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Nucleotide Sequence Encoding WUSCHEL-Related
homeobox4 (WOX4) Protein from Corchorus olitorius and
Corchorus capsularis and Methods of Use for Same

Related Application

This application claims the benefit of U.S. Provisional Application No. 61/907,617, filed on
November 22, 2013; the entire contents of which is hereby incorporated by reference.

Field of invention

The present invention relates generally to the field of molecular biology and concerns a
method for enhancing fiber yield-related traits by modulating expression in a plant of a
nucleic acid encoding WUSCHEL-related homeobox4 protein (WOX4) polypeptide. More
particularly, the present invention provides the WUSCHEL-related homeobox4 (WOX4)
homologues isolated from two species of jute plants, namely, C. olitorius and C. capsularis,
and its application in the production of bast fiber in the plant of jute, as well as a transgenic
jute plant thereof.

Background of the invention

Jute is an eco-friendly and biodegradable natural fiber. It is a renewable resource with high
biomass production per unit arca of land. More than 100 jute species (including wild
relatives) produce natural bast fiber. Jute is produced from plants in the genus Corchorus,
which was once classified with the family Tiliaceae, more recently with Malvaceae.
However, only two of these species, C. olitorius and C. capsularis, produce high quality
fiber suitable for use in industrial purposes. Being a natural fiber, jute can be used in
various ways, supplementing or replacing synthetics, and it has been receiving increasing
attention from industry. As there is an increasing global demand for jute fiber, further
improvement of jute fiber production is necessary. Thus, there is a significant interest in
studying fiber biosynthesis and exploring the molecular biology involved in biosynthesis of
this fiber.

Fiber of jute is an extraxylary fiber which is composed of and/or comprises two types of
fiber: (1) primary phloem fiber that develops from procambium in the protophloem region
through cell division and modification, and (ii) secondary phloem fiber that develops from
cambium by the activity of fusiform and ray initials (Maiti and Mitra, 1972. Bull Bot Soc
Bengal 26:79-85). These procambium and cambium tissues communicate cell-to-cell

mediated by the tracheary element differentiation inhibitory factor (TIDF) and the TDIF
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receptor (TDR) membrane protein kinase, which promotes proliferation of procambial cells
and suppresses their xylem differentiation (Figure 1; Hirakawa et al., 2010. Plant Cell,
22:2618-2629; Etchells et al., 2013. Development 140, 2224-2234).

The WUSCHEL-related HOMEOBOX (WOX) gene family performs related functions
during initiation and/or maintenance of various embryonic, meristematic, and organ initial
cells (Haecker et al., 2004). Among the WUSCHEL-related HOMEOBOX (WOX) gene
family proteins, WOX4 acts as a key regulator of TDIF signaling pathway (Hirakawa et al.
2010) and expressed preferentially in the procambium and cambium (Schrader et al., 2004;
Jietal., 2010 and Hirakawa et al. 2010). For example, TDIF-TDR induces the transcription
of master transcription factor WUSCHEL-related HOMEOBOX4 (W0OX4) that promotes
the maintenance of procambium/cambium stem cells in Arabidopsis and in Tomato.
WUSCHEL-related HOMEOBOX4 (WOX4) polypeptide catalyzes the initiation of bast
fiber in plant. However, there are not many characterization reports or existing technologies
provided in the prior art relating to this polypeptide. U.S. Patent No. 2011/0283420 A1l
(incorporated by reference) has disclosed wuschel related homeobox 1-like (WOXI1-like)
polypeptide for enhanced yield-related traits in plants. In another E.P. Patent No. 1451301
B1 disclosed the use of wuschel gene in promotion of somatic embryogenesis in plants.
Recently, some wuschel gene homologs were disclosed in U.S. Patent No. 2010/0100981
Al (incorporated by reference).

In view of the fact that WUSCHEL-related homeobox4 protein could play an important role
in the biosynthesis pathway of jute fiber, it is desirable for industry to provide a genetic
approach relating to the biosynthesis of the fiber in the plant by exploring and utilizing the
molecular biology and genetic information of WUSCHEL-related homeobox4 (WOX4).
Besides, because the fiber biosynthesis pathway and genetic make-up of each species of
plant typically varies, a species-specific approach is also preferable in order to optimize
yield of fiber from jute plants, and obtain compatible results to enable use in industry.
Summary of the invention

One aspect of the present invention, amongst others, is to provide a gene encoding protein,
derived from C. olitorius and C. capsularis, which is involved in catalyzing their initiation
of bast fiber formation, and has a WUSCHEL-related homeobox4 (WOX4)-like sequence.
More specifically, the present invention provides a gene that has the ability to induce

phloem fiber, thus providing a protein encoded thereby, and uses thereof.
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Another object of the present invention is to provide the molecular biology and genetic
information of WUSCHEL-related homeobox4 (WOX4) to be exploited/utilized for
improving the production, growth, strength and yield of fiber in the plants of C. olitorius
and C. capsularis, as well as in other bast fiber-producing plants.

Still another object of the present invention is to obtain a transgenic plant of C. olitorius
and C. capsularis with increased fiber production by regulating the biosynthesis of
WUSCHEL-related homeobox4 (WOX4) in the plant.

Yet another object of the present invention is to provide isolated polynucleotides having
specific nucleotide sequences, which may facilitate the performance of the disclosed
method, and provide access to transgenic C. olitorius and C. capsularis plants.

Further object of the present invention is to provide a potential commercially feasible way
to increase the production of fiber for jute fiber-based products.

The present invention provides a gene isolated from C. olitorius encoding a protein that has
the amino acid sequence as set forth in SEQ ID NO: 3, which is involved in catalyzing the
initiation of phloem fiber formation and has a WUSCHEL-related homeobox4 (WOX4)-
like sequence. The present invention further provides a gene encoding a protein that has an
amino acid sequence modified by the addition or deletion of one or a plurality of amino
acids and/or replacement with other amino acids in the amino acid sequence as set forth in
SEQ ID NO: 3, which is involved in catalyzing the initiation of formation of phloem fiber
and has a WUSCHEL-related homeobox4 (WOX4)-like sequence. The present invention
further provides a gene that hybridizes to the nucleic acid as set forth in SEQ ID NO: 1,
specifically its DNA or a portion thereof, and encodes a protein involved in catalyzing the
initiation of formation of phloem fiber and has a WUSCHEL-related homeobox4 (WOX4)-
like sequence.

The present invention also provides a gene isolated from C. capsularis encoding a protein
that has the amino acid sequence as set forth in SEQ ID NO: 6, which is involved in
catalyzing the initiation of formation of phloem fiber and has a WUSCHEL-related
homeobox4 (WOX4)-like sequence. The present invention further provides a gene
encoding a protein that has an amino acid sequence modified by the addition or deletion of
one or a plurality of amino acids and/or replacement with other amino acids in the amino
acid sequence as set forth in SEQ ID NO: 6, which is involved in catalyzing the initiation of
formation of phloem fiber and has a WUSCHEL-related homeobox4 (WOX4)-like

sequence. The present invention further provides a gene that hybridizes the nucleic acid as
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set forth in SEQ ID NO: 4, specifically its DNA or a portion thereof, and encodes a protein

involved in catalyzing the initiation of formation of phloem fiber and has a WUSCHEL-

related homeobox4 (WOX4)-like sequence.

According to one of the preferred embodiments of the present invention, the plant of C.

olitorius used is variety O-4, and the plant of C. capsularis used is variety CVL-1.

Another embodiment of the present invention discloses a recombinant gene construct

comprising a polypeptide having nucleotide sequence set forth in SEQ ID NO: 2 and/or

SEQ ID NO: 5, wherein the polynucleotide is expressible in a host cell to produce a

homologue of WUSCHEL-related homeobox4 (WOX4) in the plant of C. olitorius and C.

capsularis, respectively.

Further embodiment of the present invention is a transformant comprising a recombinant

gene construct capable of expressing a polynucleotide having nucleotide sequence set forth

in SEQ ID NO: 2 and/or SEQ ID NO: 5 to produce a homologue of WUSCHEL-related

homeobox4 (WOX4) protein.

The present invention also provides a method for producing a protein involved in the

catalytic activity for phloem fiber initiation, and has a WUSCHEL-related homeobox4

(WOX4)-like sequence, comprising culturing and/or cultivating the above host.

The present invention also provides a method for inducing initiation of phloem fiber of

plants or plant cells; furthermore, it also discloses a method comprising and/or consisting of

introducing the above gene into plants or plant cells, and driving the expression of said

genes.

One skilled in the art will readily appreciate that the present invention is well adapted to

carry out the objects and obtain the ends and advantages mentioned, as well as those

inherent therein. The embodiments described herein are not intended as limitations on the

scope of the invention.

These and other features, aspects, and advantages of the present invention will be better

understood with reference to the following description and claims.

Brief description of the drawings

Figure 1 displays TDIF-TDR signaling pathway. TDIF-TDR signaling diverges into
two pathways, one is WOX4 involves in phloem cell proliferation, which
promotes fiber cell initiation and another is a hypothetical factor X that

inhibits xylem differentiation of vascular stem cells.
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Figure 2 displays the phylogenetic tree comparing SEQ ID NO. 3 from C. olitorius
and SEQ ID NO. 6 from C. capsularis along with other amino acid
sequences, which produce WUSCHEL-related homeobox4 (WOX4) protein.

Detailed description of the invention

The invention can be more fully understood from the following detailed description and the

accompanying drawings which form a part of this application.

The definitions and/or methods provided herein define the present invention and guide

those of ordinary skill in the art in the practice of the present invention. Except where

otherwise stated, terms are to be understood according to conventional usage by those of
ordinary skill in the relevant art. To the extent to which any of the definitions and/or
methods is found to be inconsistent with any of the definitions and/or methods provided in
any patent or non-patent reference incorporated herein or in any reference found elsewhere,
it is understood that the said definition and/or method which has been expressly

provided/adopted in this application will be used herein. The singular terms "a," "an," and
"the" include plural referents unless context clearly indicates otherwise. Similarly, the word
"or" is intended to include "and" unless the context clearly indicates otherwise. Hence,
"comprising A or B" means including A, or B, or A and B. It is further to be understood
that all base sizes or amino acid sizes, and all molecular weight or molecular mass values,
given for nucleic acids or polypeptides are approximate, and are provided for description.
Although methods and materials similar or equivalent to those described herein can be used
in the practice or testing of the present disclosure, suitable methods and materials are
described below.

The present invention relates to isolated polynucleotides encoding WUSCHEL-related
homeobox4 protein extracted from C. olitorius and C. capsularis, and corresponding
polypeptides derived therefrom. More particularly, the present invention provides
WUSCHEL-related homeobox4 homologues, and their application in enhanced fiber yield
in C. olitorius and C. capsularis, both being species of jute plants, as well as related
transgenic C. olitorius and C. capsularis plants. The genomic sequences of the invention
encode the enzymes were identified primarily by comparison of nucleotide sequences of C.
olitorius and C. capsularis genomic DNA and the nucleotide sequences of known enzyme
genes of other plants. Prior to this invention, the nucleotide sequences of these C. olitorius

and C. capsularis genes, the reading frames, the positions of exons and introns, the
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structure of the enzymes, and their potential usefulness in the development of high fiber
yield potential jute plants were not known.

Analysis of the genome sequence of commercially cultivated jute species, C. olitorius and
C. capsularis, reveals that both species have single genes coding for enzymes which
possess preferred catalytic activities for enhancing fiber production. The nucleotide
sequences were initially annotated by software programs, such as Augustus, Semi-HMM-
based Nucleic Acid Parser (SNAP), Geneid (Genome Biolnformatics Research Lab), which
can identify putative coding regions, introns, and splice junctions. Further automated and
manual curation of the nucleotide sequences was performed to refine and establish precise
characterization of the coding regions and other gene features.

Over 30,096 cDNAs from C. olitorius and 37,031 cDNAs from C. capsularis were partially
or fully sequenced. From them a single cDNA was developed from each of the species,
encoding new enzymes, with putative roles, preferred catalytic activities in enhancing fiber
production in jute.

Open reading frames (ORFs) are analyzed following full or partial sequencing of clones of
cDNA libraries derived from C. olitorius and C. capsularis mRNA and are further analyzed
using sequence analysis software, and by determining homology to known sequences in
databases (public/private).

In the context of this disclosure, a number of terms used throughout the specification have
the indicated meanings unless expressly indicated to have a different meaning.

As used herein, a “polynucleotide” is a nucleotide sequence such as a nucleic acid
fragment. A polynucleotide may be a polymer of RNA or DNA that is single- or double-
stranded, that optionally contains synthetic, non-natural or altered nucleotide bases. A
polynucleotide in the form of a polymer of DNA may comprise and/or consist of one or
more segments of cDNA, genomic DNA, synthetic DNA, or mixtures/combination thereof.
An isolated polynucleotide of the present invention may include at least one of 150
contiguous nucleotides (both upstream and downstream) derived from SEQ ID No. 1 and,
SEQ ID No. 4, or the complement of such sequences.

"Polypeptide" as used herein, is a single linear chain of amino acids bonded together by
peptide bonds, and having usually a sequence greater than 100 amino acids in length.
"Isolated" means altered "by the hand of man" from the natural state. If a composition or
substance occurs in nature, it has been "isolated" if it has been changed or removed from its

original environment, or both. For example, a polynucleotide or a polypeptide naturally
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present in a living plant or animal is not "isolated,” but the same polynucleotide or
polypeptide separated from the coexisting materials of its natural state is "isolated", as the
term is employed herein.

The term “gene”, as used herein, is defined as the genomic sequences of the plant C.
olitorius and C. capsularis, particularly polynucleotide sequence encoding polypeptide
sequence of the WUSCHEL-related homeobox4 enzymes involved in the preferred catalytic
activities in enhancing fiber production in jute. The term can further include nucleic acid
molecules comprising upstream, downstream, and/or intron nucleotide sequences.

A "coding sequence” or "coding region" refers to a nucleic acid molecule having sequence
information necessary to produce a gene product, such as an amino acid or polypeptide,
when the sequence is expressed. The coding sequence may comprise and/or consist of
untranslated sequences (including introns or 5' or 3' untranslated regions) within translated
regions, or may lack such intervening untranslated sequences (e.g., as in cDNA).

The term “oligonucleotide” as used herein, is a short polynucleotide or a portion of
polynucleotide, which may preferably comprise 10-1000, most preferably 12 to 50
nucleotides in length. In respect to the embodiment of the present invention, nucleotides
contained within the oligonucleotides can be analogs or derivatives of naturally occurring
nucleotides.

The term “primer” as used herein is an oligonucleotide capable of binding to a target
nucleic acid sequence and priming the nucleic acid synthesis. An amplification
oligonucleotide as defined herein may preferably be 10 to 50, most preferably 15 to 25,
nucleotides in length. Furthermore, the amplification oligonucleotides of the present
invention may be chemically synthesized and such oligonucleotides are not naturally
occurring nucleic acids.

The abbreviation used throughout the specification to refer to nucleic acids comprising
nucleotide sequences are the conventional one-letter abbreviations. Thus when included in a
nucleic acid, the naturally occurring encoding nucleotides are abbreviated as follows:
adenine (A), guanine (QG), cytosine (C), thymine (T) and uracil (U). Also, unless otherwise
specified, the nucleic acid sequences presented herein is the 5'—3 direction.

