechnol., 31:1137-1142). The use of a fusion between a Tet protein and
a domain that binds a specific DNA sequence can result in demethylation of a specific target
DNA.

Another non-natural plant provided herein has a genome with reduced methylation of
cytosine nucleotides. In one embodiment, the methylated cytosine nucleotides are present in the
dinucleotide CG. In one embodiment, the methylated cytosine nucleotides are not present in the
trinucleotide CHG or CHH, where His A, C, or T.

In one embodiment, such a plant includes a catalytic domain of a Tet protein, such as a
full length Tet protein. In one embodiment, such a plant includes a polynucleotide encoding
catalytic domain of a Tet protein, such as a full length Tet protein. In one embodiment, such a
plant does not include a catalytic domain of a Tet protein or a full length Tet protein, or a
polynucleotide encoding any part of a Tet protein, e.g., the plant is not transgenic. Such a plant
can occur by breeding out the transgenic polynucleotide encoding a Tet protein while
maintaining a reduced methylation status. Such a non-transgenic plant produced as described
herein is not a natural plant. The level of methylation in the non-transgenic plant can be different
than the level of methylation in the transgenic parent from which the non-transgenic plant was
derived; however, the non-transgenic plant has a reduced methylation level compared to the
control plant.

In the Example, CG methylation in wild type plants was 18.2%, and was reduced to 8.9%

and 6.9% in two transgenic plants expressing Tet, a reduction of greater than 50%. The
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reduction of methylation of a genome of a plant or plant cell described herein can be from at
least 1% to 100%. In one embodiment, the reduction can be at least 10%, at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, or at least 90%. In one
embodiment, the reduction can be no greater than 90%, greater than 80%, greater than 70%,
greater than 60%, greater than 50%, greater than 40%, greater than 30%, greater than 20%, or
greater than 10%. In one embodiment, the reduction of methylation of a genome of a plant or
plant cell is a range between at least 1% and no greater than 100%, or any combination of
concentrations selected from the numbers listed above (e.g., from at least 10% to no greater than
90%, from at least 20% to no greater than 60%, etc.). The reduction of methylation can occur at
the cytosine residue of CG, CHG, CHH, or a combination thereof. While the inventor has
identified the reduction of methylation in plants expressing a Tet protein, increases in
methylation of CHG and CHH in some regions has also been observed in plants having reduced
overall methylation. Thus, in some embodiments a plant having reduced methylation can
include regions having increased methylation; however, the overall methylation level in the plant
is still reduced. Without intending to be limiting, it is expected that extreme reduction of
methylation, for instance 100%, may be lethal in some plants having a high number of
transposons due to reactivation of transposons that are typically silenced by methylation. In one
embodiment, the reduction is a statistically significant difference. The reduction is relative to the
methylation of the same species. In one embodiment, the reduction is relative to the methylation
of the plant or the plant cell before introduction of the polynucleotide encoding the Tet protein,
e.g., a control plant. As used herein, the term “control plant” refers to a plant that is the same
species as a transgenic plant, but has not been transformed with the same polynucleotide used to
make the transgenic plant. Methods for determining the level of methylation is routine and
known in the art. An example of such a method is Tet-assisted whole genome bisulfite
sequencing.

A methylome of a plant refers to the set of methylated cytosines in the genome of the
plant. A non-natural plant described herein has a methylome that is different when compared to
a plant of the same species that does not include the Tet protein or has not had the Tet protein
expressed, e.g., a naturally occurring plant. A non-natural plant described herein can be
homozygous or heterozygous for the altered methylome. For instance, in a heterozygous plant

cell one allele has reduced methylation compared to a naturally occurring plant cell of the same
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species and a second allele of the coding region does not have reduced methylation. A non-
natural plant can be a mosaic, e.g., some of the cells in the plant have altered methylation
compared to a naturally occurring plant of the same species and other cells in the plant do not
have altered methylation.

Also provided is the biomass, such as lignocellulosic material including wood and wood
pulp, derived from the plants described herein. Cells of the biomass have reduced CG
methylation, and optionally, a Tet protein described herein.

Also provided herein are polynucleotides that encode a Tet protein or a portion thereof
(e.g., a catalytic domain). Examples of polynucleotides encoding SEQ ID NO:1, SEQ ID NO:2,
or SEQ ID NO:3 or a portion thereof are known and readily available. It should be understood
that a polynucleotide encoding one of the Tet proteins disclosed at SEQ ID NO:1, SEQ ID NO:2,
or SEQ ID NO:3 is not limited to a nucleotide sequence known to encode one of those proteins,
but also includes the class of polynucleotides encoding the Tet proteins as a result of the
degeneracy of the genetic code. For example, the naturally occurring nucleotide sequence
encoding SEQ ID NO:1 is but one member of the class of nucleotide sequences encoding a Tet
protein having the amino acid sequence SEQ ID NO:1. The class of nucleotide sequences
encoding a selected protein sequence is large but finite, and the nucleotide sequence of each
member of the class may be readily determined by one skilled in the art by reference to the
standard genetic code, wherein different nucleotide triplets (codons) are known to encode the
same amino acid. In one embodiment, a polynucleotide used herein is naturally occurring in a
vertebrate cell and expressed in a plant cell. In another embodiment, the nucleotide sequence of
a polynucleotide used herein is altered to optimize the codon usage bias of the plant in which the
polynucleotide is to be expressed. Such codon optimized sequences can have structural
similarity with a naturally occurring polynucleotide. An example of a polynucleotide encoding a
Tet catalytic domain is depicted at SEQ ID NO:4, which encodes amino acids amino acids 1418-
2136 of SEQ ID NO:1.

Structural similarity of two polynucleotides can be determined by aligning the residues of
the two polynucleotides (for example, a candidate polynucleotide and any appropriate reference
polynucleotide, for instance a polynucleotide sequence encoding SEQ ID NO:1) to optimize the
number of identical amino acids along the lengths of their sequences; gaps in either or both

sequences are permitted in making the alignment in order to optimize the number of identical
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nucleotides, although the nucleotides in each sequence must nonetheless remain in their proper
order. A reference polynucleotide may be a naturally occurring polynucleotide. A candidate
polynucleotide is the polynucleotide being compared to the reference polynucleotide. A
candidate polynucleotide may be isolated, for example, from an animal cell, or can be produced
using recombinant techniques, or chemically or enzymatically synthesized. A candidate
polynucleotide may be present in a vertebrate cell and predicted to encode a Tet protein.

Unless modified as otherwise described herein, a pair-wise comparison analysis of
nucleotide sequences can be carried out using the Blastn program of the BLAST search
algorithm, available through the World Wide Web, for instance at the internet site maintained by
the National Center for Biotechnology Information, National Institutes of Health. Preferably, the
default values for all Blastn search parameters are used. Alternatively, sequence similarity may
be determined, for example, using sequence techniques such as GCG FastA (Genetics Computer
Group, Madison, Wisconsin), MacVector 4.5 (Kodak/IBI software package) or other suitable
sequencing programs or methods known in the art.

Thus, as used herein, a candidate polynucleotide useful in the methods described herein
includes those with at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% polynucleotide sequence identity to a reference polynucleotide
sequence.

A polynucleotide may be present in a vector. A vector is a replicating polynucleotide,
such as a plasmid, phage, or cosmid, to which another polynucleotide may be attached so as to
bring about the replication of the attached polynucleotide. Construction of vectors containing a
polynucleotide of the invention employs standard ligation techniques known in the art. See, e.g.,
Sambrook et al, Molecular Cloning: A Laboratory Manual., Cold Spring Harbor Laboratory
Press (1989). A vector can provide for further cloning (amplification of the polynucleotide), i.e.,
a cloning vector, or for expression of the polynucleotide, i.e., an expression vector. The term
vector includes, but is not limited to, plasmid vectors, viral vectors, cosmid vectors, transposon
vectors, and artificial chromosome vectors. A vector may result in integration into a cell's
genomic DNA. A vector may be capable of replication in a bacterial host, for instance £. coli.

Preferably the vector is a plasmid.
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Selection of a vector depends upon a variety of desired characteristics in the resulting
construct, such as a selection marker, vector replication rate, and the like. Suitable host cells for
cloning or expressing the vectors herein are prokaryotic or eukaryotic cells. Suitable eukaryotic
cells include plant cells, such as Agrobacterium tumefaciens. Suitable prokaryotic cells include
eubacteria, such as gram-negative organisms, for example, £. coli.

A selection marker is useful in identifying and selecting transformed plant cells or plants.
Examples of such markers include, but are not limited to, a neomycin phosphotransferase (nptll)
gene (Potrykus et al., 1985, Mol. Gen. Genet., 199:183-188), which confers kanamycin
resistance. Cells expressing the nptll gene can be selected using an appropriate antibiotic such as
kanamycin or G418. Other commonly used selectable markers include a mutant EPSP synthase
gene (Hinchee et al., 1988, Bio/Technology 6:915-922), which confers glyphosate resistance;
and a mutant acetolactate synthase gene (ALS), which confers imidazolinone or sulphonylurea
resistance (Conner and Santino, 1985, European Patent Application 154,204).

Polynucleotides described herein can be produced in vitro or in vivo. For instance,
methods for in vitro synthesis include, but are not limited to, chemical synthesis with a
conventional DNA/RNA synthesizer. Commercial suppliers of synthetic polynucleotides and
reagents for in vitro synthesis are well known. Methods for in vifro synthesis also include, for
instance, in vitro transcription using a circular or linear expression vector in a cell free system.
Expression vectors can also be used to produce a polynucleotide of the present invention in a
cell, and the polynucleotide may then be isolated from the cell.

Polynucleotides described herein, including nucleotide sequences which are a portion of a
coding region encoding a Tet protein, may be operably linked to a regulatory sequence. An
example of a regulatory region is a promoter. A promoter is a nucleic acid, such as DNA, that
binds RNA polymerase and/or other transcription regulatory elements. A promoter facilitates or
controls the transcription of DNA to generate an RNA molecule from a nucleic acid molecule
that 1s operably linked to the promoter. Promoters useful in the invention include constitutive
promoters, inducible promoters, and/or tissue preferred promoters for expression of a
polynucleotide in a particular tissue or intracellular environment, examples of which are known
to one of ordinary skill in the art.

A constitutive promoter refers to a promoter that is transcriptionally active during most,

but not necessarily all, phases of growth and development and under most environmental
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conditions, in at least one cell, tissue or organ. Examples of useful constitutive plant promoters
include, but are not limited to, the cauliflower mosaic virus (CaMV) 35S promoter, (Odel et al.,
1985, Nature, 313:810), the nopaline synthase promoter (An et al., 1988, Plant Physiol., 88:547),
and the octopine synthase promoter (Fromm et al., 1989, Plant Cell 1: 977).

An inducible promoter has induced or increased transcription initiation in response to a
chemical, environmental, or physical stimulus. Examples of inducible promoters include, but are
not limited to, auxin-inducible promoters (Baumann et al., 1999, Plant Cell, 11:323-334),
cytokinin-inducible promoters (Guevara-Garcia, 1998, Plant Mol. Biol ., 38:743-753), and
gibberellin-responsive promoters (Shi et al., 1998, Plant Mol. Biol., 38:1053-1060).
Additionally, promoters responsive to heat, light, wounding, pathogen resistance, and chemicals
such as methyl jasmonate or salicylic acid, can be used, as can tissue or cell-type specific
promoters such as xylem-specific promoters (Lu et al., 2003, Plant Growth Regulation 41:279-
286).

A tissue preferred promoter is one that is capable of preferentially initiating transcription
in certain organs, tissues, or cells types such as the leaves, roots, seed tissue, columella, cortex,
endodermis, etc. For example, a root-specific promoter is a promoter that is transcriptionally
active predominantly in plant roots, substantially to the exclusion of any other parts of a plant,
while still allowing for any leaky expression in these other plant parts. Promoters able to initiate
transcription in certain cells only are referred to herein as cell-specific.

A seed-specific promoter is transcriptionally active predominantly in seed tissue, but not
necessarily exclusively in seed tissue (in cases of leaky expression). The seed-specific promoter
may be active during seed development and/or during germination. The seed specific promoter
may be endosperm/aleurone/embryo specific. Examples of seed-specific promoters
(endosperm/aleurone/embryo specific) are described in Russinova and Reuzeau (US Patent
Application 20120331584). Further examples of seed-specific promoters are given in Qing Qu
and Takaiwa (2004, Plant Biotechnol. J., 2:113-125).

A green tissue-specific promoter is a promoter that is transcriptionally active
predominantly in green tissue, substantially to the exclusion of any other parts of a plant, while
still allowing for any leaky expression in these other plant parts.

Another example of a tissue-specific promoter is a meristem-specific promoter, which is

transcriptionally active predominantly in meristematic tissue, substantially to the exclusion of
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any other parts of a plant, while still allowing for any leaky expression in these other plant parts.
A further example of a tissue-specific promoter is the RuBisCo promoter, which is
transcriptionally active predominantly in the leaf or cotyledon.

In one embodiment, the promoter used can influence the amount of demethylation. For
instance, the use of a relatively strong promoter to drive Tet protein expression results in a
greater reduction of methylated cytosine nucleotides than a weaker promoter. Relatively
stronger and weaker promoters are known to the person skilled in the art.

Examples of promoters useful herein are depicted at FIG. 8 and by De La Torre and Finer
(2015, Plant Cell Rep., 34:111-120). The promoter depicted at SEQ ID NO:5 is useful in dicots,
and is typically broadly expressed. The promoter depicted at SEQ ID NO:6 is useful in dicots
and is typically meiosis I specific. SEQ ID NO:7 is useful in dicots and is typically broadly
expressed in meiosis and in vegetative cells. The promoter depicted at SEQ ID NO:8 is useful in
dicots and is typically anther specific. The promoters depicted at SEQ ID NO:9 (GmuCorelN),
SEQ ID NO:10 (Gmupri), and SEQ ID NO:11 (GmuCore) are useful in dicot plants. The
promoters depicted at SEQ ID NO:12 (ZmRbcs1 promoter), SEQ ID NO:13 (OsAntl promoter),
and SEQ ID NO:14 (Nos promoter) are useful in monocot plants. The skilled person will
recognize that each promoter can be inserted upstream of a coding region to drive expression of
the coding region in a plant.

Another example of a regulatory region is a transcription terminator. Suitable
transcription terminators are known in the art and include, for instance, a stretch of 5 consecutive
thymidine nucleotides.

Provided herein are methods for making a plant described herein. In one embodiment, a
method includes making a transgenic plant. Transgenic plants described herein may be produced
using routine methods. Expression of a Tet protein or a portion thereof results in a reduced
number of methylated cytosine nucleotides, including CG, CHG, and CHH. The method of
making a plant described herein can be referred to as an epimutagenesis method that introduces
random methylation variations. Methods for transformation and regeneration are known to the
skilled person. Transformation of a plant cell with a polynucleotide described herein may be
achieved by any known method for the insertion of nucleic acid sequences into a prokaryotic or

eukaryotic host cell, including Agrobacterium-mediated transformation protocols, viral infection,
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whiskers, electroporation, microinjection, polyethylene glycol-treatment, heat shock, lipofection,
particle bombardment, and chloroplast transformation.

Transformation techniques for dicotyledons are known in the art and include
Agrobacterium-based techniques and techniques that do not require Agrobacterium. Non-
Agrobacterium techniques involve the uptake of exogenous genetic material directly by
protoplasts or cells. This may be accomplished by PEG or electroporation mediated-uptake,
particle bombardment-mediated delivery, or microinjection. In each case the transformed cells
may be regenerated to whole plants using standard techniques known in the art.

Techniques for the transformation of monocotyledon species include direct gene transfer
into protoplasts using PEG or electroporation techniques, particle bombardment into callus tissue
or organized structures, as well as Agrobacterium-mediated transformation.

In one embodiment, a plant or plant cell used for the production of a transgenic plant
includes a mutation that reduces or eliminates mobile 24 nucleotide small RNAs. 24 nucleotide
small RNAs are typically associated with actively silenced regions of plant genomes in both
monocots and dicots (Melnyk et al., 2011, Current Biol., 21: 1678-1683). In general there are
plant specific RNA polymerases (poliv) that produce long-non-coding RNAs that are processed
into 24 nucleotides by DICER enzymes. These small RNAs play a role in directing a de novo
DNA methyltransferase to target sequences from which the small RNAs were derived. This
creates a feedback loop that ensures certain sequences in the genome are consistently silenced,
typically by modifying cytosine residues to include methyl groups. Mutations that reduce or
eliminate mobile 24 nucleotide small RNAs are known and include rdr2 or poliv.

The cells that have been transformed may be grown into plants in accordance with
conventional techniques. See, for example, McCormick et al. (1986, Plant Cell Reports, 5:81-
84). These plants may then be grown and evaluated for expression of the Tet transgene. In one
embodiment, the plants are evaluated for the level of cytosine methylation. In one embodiment,
the plants are evaluated for desired phenotypic characteristics. These plants may be either
pollinated with the same transformed strain or different strains, and the resulting hybrid having
the Tet transgene, and optionally desired phenotypic characteristics, identified. In one
embodiment, two or more generations may be grown to ensure that the desired Tet transgene is
stably maintained and inherited and then seeds harvested to ensure stability of the transgene has

been achieved.
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In one embodiment, a method includes making a non-natural plant with reduced
methylation that is also non-transgenic. This method can include starting with a plant that
includes a polynucleotide encoding the Tet protein and reduced methylation, and then removing
the polynucleotide encoding the Tet protein from the genome of the plant. Methods for
removing the polynucleotide typically involve standard breeding practices to segregate the
polynucleotide encoding the Tet protein out of a desired genetic background, e.g., a genome that
includes the reduced methylation.

In one embodiment, the method includes making an epigenetic recombinant inbred line.
Methods for making such a plant include routine breeding (Johannes et al., PLoS Genet 5,
€1000530 (2009), Reinders et al., Genes Dev, 23, 939-950 (2009), and Cortijo et al., Science,
(2014); published online EpubFeb 6 (10.1126/science.1248127)). Also provided is the
epigenetic recombinant inbred line.

Also provided herein are methods of using the non-natural plants described herein. In
plants DNA methylation silences the expression of genes. The plants described herein include
the loss of DNA methylation, and the inventor has observed the increased expression of coding
regions after loss of methylation. The inventor has also observed non-natural plants described
herein as having phenotypic variation.

In contrast to routine methods of obtaining phenotypic variants in plants, e.g., traditional
mutagenesis, in the plants described herein new phenotypes are the result of turning on or
waking up coding regions already present. Since the changes in phenotypic variation in the
plants described herein are generally the result of changes in expression of coding regions and
not the result of changes in DNA sequence, the changes in the plants described herein include
epigenetic changes, and the generation of epigenome controlled phenotypic variation, such as
morphological, biochemical, or physiological variation. A plant described herein that has
phenotypic variation compared to a plant of the same species that does not have the reduced
methylation can be referred to as an epimutant, e.g., mutants that have variation in DNA
methylation states and no or limited changes in the genome sequence.

In one embodiment, a method includes providing a plant described herein and screening
the plant for a phenotypic variation. The phenotypic variation is relative to a plant of the same

species that does not have the reduced methylation. Any phenotypic variation can be screened.
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Examples include useful traits include, but are not limited to, differences in flowering time
(longer or shorter), root length, resistance to bacterial infection, drought resistance, and the like.

In one embodiment, a method includes identifying a coding region that is silent in a
natural plant and is predicted to alter one or more phenotypes if expressed. A coding region can
be silent due, for instance, to methylation of one or more cytosine nucleotides present in the
coding region or methylation of the regulatory region of the coding region. Examples of such
coding regions include, but are not limited to, coding regions predicted to encode proteins that
have structural similarity with proteins known to have a specific function. One example of such
a protein is a transcription factor. In another example, alterations of methylation sites of specific
coding regions can be determined. A population of coding regions in flowering plants having
suppressed expression are known, and these coding regions have cytosine methylation at the CG
dinucleotide that overlap the transcriptional start site (Niederhuth et al., 2016, Widespread
natural variation of DNA methylation within angiosperms, BioRxiv, doi:
http://dx.doi.org/10.1101/045880). Plants having reduced methylation of members of this
population of coding regions can be identified and screened. A plant described herein that has
reduced methylation of that specific coding region can be identified using standard methods
(e.g., whole genome bisulfite sequencing). The plant can then be grown in normal or specific
conditions (e.g., stress conditions) and the phenotype of the plant determined and compared to
the natural plant.

After identification of a change in phenotype, the epigenetic basis or bases for that
change can be identified, and optionally moved into other natural or non-natural plants using

standard plant breeding techniques.

In the preceding description, particular embodiments may be described in isolation for
clarity. Unless otherwise expressly specified that the features of a particular embodiment are
incompatible with the features of another embodiment, certain embodiments can include a
combination of compatible features described herein in connection with one or more
embodiments.

For any method disclosed herein that includes discrete steps, the steps may be conducted
in any feasible order. And, as appropriate, any combination of two or more steps may be

conducted simultaneously.
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The present invention is illustrated by the following examples. It is to be understood that
the particular examples, materials, amounts, and procedures are to be interpreted broadly in

accordance with the scope and spirit of the invention as set forth herein.

Example 1

TET-mediated epimutagenesis of the Arabidopsis thaliana methylome

DNA methylation in the promoters of plant genes often leads to transcriptional
repression, and the wholesale removal of DNA methylation in methyltransferase mutants results
in severe gene expression and developmental defects. However, many cases of naturally-
occurring DNA methylation variations have been reported, where the differential expression of
differentially methylated genes are responsible for agronomically important traits. The ability to
manipulate plant methylomes to generate populations of epigenetically distinct plants could
provide invaluable resources for breeding and research. Here we describe a novel
“epimutagenesis” method to rapidly generate methylation variations through random
demethylation of the Arabidopsis thaliana genome. This method involves the expression of a
human Ten-eleven translocation (TET) enzyme and results in widespread hypomethylation and
the redistribution of heterochromatin, mimicking mutants in the maintenance DNA
methyltransferase met/. Application of TET-mediated epimutagenesis to agriculturally
significant plants may result in differential expression of alleles typically silenced by DNA
methylation, uncovering previously hidden traits.

Our ability to develop novel beneficial crop traits has significantly improved over the last
100 years, although the ability to maintain this trajectory is limited by allelic diversity. While
genetic variation has been heavily exploited for crop improvement, utility of epigenetic variation
has yet to be efficiently implemented. Epigenetic variation arises not from a change in the DNA
sequence, but by changes in modifications to DNA such as DNA methylation that can result in
stably inherited changes of both gene expression and phenotypes.

In plant genomes, cytosine methylation occurs at three major sequence contexts: CG,
CHG and CHH (where H= A, C or T)!. Methylation at these different contexts is coordinated by

distinct maintenance mechanisms during DNA replication. The methylation of DNA in all three

23



10

15

20

25

30

WO 2017/189542 PCT/US2017/029354

contexts is essential for transcriptional silencing of transposons, repeat sequences and certain
genes. Genes regulated by this mechanism are stably repressed throughout the soma and
represent an untapped source of hidden genetic variation if transcriptionally re-activated, as
revealed from pioneering studies in the model plant A. thaliana®*. However, the impact of this
variation is not observed in wild-type plants, as genes silenced by DNA methylation are not
expressed. This novel source of genetic variation was uncovered by creating epigenetic
recombinant inbred lines (epiRILs) from crosses between a wild-type individual and a mutant
defective in maintenance of DNA methylation®*. EpiRILs, while genetically wild type, contain
mosaic DNA methylomes dependent on chromosomal inheritance patterns, as DNA methylation
is meiotically inherited in A. thaliana®>”". Phenotypic characterization of epiRILs has revealed
extensive morphological variation with respect to traits such as flowering time, root length and
resistance to bacterial infection?*. The morphological variation generated by the creation of
epiRILs has revealed extensive hidden genetic variation in plant genomes that can be observed
due to expression of newly unmethylated regions. However, the creation of epiRILs requires that
one founding parent to be a null mutant in the maintenance DNA methylation pathway.
Unfortunately, unlike in A. thaliana, the loss of DNA methylation maintenance activity often
results in lethality in crops®’. Therefore, novel methodologies are required to realize the potential
of these hidden epialleles in crop genomes.

Epimutagenesis is an alternative method to generate epiRILs. Instead of relying on the
genome-wide demethylation of one of the two funding parents, epimutagenesis introduces
random methylation variations. Here we describe a novel epimutagenesis approach in A. thaliana
using a human Ten-eleven translocation (TET1) methylcytosine dioxygenase!®!2, which
catalyzes the conversion of 5-methylcytosine (SmC) to 5-hydroxymethylcytosine (ShmC).
Although TET enzymes or their primary product, ShmC, are not found in plant genomes"?,
ectopic expression of a human TET enzyme resulted in widespread DNA demethylation,

redistribution of heterochromatin and induced phenotypic variations in 4. thaliana.

RESULTS
Overexpressing Tet] in Arabidopsis hypomethylates the genome
Transgenic A. thaliana plants were generated expressing the catalytic domain of the

human TET1 protein (hTET1cd) under the control of the CaM V35S promoter. To assess the
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impact of hTET1cd expression on the A. thaliana methylome, whole genome bisulfite
sequencing (WGBS) was pertormed on two independently derived transgenic plants (35S:TET1-
1 and 35S:TET1-2; Table 1}. The results revealed a global reduction of CG methylation levels
from 18.2% in two wild-type individuals to 8.9% in 35S:TET1-1 and 6.9% in 35S:TET1-2
(compared to 0.5% in met/-3). The effects of hTET 1cd expression on A. thaliana CHG and CHH
methylation were not as strong as it was for CG methylation (Fig. 1A). Importantly, different
degrees of CG hypomethylation were observed in different independent transgenic plants. This
result has important implications for epimutagenesis in economically and agriculturally
significant plant species, as it appears feasible to control the degree of DNA hypomethylation by
screening for plants with desired levels of demethylation activity. Taken together, these results
showed that the expression of hTET1cd resulted in intermediate CG methylation levels when

compared to wild-type and met/ individuals.
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The primary product of TET1 oxidation is ShmC, which is indistinguishable from SmC
by WGBS. We therefore performed Tet-assisted bisulfite sequencing (TAB-seq) to profile ShmC
levels in 35S:TET1 plants'*. No detectable levels of ShmC were found in either of the transgenic
lines assayed (Figs. 4A-4B). Thus, the widespread loss of CG DNA methylation observed may
result from a failure to maintain methylation at CG sites that possess ShmC, or through active
removal of ShmC or further oxidized products via the base excision repair pathway.

To better understand the effects of hTET1cd expression, we determined changes in the A4.
thaliana methylome at the chromosomal and local levels. Plotting methylation levels across all
five chromosomes revealed a strong depletion of CG methylation at the pericentromeric region
(Fig. 1B). CG hypomethylation occurred at both gene body methylated (gbM) and select RNA-
directed DNA methylated (RdDM) loci. (Figs. 1C and 1D). To further quantify the observed
hypomethylation, metaplots were created for genes and transposons, respectively (Figs. 1E and
1F, Figs. 4C-4F). Strong reduction of mCG and mild reduction of mCHG/mCHH were observed
at both genes and transposons. On average, 97.9% of gbM genes and 56.7% of methylated
transposons (where these regions have at least 50% mCG in wild type) have lost at least half of
their CG methylation in epimutagenized lines. Collectively, these results indicate
hypomethylation was more severe in genes than transposons, possibly the result of de novo

methylation by the RADM pathway, which is primarily active at transposons.