As used herein, the term “complementary” and derivatives thereof are used in reference to
pairing of nucleic acids by the well-known rules that A pairs with T or U and C pairs with
G. Complement can be “partial” or “complete”. In partial complement, only some of the

nucleic acid bases are matched according to the base pairing rules; while in complete or
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total complement, all the bases are matched according to the pairing rule. The degree of
complement between the nucleic acid strands may have significant effects on the efficiency
and strength of hybridization between nucleic acid strands as well known in the art. The
efficiency and strength of the said hybridization depends upon detection method.

The term "host cell”, as used herein, includes any cell type which is susceptible to
transformation, transfection, transduction, expression and the like with a nucleic acid
construct or expression vector comprising and/or consisting of a polynucleotide of the
present invention. Suitable host cell includes fungi and/or plant cells, especially bast fiber
producing plant cells.

The term "operably linked" generally denotes herein a configuration in which a control
sequence is placed at an appropriate position relative to the coding sequence of the
polynucleotide sequence such that the control sequence directs the expression of the coding
sequence of a polypeptide. For example, a promoter can be operably-linked with a coding
sequence when it affects the expression of that coding sequence, i.¢., the coding sequence is
under the transcriptional control of the promoter.

A “vector” generally refers to a replicon, such as plasmid, phage, cosmid, yeast or virus to
which another nucleic acid segment may be operably inserted so as to bring about the
replication or expression of the segment. The term "vector” is also intended to refer to a
nucleic acid molecule capable of transporting another nucleic acid to which it has been
linked. One type of vector is a "plasmid,” which refers to a circular double-stranded DNA
loop into which additional DNA segments may be ligated. Another type of vector is a viral
vector, where additional DNA segments may be ligated into the viral genome. Certain
vectors are capable of autonomous replication in a host cell into which they are introduced
(e.g., bacterial vectors having a bacterial origin of replication and episomal mammalian
vectors). Other vectors can be integrated into the genome of a host cell upon introduction
into the host cell, and thereby are replicated along with the host genome. Moreover, certain
vectors are capable of directing the expression of genes to which they are operatively
linked. Such vectors are referred to herein as "recombinant expression vectors” (or simply,
"expression vectors"). In general, expression vectors of utility in recombinant DNA
techniques are often in the form of plasmids. In the present specification, "plasmid" and
"vector" may be used interchangeably as the plasmid is the most commonly used form of

vector. However, the invention is intended to include such other forms of expression
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vectors, such as viral vectors (e.g., replication defective retroviruses, adenoviruses and
adeno-associated viruses), which serve equivalent functions.

The term "nucleic acid construct” or "DNA construct" is sometimes used to refer to a
coding sequence or sequences operably linked to appropriate regulatory sequences and
inserted into a vector for transforming a cell. This term may be used interchangeably with
the term "transforming DNA" or "transgene."

The term "promoter”, as used herein, refers to a nucleic acid sequence that functions to
direct transcription of a downstream gene. The promoter will generally be appropriate to the
host cell in which the target gene is being expressed. The promoter together with other
transcriptional and translational regulatory nucleic acid sequences (also termed “control
sequences”) is necessary to express a given gene. In general, the transcriptional and
translational regulatory sequences include, but are not limited to, promoter sequences,
ribosomal binding sites, transcriptional start and stop sequences, translational start and stop
sequences, and enhancer or activator sequences.

As used herein, “WUSCHEL polypeptide” or “WUS polypeptide” means a polypeptide
having wuschel activity, i.e., involved in the initiation and maintenance of stem cells in
plants. Wuschel activity stimulates cell growth, including stem cells. Wuschel is a plant
homeodomain protein, comprising an ‘atypical’ (compared to the animal homeodomain
motif) helix-loop-helix-turn-helix homeodomain motif com prising extra amino acid
residues in the loop and/or turn of the domain. Wuschel proteins may further comprise
and/or consist of other conserved motifs, such as the two conserved wuschel C-terminal
domains, the (E/R)TLPLFP and A(A/S)LEL(S/T)L domains. The term is also inclusive of
fragments, variants, and homologues, with any one of the above stated functions.

The term "homologues", as used herein, refers to a protein encompass peptides,
oligopeptides, polypeptides, proteins and enzymes having amino acid substitutions,
deletions and/or insertions relative to the unmodified protein in question and having similar
biological and functional activity as the unmodified protein from which they are derived.

A deletion refers to removal of one or more amino acids from a protein.

An insertion refers to one or more amino acid residues being introduced into a
predetermined site in a protein. Insertions may comprise N-terminal and/or C-terminal
fusions as well as intra-sequence insertions of single or multiple amino acids. Generally,
insertions within the amino acid sequence will be smaller than N- or C-terminal fusions, of

the order of about 1 to 10 residues.
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Change Site Directed mutagenesis (Stratagene, San Diego, CA), PCR-mediated site-
directed mutagenesis or other site-directed mutagenesis protocols.

As used herein, a “biologically active portion” may refer to a fragment of WUSCHEL-
related homeobox4 protein having a biological activity for catalyzing the initiation,
formation, enhancement, or variation in the composition of phloem fiber in the plant of C.
olitorius or C. capsularis. Biologically active portions of a WUSCHEL-related homeobox4
protein include peptides or polypeptides comprising amino acid sequences sufficiently
identical to or derived from the amino acid sequence of the WUSCHEL-related homeobox4
protein, e.g., the amino acid sequence as set forth in SEQ ID NO: 3 or SEQ ID NO: 6,
which include fewer amino acids than the full length WUSCHEL-related homeobox4
proteins, and exhibit at least one activity of a WUSCHEL-related homeobox4 protein.
Typically, biologically active portions comprise a domain or motif with at least one activity
of the WUSCHEL-related homeobox4 protein. A biologically active portion of a
WUSCHEL-related homeobox4 protein can be a polypeptide which is, for example, 210,
211,212,213, 214, 215, 216, 217, 218, 219, 220, 221, 222, or 223 amino acids in length.
The WUSCHEL-related homeobox4 protein may have an amino acid sequence set forth in
SEQ ID NO: 3 or SEQ ID NO: 6. In other embodiments, the WUSCHEL-related
homeobox4 protein is substantially identical to SEQ ID NO: 3 or SEQ ID NO: 6, and
retains the functional activity of the protein of SEQ ID NO: 3 or SEQ ID NO: 6, yet differs
in amino acid sequence due to natural allelic variation or mutagenesis. In another
embodiment, the WUSCHEL-related homeobox4 protein comprises an amino acid
sequence at least about 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%,
99.6%, 99.7%, 99.8%, 99.9% or more identical to SEQ ID NO: 3 or SEQ ID NO: 6.

The term "domain", as used herein, refers to a set of amino acids conserved at specific
positions along an alignment of sequences of evolutionarily related proteins. While amino
acids at other positions can vary between homologues, amino acids that are highly
conserved at specific positions indicate amino acids which are likely to be essential in the
structure, stability or function of a protein. Identified by their high degree of conservation in
aligned sequences of a family of protein homologues, they can be used as identifiers to
determine if any polypeptide in question belongs to a previously identified polypeptide
family.

The term "motif", as used herein, refers to a short conserved region in the sequence of

evolutionarily related proteins. Motifs are frequently highly conserved parts of domains, but
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may also include only part of the domain, or be located outside of conserved domain (if all
of the amino acids of the motif fall outside of a defined domain).

Specialist databases exist for the identification of domains, for example, SMART (Schultz
et al. (1998) Proc. Natl. Acad. Sci. USA 95, 5857-5864; Letunic et al. (2002) Nucleic Acids
Res 30, 242-244), InterPro (Mulder et al., (2003) Nucl. Acids. Res. 31, 315-318), Prosite
(Bucher and Bairoch (1994), A generalized profile syntax for biomolecular sequences
motifs and its function in automatic sequence interpretation. (In) ISMB-94; Proceedings
2nd International Conference on Intelligent Systems for Molecular Biology. Altman R.,
Brutlag D., Karp P., Lathrop R., Searls D., Eds., pp53-61, AAAI Press, Menlo Park; Hulo
et al., Nucl. Acids. Res. 32:D134-D137, (2004)), or Pfam (Bateman et al., Nucleic Acids
Research 30(1): 276-280 (2002)). A set of tools for in silico analysis of protein sequences is
available on the ExPASy protecomics server (Swiss Institute of Bioinformatics (Gasteiger et
al., ExXPASy: The Proteomics Server for In-depth Protein Knowledge and Analysis, Nucleic
Acids Res. 31:3784-3788(2003)). Domains or motifs may also be identified using routine
techniques, such as by sequence alignment.

For the purposes of the invention, "transgenic"”, "transgene” or "recombinant” means with
regard to, for example, a nucleic acid sequence, an expression cassette, gene construct or a
vector comprising and/or consisting of the nucleic acid sequence or an organism
transformed with the nucleic acid sequences, expression cassettes or vectors according to
the invention, all those constructions brought about by recombinant methods in which
either: (a) the nucleic acid sequences encoding proteins useful in the methods of the
invention, or (b) genetic control sequence(s) which is operably linked with the nucleic acid
sequence according to the invention, for example a promoter, or (c) a) and b) are not
located in their natural genetic environment or have been modified by recombinant
methods. The modification may take the form of, for example, a substitution, addition,
deletion, inversion or insertion of one or more nucleotide residues. The natural genetic
environment is understood as meaning the natural genomic or chromosomal locus in the
original plant or the presence in a genomic library. In the case of a genomic library, the
natural genetic environment of the nucleic acid sequence is preferably retained, at least in
part. The environment flanks the nucleic acid sequence at least on one side and has a
sequence length of about 50 bp, preferably of about 500 bp. A naturally occurring
expression cassette - for example the naturally occurring combination of the natural

promoter of the nucleic acid sequences with the corresponding nucleic acid sequence
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encoding a polypeptide useful in the methods of the present invention, as defined above -
becomes a transgenic expression cassette when this expression cassette is modified by non-
natural, synthetic ("artificial") methods such as, for example, mutagenic treatment. Suitable
methods are described, for example, in US 5,565,350 (incorporated by reference) or WO
00/15815 (incorporated by reference).

A transgenic plant for the purposes of the invention is thus understood as including those
plants in which the nucleic acids used in the method of the invention are not at their natural
locus in the genome of the said plant, and thus it is possible for the nucleic acids to be
expressed homologously or heterologously. However, as mentioned, transgenic also means
that, while the nucleic acids according to the invention or used in the inventive method are
at their natural position in the genome of a plant, the sequence has been modified with
regard to the natural sequence, and/or that the regulatory sequences of the natural sequences
have been modified. Transgenic is preferably understood as meaning the expression of the
nucleic acids according to the invention at an unnatural locus in the genome, where
homologous or, preferably, heterologous expression of the nucleic acids takes place.

The term "introduction" or "transformation"”, as used herein, encompass the transfer of an
exogenous polynucleotide into a host cell, irrespective of the method used for transfer.
Plant tissue capable of subsequent clonal propagation, whether by organogenesis or
embryogenesis, may be transformed with a genetic construct of the present invention and a
whole plant regenerated therefrom. The particular tissue chosen will vary depending on the
clonal propagation systems available for, and best suited to, the particular species being
transformed. Exemplary tissue targets include leaf disks, pollen, embryos, cotyledons,
hypocotyls, megagametophytes, callus tissue, existing meristematic tissue (e.g., apical
meristem, axillary buds, and root meristems), and induced meristem tissue (e.g., cotyledon
meristem and hypocotyl meristem). The polynucleotide may be transiently or stably
introduced into a host cell and may be maintained in non-integrated form, for example, as a
plasmid. Alternatively, it may be integrated into the host genome. The resulting
transformed plant cell may then be used to regenerate a transformed plant in a manner
known to persons skilled in the art.

The transfer of foreign genes into the genome of a plant is called transformation.
Transformation of plant species is now a fairly routine technique. Advantageously, any of
several transformation methods may be used to introduce the gene of interest into a suitable

ancestor cell. The methods described for the transformation and regeneration of plants from
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plant tissues or plant cells may be utilized for transient or for stable transformation.
Transformation methods include the use of liposomes, electroporation and chemicals which
increase free DNA uptake, injection of the DNA directly into the plant, particle gun
bombardment, transformation using viruses or pollen and microprojection. Transgenic
plants, including transgenic crop plants, are preferably produced via Agrobacterium-
mediated transformation. An advantageous transformation method is the transformation in
planta (Sajib et. al. Plant Cell Tiss. Organ Cult. (2008) 95, 333-34).

Generally after transformation, plant cells or cell groupings are selected for the presence of
one or more markers which are encoded by plant-expressible genes co-transferred with the
gene of interest, following which the transformed material is regenerated into a whole plant.
To select transformed plants, the plant material obtained in the transformation is, as a rule,
subjected to selective conditions so that transformed plants can be distinguished from
untransformed plants. For example, the seeds obtained in the above-described manner can
be planted and, after an initial growing period, subjected to a suitable selection by spraying.
A further possibility consists in growing the seeds, if appropriate after sterilization, on agar
plates using a suitable selection agent so that only the transformed seeds can grow into
plants. Alternatively, the transformed plants are screened for the presence of a selectable
marker such as the ones described above.

Following DNA transfer and regeneration, putatively transformed plants may also be
evaluated, for instance using Southern analysis, for the presence of the gene of interest,
copy number and/or genomic organization. Alternatively or additionally, expression levels
of the newly introduced DNA may be monitored using Northern and/or Western analysis,
both techniques being well known to persons having ordinary skill in the art.

The generated transformed plants may be propagated by a variety of means, such as by
clonal propagation or classical breeding techniques. For example, a first generation (or T1)
transformed plant may be selected and homozygous second-generation (or T2)
transformants may be selected, and the T2 plants may then further be propagated through
classical breeding techniques. The generated transformed organisms may take a variety of
forms. For example, they may be chimeras of transformed cells and non-transformed cells;
clonal transformants (e.g., all cells transformed to contain the expression cassette); grafts of
transformed and untransformed tissues (e.g., in plants, a transformed rootstock grafted to an

untransformed scion).
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The term "increased expression” or "overexpression” as used herein refers to any form of
expression that is additional to the original wild-type expression level.

Methods for increasing expression of genes or gene products are well documented in the art
and include, for example, overexpression driven by appropriate promoters, the use of
transcription enhancers or translation enhancers. Isolated nucleic acids which serve as
promoter or enhancer elements may be introduced in an appropriate position (typically
upstream) of a non-heterologous form of a polynucleotide so as to upregulate expression of
a nucleic acid encoding the polypeptide of interest. For example, endogenous promoters
may be altered in vivo by mutation, deletion, and/or substitution (see, Kmiec, US 5,565,350
; Zarling et al., W09322443 ), or isolated promoters may be introduced into a plant cell in
the proper orientation and distance from a gene of the present invention so as to control the
expression of the gene.

If polypeptide expression is desired, it is generally desirable to include a polyadenylation
region at the 3'-end of a polynucleotide coding region. The polyadenylation region can be
derived from the natural gene, from a variety of other plant genes, or from T-DNA. The 3'
end sequence to be added may be derived from, for example, the nopaline synthase or
octopine synthase genes, or alternatively from another plant gene, or less preferably from
any other eukaryotic gene.

An intron sequence may also be added to the 5' untranslated region (UTR) or the coding
sequence of the partial coding sequence to increase the amount of the mature message that
accumulates in the cytosol. Inclusion of a splice able intron in the transcription unit in both
plant and animal expression constructs has been shown to increase gene expression at both
the mRNA and protein levels up to 1000-fold (Buchman and Berg (1988) Mol. Cell biol. 8:
4395-4405; Callis et al. (1987) Genes Dev 1:1183-1200). Such intron enhancement of gene
expression is typically greatest when placed near the 5' end of the transcription unit. Use of
the maize introns Adhl-S intron 1, 2, and 6, the Bronze-1 intron are known in the art. For
general information see: The Maize Handbook, Chapter 116, Freeling and Walbot, Eds.,
Springer, N.Y. (1994).

To determine the percent identity of two amino acid sequences or of two nucleic acid
sequences, the sequences can be aligned for optimal comparison purposes (e.g., gaps can be
introduced in one or both of a first and a second amino acid or nucleic acid sequence for
optimal alignment and non-identical sequences can be disregarded for comparison

purposes). The length of a reference sequence aligned for comparison purposes can be at
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least 95% of the length of the reference sequence. The amino acid residues or nucleotides
at corresponding amino acid positions or nucleotide positions can then be compared. When
a position in the first sequence is occupied by the same amino acid residue or nucleotide as
the corresponding position in the second sequence, then the molecules are identical at that
position (as used herein amino acid or nucleic acid “identity” is equivalent to amino acid or
nucleic acid “homology”). The percent identity between the two sequences is a function of
the number of identical positions shared by the sequences, taking into account the number
of gaps, and the length of each gap, which need to be introduced for optimal alignment of
the two sequences.

The comparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm. In one embodiment, the
percent identity between two amino acid sequences can be determined using the Needleman
and Wunsch (J. Mol. Biol. 48:444-453 (1970)) algorithm which has been incorporated into
the GAP program in the GCG software package (available at http://www.gcg.com), using
either a Blosum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, &, 6, or
4 and a length weight of 1, 2, 3, 4, 5, or 6. In yet another preferred embodiment, the
percent identity between two nucleotide sequences can be determined using the GAP
program in the GCG software package (available at http://www.gcg.com), using a
NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length weight of
1,2,3,4,5,or 6. In another embodiment, the percent identity between two amino acid or
nucleotide sequences can be determined using the algorithm of E. Meyers and W. Miller
(Comput. Appl. Biosci. 4:11-17 (1988)) which has been incorporated into the ALIGN
program (version 2.0 or 2.0U), using a PAM120 weight residue table, a gap length penalty
of 12 and a gap penalty of 4.

Exemplary computer programs which can be used to determine identity between two
sequences include, but are not limited to, the suite of BLAST programs, e.g., BLASTN,
BLASTX, and TBLASTX, BLASTP and TBLASTN, publicly accessible at
www.ncbi.nlm.nih.gov/BLAST.

Sequence searches are typically carried out using the BLASTN program, when evaluating a
given nucleic acid sequence relative to nucleic acid sequences in the GenBank DNA
Sequences and other public databases. The BLASTX program is preferred for searching
nucleic acid sequences that have been translated in all reading frames against amino acid

sequences in the GenBank Protein Sequences and other public databases.
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A preferred alignment of selected sequences in order to determine "% identity" between
two or more sequences is performed using, for example, the CLUSTAL-W program.

As in setting forth, one embodiment of the present invention are isolated polynucleotides
encoding WUSCHEL-related homeobox4 polypeptide found in the plants C. olitorius and
C. capsularis comprising and/or consisting of nucleotide sequence as set forth in SEQ ID
NO 2 and SEQ ID NO 35, respectively. Correspondingly, the respective WUSCHEL-related
homeobox4 polypeptides encoded by the nucleotide sequences possess the amino acid
sequences set forth in SEQ ID NO 3 and SEQ ID NO 6. According to an embodiment of the
present invention, SEQ ID NO 3 refers to the polypeptide sequence of the C. olitorius-
derived WUSCHEL-related homeobox4 (WOX4) homologue, and SEQ ID NO 6 refers to
the polypeptide sequence of the C. capsularis-derived WUSCHEL-related homeobox4
(WOX4) homologue. Both these enzymes are present in the biosynthesis pathway of fiber
in the plants of C. olitorius and C. capsularis for catalyzing the initiator molecules for
priming the biosynthesis of fiber cell in the plant.

The present invention also provides a gene sequence encoding the WUSCHEL-related
homeobox4 (WOX4) homologues from the plants C. olitorius and C. capsularis.

In one embodiment, the 1250 bp long polynucleotide illustrated in SEQ ID No. 1 is the full
length gene isolated from C. olitorius. This gene sequence includes at least 150 contiguous
nucleotides from both upstream and downstream of the gene. This also provides the intronic
sequence of the gene.

In another embodiment, the 1237 bp long polynucleotide illustrated in SEQ ID No. 4 is the
full length gene isolated from C. capsularis. This gene sequence includes at least 150
contiguous nucleotides from both upstream and downstream of the gene. This also provides
the intronic sequence of the gene.

In still another embodiment of the present invention, an isolated polynucleotide encoding a
polypeptide comprising nucleotide sequence set forth in SEQ ID NO 2 and/or SEQ ID NO
5 is provided. SEQ ID NO 2 refers to the polynucleotide sequence of the C. olitorius-
derived WUSCHEL-related homeobox4 (WOX4) homologue sequence and SEQ ID NO 5
refers to the polynucleotide sequence of the C. capsularis-derived WUSCHEL-related
homeobox4 (WOX4) homologue sequence.

In still another embodiment, an isolated nucleic acid molecule which is capable of
encoding a WUSCHEL-related homeobox4 polypeptide, or biologically active fragment

thereof, comprises a nucleotide sequence which is at least about 95%, 96%, 97%, 98%,
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99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9% or more identical
to the entire length of the nucleotide sequence set forth in SEQ ID NO: 2, SEQ ID NO: 5,
or any complement thereof.

In one embodiment, the 669 bp long polynucleotide illustrated in SEQ ID No. 2 is the full
length cDNA clone encoded WUSCHEL-related homeobox4 (WOX4) protein exhibiting an
open reading frame encoding a 222 amino acid polypeptide, as in SEQ ID No. 3, with a
calculated molecular mass of about 25.54 kD. Through SMART analysis of SEQ ID No. 3,
it reveals presence of homeobox domain in the sequence. This is a DNA-binding factor,
which is involved in the transcriptional regulation of key developmental processes of plant.
This is WUSCHEL-related homeobox4 (WOX4) protein involved in the vascular cell
proliferation of plant.

In one embodiment, the 672 bp long polynucleotide illustrated in SEQ ID No. 5 is the full
length cDNA clone encoded WUSCHEL-related homeobox4 (WOX4) protein exhibiting an
open reading frame encoding a 223 amino acid polypeptide, as in SEQ ID No. 6, with a
calculated molecular mass of about 25.67 kD. Through SMART analysis of SEQ ID No. 6,
it reveals presence of homeobox domain in the sequence. This is a DNA-binding factor,
which is involved in the transcriptional regulation of key developmental processes of plant.
This is WUSCHEL-related homeobox4 (WOX4) protein involved in the vascular cell
proliferation of plant.

In accordance with the preferred embodiment of the present invention, the isolated
polynucleotide illustrated in SEQ ID NO 2 can be obtained by PCR amplification of the
conserved region of the gene using total RNA isolated from the plant of C. olitorius and
SEQ ID NO 5 can be obtained by PCR amplification of the conserved region of this gene
using total RNA isolated from the plant of C. capsularis. As set forth in the preceding
description, the plant of C. olitorius applied is O-4 variety and C. capsularis applied is
CVL-1 variety.

Another embodiment of the present invention, a recombinant gene construct comprising a
polynucleotide having nucleotide sequence set forth in SEQ ID NO 2 and/or SEQ ID NO 4
is disclosed, wherein the polynucleotide is expressible in a host cell, and is translable to
produce homologue of WUSCHEL-related homeobox4 (WOX4) protein in the plants of C.
olitorius and C. capsularis. The procedure for amplifying, cloning and sequencing the
WUSCHEL-related homeobox4 (WOX4) from the plants of C. olitorius and C. capsularis

is further detailed in Example 2. Preferably, the recombinant gene construct further
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comprises a promoter region operably-linked to enhance expression of the polynucleotide
template. Under the transcriptional control of the specific promoter, the expression of the
coding region within the recombinant gene constructs containing polynucleotide of SEQ ID
NO 2 and/or SEQ ID NO 4 can then be enhanced, leading to higher yield of the
WUSCHEL-related homeobox4 (WOX4) protein.

According to an embodiment of the invention, the modulated expression is increased
expression or activity, e.g. over-expression of a WUSCHEL-related homeobox4
polypeptide encoding nucleic acid molecule, e.g., of a nucleic acid molecule encoding SEQ
ID NO 2 and SEQ ID NO 5. Methods for increasing expression of nucleic acids or genes, or
gene products, are well documented in the art and examples are provided in the definitions
section.

The invention also provides a method for the production of transgenic plants having
enhanced fiber yield relative to control plants, comprising introduction and expression in a
plant of any nucleic acid encoding a WUSCHEL-related homeobox4 polypeptide as defined
herein above.

More specifically, the present invention provides a method for the production of transgenic
plants having enhanced fiber yield in comparison to the null control plants, which method
comprises:

(i) introducing and expressing in a plant or plant cell a WUSCHEL-related homeobox4
polypeptide-encoding nucleic acid or a genetic construct comprising and/or consisting of a
WUSCHEL-related homeobox4 polypeptide-encoding nucleic acid; and

(i1) cultivating the plant cell under conditions promoting fiber cell growth and development.
Another aspect of the invention relates to isolated polynucleotide which encodes a
WUSCHEL-related homeobox4 polypeptide, and is derived from the plant C. olitorius,
comprising a nucleic acid molecule selected from the group consisting of:

a) a nucleic acid molecule comprising a nucleotide sequence set forth in of SEQ ID
NO 2, or a complement thereof; and

b) a nucleic acid molecule comprising a nucleotide sequence having at least 95%
sequence identity to the nucleotide sequence of set forth in SEQ ID NO: 2, or a complement
thereof.

In certain embodiments, the plant of C. olitorius is variety O-4.
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Another aspect of the invention relates to an isolated which encodes a WUSCHEL-related
homeobox4 polypeptide and is derived from the plant C. capsularis, comprising a nucleic
acid molecule selected from the group consisting of:

a) a nucleic acid molecule comprising a nucleotide sequence set forth in SEQ ID NO:
5, or a complement thereof; and

b) a nucleic acid molecule comprising a nucleotide sequence having at least 95%
sequence identity to the nucleotide sequence set forth in SEQ ID NO: 5, or a complement
thereof.

In certain embodiments, the plant of C. capsularis is variety CVL-1.

Another aspect of the invention relates to an isolated WUSCHEL-related homeobox4
polypeptide comprising an amino acid sequence set forth in SEQ ID: NO: 3, or
biologically-active fragment thereof, said polypeptide comprises a function selected from
the group consisting of catalyzing the initiation, formation, enhancement, and variation, to
thereby modify the composition of phloem fiber in the plant of C. olitorius.

In certain embodiments, the plant of C. olitorius is variety O-4.

In certain embodiments, said polypeptide comprises at least 95% sequence identity to the
amino acid sequence set forth in SEQ ID NO: 3.

Another aspect of the invention relates to an isolated WUSCHEL-related homeobox4
polypeptide comprising an amino acid sequence as set forth in SEQ ID NO: 6, or
biologically-active fragment thereof, said polypeptide comprises one or more functions
selected from the group consisting of catalyzing the initiation, formation, enhancement,
and variation, to thereby modify the composition of phloem fiber in the plant of C.
capsularis.

In certain embodiments, the plant of C. capsularis is variety CVL-1.

In certain embodiments, said polypeptide comprises at least 95% sequence identity to the
amino acid sequence set forth in SEQ ID NO: 6.

Another aspect of the invention relates to a recombinant gene construct comprising a
polynucleotide selected from the group consisting of:

a) a nucleic acid molecule comprising a nucleotide sequence set forth in SEQ ID NO:
2 or SEQ ID NO: 5, or a complement thereof; and

b) a nucleic acid molecule comprising a nucleotide sequence having at least 95%
sequence identity to the nucleotide sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 5,

or a complement thereof, wherein the polynucleotide is expressible in a host cell to produce
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a homologue of WUSCHEL-related homeobox4 polypeptide in the plants of C. olitorius
and C. capsularis.

In certain embodiments, said construct further comprises a promoter region operably-linked
to

a) a nucleic acid molecule comprising a nucleotide sequence set forth in SEQ ID NO:
2 or SEQ ID NO: 5, or a complement thereof; or

b) a nucleic acid molecule comprising a nucleotide sequence having at least 95%
sequence identity to the nucleotide sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 5,
or a complement thereof, wherein said promoter enhances the transcription or expression of
the nucleic acid molecule.

Another aspect of the invention relates to a transformant comprising a recombinant gene
construct capable of expressing a polynucleotide selected from the group consisting of:

a) a nucleic acid molecule comprising a nucleotide sequence set forth in SEQ ID NO: 2 or
SEQ ID NO: 5, or a complement thereof; and

b) a nucleic acid molecule comprising a nucleotide sequence having at least 95% sequence
identity to the nucleotide sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 5, or a
complement thereof, wherein said transformant produces a homologue of WUSCHEL-
related homeobox4 polypeptide.

Another aspect of the invention relates to a method for producing a plant or transgenic plant
having increased or enhanced fiber yield relative to control plants, comprising:

a) introducing into a plant cell a recombinant gent construct comprising a polynucleotide
selected from the group consisting of: 1) a nucleic acid molecule comprising a nucleotide
sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 5, or a complement thereof; and ii) a
nucleic acid molecule comprising a nucleotide sequence having at least 95% sequence
identity to the nucleotide sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 5, or a
complement thereof,

b) cultivating the plant cell under conditions for promoting plant growth and development;
and

c) expressing a polypeptide selected from the group consisting of : i) a polypeptide
comprising an amino acid sequence set forth in SEQ ID: NO: 3 or SEQ ID NO: 6, or a
biologically-active fragment thereof; and ii) a polypeptide having at least 95% sequence

identity to the amino acid sequence set forth in SEQ ID NO: 3 or SEQ ID NO: 6.
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The sequences provided by the present invention can also be used as preparatory materials
for the rational modification or design of novel enzymes with characteristics that enable the
enzymes to perform better in demanding processes.

The present disclosure includes as contained in the appended claims, as well as that of the
foregoing description. Although this invention has been described in its preferred form with
a degree of particularity, it is understood that the present disclosure of the preferred form
has been made only by way of example and that numerous changes in the details of
construction and the combination and arrangements of parts may be resorted to without
departing from the scope of the invention and claims.

Various references are cited herein, the disclosures of which are incorporated by reference

in their entireties.
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Examples

The following exsmples are intended 1o further Hustrate the nvention, without any intent
for the invention to be Hmited 10 the specific embodiments desoribad therein,

Drampde 1 Designing and syothesis of privaers

The primers used in the study were either designed from the mumually curated
transoriptome and the “gene models™ predicted from the genomie sequences of £ ofifosfig
and O capsufards, by choosing the sequences manually with complete ORFs or wsing

olants,

databases where simvlar genes have been suvccessfully solated from other 3
Comparative  bininformatic  analysis of the muclestide  sequenses obiained  from
transeriptome were carried out using NOBI BLAST, BLASTE, RPS-BLAST, BLASTY and
PEL-BLAST fo idemtify homologues of the related genss and fwr the proper identification of

P &

zeng. Nucleotlde sequence alignments were porformed theough clustalW version 1,82

’j‘f.!

whenever multiple sequences wore found from the “gene pool”. The alignment was then
edited. Gens specific primars {both forward and reverse} were selected manusily or dusugh
Primer 3 plus tool and the primers were custom synthesized.