Tetl-mediated DNA demethylation mimics me?/ mutants

An analysis of Differentially Methylated Regions (DMRs) was then carried out to assess
the genome-wide impact of hTET1cd expression. 56,283 CG DMRs ranging in size from 6 -
20,286 base pairs (bp) were identified (Fig. 1G). Of these, 38.7% were located in intergenic
sequences, 53.7% overlapped with genes and 7.6% were located in promoter regions (1kb
upstream of a gene). Like the me7/ mutant, the predominant effect of hTET 1cd expression is CG
hypomethylation (12,641 and 20,601 D¥s lost more than 50% mCG in 35S:TET1-1 and
35S:TET1-2, respectively; no region gained more than 50% mCG). However, the extent of CG
methylation caused by hTETcd expression is lower than in met/: 31.8 Mb of the genome
significantly lost CG methylation in met/, whereas 9.9 Mb and 18.0 Mb were lost in 35S:TET1-1
and 35S:TET1-2, respectively.
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Previous studies of the me?/ methylome have revealed a loss of mCHG/mCHH
methylation in a subset of CG-hypomethylated regions. At these loci, DNA methylation is stably
lost, in contrast to regions where DNA methylation is re-established by de novo methylation
pathways. These loci are ideal targets of epimutagenesis as the co-existence of all three types of
methylation is more frequently correlated with transcriptional repression of genes than CG
methylation alone. This, coupled with the long-term stability of hypomethylation, may facilitate
inheritable transcriptional changes. An analysis of the interdependence of the loss of CG
methylation on non-CG methylation levels revealed that 39.7 Kb and 931.5 Kb of CHG
methylated sequences lost significant amounts of methylation in two epimutagenized lines,
compared to 4.0 Mb of sequence in me?/ mutants. A similar analysis for the loss of CHH
methylation revealed losses of 23.3 Kb and 492.5 Kb in epimutagenized individuals, compared
to 1.1 Mb lost in met/ mutants. Of the 56,283 identified CG DMRs, 10,491 overlapped regions
that contained at least 20% CHG methylation and 7,214 overlapped regions that contained at
least 10% CHH methylation in wild-type individuals. To determine how many of these regions
are susceptible to losing non-CG methylation if CG methylation is first depleted, we created a
frequency distribution of mMCHG and mCHH levels in wild-type and epimutagenized individuals
(Figs. 1H and 11). 2,341 and 3,447 regions lost more than 10% CHG methylation in 35S:TET1-1
and 35S:TET1-2, respectively, whereas 2,475 and 3,379 regions lost more than 5% CHH
methylation in 35S:TET1-1 and 35S:TET1-2, respectively. Regions that are susceptible to losses
of CG and non-CG methylation in lines expressing hTET1c¢d share a substantial overlap with
regions that lose non-CG methylation in met/ (Figs. 4G and 4H). 1,708 (73.0%) and 2,386
(69.2%) regions that have lost more than 10% mCHG in 35S:TET1-1 and 35S:TET1-2 have
reduced levels in met/, whereas 2,013 (81.6%) and 2,563 (75.9%) regions that have lost more
than 5% mCHH in 35S:TET1-1 and 35S:TET1-2 have reduced levels in me?/. As crop genomes
have a greater number of loci targeted for silencing by CG, CHG and CHH methylation when
compared to 4. thaliana, ectopic expression of hTET1cd is likely a viable approach for the

creation epiRILs".

Tet1-mediated redistribution of heterochromatin
Mutations in met/ also leads to hypermethylation of CHG sites in gene bodies due to the
loss of CG methylation in the 7 intron of the histone 3 lysine 9 (H3K9) demethylase,
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INCREASED IN BONSAI METHYLATION 1 (IBM1)'%1Y_ This results in alternative splicing of
IBM 1, ultimately producing a non-functional gene product and resulting in ectopic accumulation
of di-methylation of H3K9 (H3K9me2) throughout the genome. As in met!, the 7" intron of
IBM1 was hypomethylated in 35S:TET1-1, 35S:TET1-2 and 35S:TET1-2.5, a line that was
propagated for an additional two generations (Fig. 2A). A subtle increase in global CHG
methylation was observed in 35S:TET1-1 and 35S:TET1-2 (Fig. 1A). However, extensive
variation in genome-wide gains and losses of CHG methylation was observed in line 35S:TET1-
2.5 as it displayed approximately 1.8 Mb of additional CHG methylation (Fig. 2B). This
indicates that the expression of hTET 1cd over a longer period of time not only leads to loss of
methylation, but also results in redistribution of DNA methylation genome-wide.

To further characterize regions of differential CHG methylation, identified CHG DMRs
were categorized into discrete groups based on their DNA methylation status in wild-type
individuals. Of the 9,917 CHG DMRs identified, 1,460 were in loci that are defined as gbM in
wild-type individuals, 584 were in unmethylated regions, and 6,940 of them were in RADM-like
regions (Figs. 2C-2E). Interestingly, in line 35S:TET1-2.5, 1,408 (96.4%) of the CHG DMRs in
gbM-like loci gained CHG hypermethylation, whereas 2,156 (31.1%) of the CHG DMRs in
RdDM-like regions lost CHG, in contrast to 595 (8.6%) RdDM-like regions that gained CHG
methylation. Lastly, there were 502 (86.0%) loci that are unmethylated in wild-type individuals
that gain CHG methylation as well as CG and CHH methylation in the epimutagenized lines
(Figs. 2C-2E). These results reveal that methods for epimutagenesis can result in both losses and
gains in DNA methylation genome-wide.

To characterize the effect of hTET 1cd-induced methylome changes on gene expression,
we performed RNA-sequencing (RNA-seq) on leaf tissue of wild-type, 35S:TET1-1 and
35S:TET1-2 plants and compared the results to met/ and ibm/ transcriptomes. Compared to
wild-type plants, 629 and 736 up-regulated genes and 1,277 and 1,428 down-regulated genes
were identified in 35S: TET1-1 and 35S:TET1-2, respectively. There was a high level of
overlapping in transcriptome changes with 35S:TET1-1 and 35S:TET1-2 compared to met/ and
ibml (Figs. 2F and 2G). Of the genes up-regulated in met/, 36.8% and 21.5% overlapped with
35S:TET1-1 and 35S:TET1-2, respectively. An even greater overlap was observed with down-
regulated genes as 60.1% and 72.9% of down-regulated genes in 35S:TET1-1 and 35S:TET1-2

overlapped with down-regulated genes in met/, respectively. These results reveal that expressing
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the catalytic domain of human 7E77 in A. thaliana is a viable approach to access hidden sources

of allelic variation by inducing expression variation.

Tetl expression leads to a delay in the floral transition

In the transgenic plants that were used for WGBS, we observed a delay in the
developmental transition from vegetative growth to flowering (Figs. 3A and 3B). We
hypothesized that the observed late-flowering phenotype was associated with the demethylation
of the FWA (FLOWERING WAGENINGEN) locus, as is observed in met/ mutants**?!. A closer
inspection of the DNA methylation status of this locus revealed that DNA methylation was
completely abolished, as was methylation at adjacent CHG and CHH sites (Fig. 3C). As in met/,
the loss of methylation at the /WA locus was associated with an increase in /WA expression
(Fig. 3D), which is known to cause a delay in flowering by restricting the movement of the
florigen signal, F'T, to the shoot apex??. These results demonstrate that expression of hTET1cd
leads to phenotypic variation by abolishing methylation at some regions in all sequence contexts

(CG, CHG and CHH sites).

DISCUSSION

The discovery that expression of the catalytic domain of the human TET1 protein in A.
thaliana leads to widespread loss of CG methylation and redistribution of heterochromatin
makes it possible to create epimutants without the need for methyltransferase mutants, which
often causes lethality in crops. In addition to epimutagenesis, TET1cd could be used in
combination with sequence-specific targeting machinery such as CRISPR-dCas9 to direct DNA
demethylation in plant genomes, as has been demonstrated in mammalian systems®*’. The
stable meiotic inheritance of DNA methylation states in flowering plant genomes provides a
stark contrast to the inheritance of DNA methylation in mammalian genomes, where genome-
wide erasure of DNA methylation and reprogramming occurs each generation®®. This property of
flowering plant genomes makes them ideal targets of induced-epialleles, as once a new
methylation state occurs it is often inherited in subsequent generations. Application of
epimutagenesis and the use of TET-mediated engineering of DNA methylation states in
economically and agriculturally significant plant species will be an interesting area of future

investigation.
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METHODS

Synthesis and cloning of the human TET! catalytic domain. A human TET! catalytic
domain (hTET1-CD) sequence was synthesized by GenScript, and moved to a plant
transformation compatible vector (pMDC32) using LR clonase from Life Technologies per the
manufacturer’s instructions (Catalog #11791100). The resulting plasmid was designated
Tet1CDinpMDC32, and is shown in FIG. 7.

Plant transtormoation and screening. The hTETT-CD sequence in the pMIBC32 vector was
transformed into Agrobacterium tumefaciens strain CS8C1 and plated on LB-agar supplemented
with kanamycin (50 pg/ml), gentamicin {25 ng/mb), and ritampicin (15 pg/mi. A single
kanamycin resistant colony was selected and used to start 2 250-mbL culwre in LB Broth Miller
Hiquid media supplemented with gentamicin (25 yg/ml), kanamycin (50 pg/mbL), and nfampicin
{15 pg/ml), which was tncubated for two days at 30°C. Bacterial cells were pelleted by
centrifugation at 4,000 RPM for 30 minutes and the supernatant decanted. The remaining
bacterial pellet was re-suspended in 200 mi. of 5% sucrose with 0.05% Sibwet L77. Plant
transformation was performed using the floral dip method described by Clough and Bent?.
Seeds were harvested upon senescence and transgenic plants were identified via selection on %4
LS plates supplemented with Hygromycin B (15 pg/mi). 358 TET1-1 is a T1 tndividual,
whereas 355 TETI-2 is a T3 plant. Al transgenic individuals chosen for analysis contain
independent tnsertions of hTET 1cd and are not the result of single-seed decent unless otherwise
noted.

DNA and RNA solation. 4. thafiana leat tissue was flash-frozen and finely ground o a
powder using a mortar and pestle. DNA extraction was carried ocut on all samples using the
DNeasy Plaot Mini Kit (QIAGEN), and the DNA was sheered to approximately 200 bp by
sonication. RNA was isolated from finely ground flash-frozen leaf tissue using Trizol (Thermo
Scientific).

Library construction. Genomic DNA libraries were prepared following the MethviC-seq
protocol without use of the bisulfite conversion step. MethylC-seq libraries were prepared as
previously described in™. RNA-seq libraries were constructed using IHfumina TruSeq Stranded

RNA LT Kit {(IHlumina, San Diego, CA) following the manufacturer’s instructions with limited
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modifications. The starting quantity of total RNA was adjusted to 1.3 ug, and all volumes were
reduced to a third of the described quantity. TAB-seq hibraries were prepared as previously
described in'*.

Sequencing. Hlumina sequencing was performed at the University of Georgia Genomics
Facility using an Hiumina NextSeq 500 instrument. Methviomes, and S-hydroxymethylomes
were sequenced to 150 bp whereas transcriptomes were sequenced to 75 bp. For MethylC-seq
and TAB-seq, raw reads were trimmed for adapters and preprocessed to remove low guality
reads using cutadapt 1.9.dev1’!. For RNA-seq, these processes were carried out by Trimmomatic
v(1.32%2

MethviC-seq data processing. Qualified reads were aligned to the 4. fhaliona TAIR10
reference genome as described in™ . Chloroplast DNA (which is fully unmethylated) was used as
a control to calculate the sodium bisulfite reaction non-conversion rate of unmodified cytosines,
All conversion rates were >99% (Table 1), The list of gbM genes used in this study was
previousty curated™. All methylation levels reported in all analyses are presented as differences
in absolute values, including defining DMRs and calculating hvper/hypomethylated regions. The
only exception is in the comparison of mCG loss between gbM, where we used a percentage
difference..

RMNA-seq data processing. Qualified reads were aligned to the 4. thafiana TAIR10
reference genome using TopHat v2 0.13% (Table 2). Gene expression values were computed

2g

using Cufflinks v2.2.17°. Genes determined to have at least 2-fold log expression changes by

Cuttlinks were identified as differentially expressed genes.

32



WO 2017/189542 PCT/US2017/029354

Tabie 2. Transriptome sequencing summary siatistics

Sampls manped reads Percent Mapped
Col-0 WT rspt 18 085 B33 95 30%
Dol WT repd 24 158,351 2G.63%
Cod-0 WT sepd S0 887 335 58 48%

A58 TETI-f 18,818 835 85 38%
A5R-TETIR 15877 845 28 51%
mabt 4% 815 533 B4 819
st rept S0.810,8337 84 1B%
it rep? &2 041 8597 §8.17%
et repd 25241 385 §7 05%

TAB-seq data processing. Qualified reads were aligned to the A. thaliona TAIRIO
reference genome using Methylpy as described in™. The control 5mC modified lambda DNA
sequence was used to calculate the SmC non-conversion rate upon TET and bisulfite treatment.
Non-CG dinucleotide sites were used to compute the non-conversion rate of unmodified

cytosines upon bisulfite treatment (Table 3}
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Metaplot analysis. For metaplot analyses, twenty 50 bp bins were created for both
upstream and downstream regions of gene bodies/TEs. Gene bodies/TE regions were evenly
divided into 20 bins. Weighted methylation levels were computed for each bin as described

previously™®.