Al oligonucleotides usad in thin study were synthesized and HPLC purified by the suppHer
and procured from Integrated DNA Techuologies DT} Stock sodution of about 1M} pmol

WEFS paepaz‘uﬁ in avtovlaved ddbr and stored at about -28°C, o aliguots for nse.

Primer name ‘::LQ NG Ohige ‘m!dﬁi‘hd SEQUENee Ampiified proguct
from cINA

COLF i < CAT\ ik ;Cs AAACATOAAGGETGO

882
COLR 1 TGAAAUGTCCATCATTUTGOCT
CCAF 4 CCATGOUAAACATGAAGOTS

673
UUAR 4 TTCATCGATCTOOUTTOCGHG

Example 2 Amphification, cloning and sequencing of WUSCHELwrelated homeoboxd
from U, olitorius and C capevlaris
Total RNA was isolated from three days oid seadlings grown on MBS mediirs ss previously

deseribed by Chomezynskt P and Sacehi N, Single-step method of ENA isolation by acid

granidinhnn thiseyvanate-phenolchloroform extraction. {(Anal Biochem 1987, 162 156
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159). The quality or the integrity of the RNA was checked by agarose gel electrophoresis
and was quantified using Thermo Scientific Nano Drop 2000 as per standard procedures.
cDNA first strand was synthesised using SuperScript III reverse transcriptase (Invitrogen)
following the manufacturer’s instructions. The gene was amplified from the cDNA by PCR
using the gene specific primers. The PCR reaction (50 puL) contained 1 uL of cDNA, 20
pmoles of each primers, 5 uL of 10X PCR Buffer, 5 uL of 2.5 mM dNTP mix and 1.0 unit
of PfuTaq DNA polymerase. PCR was carried out in Thermal Cycler (Applied Biosystems)
using the following conditions: initial denaturation for about 5 min at approximately 95°C
followed by 35 cycles of denaturation at approximately 95°C for about 30 sec, annealing at
approximately 59-61°C for about 30 sec and extension at approximately 72°C for about 1
min, with a final extension at approximately 72°C for about 7 min. The PCR product was
analyzed by 1% agarose gel using 1X TAE buffer and the amplicon was eluted from the gel
using QIAGEN gel extraction kit following the manufacturer’s instructions. The purified
PCR product was ligated into pCR®8/GW/TOPO® TA cloning kit (Invitrogen) and
transformed into competent E. coli cells (Invitrogen). Plasmids were isolated from putative
colonies using QIAprip Spin Miniprep Kit (QIAGEN) following the manufacturer’s
instructions. The presence of the insert was checked by using the gene specific primers and
positive plasmids were subjected to Sequencing.

Example 3 Analysis of the sequence

The nucleotide sequence and the amino acid sequence were analyzed by BLASTN and
BLASTP programs respectively. The sequences reported from other plants were aligned
with ClustalW. Phylogenetic analysis was carried out using the Neighbour Joining (NJ).
Example 4  Pathway construction of fiber biosynthesis

Automatic metabolic pathway reconstruction showcasing role of WUSCHEL-related
homeobox4 (WOX4) in fiber biosynthesis was constructed by identifying orthologs from C.
olitorus and C. capsularis protein compared with Arbidopsis genome. WUSCHEL-related
homeobox4 (WOX4) catalyzed enzymatic reactions encoded within C. olitorus and C.
capsularis genome were constructed using enzymatic reactions available in Resnet-Plant
3.0 database for Pathway Studio as well as from metabolic pathway databases.
Incorporation by reference

All of the U.S. patents, U.S. published patent applications, and published PCT applications
that cited herein are hereby incorporated by reference.

Equivalents
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While several embodiments of the present invention have been described and illustrated
herein, those of ordinary skill in the art will readily envision a variety of other means and/or
structures for performing the functions and/or obtaining the results and/or one or more of
the advantages described herein, and each of such variations and/or modifications is
deemed to be within the scope of the present invention. Those skilled in the art will
recognize, or be able to ascertain using no more than routine experimentation, many
equivalents to the specific embodiments of the invention described herein. 1t is, therefore, to
be understood that the foregoing embodiments are presented by way of example only and
that, within the scope of the appended claims and equivalents thereto; the invention may be

practised otherwise than as specifically described and claimed.
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SEQ ID NO .1

LENGTH : 1250 bp

TYPE : DNA

FEATURE NAME/KEY : Intron, exon including 150 bp 5' UTR and 150 bp 3' UTR
ORGANISM : Jute, C. olitorius

ACCTCATCATTTGGTCTTGGTTCTTCAAAGCACCACCTCATATCCCACTTTCTTTTTCTTTTCTTTT
TTTTAAAATTTTTATTTTTTGGGTTAAATTTATTTTTGTTATTATATAATCAGAGCATTCTCCCCAT
CATTCACTCCTTCACCATGGGAAACATGAAGGTGCATCAGTTGGCACGTGGCTTATGGGAGCATGAA
CCCTCCCTCTCCCTTGGTTGCAAGCGCTTACGCCCTCTTGCTCCCAAGCTCCACCCTTCCTCTTCCC
CTGATCATACTTCCGTCTCCTCTTTCGACCTTAAGACCTTCATTCGTCCCGAAAGTGGCCCCCGAAA
ACTTTGCCCTTCTGACGACAAGCGAGATTCTCATTCTCCCCAGGTACTTACAAATATCCATGAAATG
AAACCCTTTTATTTTTCCAATGATGTATATAATTAGTGGGGAAGGATAAGATTTTGAACTTACGATG
AACAATAACAGTGTGGAAAGTTGATAATCAAAGGTTAAGAATGTGAAGCTGAAACTTTTTTCTTTTT
TTTGGTTATGTAGGTGGAAACGCACCCAGGGGGAACGCGGTGGAATCCGACGCAAGAGCAGATAGGG
ATATTGGAGATGCTGTATAGAGGTGGGATGCGAACTCCAAATGCACAGCAAATAGAACAGATCACTG
CACAGTTAGGCAAGTACGGGAAGATCGAAGGCAAAAACGTTTTCTATTGGTTCCAAAACCACAAAGC
ACGCGAAAGGCAAAAGCAGAAGCGTAACAGTCTTGGTCTTAGCCATTCTCCCAGAAACTCTGCTCCC
ATTACCACCATAACTTTGGACTCTAGGGTAAGTTCAAACCAACAAAACCCTTTCTTTGTATATATAT
AACGGTTAGTTTTTAGTTTTTACTTCTTATAAACAGCAATTAACATTAATGTTTTTGTTTATATATA
TAGGGGGAAGTAATGGAGAGAGAGGAGGATAGTCCATATAAGAGAAAGTGTAGGAGCTGGTCATTTG
AGTACTTAGAAGAAGAAAGCAGATCATCATCGTCGAGTCAAGAGGAGGAAAACAGAACTCTGGAGCT
TTTCCCATTGCACCCGGAAGGCAGATGATGGACGTTTCAACTTTGAAAAACAAGGAAAAAGGGAAGC
TTAACCCAAAACCAAAAAGACTGCTACAAAACCCAAAACTCTGTTCCCATTTATGAAATGATAAACA
TATGCTTTGATGATCCATGATGATGATGATGATAATGAAGCTGA

-26 -



10

15

20

25

30

WO 2015/077447 PCT/US2014/066599

SEQ ID NO .2

LENGTH : 669 bp

TYPE : DNA
ORGANISM : Jute, C. olitorius

FEATURE NAME/KEY : CDS

LOCATION £ (1) ... (669)

ATGGGAAACATGAAGGTGCATCAGTTGGCACGTGGCTTATGGGAGCATGAACC
CTCCCTCTCCCTTGGTTGCAAGCGCTTACGCCCTCTTGCTCCCAAGCTCCACCCT
TCCTCTTCCCCTGATCATACTTCCGTCTCCTCTTTCGACCTTAAGACCTTCATTCG
TCCCGAAAGTGGCCCCCGAAAACTTTGCCCTTCTGACGACAAGCGAGATTCTCA
TTCTCCCCAGGTGGAAACGCACCCAGGGGGAACGCGGTGGAATCCGACGCAAG
AGCAGATAGGGATATTGGAGATGCTGTATAGAGGTGGGATGCGAACTCCAAAT
GCACAGCAAATAGAACAGATCACTGCACAGTTAGGCAAGTACGGGAAGATCGA
AGGCAAAAACGTTTITCTATTGGTTCCAAAACCACAAAGCACGCGAAAGGCAAA
AGCAGAAGCGTAACAGTCTTGGTCTTAGCCATTCTCCCAGAAACTCTGCTCCCA
TTACCACCATAACTTTGGACTCTAGGGGGGAAGTAATGGAGAGAGAGGAGGAT
AGTCCATATAAGAGAAAGTGTAGGAGCTGGTCATTTGAGTACTTAGAAGAAGA
AAGCAGATCATCATCGTCGAGTCAAGAGGAGGAAAACAGAACTCTGGAGCTTT
TCCCATTGCACCCGGAAGGCAGATGA

SEQ ID NO :3

LENGTH 222

TYPE : PRT
ORGANISM : Jute, C. olitorius

MGNMKVHQLARGLWEHEPSLSLGCKRLRPLAPKILHPSSSPDHTSVSSFDLKTFIRPESGPRKLCPSD
DKRDSHSPQVETHPGGTRWNPTQEQIGILEMLYRGGMRTPNAQQIEQI TAQLGKYGKIEGKNVFYWE
QNHKARERQKQKRNSLGLSHSPRNSAPITTITLDSRGEVMEREEDSPYKRKCRSWSFEYLEEESRSS
SSSQEEENRTLELFPLHPEGR*
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SEQ ID NO -4

LENGTH : 1237 bp

TYPE : DNA

FEATURE NAME/KEY : Intron, exon including 150 bp 5' UTR and 150 bp 3' UTR
ORGANISM : Jute, C. capsularis

TCACAAGTCAACCTCACCTCATCATTTGGTCTTGGTTCTTCAAAGCACCACCTCATATCCCACTTCC
TTTTTCAATTTTTAATTTTTTTTGGGGTTAAATTTATTTGGTTATATAATCAGAGCATTCTCCCCAT
CATTCACTCCTTCACCATGGGAAACATGAAGGTGCATCAGTTGGCACGTGGCTTATGGGAGCATGAA
CCCTCCCTCTCCCTTGGTTGCAAGCGCTTACGCCCTCTTGCTCCCAAGCTCCACCCTTCCTCTTCCC
CTGATCATACTTCCGTCTCCTCTTTCGACCTTAAGACCTTCATTCGTCCCGAAAGTGGCCCCCGGAA
ACTTTGCCCTTCTGACGACAAGCGAGATTCTCATTCTCGCCAGGTACTTAAAAATTAATATCCATGA
AATAATTTGTGGGGAAGGATAAGTTTTGAACTTAATGCATAATAACAGTGTGGAAACTTAATAGGTT
AAGAATATTTGAAGAACTTCTATATATATGAAGCTGAAACTTTTTTGTGGTGTTGTAGGTGGAAACG
CACCCAGGGGGAACGCGGTGGAATCCGACGCAAGAGCAGATAGGGATACTGGAGATGCTGTATAGAG
GTGGGATGCGAACTCCAAATGCACAGCAAATAGAACAGATCACTGCACAGCTAGGCAAGTACGGCAA
GATCGAAGGCAAAAACGTTTTCTATTGGTTCCAAAACCACAAAGCACGCGAAAGGCAAAAGCAGAAG
CGTAACAGTCTTGGTCTTAGCCATTCTCCCAGAAACTCAGCTCCCATTACCACTATAACTTTGGACA
CTAGGGTAAGTTCAAACCAACAAAACCCTTTCTGTGTATATATATATATAACGGTTAGTTTTTAGTT
TTTACTTCTTATAAACAGAGAAAATTAACAATGTTTGTGTTTATATATATATAGGGGGAAGTAATGG
AANAGAGAGGAGGATAGTCCATATAAGAGAAAGTGTAGGAGCTGGTCTTTTGAGTACTTAGAAGAAGA
AAGCAGATCATCATCGTCGAGTCAAGAGGAGGAAAACAGAACTCTGGAGCTTTTCCCATTGCACCCG
GAAGGCAGATCATGAAGGGGGTTTCAACTTTCAACTTTCAACTTTCAACTTTCAAAATGAAGGGAAA
AGGGAAGCTTAACCCAAAACCAAAAAGACTGCTACAAAACCCAAAACTCTGTTCCCATTTATGAAAT
GATAAACTTATGCTTTGATGATCGATCCATG

SEQ ID NO 5

LENGTH 1672

TYPE : DNA
ORGANISM : Jute, C. capsularis

FEATURE NAME/KEY  :CDS
LOCATION 2 (1) ..... (672)

ATGGGAAACATGAAGGTGCATCAGTTGGCACGTGGCTTATGGGAGCATGAACCCTCCCTCTCCCTTG
GTTGCAAGCGCTTACGCCCTCTTGCTCCCAAGCTCCACCCTTCCTCTTCCCCTGATCATACTTCCGT
CTCCTCTTTCGACCTTAAGACCTTCATTCGTCCCGAAAGTGGCCCCCGGAAACTTTGCCCTTCTGAC
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GACAAGCGAGATTCTCATTCTCGCCAGGTGGAAACGCACCCAGGGGGAACGCGGTGGAATCCGACGC
AAGAGCAGATAGGGATACTGGAGATGCTGTATAGAGGTGGGATGCGAACTCCAAATGCACAGCAAAT
AGAACAGATCACTGCACAGCTAGGCAAGTACGGCAAGATCGAAGGCAAAAACGTTTTCTATTGGTTC
CAAANACCACAAAGCACGCGAAAGGCAAANGCAGAAGCGTAACAGTCTTGGTCTTAGCCATTCTCCCA
GAAACTCAGCTCCCATTACCACTATAACTTTGGACACTAGGGGGGAAGTAATGGAAAGAGAGGAGGA
TAGTCCATATAAGAGAAAGTGTAGGAGCTGGTCTTTTGAGTACTTAGAAGAAGAAAGCAGATCATCA
TCGTCGAGTCAAGAGGAGGAAAACAGAACTCTGGAGCTTTTCCCATTGCACCCGGAAGGCAGATCAT
GA

-29.
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SEQ ID NO 6

LENGTH 1223

TYPE : PRT
ORGANISM : Jute, C. capsularis

MGNMKVHQLARGLWEHEPSLSLGCKRLRPLAPKILHPSSSPDHTSVSSFDLKTFIRPESGPRKLCPSD
DKRDSHSRQVETHPGGTRWNPTQEQIGILEMLYRGGMRTPNAQQIEQI TAQLGKYGKIEGKNVFYWE
QNHKARERQKQKRNSLGLSHSPRNSAPITTITLDTRGEVMEREEDSPYKRKCRSWSFEYLEEESRSS
SSSQEEENRTLELFPLHPEGRS *
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What 1s claimed is:

1.

An isolated polynucleotide which encodes a WUSCHEL-related homeobox4

polypeptide and is derived from the plant C. olitorius, comprising a nucleic acid

molecule selected from the group consisting of:

a) anucleic acid molecule comprising a nucleotide sequence set forth in SEQ ID NO
2, or a complement thereof; and

b) a nucleic acid molecule comprising a nucleotide sequence having at least 95%
sequence identity to the nucleotide sequence set forth in SEQ ID NO: 2, or a
complement thereof.

The isolated polynucleotide encoding according to claim 1, wherein the plant of C.

olitorius is variety O-4.

An isolated polynucleotide which encodes a WUSCHEL-related homeobox4

polypeptide and is derived from the plant C. capsularis, comprising a nucleic acid

molecule selected from the group consisting of:

a) anucleic acid molecule comprising a nucleotide sequence set forth in SEQ ID NO:
5, or a complement thereof; and

b) a nucleic acid molecule comprising a nucleotide sequence having at least 95%
sequence identity to the nucleotide sequence set forth in SEQ ID NO: 5, or a
complement thereof.

The isolated polynucleotide according to claim 3, wherein the plant of C. capsularis is

variety CVL-1.

An isolated WUSCHEL-related homeobox4 polypeptide comprising an amino acid

sequence set forth in SEQ ID: NO: 3, or biologically-active fragment thereof, said

polypeptide comprises a function selected from the group consisting of catalyzing the

initiation, formation, enhancement, and variation, to thereby modify the composition

of phloem fiber in the plant of C. olitorius.

The isolated polypeptide according to claim 5, wherein the plant of C. olitorius is

variety O-4.

The isolated polypeptide according to claim 5, wherein said polypeptide comprises at

least 95% sequence identity to the amino acid sequence set forth in SEQ ID NO: 3.

. An isolated WUSCHEL-related homeobox4 polypeptide comprising an amino acid

sequence as set forth in SEQ ID NO: 6, or biologically-active fragment thereof, said

polypeptide comprises one or more functions selected from the group consisting of
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10.

11.

12.

13.

14.

catalyzing the initiation, formation, enhancement, and variation, to thereby modify the

composition of phloem fiber in the plant of C. capsularis.

The isolated polypeptide according to claim 8, wherein the plant of C. capsularis is

variety CVL-1.

The isolated polypeptide according to claim 8, wherein said polypeptide comprises at

least 95% sequence identity to the amino acid sequence set forth in SEQ ID NO: 6.

A recombinant gene construct comprising a polynucleotide selected from the group

consisting of:

a) anucleic acid molecule comprising a nucleotide sequence set forth in SEQ ID NO:
2 or SEQ ID NO: 5, or a complement thereof; and

b) a nucleic acid molecule comprising a nucleotide sequence having at least 95%
sequence identity to the nucleotide sequence set forth in SEQ ID NO: 2 or SEQ ID
NO: 5, or a complement thereof,
wherein the polynucleotide is expressible in a host cell to produce a homologue of
WUSCHEL-related homeobox4 polypeptide in the plants of C. olitorius and C.
capsularis.

The recombinant gene construct according to claim 11, further comprising a promoter

region operably-linked to a nucleic acid molecule set forth in a) or b), wherein said

promoter enhances the transcription or expression of the nucleic acid molecule.

A transformant comprising a recombinant gene construct capable of expressing a

polynucleotide selected from the group consisting of:

a) anucleic acid molecule comprising a nucleotide sequence set forth in SEQ ID NO:
2 or SEQ ID NO: 5, or a complement thereof; and

b) a nucleic acid molecule comprising a nucleotide sequence having at least 95%
sequence identity to the nucleotide sequence set forth in SEQ ID NO: 2 or SEQ ID
NO: 5, or a complement thereof,

wherein said transformant produces a homologue of WUSCHEL-related homeobox4

polypeptide.

A method for producing a plant or transgenic plant having increased or enhanced fiber

yield relative to control plants, comprising:

a) introducing into a plant cell a recombinant gent construct comprising a

polynucleotide selected from the group consisting of:
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1) a nucleic acid molecule comprising a nucleotide sequence set forth in SEQ ID
NO: 2 or SEQ ID NO: 5, or a complement thereof; and
i1) a nucleic acid molecule comprising a nucleotide sequence having at least 95%
sequence identity to the nucleotide sequence set forth in SEQ ID NO: 2 or SEQ
5 ID NO: 5, or a complement thereof,
b) cultivating the plant cell under conditions for promoting plant growth and
development; and
¢) expressing a polypeptide selected from the group consisting of :
1) apolypeptide comprising an amino acid sequence set forth in SEQ ID: NO: 3 or
10 SEQ ID NO: 6, or a biologically-active fragment thereof; and
i1) a polypeptide having at least 95% sequence identity to the amino acid sequence

set forth in SEQ ID NO: 3 or SEQ ID NO: 6.
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CON 105164262 A R F OE Kk P 1/2 5

L. 43 B 2 A% IR, Ho g% WUSCHEL AH 2¢ 1 [RIURHE 4 22 IR 3 HLIE B 95 55 6K, HAD,
R A T RRZIR YT

a) ALHE SEQ 1D NO 2 9 BRI A% 5 R 17 7 A% 12 3%, B T AN s A

b) 455 SEQ 1D NO :2 H R A% 1R 7 71 B 220 95 % [ 31 Al — 1 AR IR 17 71
[KIAZIE 75, BUOLEAM

2. RPEAURIELR 1 FIrid 73 25 (1) 2% BR 9w AL , o v BT i K s 2 RR (VA4 A2 i 04

3. A 2% IR, Ho4whs WUSCHEL AH 2¢ 1 [FIVRAE 4 22 Ik FF HI6 B A 1R R P R,
BFEEE TR 5T

a) ALHE SEQ 1D NO :5 H R IZ T IR /7 I A% IR 7+, B FLAMY) s F0

b) 455 SEQ 1D NO :5 H1 R A% IR /7 71 B 220 95 % [ 7 Al — 1 AR IR 17 71
KR 5 ¥, BUL B AM

4. WA BRI ELR 3 Frid o> B (1) 2 1% 5 R, L rb BT s (5] S P s R R RELA2) =2 S Bl CVL- 1

5. 4B 1) WUSCHEL AHICIH[FRIVEAE 4 2 ik, HALFE SEQ 1D :NO =3 P B [ = L 1 v 711,
S AR SR B, BT 22 BB A% 1 18 A R B R AL TP I B T S 39 i RN 58S Mg
B e T AR 4 R T EE

6. FRHIBACFIZLSR 5 BTl (1) 93 B 1 22 ik, o rp B A 35 2 SRR PRI AL A0 A2 i Pkt 046

7. MRHEBCRESR 5 Bk - B 10 2 Ik, Horb Bk 2 IR 4G5 SEQ 1D NO =3 HH BRI &
R H) A 95% [ 1 [H) P

8. 41 &5 1) WUSCHEL AHICIH [FIVEAE 4 2 Bk, HADFE SEQ 1D NO :6 R E LR 7 71,
S AR PE R B, BT 2 3% 1 1 [ SR R R RO PP R B S 3 SR AT R AR M
AT R AR dE L ) — 32 A ThRE

9. RIBBCRIZESR 8 BTl (1) 53 B 1 22 JIk, L rp Bk 58] SR P s BRI REL A 72 T b CVL-1.

10. FRABEBRIZLR 8 Frid &M 2 Ik, A Frid Z kG465 SEQ 1D NO :6 H BRI &
R H) A 95% [ 1 [H) P

11, EAERWEAE, LAFEEE TRNZZTR

a) 4% SEQ ID NO :2 B SEQ 1D NO :5 W BRI B BT HI % B 4+ BOL AN
A

b) A.455 SEQ ID NO :2 BY SEQ ID NO :5 HEBER L H R 77 KA 20 95% 751 [F]—
YERIIZ A BT B (AL B 4, BRI AN,

b BT I 22 A2 07 BR A A 2 40 M P i AT SR 11 ATE K 35 28 AR R (5] SR A 2 AR (10 AR 47 v 7
A WUSCHEL AHIG I [FIVRAE 4 2 IKH [ R Y.

12, FRAE BRI ELR 11 Brad () 5 AL R A a2 i, 3 — DR E % B 2 a) B b)
R IAZ IR ¥ 1 8 37 X 3, o d B il J8 Bl 1 5 BTl A% R o IR A SR BRI

13. Befutk, HARaEY REAZZERMELAL RN EE, rid 2 ZHRIEH i .

a) 4% SEQ ID NO :2 B SEQ 1D NO :5 W BRI B BT HI % B 4+ BOL AN
A

b) A.455 SEQ ID NO :2 BY SEQ ID NO :5 HEBER L H R 77 KA 20 95% 751 [F]—
YERIIZ A BT B (AL B 4, BRI AN,

Hor B #E ALK 7= 42 WUSCHEL AH 2% ¥ [IVEAE 4 2 Bk A R4

2
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L4, 7= A AR T X HEHE ) B A 3 I B 2 ) A 4 7 26 ) R ) B 2 S DR REL ) ) g vk, £,
i
a) TEREYA M 5| NEIE 2 E R H E AR M 284K, frid 2 HRikE -
i) A5 SEQ ID NO :2 B¢ SEQ 1D NO :5 H R A% H BRI 21 RIAZ IR 43, B BN

A

ii) f455 SEQ ID NO :2B{SEQ ID NO :5 B H IR 77 H A 20 95% 31 [F]—
YERIIZ A BT B (AL B 4, BRI AN,

b) FEAR M A ATNR B WA N R4 M s A

c) RILIEH TR Z K -

i) BHE SEQ 1D :NO :3 B SEQ D NO :6 H R LR 7 71 1) 2 I, B AR )3 1 A
B Al

ii) 5 SEQ ID NO :3B{ SEQ ID NO :6 HH B 2 L2 21 B 2220 95 % P 31 [R]— PR )
Z K.
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3K B < 35 = R A0 (B SR #h 25 fR B9 4% 55 WUSCHEL #B < Y [BlIR1E
4 (WoX4) EHMZEERFIIFMEFER X

[0001]  AHICHIIE
[0002]  AHWEER 2013 4F 11 A 22 HIRAZRIEE GRS g5 61/907, 617 Bkt H4s
BN A IE L B IR NA S

B GE

[0003] A BB S v AL W 2 SO b i Y1 AR A v 4 S WUSCHEL #H R 1K)
[FIVEHE 1 d2 1 (WOXA) 2 IR IR K, 3G S A2 7 2 Se RO PR RO T i SE AL, A
KWIBRAET 708 B A s BRAE P R, B, 50 2 SRR 5 R 22 R IX) WUSCHEL A 2 () 7
HE 4 (WOX4) [ Z 4, AN AL ™ A s BRAEL D KT B 21 2 T R REF 5 LA B A B DR s AL

BEEA

[0004] B RIE PR IR AUF RN AR P BRI R SR A 4 o L2 ] FAE SRR, A B A ot T A
BASAEY =4 ik 100 N AFh (BFREB AL R RRTIR A4S, &
B EH S AR SR AL A P AR, LR 2 OB B, SR H SO R SR (ER, 1K E ) (AR
PR, K 35 o5 SRR [ SR b bR, P A3 T D B A I s R R A 4. AR N RIR A4, 25 ik
AT TSP, A AEE N L& R, B A BUaimnk B TR . A4Sk
X B PR AT 4 75 SR (38 0, 75 B D OB KA SR A . IR, B R AR YA A R R
FOAZE Y B I T A AR A N

[0005] & JBR 19 45 4 & K BT AN A 4, o ER R RS AL AR 4R 2 oA/ SR HE TR Rl S ALY
RYE - (1) AE S5 0 Bz 0 X A 0E ik 40 o 2 AIAE R, R R U R B B T ) R B A4, A
(11) HHIERZ I GRS PEA S i ah K B I IR AR 4E Maiti Fl Mitra, 1972.
Bull Bot Soc Bengal26:79 - 85) o 1% L& i JE il J2 A pJ2 AL L ik 545 oAt oA 4l PR+
(TIDF) M1 TDIF 5244 (TDR) F 25 (A ST 5 40 i -5 40 0l A, LA 30 D /2 e J2 40 B Fr 386
FFIHEATHIA T & 24k (B 1 sHirakawaZE,2010). Plant Cell, 22:2618-2629 ;Etchells
£ 2013. Development 140, 2224-2234) .

[0006]  WUSCHEL #H G FI [RIJEAE (WOX) PRI TR AE SR B AN / BUCRHR 45 FlUIE 2 | 43 A L 4UR0 2%
B WIUEA A B AT A R DiRE (Haecker 2, 2004) o /E WUSCHEL AH G [ [F]J5HE (WOX) At
DR 2K £ 1 P, WOX4 FHAE TDIF {5545 S 2 I R8I 5 711 (Hirakawa 5 2010) Jf H A%
I REMIE R E 3R 1A (Schrader 25,2004 ;Ji 25,2010 1 Hirakawa 2§ 2010) . %41,
TDIF-TDR 75 5 3= 4% 5% Al WUSCHEL AH 2 [E]U5AE 4 (WOX4) [0 5% %, AT SR K5 0L g 57 g Al
PHLLAT R I JFIE EUZ /TR T4

[0007]  WUSCHEL AH < [FJSHE 4 (WOX4) 2 IRMEALAL ) th Bl B2 AR 4E R R Bl o B, I RA VR
% 5122 M DS R AR E BT AE A ARSI . R E LA 5 2011/0283420A1 (3
HZEIFN) CERAH T wuschel FHIRIIFRIVEHE 1 £ WOX1 £ ) 2K, H T 2B Y
RIEER =2, 765 — BRI RIS 145130181 W, AFF T wuschel FEFLE(EBHEY) &

4
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M ZE R A IR . &, R ELFIS 2010/0100981A1 (IS HIHN ) FAF T —
6 wuschel FE[A A &4

[0008]  %&-T WUSCHEL AH 2% B [FIVRAE 4 &5 11 Al AE 38 IRAF 4L A1) & s 1 vh s 2 E R
L, JHEE S AR A WUSCHEL H 5 1 [RIEAE 4 (WOX4) 1AM gL (5 B, Tolk
PO 5 A YEI A A DRI I8 AL ik . 4, UK BRI 47 4 A 400 55 1k
T8RN 15 A% 4 R AN ] BT DA e S M V2 A2 A 32 19 DAAREATE A N B IBRAEL A 1) 41 4
2, HRAHAMEE R, LR TR

ZEAAE

[0009] A% BH A — N TH) 25 2 SR BE L DR 4 AL 2 19 5, TR K90 ot R A [ SR b e ik, T 5
S EATH) B A 4E T B fa 5h, 9 B AT WUSCHEL A 3¢ (19 [FIUSAE 4 (WoX4) #E7%1. o H
Wi g, AR R T A7 S A 4 a8 IR, PR 3Rt 7 A in w5 1 2 11 5T, BA
FIHE.