DMR analysis. Identification of DMRs was performed as described in'’. Only DMRs
with at least 5 DMSs (Differential Methylated Sites) and a 10% absolute methylation level
difference within each DMR were reported and used for subsequent analysis. For coverage
calculations, each sample was combined with two Col-0 WT replicates to identify DMRs. Each
sample was compared with both Col-0 WT replicates separately and for a BDMR to be identified
it must have been identified in both comparisons. Absolute methylation differences of +/- (50%
for CG, 10% for CHG and CHH) were defined as hyper/hypo methylation, respectively. DMRs

overlapping regions with mCG >= 5%, mCHG and mCHH >= 1% tn both two Col-0 WT

mUHG and mCHH < 1% in both two Col-0 WT replicates were defined as ghM regions. DMRs
overlapping regions with all three coutexis less methylated at less than 1% wn both Col-0 WT
replicates were defined as unmethylated regions. Overlap comparisons were performed using

bedtools v2.26.0°%,
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The complete disclosure of all patents, patent applications, and publications, and
electronically available material (including, for instance, nucleotide sequence submissions in,
e.g., GenBank and RefSeq, and amino acid sequence submissions in, e.g., SwissProt, PIR, PRF,
PDB, and translations from annotated coding regions in GenBank and RefSeq) cited herein are
incorporated by reference in their entirety. Supplementary materials referenced in publications
(such as supplementary tables, supplementary figures, supplementary materials and methods,
and/or supplementary experimental data) are likewise incorporated by reference in their entirety.
In the event that any inconsistency exists between the disclosure of the present application and
the disclosure(s) of any document incorporated herein by reference, the disclosure of the present
application shall govern. The foregoing detailed description and examples have been given for
clarity of understanding only. No unnecessary limitations are to be understood therefrom. The
invention is not limited to the exact details shown and described, for variations obvious to one
skilled in the art will be included within the invention defined by the claims.

Unless otherwise indicated, all numbers expressing quantities of components, molecular
weights, and so forth used in the specification and claims are to be understood as being modified
in all instances by the term "about." Accordingly, unless otherwise indicated to the contrary, the
numerical parameters set forth in the specification and claims are approximations that may vary
depending upon the desired properties sought to be obtained by the present invention. At the
very least, and not as an attempt to limit the doctrine of equivalents to the scope of the claims,
each numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques.

Notwithstanding that the numerical ranges and parameters setting forth the broad scope
of the invention are approximations, the numerical values set forth in the specific examples are
reported as precisely as possible. All numerical values, however, inherently contain a range
necessarily resulting from the standard deviation found in their respective testing measurements.

All headings are for the convenience of the reader and should not be used to limit the

meaning of the text that follows the heading, unless so specified.
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What is claimed is:

1. A transgenic plant comprising a catalytic domain of a Tet protein.

2. A transgenic plant comprising a polynucleotide encoding a catalytic domain of a Tet
protein.

3. A cell of the plant of claim 1 or 2 wherein the cell comprises the catalytic domain of the

Tet protein, the polynucleotide encoding the catalytic domain of the Tet protein, or a

combination thereof.

4. The plant of claim 1 or 2 wherein the plant is a monocot.

5. The plant of claim 1 or 2 wherein the plant is a dicot.

6. The progeny of the plant of claim 1 or 2.

7. The progeny of claim 6 wherein the progeny is a hybrid plant.

8. The plant of claim 1 or 2 wherein the plant is a crop plant.

9. The plant of claim 8 wherein the crop plant is soybean, corn, tomato, rice, common bean

(Phaseolus vulgaris), sugarcane, pumpkin, wheat, cassava, potato, cotton, a forage grass, or a

forage legume.

10. The plant of claim 1 or 2 wherein the plant is an algae.
11.  The plant of claim 1 or 2 wherein the plant is a mosaic.
12. The plant of claim 1 or 2 wherein the plant is homozygous.
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13. The plant of claim 1 or 2 wherein the plant is hemizygous.

14. A cell of the plant of claim 1 or 2.

15. A non-natural plant comprising a genome with reduced methylation of cytosine, wherein

the reduction of cytosine methylation is reduced compared to a control plant.

16. The plant of claim 15 wherein the reduction is statistically significant.

17.  The plant of claim 15 wherein the reduction is at least 10%.

18. The plant of claim 15 wherein the methylation of cytosine at CG dinucleotides is reduced

compared to the control plant.

19. The plant of claim 15 wherein the methylation of cytosine at CHG and CHH, where H is

A, C, or T, is reduced compared to the control plant.

20.  The plant of any one of claims 15 to 19 wherein at least one cell of the plant comprises a
catalytic domain of a Ten-eleven translocation methylcytosine dioxygenase (Tet) protein, a
polynucleotide encoding a catalytic domain of a Tet protein, or a combination thereof

21.  The transgenic plant of any one of claims 15 to 19 wherein the plant is a monocot.

22. The transgenic plant of any one of claims 15 to 19 wherein the plant is a dicot.

23.  The progeny of the plant of any one of claims 15 to 19.

24, The progeny of claim 23 wherein said progeny is a hybrid plant.

25. The plant of any one of claims 15 to 19 wherein the plant is a crop plant.
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26. The plant of claim 25 wherein the crop plant is soybean, corn, tomato, rice, common bean

(Phaseolus vulgaris), sugarcane, pumpkin, wheat, cassava, hay, potatoes or cotton.

27.  The plant of any one of claims 15 to 19 wherein the plant is an algae.
28.  The plant of any one of claims 15 to 19 wherein the plant is a mosaic.
29. The plant of any one of claims 15 to 19 wherein the plant is homozygous.
30. The plant of any one of claims 15 to 19 wherein the plant is hemizygous.

31. A cell of the plant of any one of claims 15 to 19.

32. A method comprising:
providing a plant of any one of claims 1 or 2 or 15 to 19;

screening the plant for a phenotypic variation compared to a control plant.

33.  The method of claim 32 wherein the phenotypic variation comprises an alteration in
flowering time, an alteration in root length, or an alteration in resistance to bacterial

infection.

34. A method comprising:
providing a plant of any one of claims 1 or 2 or 15 to 19;
screening the plant for a change in methylation of the genome compared to a control

plant.
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TET3, SEQID NO:3
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SEQ ID NO:2 TNHVEG~~~~NRLSPFLIPSPRPICO- ~TEPLA-
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SEQ ID NO:3 BRROGTCEPCR — i o o o e o e RLENCGACTSC~-~TNRRTHOICKLEK
* * s * c ok ek

SEQ
SEQ I
SEQ

CERLRERPSVVVPLEVIRENKRPOREKK D~~~ ~KVLRKADFDNK PVNGPREESMDYSRC~~
PEQLOQOKSVFEICPSPAENNIQGCTTELASGEREFCSGESSSNLOAPGGSSERYLRQNEMNG
CEVLERKKVGLI: KEVbIkAM"“uTCACPWGUuA,VYP”“““EUMPVJCP”D’QW"W~D GP

KK e . &

fue}

S
[V S S

4k
&
zZ =z
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SEQ ID NO:1 ~GHGEEQRLELNPHTVENVTENE-DS
SEQ ID NO:2 AYFRQSSVETEDSEFSA-~TTTPPPRPSQLLL
SEQ ID NO:3 VYHG )CRQL UGVD”NQﬂR&PAWPS GTGGPWRVDQEPDWEARPGP~-AHTARLEDRHD

MTG-~———m— IEVERKWTONERSQLTDEVEGDFSA
QLLLSPPPPLPQVRQLPSEGKS TLNGGEVLERHE
Lo

SEQ ID WO:1 NVPEAEKSKNSEVDRKRTKSPKLEVQTVR=—~=NGT = m e KEVECLPAETH~~

SEQ ID NO:2  —ommmmmemeeee HYPNQS-~~-NTTLLREVKIEGKPEAPPEQSPNPSTHVCS PSPMLER

SEQ ID NO:3 LVAFSA~~VAEAVSSYGALSTRLYET FNREMSRE~~ ~AGNNSRGPRPGPEGCSAGSE—~~
* * *

SEQ ID NO:l (FLEDTANHKNAMSSVATDMSCDHLKGRSNVLVEQQ

SEQ ID NO:2 oo e e TNV PLCSEKTRPMS EHLKHNE

SEQ ID NO:3 e OT-ALALAR-——————== HGMKP

SEQ ID NO:1

1 POGENCSSIPHSSE
SEQ 1D WO:2 PIFGSSGELODNCOQLM - -~ RNKEQ-EI LKGR-DEE]
SEQ ID NO:3 PNCHNCDGE~~~ECPRYLEWLEGKIKSVVMEGGEET
* .

SEQ
SEQ

EVPOISPORGLPLEQSALSTARKERNISLOTATA

IEALTQLISALPOPSHSTPOASCPLPE

SEQ ID ¥0:1 SEQR - w TAS LLNGURKALLY B weon oovmres e = Y REDLODPNLOGEP PRLNHC PSLEK

SEQ ID NO:2 —  —mmememeee PTOHYLKPGWIELKAPRFEQRESHLKRNEASLPSTLOYQPN~~~~~~T.3N

SEQ ID WO:3 ALSPPAP SYLRAFSWPVVRPEEES ~~ =G F A ww v PG EAFPER -~ TER
- * *

SEQ ID NO:1

) E DSSCNTYVENGOT T TLSNSBINSATNOASTRSHEYSKVTNSLSLFI PRSNSSKIDTNKST
SEQ ID NO:2 OMT-~SKQYTGNSNMPG——~——~ Gm—mm LPROAYTOKTTOL~~~EEKSOMYQVEMNOGO
SEQ TD NO:2 PEF~ = PEAW - GTDT PR woemeo Rreow oo o o TP RG SW PR oo o oo e e

SEQ ID NO:l AQGIIT -~~~ LDONCSHDLEQLPP~~~~RNK FV”YCJﬁLLuoﬁKKLDQDDL CQDATHTQL
SEQ ID N0:2 SQGTVDOHLOFORPEHOVEFSKTDHLPRARVOSLC "OOURADSQ M- SPVL

3ED ID NO:3 - “*AW"W"W"~"~"~"-~RPQPD?MA&LEQLLGSAS-"iQaVFKhPEALP*~TKPKv

SEQ ID NOG:1 EEDVATQLTOLASII-~RINYIKPEDREKVESTPT -~ SLVTCNVQO -~ KYN-QRKGTIQOK
SEQ ID NO:2 ROHLNQOASETEPFSNSHLLOHKPHEOARQTOPSOSSHLPONCOCOORLOT KNRERT LOT
SEQ ID NO:3

%

K-~ VEAPSSSPAPAPS - PYLORE -~ == e APTPSSREPDTHORAQTALY~——~~~- oH

* - *

wn
o]
e
]
v}

NOG: PPSSVHN-—-~-NHGSST TYQKVP"Q?RTKOTPDRJR?K(K"mn*“T VEYQENDROKWEH

WA

SEQ ID NO: FPHPQSNNDOOREGS FEGQTKVEECFHGENQY SKS SEFETHNVOMGLEEVONTNRRNSPY

EQ ID NO: LHH~—m KRSLFLEQVHDTSEPAPSEP - mr o mrom oo o oo oo
* - »

SEQ ID NO:i LSYMYGTIODTHI R = oo o o R F o e e e NG

3EQ ID NO:2 SOTMRSSACKIQVCSNNTHLYSENREQTTHPEL FAGNKTQNLEHMOY FPNNVT PKQDLL

SEQ ID NO:3 e S B DGR PP PSSPV PRLD

SEQ ID NO:1 QFCPHD-~~~FPTVFRGKIS SIMCPRTVEEPLTQIKLOR
SEQ ID NO:2 HRCFQEQEQR - —mm e m e e SQOASVLOG
SEQ ID WG:3 DRPPREKKKKLDTPAGEPVGTERA PCIRPSVRKPIQIKKSRPREAQPLEPPVRQIVLES
SEQ ID HO:1 Y PEGARER oo s o o VRVEPLDSLELFHL =~
SEQ ID NO:2 YXNRNQDUMSGOQARDLAQORY LI HNEANVEPVE DOGGSHIGTE QQKDTQKAAA ~~~~~ LRWHL

3 NO:

3
=
O

[
bl
[#3]

LESPAS -~ rm e mmmmn o ce e QEN Qe e - BHPPAP L P SOGSAVELSPEPSLXLFPPDWSRDSL

SEQ ID WO:1 RTES~~-NGRAFTDKAYREQVQ~—Tm = = e moee e » TYNANQGKAHPLTQP S S P PNQC
SEQ ID NO:Z LORQEQOOTOOPQTESCHS OMHRPT KVEPGCKPHACMATAP PENK THEKV TRQENDPPASC
SEQ ID NO:3 LEPTOEMREPEP -~ —mmm M~~~ TALOPGRT~——n GPLPPADDE = —rmmoe moe e e e mn
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SEQ ID HO: 1 ANVMAGDDQIREQUVVEEQL - -~ -MHQRLPTLPGLSH -~~~ ETPLPESALTLR -~
SEQ ID NO:2 DNVOQRS I IETMEQHLEOFHARK ~~ =~ = m e m e e e e o SLFDERALTLKSQK

SEQ ID NO:3 ~~~~“~“"ﬂ"“L?ZMJRQFEAEFGDS&, PGEPSVEIDDREN QQ”LLPADBSPFATRQPK
SEQ 1D NO:1 NVRVVCSGETITVVSTRISEEEVCSS G em o om s mom e s e GTSEFSTVDEAQKNFNDYAMN
SEQ IDr NO:2 CVRVEMSGPVTIVLTIRQTTAARLDSHT PALEQOT TS SERT F—-~TRRTABSVIUNFIESPSK
SEQ ID NO:3 QIRIESSGAVIVLSPTCRHSEREG ~ =~ e - GOEATPTKAENP LT PTLICFLESPLE

i A gEk . A
SEQ ID NO:1 FERINPTENLVSIT--~~KDSELPTCSCLDRVIQEDRGPYYTHLGAGPSVAAVREIMENRYG
SEQ ID NO:Z LLDTPIRNLLDTRPVE-TOYDFRPSCRCVEQIIERDEGPFY THLGAGPNVAAIREIMEEREG
SEQ ID NC: 32 YLDTPTRKSLLDTPARRAQAEFPTCDCVREQIVEKDEGPY Y THLGSGRPTVASIRELMEERYG