[0010]  AREHRI 7 — B BI5 0t 7R R /AT i A T 50 1 35 2 JRRORD [0 SR P 2 R AR 4
AR H AR 7= A2 30 Bl 45 4 (A R v AR 2 1 A 7 L AR K B R RN Z 1K) WUSCHEL AH % () 7] Y54
4 (WOX4) By EMIRLE R

[0011] A4 R B 5 — B 102 8 3 Y8 35 WUSCHEL AH 3¢ (1 [FI VAR 4 (WOX4) ZEAEY (4
A FRAT B A 38N B AR 2 7 AR 1) 55 5 BRI (53 S 8 JRR ) R o

[0012]  ARRHRIMI 5 — B ZREES SN 22K, HEG e N RIT 5, Kol H
TAFFINERIRIL, I H R L 2 R K 35 28 RN 5 R AD 5 AR (R R

[0013] AR WIKHE— 0 B &S (Rl - mT 47 77 2K, DAIG N A T 3 R 41 4 5 =
AR YEI

[0014] A BHHRAL T 4388 K s R UL R, Fogm A0 2 1 SEQ 1D NO =3 HH B RBE &
R ITHIME AR, 2 50T R 54 462 86 5 3 9F B 2 A WUSCHEL AH 2¢ 11 [H] JR HE
4(WOX4) BEfF . A B — D4Rt gmhs & A B W 2L R, Birid 1 (1 o B Al s i s o
—ANEREZANEIEIR A / BT SEQ 1D NO »3 o [ RE ) 28 8 e A1) ) HoAth S I R % 8 1717 12
Wi 2R T 51, Ho S 53] 5 38 4F 4 (9 T2 #1630 9 B A WUSCHEL AH ¢ 11 [H] JR HE
4(WOX4) FEFFH. AR UIBE— BT 5 SEQ 1D NO -1 BRI IR 2 A2 L N, e H
DNA B — 8847, I B985 5 AT 530 A 4- (I8 50 e 30 97 H 2 A WUSCHEL A 2¢ 1 [
JRAE 4 (WOX4) #£/7 71 1 & A 5

[0015] A BRRARAE 1 402 [ 3 S Ph s R 2 D8, o gmbd LA 1 SEQ 1D NO =6 H [REf
AR TN E A, LS 5800 B 3 A 4E 10 T 8 i 3) 1 BB A WUSCHEL AH 21 [R5
HE 4 (WOX4) BEFF. AR Wk — D3t T gt 8 1 (2L [N, Birid 2 1t A @t v in sk
Bt — AT 2 NGRS / SA 0 SEQ 1D NO :6 v B 0 G L 8 1 51 1 HoAth L i B A
MBI E R T 51, 25 5 @A) R 30 A1 48 T2 B e 39T B WUSCHEL AH S 11 [R5
HE 4 (WOX4) #EFFF . AR BRI T 5 SEQ 1D NO 24 W EIREAZ IR 2 28 L A, Jo
H DNA B —FR4, IF H4ahd S 54T B 304 4 (T2 B ) 20 I B A WUSCHEL FH G 1)
[FJYFAE 4 (WOX4) FEFEBIHI & AT .

[0016]  HRHEAS & BH I — P pItide i S it 7 X, 5 FH PO K 39 26 IR O AL A0 A2 i Bl 04, R FH 16

5
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[ SR Fofr 2 BRI REL ) A2 it Bl CVL-16

[0017] AR — iy A B4 2L R M s AR B3 F5 H A SEQ 1D NO =2 Fi / B SEQ 1D
NO =5 HP ) B A% R 7 B 1) 22 IR, o 2 A R A0 7 R A1 i b 2 m] 3R IA Y, BL A3 AE K3
B RG] SR8 R AL 77 A2 WUSCHEL AH 5 RIJRHE 4 (WOX4) I TH &4

[0018] A HH (1)k— 5 S 7y X A0 46 FE 20 56 DR A B AR IR 3 Ak, Bk 7 2] R DR A 4
Belp Rk B AT SEQ 1D NO :2 1/ BL SEQ ID NO :5 AR NZETRRIT N2 BT, L4
WUSCHEL #H2¢ I [RISAE 4 (WOX4) 2& B[R R4

[0019] AR AL T =R E AR L, TR E AR S 5P 5485 ) s
PE, I B A5 WUSCHEL A1 3¢ (I [FITEHE 4 (WOX4) BEFFER, Bk VA AR 5700 / Bty Bk 7
+.

[0020] A B A BRI 15 A M SR ) 40 ML 1 ) B S AR 4 R sh I T ik s e Ah, A AT
TAFEH / BH TR AR T K LR FE N 5] NAE YR 40 i, FF H SRS Bk S A )
Kik.

[0021]  ARAUEE AN HF5 5 N IRB, AR IR &E T 347 B A5 F B3R 2R B BIAE
B, LS A A IR LS . A SCHTIAR R SL i 75 XA B 78 R il A8 5 BH 198 ] o

[0022]  Z25 T ik UL I A AN BCR)EE R, R 3525 5 PR A A R B 1K 3K 6 R0 HL At AR AR 7 i AL
#,

5 B 154 BA

[0023]  [&] 1 & x TDIF-TDR/E 545 5845, TDIF-TDR1E S S MM MER, —Mes 5
) 5z 0 240 M 3 B 1) WOX 4, LR 3 20 R 40 M 5 B AT 53— A B DAL X, LA ik 814
[RIAR 5T BB 7344 o

[0024] & 2 WIR RGAKAEM, HELEOR BB BRI SEQ 1D NO. 3 A1k H [ S Fh i BRI
SEQ ID NO. 6, LA 2™ A WUSCHEL AH < ¥ [RIJHE 4 (WOX4) £ I I HAh 2 R 12 7771

[0025]  REHVEIA

[0026] AR AR FRAE — 840 IR U B F R B TR T 8 7 S B AR AR R

[0027]  ASCERALIR) B SCR / BT PR E AR R BH 9 HLAE A IR B IR S8 i 458 3 AR S R
N 5o BRAR LA 7 20A5 51, BEARAE AH OC SUBCE AN 2 1B L s B AR 1 o AEARAAT5E X
A/ BTSSR SCFEN ATATT & R SR LR 228 SOk gt s i 77 IR & %
SCHREATAT 58 R/ BT IEAS— B 0T, DR, A SCAT FH7EAS FR i o O dE 3t /
YU R TR s A/ BT BREORTE “— A (a/an) 7 M FiA 7 BLEE R S B, BRaE k-
TTERA HAME . U, WE B BALASE R, BRaE B SOE S BME T . A
I, “A04E A BBV R HE A BE B, BLA I B, 3D IRME, NIZTRER £ KB AL 1 BT AT LA
FSF BRI R, M o F BB TR E AR, H BN T Ul . RS S5 A ST
TR TR L AL B [F] 1 77 V2 AR R T T 48 A B S BRI, AEL2 TR IR IR 1 IE 177
NpRYLE Y S

[0028] A AR Ko 73 B I 2 A% B AIYR 1 HE R AH B 22 IR, BITids 22 4% 87 R 4 A FR B 1 K 35
B R S b 5 JR 1) WUSCHEL AH S FRIJRAE 4 22, 56 E A, AR IR ML 7 WUSCHEL #H
I RIPEHE 4 [F] RYD, A0 AT 2o 3 A 5 JRRAE A0 ol 10 - 35 2 JBR R (30 SR 8 IR v 41 4

6
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A PR DA RH O ) 2 o DR o o SRR R () SR P 3 R AL o 2 Sl I O e i SRR N [
T RAE DA 2H DNA IAZ T IR 7 71 A0 FL At A 470 2 50 I 225 DR 1590 42 57 TR I 91 28 0 AN R BH 9 b il
REFERA P H) . FEA R BIZHT, £ O o 28 BRI [ 5 P st JoR e DR (1K) A2 EF IR e 21 o) T
MR SR BB G, LSRR R AR 45 2298 Be I B AR ) (B3 78
&= AR A

[0029] POV R 1 B BRAD ol A 9003 S BRI (] SR A 2 JBR 1 22 K1 2 1 1) 1) 40 B 8 s P )
P EA gt B AL F T 38 s A 4 7 AL AL TR TR R ) A B . T BT
Eb 2 Augustus, 2 HMM £ R 0 27 (SNAP) LGeneid (Genome Biolnformatics Research
Lab) VERAZH IR P, Hom] % g g bd X3, &, Ptk . #t— AT g sh i+
BEEZEIRIT Y], YA S g DX 380 H A B DRIRRAE (RS 5 R AIE

[0030] 43 B 5€ 4= W J7 >k B K 31 2 FR 59 48 1L 30, 096¢DNA A1k B 17 F Fh i R 1)
37,031cDNA. AWEATH, FF R T2k B &P gatd Bl i B4~ cDNA, B e rER , ik
(1438 i B IR A A AR AT 1

[0031]  ZEXFUR K3 25 PR AT (5] 5 b 22 JBR mRNA F) cDNA S 10 52 B 58 A B a0 U P 2 a4y
PP EEAE (ORF) , I BAEH P o o b o — 2 oA, OF s 0 e 5 s e vh 2 5n
I FRIEYE 2350/ AR o

[0032]  AAFFHY R 3CH, 38 AU A BV 2 ARE HAA RS B0 L, BRAREN R
NGl =y

[0033]  WIASCHTE A, “ 2R & LIz BRI HIRIT A . 2% IR ] LU Bk
BOOUEE 1) RNA B DNA (1RG4, HAR e A 5 & i) S AR R R B A% IR T 2 .
DNA A AN Z 2B AT F5 R / B cDNAL R4 DNAL A 5 DNA, SR 54 / 4
F—PEEZ N X B . RSB 2R AR H SEQ ID NO. 1 F1 SEQ ID NO. 4
122 /b—2% 150 NMESZAT ( LIFATIF ) , BUX L5 ) B ANT 51

[0034]  HIASCHHT A, “ Z K7 it R4S A /e — iR & MRS 2 2L, 7 e s KE
HA KT 100 DRI FF.

[0035]  “ArESi” 2 I T3 U RIS . R A A WE) AR A SR TR AFAE, T
R OAM B E R N HATEIAES, B 3, LA “ 87, B, RIRAFAE T IH Y8
PR 2 TR IEA R & 57, AR IR IR B3 AE MR 5 A [F) 2 1% 1
FREN 2 IR “ 9 B, AR SR R I IARE

[0036]  BHASCHTE A, AR1E “FE N7 58 XN 3 28 R AN [ S Ph 2 R IV B2 R A %71,
29w hs WUSCHEL AH 2 1 [FIUSAE 4 I 2 K721 I 22 5 B 721, ik B2 5 5 R b 3 s 4t
YLK AR AL G TR o ARERIE— DOFRIR o, 5% i TR/ BN &R
BRFe5 .

[0037]  “#whd /751 ” B “ Gt X I $5 297 T RAA W), B 2 DL A B R =4, b an g it
MREZ KT 5UE B RZIR 5+ bSPTIR/ B N IR B0 X I8 1 R
B (BFNSFECS 803 dEREX ), BORTE X Mo (A R R R 51 (B, A
cDNA 1),

[0038]  WIASCHT A, RiE “HEZHIR”, @2 TR0 2% 58K, HKELE
HAEE 10-1000, efideth 12 % 50 MZH . AEARK ARSI X, SR TR P A5 1Z

7
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T A] DA RIRAFAE A% SR B AT )

[0039]  BUASCATEH, RIE “BI¥)” & Betl 4 A 8L IR T FU AN 3 S R A i A R
WA SO P TG FEZ IR AT L MK R 10 2 50, St 156 2 25 M tr. sk, A&
KR 38 A% H IR v] LA 22 A i 9 X B IR AN 2 RIRAFAE L IR

[0040] i A i BH A I (M 46 S fa 0 F 1% 1 IR 7 2 AL R o 0 I R AP 40 S o DRt
FEAEARZIR P, RARFAE I AZ T AR S WR R (A) L S IERS (G) | famsine (C) iy
EE (T) FpREERE (U)o i H, BRAE S AME H, AR RZIRIT A2 5 O— 3 077 [l
[0041]  GUASCHTE A, A8 I ACE “ B AN AL AT AR Rl FE A I ok B iR I B X, A 5 T
8 UBCXA C 5 G ety FAMNAT BLE“T 7 B 5217 R TLAN, AU — L% 1R
TRl AR i Bl e M I UG T 171 7 58 4 B B A SR B AN R, BT A PRI AR oo A I L P » R 1R
B 2 TA) ) TR N P P O A BR A 2 T) P 24 A2 ) 238 2R RN it FE A . 25 AR, AR A B (. e
TR 2 52 1) A5 R B8 P AR e TR 7

[0042]  ASCHTAS A, RiE“T8 A Q55 T ZRW A BUER IS BAR F AL e g i
FVRIE RTINS AL, Brid B IR B AR B IS B R R/ B A K B B 2 % IR
Mo W&ME R4 ERE B EA / BOE AN, JCIH A 7= 1) B A 4E Y AR .

[0043]  RuE “ AR IE L AE A SCIEE 8 H R 67 5 T 2 2 5 1R 7 5 K g bs 7
YA B AL b B R, (TS 2 5] 5 2 IR 6D 7 B R . B, 248 B FR2mm
Gt 7 HI RIS, RIZ G005 7 FUAE A 3+ [R5 30 T 5 J8 3771 BART #5104 422 4w 5
731,

[0044]  “HAk” — AR R M+, b puRL . W s AA  FoRL B RE B B, 0 — I IR IX By m] A
VEHBFE N Herh, DB 7Sz X BLE BB R IA . RIEBRIA” LB AR iaim H O L%
NIRBRWIRIE 5o — PSSR A S “ R, AR PRl R U AR (1K) DNA (X BRI
RUEE DNA 3R o 5 — R AR sk B s s ids, Horp 53 40 DNA (X B nl e i s e R A . e
BARREWAE G NEATE E4E B =B (B, B 40 B 2 2 B R A B
I FLEMBAE ) o YT NTE EAMS, HAREAA T A 2 s S 4R 2R 4, I BN S
1E ER AR E S . 1 H, AR 5 T AT AR R F R . X
PRAEAR RN “ EHRIEFAR” (SR BN “RIZFAL”) . — M S, 7L E 2 DNA Hi R
H AT R IR B A Tl A BRI 2. AEARULE] A, “ BORL” A sk RIS B AT T, A
PR A i AT s T 20 152, AR B B 7EALRR IR B HAR R U SR8 8044, th i =5
A (B, SR 5 S5 5 IR BE AN IR AR R 5 ), FOHAH R B D RE

[0045]  RIE “AZPRAEAE” B “DNA M 4R A I AT 4a 49000 7 21 B n e E FE 2 0E Y
[R5 7 20 35 HAm N SR T HACAI P51 o % ARE P 5 ARGE “ 4k DNA” B “ B HL N7
AT H

[0046]  WIASCHTE A, RE“BF" e 1T 5| R NI ERE R NZRITI . B
& T H AP REEIER I E R4, B35 AR SNl =R 7 (R “f=6)
A7) — A TRISG R R E . — S, AR R e AR EA R T
BT A LA 45 A 07 S SR R R A R 2 17 31 B PR AR R A R & 1k 31, BA
S G 0EF BOE AT F

[0047]  fNASCPRAE , “WUSCHEL 22 ik ” BE “WUS £ ik” & 2 B A wuschel 31, BN, &5

8
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Y R SRR T AR 2 K. Wuschel FE TR AR, BFET-40/0. Wuschel s21H
YIRS 1 T, ARG AN (AH ELBh A RIsECE ) e — 26 — W8I — H% A - W 1A
VRIS Y , FEAS MBI R/ BOFS M AR A A M IR 2 B PR VR B2 o Wuschel 82 [ BT Al i — A 5E
A/ B AR R AT e LR EE AN SRS wuschel C- Am&hfy4s, (E/R) TLPLFP AT A (A/
SYLEL(S/T) L M3, RiBEWAFERA Lk D) ae A —Fh 1) 7 B AR RN A R

[0048]  WIASCHTT A, ARE“[H 27 5 &E A FUERE IR K. 208 & 0 OB, HAEAN T
5 o 1 L SR MR B T/ B A FLELAT 52 AT 2 R A
)8 1 B A 0 Dy R v P

[o049]  SRARAEMEA LR — PN EE N AR,

[0050]  HEAFE I ELEADRAAEER R TN A B B TUE A7 s AT HE N- Rum Al /
8 C- RKom Bl LT FI N N R E S DN R IR . — T &, 7R 2R IR)T 21 4 A\ Lb N- B¢
C- Rimfl & /N 1 2 10 DERIEIZ A

[o051] B #edgH BHA LR (LSl Bmi K M S5 KM B Ve IR 4T, DA BB,
I a - WEHRAEMEL B - B ) AR AR S B O R 2R . 2 B B o N
AR R, H 2 BT 0 22 JIR i (KR FH D e 20 SR ] SR HYE B ATy 1 %8 10 e B PR
FNET NL 1210 MEERRIENF A . FIRERE LR TFEAIERE . (T
B R S ARSI (WA Creighton (1984) Protein. W. H. Freeman #11 Company (Eds)

NN

[0052] K 1 .{RSFRIEIR B B M55

[0053]
2 ISR WAk |[TRSTE R
Ala Ser Leu Ile ;Val
Arg Lys Lys Arg ;Gln
Asn Gln ;His Met Leu;Ile
Asp Glu Phe Met ;Leu ;Tyr
Gln Asn Ser Thr ;Gly
Cys Ser Thr Ser ;Val
Glu Asp Trp Tyr
Gly Pro Tyr Trp ;Phe
His Asn ;Gln Val Ile ;Leu
Tle Leu, Val

[0054]  ZALPRE e BRI/ I N R 7F A U AR QU ) R s AR, L 4 [ AH

9
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LA/ BT HoAl A B A, Bl B4 DNA R BET . 5 0E DNA 3 51 LA A 2 1 R )
B RN B AR I 7 1A A AT BRI o 1, 7 DNA B FIUE A7 5 T 1 B e 98 A (1)
AR TS AU AN 72 1) 3F HASFE M13 548, T7-Gen 1£4M74E (USB, Cleveland, OH) |
Quick Change {7 fi5E M54 (Stratagene, San Diego, CA) . PCR 43 HIA7 5 5E a5 AR Bl H:
Az 55 AR T SR

[0055] WA SCHTE A, ARG P47 W He WUSCHEL #H 2% (I [FIYEAE 4 22 (1 A BAL K
35 B IR B[R] SR S AR AL R B T B B SR AR ) B R A 4 2 R AR TR ) B
WUSCHEL AH < 1 [R5 HE 4 25 7 B AR 036 MR8 A (0 8 IR B 2 IR, AR 45 5 WUSCHEL AH 2 1) [R5
HE 4 25 A 208 AH [F1 B B WUSCHEL AHOC 1 [RIVEAE 4 25 A 24 B2/ 7 51 2 2R 7 71, 4,
SEQ ID NO :3 B¢ SEQ ID NO :6 H PR 2 B /7 71) , HoAD A B A WUSCHEL AH 5% [ [R5 AE 4
A /B, IF H @ 2R WUSCHEL AHZC I [RIVRAE 4 &5 9 ) 2 /b —Fhid k. A HE, A0
PEBR 2B 55 2 A WUSCHEL AH 2% 14 [RIVEAHE 4 g5 A 19 2 2D — P MR 25 M 3L /7 - WUSCHEL £
KHYFIEHE 4 85 AP 15 4 v] L, B, KRS 210,211,212,213,214,215,216,
217.218.219,220,221.,222 B 223 NRAILFEI £ K.

[0056]  WUSCHEL #H2 [ [FIJSHE 4 22 7] H A SEQ 1D NO :3 B¢ SEQ D NO :6 H [ B 2 At
BRI 3. e Ath S 77 =UH , WUSCHEL AHOGR RIJEHE 4 B2 244 15 SEQ 1D NO =3 B SEQ
ID NO :6 #H[F], 3 HA#%F SEQ 1D NO :3 BY SEQ ID NO :6 £ R TheeiH i, (B R AR F
FI T R IR T A7 B2 R AR AL B AR AN A A 53— SEit )7 sCH, WUSCHEL AH 2C I [RIJEAE 4 &
HE455 SEQ 1D NO :3 B SEQ ID NO :6 HH /D% 95%.96%.97%.98%.99%.99. 1%
99. 29%.99. 3%.99. 4%.99. 5%.99. 6%.99. 7%.99. 8% .99. 9% By ¥ £ [ — MR LR T
Fll

[0057]  WIASCHTE A, RIE “E5H8 85 AL om0 5 51 LuX 724 e A AR ST 1 —
HAHMR . AR AR B R Z R T BeAE [F RV AR, ALR AR RE e A = AR T
MR IR IE~TTRex TR AR S0 R i 2 DA AR . BrEEARER
MR B LE e e A R AR S 4, e AT AR AR IRAT, DA e AT 1R 1 22 K2
BlE TS e 2 KKk,

[0058] WA SCHTE A, RiG“I P “Faib b Fopg A F i 5] b Ry Xk, 3t ¢l
W AT 5 R A ) 1R P AR AT 8 405 LA 0 P 5 R 3 I (A — 3 40, B, TR 51 &5 A A ) 1
B Can LA 7 I I I 2 B PR V& A5 B 58 I 25 A U A0 ) o

[0059] DRy 1 %5 58 &5 M 3 A7 AE 10 &% FH HOHE e, 49 1, SMART (Schultz 5§ (1998) Proc.
Natl. Acad. Sci. USA 95,5857-5864 ;Letunic Z& (2002)Nucleic Acids Res 30,242-244),
InterPro Mulder Z&, (2003)Nucl. Acids. Res. 31,315-318), Prosite (Bucher H1
Bairoch (1994) , F T H 3l 7 71| [ B (1K A1) 40 21 8= e R0 H D R ) — R R e fiE . (Tn)
ISMB-94 ;8 — Jm o FAEMF R R RS W E PR K<t %, Altman R., Brutlag D.,
Karp P.,Lathrop R.,Searls D.,Eds.,ppb3—-61, AAAT Press,Menlo Park ;Hulo Z&, Nucl.
Acids. Res. 32:D134-D137, (2004) ) , B¢ Pfam (Bateman &, Nucleic Acids Research 30(1) :
276-280(2002)) « HTTHE LA & A T AI I —4 T H A ExPASy 8 A Bdd k55 4% 2
T (Swiss Institute ofBioinformatics (Gasteiger 2%, ExPASy : HT14 /5 & M F 401K
MM E IR S 2%, Nucleic Acids Res. 31:3784-3788(2003)) . AfH FH & ¥IE A,
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Eb i i 7 51 L ke 45 5 S5 A B R 7

[0060] AT AKEAM BN, R HRDR 07, <R B R B« EAH R BRI, R B Rk
& R AR B A AR AT/ B AR IR 7 7 S B W AR A R B A B2 T 71 3R
KGRI AR AL, B R L E A at dE 2 vk AR, Hob s () RS E AR Z IR B
HT AR T, B (b) BALIEGITH (—2(E2 5 ) Al R A R W1 iR
FE 3, B B B, 8L (e)a) F1b) AEEATH KRR LI B P B C &l it 4 T 5B .
BHER] g, B B e N B2k L (BB BUE N DB NIRRT RN LI
Ry R AE IR LD 1) DR SR e 1R 2 B 4 £ A s DR PR BUAFAE T B PR A S e o AE R A
A PERIIG DL ik 2 0 F R FFIZ IR 7 B (W R IR I AR IR BT . IR IR 7 31 2 /b —
AT 3 FLP 34 JE 24 50bp, PRI A2 500bp. RIRAFAERIFRIL & — B R IRAEAE
(IAZ IR 15 B I R AR 8 35 m A T Tt b SCRAR 2 BH 5 v 4 22 ok RO R 82 A2 12 5 37 4
A - MERIS RIS AERR GBI (P AT JriEtetn, #an, 7548 ab AR AR il i [
Fik . &EHMTFIERIRALE, Hlan US 5, 565, 350 (EIE Z%IE N ) B W000/15815 (iEit %
ZEIEN)

[0061] N T AR B B I, i 3 DR 0 DR S 3 R 0,468 HG w76 A R B 1 Vi o A 10 2%
PR ANTE & AT TREL A %) Pk 5 D1 2EL %) 34 R SR ks DR R () R LA 47, I L IR L A 1 RIS B R P ik
SRR AER, WIRTHR BN, L R S0, RUE AR A R W 14 S/ AR R W K vk v £
F B BRAE e AT AL A 2 TR 2L R R SR S, AR T RAR T 31, )7 3 ittt , Al / BRI T
BRI 75 MGG o 6 ok DR A0 328 1 PR g 8 R AR A O B B R R 7 DR 4L (R Al R
SRBLIR PR IE , LIz IR R AR [N BB ik, il

[0062]  BASCHTAE T, RIE “FIN VBBl ” e AR SCRFESNE M 2 I IR AL 215 4
J, Fo e T A 7 004 o et B 5 ve e B0 LA 1, Toibilid 48 B K A BUIR 28 K
A, AT FH AR B R A A S AR e A I ELMHG B AR S A o BT R I o B 508 3R 4, AT
Ol T RS A AR Rl B BAR H U TR . el PR S8R AR 2 16k IR 28+
- R IR % MRS A @ 4L A7 AR AR A0S (B, T o AR L 40 IR 2R AR A 41
), G B MY (B, i AL SR IR A A4 o 2% IR T R B E 5
MNE EA I BT DR AR A, B, k. mldth, T8 A 2 R RERAE. B
FFEEALRE A0 I m] SR J5 T DAAR St e (1) 77 s A A

[0063]  AMGEEIN 46 R B A S R AR A b

[0064]  HAWWAN R L AL BRAE AR 2 T AR o A7 R, AT ATECA $6 4075 7257 B T IR
LIRS R BINIE 2 AH e A . S WA P02 SR SR W AN M % A RN B AR AR R 1 ik AT
FI T B Bk e ek o e T i A A5 F TG o A v 28 AL AN 38 0 e 59 DNA TR AT IR A 27 o
DNA ELEEE NAEY) KL 35 e, A o 25 BUAE R S B I e Ak S BE DRI YD, A0 4
BREMHE G 2 T IAT BN S R . A R 7 1R AR 5 b e Ak
(Sajib %%, Plant Cell Tiss.Organ Cult. (2008)95,333-34) ,

[0065] Y, Ak T e BRATAE B A5 SO RV S DR — R A, B R 2T ) 2 R 2 5 (1)
—NEEZMFR IO A A B ML, S A R A R e Y . O T kR
R, S AR RIS IR A LI i 22 52 0 PR VE S A0, AT G A R Pl 5 R AL (R
ARl A5, PR DA 3R 5 U3RAS A, JE ARG A K B 2 5, Tl B 55 4 5208

11



ON 105164262 A i B B 9/17 1

(Rt L] e R IR TR 2, fEW B e, AT F & A s R 1 Bl il B 1
FARE G MU AT P 7] A HER) » AT e, FIAFAE e pric b EaR L
[iprz I AR R/

[0066] 7t DNA ¥ ¥ M A 2 5, tH AT PF-AfHE 8 F AL ) ) A A Southern 4341, B
D) FE IR B A7 AE B DLBORD / s D Al 2, Pk M B A 41, BT A Northern T/ 8%
Western 7341 T 51 A IK) DNA (R IE K, PRI AR A AR S AR N RF 1 .

[0067] A ALY P dE IS 25 Bl 7 sUBETE, b inidad ve B B B BT R . i,
A0 (BT A mT 3500 0 Rl #2555 4K (B T2) B fupk, fl T2 H61)
AR fEH A S BRI . AR A AR TR &R B, eATTET
DASE e AL AN A 2 A L ek S A s e B e AR pR (B, S RIB & Iir gtk )
A R A I A i etk (altn, i b, 4 22 R AL B AR 22 )«

[0068]  FIAR SCHAH FH, ARTE “ I NI IR 7 B “ad Stk 45 HU AT 4R B AR B R A /K1 B 2 1)
AT REIRIE,

[0069]  ASIH 78 7310 4 1 T3 o0 B DR B L AT 7 M o SR K U s ELAL R, 4, e o o
RS B SR BN IS Ak AR R SR ol B PR . AR S B B0 R T R
BRI A EREERN ZZERE S E (B EiE) 51N, DUE R ghig RO
Z KL R R IE o 5t , Pls I A8 B R A/ BB e AR N B WA B+ (WL, Kmiec,
US 5,565, 350 ;Zarling % W093/22443) , B4 25 (1A 371 DA LA 4 1 58 [A) -5 4%k B
PRIE 4 B R B 5 N0, DU R PR (3R IA .

[0070] BRI Z KRR, — WA 2% E RS X 37 w45 2 IR B IR AL X I
% IR B A X T YR R AR AL S R A AR ) AL TR B T-DNA S RN 37 s J 3 51 ] Y8
a0, IR G 2088 B Bl A DA B DY), BRI MU 8 0 — A R DR, BRI s s B AR AT
HAh mAZ AN

[0071]  WEHFFFIBAERINE 57 AERIBEX (UTR) BB 44 bd /3 Z1 (1) 9mbs 3 71, DA AR
R UE R AR E MR E . O BN, RV BN YD IE A AR 1 5 5% S oo h A F
AP A B3 INAE mRNA AR BT I 2R R R 15 22 1000 £ (Buchman 1 Berg (1988)
Mol.Cell biol.8:4395-4405 ;Callis % (1987)Genes Dev 1:1183-1200), 44T B 1F %
ST 57 by BT A, IXRE I P AR A R SRR I R K. RS Adhl-S Y
T 1.2 H 6, Bronze-1 W& FREH 2 ARSURCHE . T &GS W :The Maize
Handbook, 116 #, Freeling fl Walbot, Eds. , Springer, N. Y. (1994) .

[0072] 1 INE PN LR Fr BB A R R e B B[R] — 1R 28, mT O T i EL B H
M EEREFe 1) (a0, AIAESE — M3 A IR B IR e B ) L — B = F# SN R AN T
RO, IF HON T R B R AT ZEE AR 31 ) o T EEE B R, BN S PR PR
Al LU ZH YK L 2220 95 % o AT IR i EU IO LI 2 R IR fr B BRI 7 B I AL 1
PREEBUZH o A58 — A A7 B S — e 2 v N A7 B PR () 2 B PR R A B H R o 4
I, oAz B A F ) (AR ST AT, 2 B PR B R[] — 1 5 2 B R R e [
PEVAHTE ) o PSRN L IA )[R — PR o Hoe P 3L = A R A B8 B R R 8, B R RR 2
TS A R s A EOA BN BRIV B, R BRI

[0073]  JE B LL IR P 5% 5 B1) 2 TR) () [R] — 1 v 43 % 0 o mT A FH 8 2 s e e 7 —

12
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Fhsziit =, IS R IE IR 7 81 2 () i TRl — 14 1 43 20nT f# ] Needleman 1 Wunsch (J. Mol.
Biol. 48:444-453 (1970)) 5Lk 52, H © 4 3 N\ GCG 34 8. 2% 1Y) GAP F&£)/% (1E http://
www. gcg. com Al ] ), ] Blosum 62 HHFETE PAM250 %, FI2S FRALE H 16.14.12.10.8.6
B4 AR N 1.2.3.4.5 B 6. AE) 53— DLIR R SL i 77 2N, PSR AZ H IR T F1 2 AL Y
A — P & - B A A GCG 3k AR 3E H 1 GAP 2 /% (£E http://www. gcg. com A] H ) I 5E,
{4 Ff NWSgapdna. CMP 4B [ 3f: HLZ3 BB A 40.50.60.,70 B 80 FIHK: FEALE Jy 1.2.3.4.5 B
6. 755 —SEht 7 2, AR AR R SR IR T 2 L TR I [F]— PR 40 BT H E. Meyers Al
W.Miller (Comput)Appl. Biosci.4:11-17(1988)) &, H B4 I N\ ALIGN F£/7 (R4S 2.0
B 2. 0U) , {1 PAMI120 BUEARFESR, 25 B B T o 12 AR 0 4.