. .k i,‘*:' : ::&:A ’A‘:::::c** ** LR S +7< ** **‘**1*3*
SEOQ ID NO:l QRGRATIRIBIVVYTGKEGEKSSHGCPIAKWVLERRS SDEERVLCLVRORTGHHCPTAVMYVEL
SEQ ID NG:2 QKGRATRIERVIVTGEKEGRSSQGCPIAKWVVRRSSSEEKLLCLYRERAGHTCEARVIVIL
S8EQ ID NC:3 BKGKAIRIBKVIYTCREGKESRGCPIAKWVIRRETLEEKLLCLVRHRAGHECONAVIVIL

e-)‘c} *{*«x x:x‘f*'}*'}*** **-\*x*x**'** : ***.**x*'x'*_** * *x:*_*
3EQ ID NO:1 IMVWDGIPLPMADRLYTELTERLESYNGEPTDRRCTLNENRTCTCQGIDPETCGASTSEG
SEQ ID NO:2 ITLVWEGIPLSLADKLYSELTETLRKY~GTLINRRCALNEERTCACQCGLDPETCGASESFG
SEQG

1z ¢

b
o
=
ol
120

ILAWEGIPRSLGDTLYQELTDTLREY ~GNPTSRRCGLNDDRTCACOGKDENTCGASFSFG
Ko kpEEk ok Kk kkky k. K K K kEE KA, kA E RRE KK AEERERERE

SEQ ID NO:1 CSWSMYFNGCKFGRSFSFRRFRIDPSSPLHEKNLEDNLOSLATRLAPT YRKQYARPVAYONQ
SEG ID NG:2 CSW3MYYNGCKFARSKL PRKFKLLGDDPKEEEKLESHLONLSTLMAPTYKELAPDAYNNG
SEQ ID NO:3 CSWSNYFNCCRYPRCFTPRYFhLAGuNkYE VLRKSFQDLATEVAFLYKRLAPQAYQNG
FhkEkhhk *x:‘-"x:o-ﬂ‘k *ko ,l—»: . )7,‘ -* ﬂc)\ :*kk k:(‘: E **:*'{\‘
SEQ ID WO:l VEYERVARECRLGSKEGRPFSGVTACLDFCARPHRD T HNMNNGS TVVCTLTREDNRSLGY
SEQ ID NO:2 IEYEHRAPECRLELKEGRPFSGVTACLDFCAHAHRDLENMONGS TLVC T TREDNREFGG
SEQ ID NO:3 VTNEEIATDCRLCIYFGRPP%FVTACMPV"AHAHRDQH“L NGUIVY G
- 1\'. ThKAK ‘kk:{ki)‘,)r%'}:x*u*k(k{ i‘*( {)’: ,\‘*u‘k:
SEQ ID NO:l IPODEQLHVLPLYKLSDIDEFGSKEGMEAK TRSGAT EVIAPRRKKRTCFTQPVERSGEKR
SEQ ID NO:2 KPEDEQLAVLPLYKVSDVDEFGSVEAQERKKRSGATOVLSS FRREVEMLAEPVETCRORE
8EQ ID WO:3 TPEDEQLHVLELYKMANTDEFGSEENONARVGSCAT QVLTAFPREVRRLPRPAKSCRORG
*:*N*'ﬂ'*i\*kv‘('}i‘k:::,*i){i* * ° Ed R &Y *{ e < ::Y_' s
SEQ ID NO:l DA~ = MBTEVLAHK T RAVEF - —KPI PRI ERENNS T T~ === mm mme m NHSKP
SEQ ID NO:2 LEAKKAAARKLSSLENSSNENEKEKSAFSRTRQTENASQARQLARLLRLSGPVMOGSGOP
SEQ ID NO:3 LEAREA) AEKKKlWKLKL<T~»~"~~“EEK£KQEAL ILAGTTSDPGLSLEGGLSQOGLKP
SEQ ID NO:1 SSLETLGSNTETVOPEVESETE~ - PHFTLESSDNTKTYSTM- === mmmmm e e e
SEQ ID NO:2 OPLOK -~ QFPOPOQOQRPOCCOP -~ HHPQTES VNS Y SASGE TN PYMRRENPVS BT 2N
SEQ ID NO:3 Grorrer LKVEPCNHFASFKY SGNAVVES Y SVLGHCRP~—~———m SDPYSM
- s 8 kK
SEQ ID NO:l e e e e e
SEQ ID HO:2 SEH o oo oo e e~ SO TYGE TS PMBEY ST S SOAAGS YINS - ~ SN P
SEQ ID NO:3 NSVYSYHSYYAQPSLTSVNGFHSKYALPSFPEYYGFPSSNPVFPSOFLGPGAWGHEGESSGS
SEQ ID WO:1 o e - -~ PSR-
SEQ ID NO:2 MNP Y PGLLNQ= N e e - (YPSYQCHGNLSVDNCSP
SEQ ID NO:3 FEKKPDLEALENSLSPAYGGABFAELESOAV PTOAHHPTPHHODPAY PGPKEY LT~ PKAD
SEQ ID NO:1 e e DHPVKEAS PGFSWS PRTASATPAPLKNDATASCHFSERS S TPHCTMP G~~~
SEQ ID WO:2 YLGSYSPOSQP-—~-MDLYRY-PSQDP e~ KLSLEPTHTLYQPRFG
SEQ ID WO:3 LIHSVSRDESFFAQSSNCYNRSIKQEPVDE -~ LTQALPYPRDAGKMGKT PLIEVSQ-~NG
* . E3 © * a
SEQ ID WOl e BRLGGA- ~ = m NAABADGPGISQLGEVAPLPTLSAPYY
SEQ ID WO:Z TSK - -GN -QNMOGDGFS 50T IRENVEHVEKLD PYPTHEMDCOR
SEQ ID MO:3 SHSPRRTNGVOGSHGVFS SCESPATVE DKL SFGASCLAPSHF TDGO

. * *
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EPLING = EPSTCV = PEPLTPHY - = = BNHOD G F LTS P oo

F-—-NGATSRLPPN----L-8SNPNM--DY~~KNGEHHSPSHITENYSAAPGMINS SLHAL

WGLEPGEGQUAASHSGCRLRGE PN PCKEGNS TSATAGP S LT EK PWALGAGDFNSALKGS
.k %k

s v s e ’t’s‘* \JMBEDI? ———————————————

HLQNKEI‘LJMMSHTA’\Y”I SKMLPALNH~~~DR-~ ~TACVQGGLH~—~RKLSD~~
- ODRLWNPMRGEEGRIPAAGASQLDRAWOS FCLPLGSSRKLIGALKSEEKLWDPE
o % .
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FIG. 7A

Yac yI’me“erA
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TetiChinpMDRC32
12,802 bp

,«m,_gﬁ__m_ﬁ

N

>Tet1CDinpMDC32 (12,802 bp)

CGTAATCATGGETCATAG TETCCTOTCTGAAATT ATCCGCTCACAATTCCACACAACATACGAGCCEGAAGCATARAGTGT
ﬁAE GCCTEGE GT@C”TAA GAGTGAGCTAACTCACATTAATT GQGTM CGCTCACTGCCCGCTTTCCAGTCCGCGAAACCTETCGETG
CCAGCTGCATTAATGAAT CGECCARCGCECEEEEAGAGECGETTTGCETATTC bCTA AGCAGCTTGCCAACATGETGGAGCACGA
hC“C“CuTCTA”TL ARGAATATCAARGATACAGTCTCAGAAGACCAAAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGE
GARACCTCCTCGGATTCCATTGCCCAGCTATCTCT CACTTCATCAAAAGGACACTAGARAAGGAAGETGGCACCTACARATGECCAT
CATTGCGATARAGGAAAGGCTATCGTTCAAGATGCCTCTGCCCACAGTEGTCCCAMAGATGEACCCCCACCCACGAGSAGCATCET
~GAﬂAAA’ AuACGTTCCAACCACGT”T‘U.?AJC.AuTQGATTGZ'GWGATPACATGF“CGAGLA“FKCE CTCTCGTCTACTCCA
AGAATATCAAAGATACAGTCTCAGARGACCAAAGGGCTATTGAGACTT T TCARCAARGGGTAATAT CGGCGAARCCTCCTCGGATTC
CATTGCCCAGCTATICTETCACTTCATCARAAGGACAGTAGARAAGGARGGTE GCACC&ACAAAT"CCAT{A:”GCG“THAAabﬂ!

GGCTATCETTCAAGATGCCTCTGCCGACAGT GFTCCLAAAGATcuACCCCLACuan”ACGA”CAT“GTGG&AAAAQAAGAvGTTC
CAACCACGTCTTCABAGCAAGTGEATTCATCTEGATATCT CCACTGACGTAAGGGAT GACGCACAAT CCCACTATCCTTCGECARGAC
TTCCECTATATAAGCAAGTTCATTTCATTTGGAGAGCGACACGCTGAAATCA CC%PT”TpTP"YTAuAhAF TDTPTCTCTCGAPF

GATCCCGGEGGECAATCAGATATCARAAAGCCTGAACT CACCGCGACGTCTGTCGAGAAGTTTCTGAT C”AAAAC CG
AWCAGCGTCT CCGACCTGATGCAGCT CTCGGAGGECHAAGARTCTCGT GCT“T?A&CTm"fAT”TAGQAQbC
GTE;ATAuC”GCF“ GATGGTTTCTACARAGATCGTTATGTTTATCGGCACTT pATCquCSCCCT"”CGAM“”CGQAA f
X ATTGCCCAGTTTAGCGAGAGCCTGACCTATTGCATC TC’”chGTGVA”A‘ GTGTCACGTTGCAACACCTGCCTGAAA
CCGRACTCGCCCGCTGTTCTACAACTGETCGCGEAGGCTATGEATGCGATCECTGCGGCCEATCTTAGCCAGACCAGCEGETTCEGEC
“CATTCGGA CGCAAGGAATCGGTCAATACACTACATGECGTGATTTCATATCCGCEATTGCTGATCCCCATGTGTATCACTGGECA
ARACTGTCATGEACCACACCGTCAGTECETCCGTCECECAGGCTCTCEATGAGCTGATGCTTTGGHCCCAGGACTGCCCLGARAGTCC
bGCACpTCGTuCACGCGJATTTCSGCTC\:ApAATGT;CTGAmGuAV,HTLwC GCATAACAGCGGTCATTGACT GGA ECGAGGbC
ATGTTCCEGGATTCCCAATACGAGGTCGCCAACATCTTCTTCTGCAGGCCETCETTGGCTTCTATCGEAGCAGCAGRLGC ACTT
\/‘.Ao(,\‘x--n :C"Du CCEGAGCTTCCAGGATCECCACGACTCCGGELGTATATGCTCCEGCATTGCTCTTGACCAACTCTA '“f’AGZ—\*’ ’T
TGGTTE? CAATTTCGATGATGCAGCTTGGGLUGCAGGETCCGAT CCGACGCARTCGTCCGATCCGGAGCCEHEACTGTCGRET
ACKC%AAT GVCVGVA SAAGCGCGGCCGETCTGCACCGATGGCTETGTAGAAGTACT CGCCGATAGTGCAARTCE ACFC”CL“GC
TCETCCCAGGGCAARAGCAAATAGAGTAGATEGCCCACCGERATCTETCCGATCCACAAGCTCCAGTTICTCCATAATAATGTGTGAGT

3 b

3

e
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TTCCCAGATAAGCGGAATTAGGCGTTCCTATAGGETTTCGCTCATGTETTGAGCATATAAGAAACCCTTACTATGTATTTEGTATTTGET
AABRATACTTCTATCAATAAAATTTCTRATTCCTAARAACCAAAATCCAGTACTAAAATCCAGATCCC (\(JHHMTMT'TY‘ (m, GTTRA
TTCAGTACATTAAAAMCGTCCCCAATGTCTTATTAAGY TGTCTAAGCGTCAATTTGTTTACACCACAATATATCCTS ’—\l}\va
AGCCAACAGCTCCCCGACCEGCAGCTCEGCACAARAATCACCACTCCATACAGGCAGCCCATCAGTCCGEGACGELGT LAGCG(\JAﬂ
AGCCECTTETAAGCGCEGCAGACTTTGCTCATGTTACCCATGCTATTCGGAAGAACGGCAACTAAGUTGCCGGETTTGAMACACGGATY
GATCTCGCGGAGEGTAGCATCGTTGATTGTAACCATGACACAGCETTGCTGCCTGTGATCACCGCGGTTTCAARATCEGCTCCGTCE
ATACTATGTTATACGCCAACTTTGAAARCAACTTTGAARAAAGCTGTTTTCTCGETAT TTAAGCGTTTTAGRATGCAAGGAACAGTGAA
TTGGAGTTCECTCTITCTTATAATTAGCTTCTTGECGETATCTTTAAATACTCETAGAAAAGACGAAGCARATARTADATG JQ,T]\.!“JVK G
AGARATATCACCGGAATTGAARAAACTGAT CGAAARATACCGCTGCGETAARMAGATACGGAAGGAATGTCTCCTGCTAAGGTATATRAA
GOTGGTGGCAGABARTCAARRCCTATATTTA ]‘J«J)u GACGGACAGCCGGTATAAAGCGACCACCTATCATCTCCAACGEEARANGG
ACATGATGCTAT "GCTG\;’Z{Z&G\’JQ\[@&C\,TJC\‘T TCCAAAGGTCCTGCACTTTGAACGGCATGATGGCTGGAGCAATCTGCTCATG
AGTGAGGCCGATEGCETCCTTTGCTCGGARSG THMGAA’JAMGAACAAP(wC’“LT\:rHAAA\:%ATT:‘TC(JAG TETATGCGGAGTGECAT
C’\(J'uf'm CTTTCACTCCATCGACATATCGEAT T'ﬂ‘,1 CCCTATACGARTAGCTTAGACAGCCGCTTAGCCGAATTGGATTACTTACTGA
ATAACGATCTGEGCCGATGTGCGATTGCGAARACTGGGAAGARGACACTCCATTTARAGATCCGCGCGAGCTGTATEATTTTTTAARG
A'-"‘(‘AMA}\,C JCC(V\A\: GEAACTTETCTTTTCCCACGGCEACCTCEEAGRACAGCAACATCTTTCTGAAAGATGGCARRGTAAGTGE
CTTTATTCATCTTGGGAGAAGCGGCAGEGCGGACAAGTGETATCACATTGCCTTCTGCGTCCEGTCCATCAGGGAGEATATCGGES
BAGAACAGTA mf-’rm"‘(;:]—\C CTATTTTTTGACTTACTGGGEATCAAGCCTGAT TGCCAGAARATAAAATAT TATAT TTTACTGGATGAA
TTGTTTTAGTACCTAGARATGCATGACCAAAATCCCTTAACGTGAGTTTTCETTCCACTG ’%\;C’”“f‘AGJ»\.
'CCCGTAGARAAGATCAAAGGATCTTCTTCGAGAT CCTTTTTTTCTGCGCGTAATCTGCTGCT CHE,ACH}‘AHAH_A(‘ CACCGCTAC

CAGCGETGETTTETTTGCCEOATCAAGAGCTACCAACTCTTTTTCCE ’—\AGCTAm(‘l’l‘(‘x(;vfl”.“".‘(‘A SCAGAGCGCAGATACCAAATACT
GTCCTTCTAGTGTAGCCEGTAGTTAGGCCACCACTTCAAGAACTCTCTAGCACCGCITAL CCTCG&,T CTGCTAATCCTGTTACC
\GTGEGCTGCTGCCA 'G‘J‘GATAAG’""GI GTCTTACCGGETTGGACTCARGACGAT A\’JT"L’ACLf’rGATAZ‘\u"’ SCAGCGGTCGGECT
GAACGGGEGETTCETGCACACAGCCCAGCTT ,.\CJ CGARCGACCTACACCGAACTGAGATACCTACAGCGTY yAGCT ATGAGAAAGC
GCCACGCTTCC CA teieierite Z\A."M“" GCACAGETATCCGETAAGCEECAGEETCEEAACAGGAGAGCGCACGAGEGAGCTTCCAGG
GGGAAACGCCTGETATCTTTATAGTCCTGTC (‘x\:(JT”‘T GCCACCTCTGACTTGAGCGTCGAT TTTTCTCATGUTCGTCAGGEEGEE

GGAGC’\,TAFGL*'.AZ‘;A]\CSCC./ GCAACGCGGCCTTTTTACGGTTCCTGGCCTTTT ‘”TGGC\,T 'TTGCTCACATGTTCTTTCCTGCG
TTATCCCCTGATTCTS L:ET‘ ACCGT A*TdCCﬁCPTmT SAGTGAGCTGATACCGITCGCCGCAGCCGAACGACCGAGCGCAGIGA
( 'f'(v\(rl‘b'}\. GCCAGGAAGCGEGAAGAGCGCCTGA SGITATTEY I'(‘m(,‘f,rf"”\r\-a’( 7\’1‘ STGETGCGETATTTCACACCGCATATGETECA
CTCAGTACAATCTGCTCT "G TGCCGCAT AG—' "Z{AGCCA”'L’ATACA TCCGCTATCGCTACGTGACTGGGTCATGELTGCECCCC
:7-‘3("" CCOGCCAACACCOGCTGACGCGCCCTGACGGGCTTETCTGCT COCGECATCCGCTTACAGACRAGCTGTGACCETOTCCGGE
AGCTGECATGTETCAGAGGTTTTCACCETCATCACCEAAACGCGCGAGGCAGGETCLCTTGATETGEGOECCEGCEGTCECAGTGEECE
ACGGCECEECTTETCCGCGCCCTGETAGATTGCCTGGCCETAGECCAGCCATTTTTGAGCGGECCAGCEGLCET GATAGC CEACGC
GAAGCEGCEGEGECETAGCGGAGCECAGCCACCCAAGEGTAGGCECTTTTTECAGCTCITCCECTETGCECTEGGCCAGACRGTTATGC
ACAGGCCAGGCGGETTTTAAGAGTTTTAATAAGTTTTAAAGAGTT TTAGGCGGARARRATCGCCTTTTTTCTCTTTTATATCAGTCA
CmTACATGTG'T’uAC SGGTTCCCAATGTACGEUTTTGGEETTCCCAATGTACGGGTTCCEGETTCCCAATETACGEECTTTGGETTCCCA
PCGTACGTGCTATCCACAGGALAGAGACCT TTTCGACCTTTITCCCCTGCTAGGGCAATTTGCCCTAGCATCTGCTCCGTACATTA
(:'\JL—\:./-\.CL,G SCGGATGCTTCGCCCTCGATCAGET TGCGETAGCECATGAC T!‘l‘Jw& TCGGGCCAGCC GCCCLGC“TCCT\JLTT CAAAT
CGTACTCCEGCAGETCATTTGACCCGATCAGCTTGCGECACGETGARMACAGAA mTf TTEAACTCTCCGECGCTGCCACTECETTCE
TAGATCGTCTTGAACAACCATCTGGCTTCTCCCTTECCTGCGECETCEECE f' CCAGGCGGTA (JAG}\‘PMACP(JCCGA’IGC\,G‘oG]—‘.TC
GATCARARAGTAATCEGGEETS AZ\CCGTLPGCAC"ITCCFY}GTT”TM’V’hITCTC IGATCTCGCGCTACATCCAATCAGCTAGCTCGA
T’ STCOATGET I%C*(‘"‘ GGCCGCCCEETTTCGECTCTT ']\"CAT’“P"'( AGCGGCTAATCARGGCTTCACCCTCGGATACCGTCACCAGG
GECCETTCTTGECCTTCTTCETACGUTGCATGGCAACGT GGETGTTTARCCGAATGCAGGTTTCTACCAGETCGTCTTTCTGE
CTTECCG :CAM”( SCTOGCCEGECAGAACTTCG AQJTACGTI‘CGCAA\, GTGTCGACGGARACACECEGCCEEECTTETCTCCCTTCCCTT
CCCGETATCGGTTCATGEGATTCGETTAGATGCCAAACCGCCATCAGTACCAGGTCETAATCCCACACACTGGCCATGCCEGCCEGT
CCTGECGGAAACCTCTACGTGCCCEGTCTGGRAAGCTCETAGCGGATCACCTC ﬂLAGCTU" CGGETCACECTTCERCAGACGGARAAC
GGCCACGETCCATCATCCTGCEACTATCGCEEETGCCCACGTCATAGAGCAT CEGCAACCGAAARAAATCTEGTTGCTCAGTCCLLCTTGE
)G\,CmmcmTA‘nT“GA' CGGCGCACCGGECTGCCEECGETTGCCEGEATTCTTTGCGEATTCEATCAGCGGCCGCTTGCCALGATTCA
CCGEGGECETGCTTCTGECCTCEGATGCGTTGLCE ""GL sCGGC 1TGCQCGGC(V“T\thCTTCTbbAC\;A SGTCATCACCCAGCGECCGEC
GCCGATTTGTAC ,\-; SGCCGGATGGETTTGCGE TTGGEEGTTCCAGTGCCATTGCAGGGCCGEGCAG
ACARACCCAGCCGECTTACGCCTGGCCAACT GC C"T (vTC LUACA‘“ GGCATTCCACGGCETCEGTGCCTEETTGTTCTTGATT
TTCCATGCCGCCTCCTTTAGCCGCTARAATTCATCTACTCATTTATTCATTTGCTCATTTACTCTGGTACCTGCECGATGTATTCA
GATAGCAGCTCGETAATGGTCTTGCCTTGGCETACCGCETACATCTTCAGTCTITEGTGTGATCCTCCGCCGEGCARCTGAAAGTTGAC
CCGCTTCATGEITGGCGTGTCTGCCAGGCTGGCCAACGTTGCAGCCTTGCTGCTGCETGCEUTCEGGACGEUCGECACTTAGCGETET
TTETGECTTTTGCTCATTTTCTCTTTACCTCATTAACTCAAATGACTTITGATTTAATTTCAGCEGCCAGCGCCTGGACCTECECEEE
CT&GCGr CECCCTCGGETTCTGATTCAAGARACGGTTETGCCEGCGEELEECAGTGLCTEGGETAGCTCACECGCTECETCGATACEGGAC
AAGAATGGGECAGCTCGETACCCGECCAGCGECCTCGGECAACCTCACCGECCGATECEUETGCCTTTEATCGCCCGCEACACGACAAA
(woCC SCTTGETAGCCTTCCATCCETGACK '}!7\1 GCGCTGCTTAACCAGCTCCACCAGGTCGGLEETGGCCCATATETCCTAAGEGGTC
TTGECTEGCACCGGAATCAGCACGAAGTCGGCTGCCTTGATCGCEEACACAGCCAAGTCCGCCGUCTGEEGCECTCCETCGATCAC
ACGAAGTCGCGECCGGECCEATEGECCT rAL(}TCGC SGTCAATCETCEGECGETCGATGCCGACAACGHTTAG ’GUTMGAT”TWCQCG
CACGGCCGCCCAATCECGHECACTGCCLCTGGEEAT CHGEAATCGACTAACAGAACATCGECCCCEGCGAGTTGCAGGGCECGGGCTA
ATGGGTTGCGATS ¢\,(:TCiT‘~5CCTL—A\.-\, GCCTTTCTGETTRAAGTACAGCGATAACCTTCATGCGTTCCCCTTGCETATTTET
TATTTACTCATCGCATCATATACGCAGCGACCGCATG. ‘", SCAAGCTGTTTTACTCAAATACACATCACCTTTTTAGACGECGECET

TCGETTTCTTCAGCGCCCAACCTOELCEELCAGECCECCAGCTTGGCATCAGACAAACCGECCAGCATTTCATGCAGCCGCACGGT
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GGCTCGAACACGTACCCEECCECGATCATCTCCECCTCEATCTCTTCHGETAATGARARACGSTTCETCCT
STT ;CAT GCTTGTTCCTCTTGECETTCATTCTCOGECEECCGCCAGERLETCEECCTCEETCAATGCETCCT
CAC J(J;MAL J\/A( C \y\,' SCCGCCTECCCTCGETEGECETCACTTCCTCELTGCECTCAAGTGCGCGGTACAGGGTCEAGCGATGCALG
CCAAGCAGTGCAGCCGCCTCTTTCACGETGCGGCCTTCCTEETCGATCAGCTCELEEGLET L:CCC(:A CTETGCCGEEETEAGEET
AGGGCHRGEGECCARACTTCACGCCTC CGCC"‘TGGCCG”CMCC”P“ CGCTCCEEGETGCGETCGATGATTAGGGAACGCTCGAACT
CGGCRAATGCCGGCGAACACGETCARCACCATGCGGCCEELCEGLETGHETEETETCEGOCCACGGCTOTGCCAGGCTACGCAGGCCC
GCGCCGE GCC"“LCT’:GAAG\;b(‘TCbeA}T STCCAGTAGGTCGCGG T\SCTGCGCGC(,AGPr\:(:”? CTAGCCTGRTCACTETCACAAC
GTCGCCAGGRCGTAGGEGETCARGCATL SCCAGCTCCRGECEETCELGCCT GTGCCCGTUAICTTgTC'GAKAA GhmTwu
TGP?—LCGGLCGC“TG AGTTCG beCbT‘GbTTG STCAAGTCCTGE mCSN"«oTC CTGACGCGGGCATAGCCCAGCAGE
GCGEGCECTCTTETTCATGGCETAATETC GGTTCT "TﬁGLMLGTA "TCTACTTT A"'GFG"&\,TAAJ‘P CACGCGACAAGARAALCG
pCAwaAnP‘G&ChGGo“"G "“TGTCQLATAACTT GACTTGTGCGACATETCETTTTCAGAAGACGGLCTGCACTGARLGTC
AGAA&C»GACTGCACIATAGhA“'QGAQGGFTTGCAICAAnGTA CTTTCATCCCGAGGGGAACCCTETGETTEGCATGCACATACA
ARTCGCACGAACGGATAAACCTTTTCACGCCCTTTTAAATATCCEGTTATTCTARATAAACGCTCTTTTCTCTTAGGTTTACCCGCCAA
TATATCCTGTCARACACTGATAGTTTARACTGAAGGCEGGAAACGACAATCTIGATCCAAGCT CAAGCTGCTCTAGCATTCGCOATT
\A SGCTGCGCAACTGTTCECAAGGECEATCGETGCEGGCCTCTTCGCTATTACESCCAGCTGGCGRAARGGEGEATGTECTGCAAGEC
ATTAAGTTGGETAACGCCAGGGTTTTCCCAG T CACCACETTGTAARACGACGGECCAGTGCCAAGUTTGGCETGLCTGCAGG rrCAA
CAT(J TGGAGCACGACACACTTGT CTACTCCARARATAT CAMAGATACAGTCTCAGAAGACCARAGGGCARTYCAGACTTTTCA
AAAGGETAATATCCGGARACC "JTCGGATTCCAT.GT“CAGﬂTPTCTCTCACTTTATTGmGAAGﬂTnGTGbAAAAGGAAG-mf~
TCCTACAAATGCCATCATTGC amT]:\,ZU&GG,-\.M‘aGuC CATCGTTGAAGATECCTCTGCCEGACAGTEET JCCAAZ\ ATGGACCCCCACC
CACGAGGAGCATCGTCEGARRARGARGACGTTCCAACCACGTCTTCARAGCAAGTGEATTGATGTCGATARCATG TG(:J\.(-MAC(;:A\,A
CI'X'_“T"“("F‘C'—.'—'. CTCCARARANTATCADAGHT ML,AG.:. CTCAGAAGACCAAAGGGCAATTGAGACTTTTC H,ACH_AA\JGGTRAT!-\,T cC
CCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTTATTETGCAAGATAGTEGCAMAAGGAAGGTEECTCCTACAAATY
TTGECOATAAAGGAAAGGCCATCGTTCGAAGATGCCTCTECCEACAGTGGETCCCAARGATGGACCCCIACCT ACpA)GAuCAfCGTbb
ABAARGAAGACGTTCCAACCACGTCTTCARAGCAAGTEGAT TCATGTCATATCTCCACTGACGTAAGCGATGACGCACAATCCCAC
TATCCTTCECAAGACCCTTCCTCTATATARGEGAAGTTCATTTCATTTGEAGAGGACCTCGACTLTAGAGGATCCCCEEETACLGRE
CCCCCCCTCGAGGCGCGCCAAGCTATCARACAAGTTTGTACAAARAAGCTGAACGAGAAACGTABARTCATATAAATATCAATATA
TTAAATTAGATTTTGCATAAARAMRCAGA CTZ!\,AAA}\TAJT GTAARACACAACATATCCAGTCACTATGCACCATGGAACTGCCCAC
CTGCAGCTETCTTGATCEAGTTATACAAAAAGACARAGGCCCATATTATACACACCTTGGGGCAGGACCARGTGTTCCTGCTETCA
GGGAAR TCAI‘GGAKJA}‘.TAGG'?ATGGTCAAAM&GQ‘:W&CGCM& TAAGGATAGAAATAGTAGTGTACACCGGETAARGAAGGGAAARGT
TCTCATGGGTGTCCAATTGCTAAGTGEETTTTAAGRAAGAAGCAGTGATGAAGARARAAGTTCTTTETTYEGTCCECECAGCETACAGS
CCACCACTGTCCANCTGCTGTGATGGTGGETGCTCAT CATGETGTGGEATGEGCATCCCTCTTCCAAT GGCCCGACCEGCTATACACAL
TCACAGAGAATCTAAAGTCATACAATGEGCACCCTACCGACAGAAGATGCACCOTCAATCGARAATCGTACCTGTACATGTCAA
{ A" MGATCCAGAGACTTCTGGAGCTTCATTCTCTITTTGGCTGTTCATGEAGTATGTACT T TAATGCCTGTAAGTTTCGTAGAAG
CCANGCCCCAGRAGAT TTAGAATTGATCCAAGCTCTCCCTTACATGAARAABACCTTGAAGATAACTTACAGAGTTTGGCTACAC
GHT TAGCTCCAATTTATAAGCAGTATGCTCCAGTAGCTTAL CAAnAmQAGC”JQAFTAWBAAAATGTTGCCCGA BATGTCGECTT
GGCAGCAAGGAAGGTCET CC.” TTCTCTGEGEETCACTGECTTGCE (JA TTCTGTGCTCATCCCCACAGGGACATTCACAACATCAA
TAATGCGAAGCACTGTGGTTTGTACCTTAACTCCAGALAGATAALCE TTIL;G""PF TTATTCCTCARGATGAGCAGCTCCAT
TACCTCTTTATAAGCTTTCAGACACAGATGAGTTTEGCTCCAAGE AﬁGﬂApTJJAACC;AAGAPCAAAT”T—;GPP/AThOﬁth(
CTGGCACCCCOCCGCAARARRAGAACGTETTTCACTCAGCCTGTTCCCCETTCTGEAAAGARGAGGGCTGCGATGATGACAGAGST
TCTTGCACATARGATAACGECAGTGGAAAAGADACCTATTCCCCGAAT CAAGCGCARGAATAAC TCAACAACAACAAACAACAGTA

) ...‘

g

O O i

Ny
AN

AGCCTTCGTCACTGCCAACCT TAGGCAGTAACACTGAGACCETGCAACCTGAAGTARARAGTGARACCGARCCCCATT T TATCTTA
ARAAGTTCAGACAACACTAAAACTTATTCGCTGATGCCATC "‘("J”CCT CACCCAGTGAARGAGGCATCTCCAGECTTCTCCTGET

CCCGARGACTGCTTCAGCCACACCAGCTCCACTGAAGAATG CAAC F\GCCTCA"'(;C(’(—‘" TTTTCAGARAGRAGCAGCACTCCCC
A’ T’".‘Av(ﬂ\‘"ak,(“l"'l’CG-’«“(»‘AA’:ACTC]—\GTGCTGCLAH;" C"‘u\,T CTGCTGATGGCCCTGGCATTTCACACCTTGGCGRAGTGGCT
CTCTCCCCACCCTGTCTGCTCCTGTGATGCAGCCCCTCATTAATTCTCAGCCT T CCACTEE

GTGACTGAGCCGCTAACGCCTCA

TCAGCCAAACCACCAGC CTCC TCCTCACCTCTCCTCAAGACCT TECCTCTTCTCCAATGGARGAAGAT GAGCAGCATTCTGAAG
f‘A(:]‘\T GAGCCTCCATCAGAC :]xz%(l\,(’l"’l’ AICTGATGACCCCCTGTCACCTGCTGAGGAGAAATTGCCCCACATT GATGP\GTAT TGG

T
L

CAGACAGTGAGCACATC T'= TTTGGATGCAAATATTGETGGGETEGE "'I"‘GCZ‘:C".TG'(""‘A SGGCTCEETTTTG, FGTGC
""(r\;-k,uAGAGCTGk,A’.‘. SCTACCACTCCTGTTGAGCACCCCARCCGTAATCATCCAACCCELCTCTCCCTTIGT C"‘“’TT"“'PC\,A GCACA

ARAACCTARAATANGCCCCAACATCGTTTTGAACTARAC A]\(‘A!"I‘?\A\;’I"”T GGCTARAGAAGCTARGAATARGARAAT GAAG\:\,

CAGAGCAARAMGACCAGGCAGCTAATGAAGGTCCAGARCAGT CCTCTE Aﬁ\ GTARATCAATTGAACCARATTCCTTCTCATAARGL
T\'l"l‘i’kACJ\‘l"l‘ ARCCCATGACAATGTTGTCACCGTETCCCCTTA TGCT"‘ CACA CAC"?T“‘"G ""“GGGuuCTAT ARCCATTGGEGETCTC AC'
ATAGTGACTGGATATGTTGTGT T TTACAGTATTATGTAGT CTGTTTTTTATGCARAATCTAATTTARTATATTGATATTTATATC

”TTmeGmTT“T‘C TLAGCT”T”TT ACARAGTGGTTCGAGCTAGCGEGE GCCCGCAbAuJTT”T CACCCTTATGACGETTC (mGA
TTATGCATCCEETGGCCTCOAAGTTTTIGTTCCAGGGTCCACTGGETTCCGCAGAT CCARACCAGCT CCGRAARCATCATCACACCCTC
CAGGARACCATTGT GGCCﬂCvfWGCCTGbTTTGGTFCTVAAGLTCMP“GT;;AAAACUAAGLCAAMU.hOAWChﬁb;T‘HAC”T“T
TTAGTCCTAGAGGCAATGAAGATGCGAGCACCTTGTGARAGCACCATCCTCTGGAAGCATACAGGACCTCARAGT TAAAGCAGGCCA
ACAGGTTTCAGATGGCAGTGCTCTATTCAGGAT CARAGCGGTAATTAATTAACTAGTTCTAGAGCEGCCECCCACCGCGETGGAGCT
CGAATTTCCCCGATCGTTCAAACATTTGGCAATARAGTTTCTTAAGAT TGAATCCTGY! GCCGGwCTTGC‘AT”ATTAi TAT
TITCTCTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATCGACGTTATTTATGACGATGGETTTTTATGATTAGAGTCCC
GCAATTATACATTTAATACGCGATAGAAAACARAAATATAGCGCGCAAACTAGGATARATTATCGCGCGCGETETCATCTATGTTAC
TGAATT
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GAACTCGCCCACCTGCAGCTGTCTTGATCGAGTT

ATACAARDAGACAAAGGCCCATATTATACACACCTTGGGGCAGGA
CCAAGTGTTGCTGCTETCAGGGAAATCATGGAGAATAGGTATEGT
CAARAAGGAAACGCAATARGCGATAGRAATACTAGTCTACACCGET
ARAGAAGGGAAALGCTCTCATGEGTGTCCAAT TGO TAAGTGRGTT
TTAAGRAGAAGCAGTCGATGAAGARARAGCTTCTTTGTTTGETCCGE
CAGCGTACAGECCACCACTETCCAACTGCTSTGATEGTGETGCTC
ATCATGGTGTGGEGATGGCATCCCTCTTCCAAT GGCCGACCGECTA
TACACAGAGCTCACAGAGRATCTARAGTCATACAATGGGCACCCT
ACCGACAGALGATGCACCCTCAATGARAAT CGTACCTGTACATST
CAAGGAATTGATCCAGAGACTTGTGGAGCTTCATTCTCTTTTEGC
TETTCATGGAGTATGTACT TTAATGGCTGTAAGTTTGGTAGAAGC
CCAAGCCCCAGAAGATTTAGAATTGATCCAAGCT CTCCCTTACAT
GAARAAARCCTTGAAGATAACTTACAGAGSTTTGGCTACACGATTA
GCTCCAATTTATAAGCAGTATECTCCAGTAGCTTACCARARATCAG
CTGGAATATGAAAATGTTGCCCCAGAAT GTCEGCTTGGCAGCAAG
GAAGGTCGTCCCTTCTCTEGGETCACTGCTTGCCTGGACTTCTET
GCTCATCCCCACAGGGACATTCACAACATGAATAATGGAAGCACT
GTGETTTGTACCTTAACTCGAGAAGATAACCGCTCTTTGRETETT
ATTCCTCAAGATGAGCAGCT CCATGTGCTACCTCTTTATAAGCTT
TCAGACACAGATGAGTTTGGCTCCAAGGAAGGAATGGAAGCCAAG
ATCAAATCTGGGGCCATCEAGCTCCTEGCACCCCECCGCAAARNA
AGAACGTGTTTCACTCAGCCTETTCCCCETTCTHGARAGAAGAGS
GCTGCGATGATGACAGAGETTCTTGCACATAAGATANGGGCAGTS
GAARAGAAACCTATTCCCCGARTCARGCGGARGARATAACTCAACA
ACAACAARCAACAGTAAGCCTTCGTCACTGCCARCCTTAGGGAGT
AACACTGAGACCGTGCAACCTGAAGTAARAAGTGARACIGAALCC
CATTTTATCTTAAAAAGTTCAGACARCACTARAACTTATTCGCTS
ATGCCATCCGCTCCTCACCCASTGAAAGAGGCATCTCCAGGCTTC
TCCTGGTCCCCOAAGACTECTTCAGCCACACCAGCTCCACTGAAG
AATGACGCAACAGCCTCATGCGOGT T T TCAGAAAGARGCAGCACT
CCCCACTGTACGATGCCTTCGEGAAGACTCAGTGETGCCAATGCA
GCTGCTGLTGATEGCCCTGECATTTCACAGCTTGGCEAAGTGRGCT
COTCTCCCCACCCTETCTGCTCCTGTGATGGAGCCOCTCATTAAT
TCTGAGCCTTCCACTGETETCACTGAGCCECTARCGCCTCATCAG
CCAAACCACCAGCCCTCCTTCCTCACCTCTCCTCARGACCTTGCC
TCTTCTCCAATGGAAGAAGATGAGCAGCATTCTGAAGCAGATGAG
CCTCCATCAGACGAACCCCTATCTGATGACCCCCTGTCACCTELT
GAGGAGARATTGCCCCACATTGATCAGTAT TG AGRCAGTGAG
CACATCTTTITGCATGCARATATTGETGGGETGGCCATCGCACTYTY
GCTCACGGCTCGETTTTGATTGAGTGTGCCCEGUGAGAGCTGCAC
GCTACCACTCCTGTTGAGCACCCCARCCETAATCATCCAACCCGT
CTCTCCCTTETCT T T TACCAGCACAAARACCTAALRTARGCCCCAA
CATGGTTTTGAACTARACAAGATTAAGTTTGA TARAGAAGCT
ARGAATAAGARAATGAAGGCCTCAGAGCARANAGACCAGGCAGCT
AATGAAGGTCCAGAACAGYCCTCTGAAGTAARTGAATTGAACCAA
ATTCCTTCTCATAAAGCATTARCATTAACCCATGACAATGTTGTC
ACCGTGTCCCCTTATGCTCTCACACACCTTGCEGGGCLOTATAAC

CATTGGGTCTGA

pE
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SEQ ID NO:5

TATCATTATCGTARGAARGTTTTGACCAATATGGCACGACAARATGGCTAGACTCGATSTAATTGGTATCTCAACTCAACATTATAL
TTATACCAAACATTAGTTAGACAAAATTT AAAC.UVTATTTTTTATGTATGCAAGAGTCAGCATATGT'TAATTG?'”CAGAATCG
TTTTGACGAGTTCGGATGTAGTAGTAGCCATTAT TTAATCTACATACTAATCGTCAATAGTGAATATCGATGAAACATTGTATCTTA
TTGTATAAATATCCATAARACACATCATGARAAGACACTTYCTTTCACGETCTGAATTAAT TATGATACAAT TCTARTAGAARARCGAR
TTAAATTACGTTGAATTGTATCAAATCTARTTGAACAAGCCAACCACGACGACGACTARCGTTGCCTGGATTGACTCGETTTARAGT
TAACCACTARAAAAACGGAGCTGTCATCTAACACGCEEATCGAGCAGGT CACAGTCATGARGCCAT CARAGCARAAGARLTAATCC
VAGGGCTGAGATGATTAATTAGTTTARAAATTAGTTRACACGAGGGAARAGGCTETCTGACAGCCAGETCACGTTATCTTTACCTG
TGETCGAAATGATTCGTGTCTEGTCGATTTTAATTATTTTTTTGAAAGGCCGAAAATARAGT TGTAAGAGATAAACCCGCCTATATA
AATTCATATATTTTCCTCTCCGCTTTGAATTEGTCTCETTGTCCTCCTCACTTTCAT CAGCCETTTTGRARATCTCCGG ! TGACA
GAGARAGAACAAGGAAGAACACTAAGAGAGANAC TAA@AQATAATCJAGGAGATTCATTCTCCGTTTTGAATCTTCCTCAATCTCAT
CTPCTTCCGCTCTTTCTTICCAAGGTAATAGGAACTTTCTGGATCTACTTTATTTGCTGGR CTCGATCTTGTTTTCTCAATTTCC
TTGAGATCTGGAATTCCTTTAATTTCCGATCTGTGAACCTCCACTARATCTTTTGGTTTTACTAGAATCGATCTARGTTGACCGATT
AGTTAGCTCGATTATAGCTACCAGAATTTGGCTTCGACCTTGATGGAGACAT CCATGTTCATGTTACCTGEGAARTGAT TTGTATAT
GTGAATTGARATCTGAACTGTTGAAGTTAGATTGAATCTIGAACACTETCARTGTTAGATTGAAT CTGAACACTGTTTARGGTTAGA
TEAAGTTLGTETATAGATTCTTCCAAACTTTAGGATTTGTACTGT CETACETTGRAACAGARAGCTATTTCTGATTCARTCAGGGTT
TATTTGACTGTATTCAACTCTTTTTGTCTGTTTGCAGCTCATARA

o

SEQ ID NO:6

gugggtttaggtctticcattactitttastgtittttctgttactgictecgegatetgattttacgacaatagagttiegggttt
tgtccca tthﬁaqtbfqaaoa aaaggtcce
atccat LLAL"qu“L+L“‘tt
gtgtatcgaqaa"tagga::‘f”'agtaa
t t

&
G

gtettttaagtittgetggategataaacectgtgaagattgagtetagtegatttat
;cttcgaagtpq gtataaccagatttgtctotgtgegattgtcattacctagee

ctgeocccttttggttatatetggttcgataacgattcatetggattagggtttt

aagtggtgacgtttagtattceaatitctticaaratttagttatgyataatgasaatccccaattgactygticaatitetgttasa
atgegeagatggetegtaceaageaaaccgetegtsagtecacegyaggtaaagetccaaggaagecaacttgetactaaggtttig
tteocttcttgtetottitttcaaataatacttgtgttgtgaagttygaatgttaatetectiotttattaacctcaggetgctegta
aatctgecaccaactactggtggagtcaagaaaccacategttacegtectggaactgttgeteteoggtitgteoccttottegatt
tgtatgtgattctttgagattatgtaacatigtgtgttaacattectottatettttggtgttcagtgasatecgtaagtaccaga
agagtactgagttgettatcaggasactgecatttcagaggetagtecgtgagattgetcaagatttcaagactgattigegttte
cagagccatgotgtettageteteecaggasagetgeagasageatatettgtiggtetetitgaagacactaacotitgtgecattca
tqccaachtqtgaccataat_ccc»adgdca t agctcgctcgtcgtaﬁcagaggt(aacgcqcttaagh,agc aagaatcecyg
agatttggticas gcaagatcettaatt

tgetgtgtittttagatctetgggtatgtagtagtaag
taagchtattattatgtgtgttgegaactetttttaactetttigtt
4

gcaatctaagaafg tgttctt
aaattcttatgttttc faactegtt f@t*ﬂqucacLat

getttetettecasataatggectgattitittcectataatttiggatt
tgttgaatgetticttitaaasgaatcagattttggactittgaccaaagaaaataataatatcagacgataaaatagacggetet
bgotnaascfaa cctaagaataaggasataagticctettigaaccaaattttotttotttgaccaatagatectttttgtcaace
tettaaatataticttagteoaatettctaataaaccecattggecattaccaaaaattccteggasacgetgaataaaasacattet

atcat
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tggtagagtcatgttacttaaggtcatggtgtgtaasaacattgatactitacaa
i tagtcocaa

aacatccggttectacgtattgacctagaactagaagaategtttttt
aattaatttgaaaatattagctatgatcttagettgggtttttgtitcetaagggtt

atgacatgtggtectatatgtoatgaattaggcaccgetatettttac Lattga'f gacgacattgggac

» tcctcactacacttat
cttazaaaaa azagttggtgttaatggocttgtecaccatasactttecatgagcete aaﬂadaLfaﬂaﬂttgaacttgatca”gt
ctoacaatatatacaattte ,aaqga*nn tatttcaasaggataatatgatagtiggtagaaatgtatagtttctagtaataata

athffcgtt ccaactttttaaaattaa Lttqattagtqﬁd”ccgga acaaatattagattgggectatatgeat
ctatattatttttattttte thddtt cagtaaasatgggoctatggtectatatgeatecgaataattagtatactgggettatg
ggccta-d geatttgattt gataaaatgtgagtcaaatgtctaatgtgege t tt
cagggaatgticcaata taagaﬂa wacgtaa t\aq@ 3at .kaqﬁczh ti

tgaaggaaaacttgactittatacctetta

taaaagaat tanTmcgta tattaata "ca'tagaLLgaﬁddataaadﬁL“

aaatggatta ttttga aaaaggtatttctettegtet

acaategt tttttecataaatccatagtagt aagaarqaagcagagagatgttqaaa
ategtt q tctttaatccacacaact tbcutvotqa catgataatagtagtaa
atggagghtt t : ttactctagace ggaqg tggacaggtitgtgatttcetttecatggattaaaaa
aat { 4 gc ag*tﬁtgu‘"aatuct ttggctatgtttggt

gatttecgttttt atagg 11 rgattagaagagatatcaagatggatotaat
tta tgattagg
t

tattacaaggcatitgtgttctcattgatttggecga
o

e
it
f

't\fkaaaaaqaatf tgaaatcttgttcattggaattatttgtyg
attggtgatgtecattatggatggecaaat
tggattgtatattatggattgatatggt

itotaacatectaaaaacaageta

1’1‘

-0 H—@ o
ot o))

tatgcatqgca a*tgtqgatgatgaat
gagatttgtaaatetttiggtettacat
tatgeggtt ga*t"gutacpaata 2ttt

[l
ct
u(.‘

q Lgaca"a*tatg gacgcat:
a

I

o+
o
[Fe]
Q] w
o oo

[a (o BN e

atccataataacaaatecatttaaatatatccattocagaaacctttctactyg

atcegtatecattots taataataggag tthat aaccgtgttttgtaaagaaaccaaagttecatgicea
taaggttttgaaggtggaggtetctgcaaactga ca tecataataacgaatecatittaa
atatatccattcggasaccttttitactgatctat t‘ataacaggaga+thu “taactgaaat

c
ctcgatgcetacgtagatgaaacgagtttgac
tettetcatt g
gaagagagacd
cctaatett

cgaagcaaatcgageaaagattttcasgatttegastttcaaasatt ctatctctctcactcttccaagct
tagagactcettagagogags

SEQ ID NO:8B

cteggoaaacgocataactacagogtcegagtttageggtag

4

\
ol

tattt*taaaroqoaaq ;uatctg t"aqaarq*tcc

-

w
@
<
oy}
C
SENSE
'3
o
[f&)

[
¥
0

! ;taccatgag
~tgaagtttasagat

g
b‘tcaacg&ca Lqﬁt ch 'tbdaagbaL trcgttcﬁt
acacgagaatttgaattctygggaaaagetitectegasactttatet a
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SEQ ID NO:S

GTCGACTATARARCGCCCCTACACCCTCCTCCTTCCTTCEGCAGTTCAATTCCAATATATTCCATTCTCTCTGTGTATTTCCCTALCC
TCTCCCTTCAAGGTTAGTCCATTTCTTCTGTTT TTCTICTTCETTCTTTCCATGRATTGTETATGTTCTTTGATCAATACGATETT
GATTTGATTGTGCTTTTGTTTCGGETTTCATCGATCTTCAA TTTCAT-KWCAGAT“CAQCTTMTQTTATCTTTACAACAACGTCCTTA
ATTTGATGATTCTTTAATCCTAGATTTGCTCTAATTAGAGCT T TTITCATGTCAGATCCOTTTACAACAAGCCTTAATTGT TGATTC

ATTAATCGTAGATTAGGGCTTTTTTCATTCATTACTTCAGATCCEGTTARACGTAACCATAGATCAGCECTTTTTCATGAATTACTT
CAGATCCGTTAAACAACAGCCT TATTTT T TATACT TCTGTGCTTTTTCAAGAAATTGTTCAGATCCGTTGACARARAGCCTTATTC

SETGATTCTATATCGTTTTTCCAGAGATATTGCTCAGAT CTGTTAGCAACTGCCTTGTTTGTTGATTCTATTGCCGTGGATTAGGE
TTTTTTTTCACGAGATTGCTTCAGAT CCEGTACTTAAGATTACGTAATGCATTTTGATTCTGATTTATCTGTCAT TETTGACT CGAL
AGGATCCATG

SEQ ID NO:10

SCCCAATATAACAACGACGTCGTAACAGATARRGCGAAGCTTGAAGGT GCATGTGACTCCGTCAAGATTACGAAACCGCCAALT

CACGCABATTGCAATTCTCAATTTCCTAGAAGGACTCTCCGAARATGCAT CCAATACCARATATTACCLGTGTCATAGGCACTCA
ATACATGAACACGCGTCACAATATGACTEGAGRAGGETTICCACACCTTATEGCTATAAARACGCCCCACACCCCTCCTC

SCAGTTCAATTCCAATATATTCCATTCTCECTETCTATTTCCCTACCGCACCCTTCAAGEATCCATG

SEQ ID NO:11

GCnuCore

GTCGACTATRAAACGCCC
GCACCCTTCAAGGATCCATG

CCTTCGCAGTTCAATTCCAATATATTCCATTCTATCTGTGTATTTCCCTAC

7]

SEQ ID NO:12
ZmRhesl Promoter

AGCTCgcteectttaatetggegetagatotgeate CQuQGCftC aaaoataaw*gqcacattma'hqtgtua?tttgcaat'ct
ttt Ca\aq_QQATQtPthaaatQﬂaqtbt a9 qcatgt gggt ttta
.

tegtgatgactgatacagacgtggggaatte atgc%actc Lggg
tt

gtaattatttittgtagaaaaatagaataggtggaatggttiggggaaggegtagacy tygacy C taaaagacaa
gaggcggaattgecatgaattegaggtagetaagtaaggegeats f {

atgcgcfgvcaaaﬂacqﬂcat ctggaaactgactitgaatteag a tca
ggtgagagagceageagacgatgraaagagecsaaagtggaagcagac gecgaa a caag a tgtc
tttgoccagaaccgegacgagectaaactgeegetteetectatctacaagtecectggeacatecacgeatagtcoaaccatggoge
gcagygcgataaggegegecacyggggacgegacatgtggtggeggacgegatecaggatagggecaggotggocgggocgeggecacgy
gagaacggtggeocactegteccacatecgettegtecotgtectgtactgegtcectgooccoccaacgagagecggagecggocatoeac
gtecgeacactctecceoctctatatatgecgteggtgtgggggagectactacaggacgacccaagcaagcasagcaagcagegagta
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SEQ ID NO:1L3
OsAntl Promoter:

AGCTTAGGARGTGATTTTTAGCGTAGCTGTGTTTGTAGCGTAATTGCCTAARAGTCCTTTCAATTTTGCTATATCTCACTCGABAGA
TTTTTTCTTATCTCTCACTCGATTTY CACTCAAATTTACAGTGTATTTTCTTCTAAGCTTACAGTGTAATTTATGAAACTYTACAL
TGTAACTTTTGTAACTTACACTGTAAT TTTTCGAATCTTCACATGTAAATTT TAAATTTTGTATT TTGETCTTTTTCTTGAGS
ATATGGTAATTTAATGTTCATTATGETGTTTCTIAATTGCTT TP TGCTTT I TATTATATCTATCCGATTTTAATACAAAGATTARA
BATCTGTGTGATACCATTATARAAAT CTTTCCGARAGAT CTATAGGTACTCCCARGCCCTT TTAAGARAGT TTTTCAAGACAARALT
TTTTGGATGAARGGT TATAGGGARARAGGAATGTGCGTTTATGTTTATTEGCATTGCTTATTGGCAACCARARACTAATCTAT
ARGTAAATCTTTTATATACGTGCGCTTAATAATTCAARAGCAARTTCATGTAARATAAAATCCGATGAAGARACTTTAMAAAGTTA
TCAAATTTAGATTTTATTAAATTTTAGTTTACAAGAGCGCTACGATCAAGGCT T TAAARAGATGECARAATAARACCTY TTGRCCTT
TCTGEACTTCACCAAACAGCTCACCCTTTCEGCTTCETECCETCTCETCCOGTGCTACTECTACCCCCTCCTGACCCCACCCECCA
CTCCACGCTCCCTTCTCCTCCCCTTCCCETGACACACAGTCCCCACTCCACCGCCTCCGTATAAGTATCCCTTCCTTACCGCCGEE
CAGCCACAGCCACCGCCTCCCCCACCCCACCCCGATCCCCTCCCCECCETACGEGCEGCAGRAGEAACCCGTCTTCTAGAAGEAGGA
GGAGGGCTACCTCTICTCTCTCTCTCITCTGCCEAATT

CT
O
(O

ARTTCARGATCATCAGCGCAGAATTAAGGGAGT CACGTTATGACCCCCECCEATGACGCGEEACARGCCETTTTACGT TTGGAALCT
GACAGAACCCCARCGTTGAAGGAGCCACT CAGCCECEEETTTCTGGAGTTTAATGAGCTARGCACATACCT CAGARACCATTATTG
CGCETTCAAAAGTCGCCTAAGGTCACTAT CAGCTAGCAAATATTTCTTGTCARAAATGCTCCACTGACGTTCCATARATTCCCCTC
GGTATCCAATTAGAGTCTCATATTCACTCTCAATCCAGAT CTCGACTCTAGEGEEATCTACC
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