[0074] W] FH-T-I0 58 P 2% )7 1 2 (8] [R] — P i 7 49 1 o F SEATLRE 7 A R AH AN PR T BLAST #2 )7
45 0%, 451 41, BLASTN, BLASTX M1 TBLASTX, BLASTP #1 TBLASTN, £F www. ncbi. nlm. nih. gov/
BLAST J& A A .

[0075]  YIRAHYE & AL TR 7 BUAE 6T GenBank  DNA J 371 A1 H A 2 F-H0 48 B 1 K% 1% 17 771
IR}, 38 %% 1] BLASTN R 5 #HAT EH4 2R . 4 T4 X} GenBank £ 14 /51 5 71 A0 Hidth 2 FF 5503 122
W R R T B1HE 2R AE B A el A R B B AR IR 7 31, L1k BLASTX #2477 .

[0076] Ry 1 e PIACBTE 2 267 B .2 [ “ %6 [R)— M, A A48 1 CLUSTAL-W 27 Lk i
AT IR LEXT LEXT

[0077]  fnn Pl R, AR B ) — Pl St 77 X2 G AR A ot 2 JRROF [ S 1 JBR 1) WUSCHEL
FHCI [RIJRAE 4 2 BRI B 1 2 2 R, FAAFR / 30H 47901 SEQ 1D NO 2 A1 SEQ 1D NO
5 R FAZ A BT AU L R . AHBLHE, FHAZ T RSP 51 9wt 1) 2% 1 ¥ WUSCHEL AH 2 ) [R1J5HE 4
ZJIKEA SEQ ID NO 3 A1 SEQ ID NO 6 H BRI T H . MRIEA K B SLiE 77 70, SEQ
ID NO 3 #5¥ H 95 25 BRI WUSCHEL AH2C B [FUEAE 4 (W0X4) [F R 2 kP31, Fil SEQ 1D
NO 6 4535 5[5 5 JAR () WUSCHEL AH G 1) [V AE 4 (WOX4) [R R 2 IKF7 51 PR Lol
HH T A 3597 B BRI [ S b o R AR R AR E I AR ) & R 72, T4 R B A v 4 4 (1)
WG A R 3.

[0078] AU HH 4R AL T S h i 5 AR o8 B SRR R (5] SR P JBR 1) WUSCHEL AH 5 [ [R5 A
4 (WOX4) [F] R EE R P31

[0079]  7E—FPsEitiJy N, SEQ ID NO. 1 HHERE ] 1250bp K 2 1% H 1R A2 70 15 H K35 2 iR
4K FE I, 1ZFE R R BB Rk B 2L I AR 20 150 MESZ T, XL TR
DAL () 2 DR N P 9

[0080] 7y —SEHtiJy N, SEQ ID NO. 4 W R[] 1237bp K2 1% H A2 7 55 B B R Fp 5
BRI A KA TR o LR 7 FA AR SR 24 R R AT R 2D 150 MR AEZ T . X ARt T
FE DRI 2 R 3

[0081]  FEAS A BH I 53— skt Jy 20, 3R 4 7 9 b3 2 IR0 4 I 2 = B R, A5 SEQ
ID NO 2f1/8(SEQ ID NO 5 HH [ BERIZ H IR T 51 . SEQ ID NO 2 48 H 35 28 BR 1) WUSCHEL
FHIC I [FIYRAE 4 (WOX4) [Fl RIFFUM 2 4% R 7 A0 SEQ 1D NO 5 FEJs [ 15 SR F i SRR
WUSCHEL AH % [HIJRHE 4 (WOX4) [F] RYFF I 2 M H R 751 o

[0082]  ZEAT Y — gty =0, BE A% 4w F0 WUSCHEL AH < (11 VS HE 4 22 ik, 3% H A M0 1k 1y
B B IR 4+, 4455 SEQ ID NO :2, SEQ 1D NO :5 B BT 74K A

13
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HE/Y95%,96%,97%,98%,99%,99. 1%,99.2%,99.3%,99.4%,99.5%,99. 6 %,
99. 7%,99. 8%, 99. 9% B & [A] — PR KR H B 7 51, BT AN

[0083]  7E—FPsLit 7y TN, SEQ D NO. 2 HEBEK) 669bp K 2 IR A& 4 K cDNA TifE,
Ho4hs WUSCHEL AHIC K [FIYRAE 4 (WOX4) & A, B ngwhdan SEQ ID NO. 3 H 222 M KR %
JUR ) IR0 BRI S , T B2 1K) 437~ 5 N2 25. 54kD. 1id SEQ ID NO. 3 (K] SMART 43#7, #8377 51)
HIAFAE [FVRAE S A8 . IX & DNA- 45 5 R, K 58 K Bt R Sl X2
WUSCHEL AHZS I [RIVEHE 4 (WOX4) &1, 2 50 I 41 Hu s b .

[0084]  7E—FPsLif 7y U, SEQ D NO. 5 HEFE) 672bp K 2T IR AZ 4 K cDNA TEfE,
gt WUSCHEL AHC I [FIVSAE 4 (W0X4) &2, Bongafdan SEQ ID NO. 6 223 MR %
JUR ) IR0 BRI S , T B2 1K) 43 -5 9240 25. 67kD. 1t SEQ ID NO. 6 [¥) SMART 43#7, #8775
HAFAE R VEAE S5 A4 . IX A2 DNA- 45 5 A, S 5ok B T RN SR . X2
WUSCHEL AHZS I [RIVEHE 4 (WOX4) &1, 2 50 I 41 Hu s b .

[0085]  HRHEA K AL SEE T X, SEQ 1D NO 2 "B B8 10 2 R e vl di el 3
DAL B 51 [X 35 ) PCR 4738384, 1 73 B8 B Ko s AR I AL 1) 2 RNA 9 H. SEQ 1D NO 5 A
T8 I 12 8 R AR 5T DX PCR 4 3G 3R 4T, 157 FH 4325 1] SR Pl 2 R IR P 1R RNA S BRI IR 18
5 o ), A P (K 35 2 JRR PRI A 4 O—4 b Pt RSl ) Py [ R R 288 JBR A CVL—1 S ol

[0086] AR MM —seiti s, A T EA RN MK, AR HEA SEQ 1D NO 2 f1 / 5%
SEQ 1D NO 4 R FZ BT B ) 2 1 IR, Horp 2 R R 701 40 M Hh A2 T R IA 1, IF
L2 AT PR DA™ AR K 3 S SRR (5] SR b o JRR A 420 Hh 1) WUSCHEL AH 2¢ 1 [RIJRHE 4 (WOX4) &
FHE R 373G BRI 7k 13 K 36 8 JRR AT (52 SR 2 JBR FRTHELAA) 1) WUSCHEL AH G 1) A1
HE 4 (WOX4) FOFE Pt — B VEIRAESRHER] 2 o PRidedth, 20 3 DA ) s A 3t — 25 A0 4% ] 1R
HERE, DI 98 2 3% B IR AR R I 18 8 X . 78 BAR S 8 I3 s 3l , AT R ol
£97 SEQ ID NO 2 A1/ BE SEQ ID NO 4 (1) 2 1% 1 1R 1) 51 2H 2k R A9 B 44 v g s IX Il R 32
T 3OHE = 2R 1 WUSCHEL AH 2SI [RIYRAE 4 (WOX4) &M .

[0087] MR A & FH I St 75 =, R il 08 A2 3N (1) 2 38 B 1% 5 9] 2 4 B WUSCHEL AH 2%
(I [EIYSHE 4 22 ik RRZ R 4>, B4, 9wf5% SEQ 1D NO2 1 SEQ ID NO 5 HURZER TRt ik,
AGTIB A0 8 T G IR B R, BUCRE DR = 1k (9 7 12 EL 4R A e S E
[0088] A B R4 7 AL AT R B AT DG I 4R 4 7 22 (1) B R DR IR T i
AFELEAEY) 5 AN TN AR G0 A S T 2 14 RS WUSCHEL AH 2% 1 [RIYEHE 4 2 JIK 09T A #%
% o

[0089] B HLAAT &, A & IR AL 1 7= AL A bb s X R A EL AT 408 1 4 4 7= SR 1 2 5 DR AR
VIR 7 i2:, %5 14

[0090] (i) 7EAEAVIBUEMANNLH 5] N FIZRIA G AL [ WUSCHEL AH2C B RIVRAE 4 2 K% B BX
ALY A, HoFER / B 4% WUSCHEL #H 2% ¢ [FIVEAE 4 22 Ik (KA% R 2 R s A

[0091]  (ii) 7EEBEAFZE4 A4 KR B &1 T E IR EY 4.

[0092] AU B 75— J7 I Ao S B 2 A% IR » Ho 9 WUSCHEL AHIC I [RIURAE 4 21K, 5F
FLR B R 97 5 bR, HA IR N IR AR IR - -

[0093] &) U4 SEQ ID NO 2 W BERIIZ T IR 7 P AR IR 7, BRI B A MY s A

[0094]  b) 4G SEQ 1D NO :2 HH R TR 75 B A 20 95% 771 Al — MR R

14
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B IR 4 BUH BAMY) o

[0095]  7EHEEL ST 77 T, K3 5 BRI A =2 it Bl 0-46

[0096] AR BRI 7 — 5 T J - B4, Ho4mhd WUSCHEL AHIG I [RIJRHE 4 2 Pk I+ HIs 3 48
VIR SR Fh s bR, HA R A N IR IR 51 -

[0097] &) 04 SEQ ID NO :5 HHEDREIAZ T B 5 F1 [AZ IR 47, BRIL AN s 1

[0098]  b) A4H5 SEQ 1D NO :5 HEBEMZ T IRIT FIEA 20 95% 751 Rl — M % 1 1
B IR 4 BUH BAMY) o

[0099]  7EFELL ST Ty T, B 5P e BR (AR A2 i Bl CVL- 1

[0100] AR BA 55— 77 T #5 Je 43 25 (1) WUSCHEL AH 2R B [RIVRHE 4 2 )ik, 2LA%E SEQ 1D :NO -
3 B RE K S L IR Y 1, B AR T R B, T IR 2 RS G e A o B RR A A TR
Bl T 3 5 R O MO Ui Bl T 4 4 2H B Th RS

[o101]  FEFELE ST Ty T, o 28 BRI A2 =& i Bl 046

[0102]  7EHEEEsTfE 77 S0, Fridk 2 B4 SEQ 1D NO =3 W R AL I 7 71 20 95%
5271 ] i

[0103] AR B 55— 77 T ¥#5 Je 4 25 (1) WUSCHEL #H2C I [RIYRAE 4 2 Ik, FoAD$E SEQ 1D NO -
6 R 2 LR 7 7, O AR T B, B 22 KB G B IR AL S B TR R 3 R A R
TS 2] SR 2 JoR FRT AR A v i) B BB A 4 2 R — A B 2 A D R

[0104]  7EFELESTHE Ty T, B 5P e BR AR A2 Pl CVL- 1

[0105]  7EHLLEEsTfE 77 S0, Bk 2 B4 SEQ 1D NO :6 HH R 2L 1 7 71 20 95%
5271 ] i

[0106] AR BAM 5 —Jr ¥ M A FE R 24k, AR TR 2% HR -

[0107] &) f94% SEQ ID NO :2 B¢ SEQ ID NO :5 H BB [ 4% 1R 2 A A% 6 991 » B HL FL Ak
Yy AN

[0108] b) A5 SEQ 1D NO :2 8% SEQ 1D NO :5 FEBIZE R T BEE /D 95% 771
A — PR R AL T R )7 P WAL IR o, B T AN, Horp 2 0% R AE 7 L4l i b & nl RIS 1 DA
FE A B IR AN B SR e 2 JBR AL T 77 A2 WUSCHEL AH 5% ) [RIJRAME 4 22 kARG [E] 240

[0109]  7EHLEE ST 77 S, BTk i) s A it — 2D 6 JA 3 Xk, HnT HEE e 2

[0110] &) f94% SEQ ID NO :2 B{ SEQ ID NO :5 H BB [ 4% 1R 2 A A% 6 991 » B HL FL 4K
B

[0111]  b) A5 SEQ 1D NO :2 B, SEQ 1D NO :5 P A RE (A% 1 1) 71 B AT & /0 95% )51
A — PR R AL T IR )7 A AL R o3, B T AN, v BTl 3 3l 3 5 A% IR 3+ I 6 st E R
s

[0112] AR A — 5 LA HE AL D AR R B ik, Hge g kil e B N R Z

HHR
[0113]  a) 4045 SEQ 1D NO :2 8% SEQ 1D NO :5 WP B TR T 7 A IR 43—+, B H A4
Yy H0

[0114] b) fA$E5 SEQ ID NO :2 &% SEQ ID NO :5 B H RS B4 F /0 95% F5)
[ — P ) A% 5 1 7 9 B AZ PR 43 1, B AL TN, S B af Ak i 7 AE WUSCHEL AH 2% 1Y [F) 5
HE 4 Z Bk [E 24 .

15
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[0118] A BT 55— 77 [0 B 7= AL AE S T B B A 3 0 B 1) 40 4 7 2 i) R
O R I T iR, HAL AT

[o116] &) FEAEMIAH N I NG B R 2 2 RV E AL R R A 1) 45 SEQ 1D
NO :2 B SEQ 1D NO -5 " R AURZH IR 17 S A% IR 0% BRAL LANY) A0 1) B455 SEQ 1D
NO :2 B SEQ 1D NO :5 H R (% B IR 7 FIL R AT 20 95 % e 81 Al — PR B IR e 9 I IR
o5, B TAMY,

[0117]  b) FEARBEHEY AR B RIS T RS-0 AT

[o118]  ¢) FKiILEH TIRMZ K 1) AHF SEQ 1D :NO :3 B SEQ 1D NO :6 HH B 2 5L 1R
FEFNR) 2 K, B APV v By o 11) 55 SEQ D NO =3 B¢ SEQ 1D NO =6 rv B (1) 2 2L 1R
FEF HAT 20 95% 31 [F— PRI 2 K.

[o110] A BHR AL Fr 71 n] A8 F AR & BRAS U BB U5 Bl (X T2 A1 RL, Bk B g B A R
WAL BER R PR I AR AL

[0120] A ALRE W B BRI ZER A rh 5 1, AR RNR BB & . REta
P —E R R IR LI I 3Catiid 1 AR, B8 B B A, DL K 2 H AU D 1)
IF EL AT R A A RO 3 AL 5 AR AT B0 PR 22 D03 5 1l AN B AR B ATBUR] 25K 1 7
o

[0121]  ASCHIH T V2 275 30k, RN RIS % e TR TR

S

[0122]  "RIRSLHEN] B 75— 0 B AR R B, T PR AN AR R B R T o A 1 B 1 SL e
753

[0123]  SZjdo] 15IRI BTG L

[0124]  7ERIF 58 A 09 51 40 2 TF Bl okG 12 1 2 S 2L 10 vk 3 EL DA 3597 28 JBRORH [ SR b 58 R 1)
SEPRZE B T ) LRI 7, i F i B R A 584 ORF {7 71 B AR R R L4
F T M LA AR ) 53 5 (K B B o {8 F NCBT BLAST.BLASTP.RPS—BLAST.BLASTX Fl PST-BLAST
AT O AR TR T R LA E B2 a0, DS e AR I H 299+ B A
FRAMEHEE. B2 FIHIAE LR E” dhrt, B clustalW A 1. 82 #H1T#
TR HILLNf. ARG gREELENT . FalikBRRNE T ESI Y CERM & ) BB Primer
3plus L E I H & hl & 514

[0125] A RRAEAZIF 78 3 F 0 BT A S5 A% 0 B O LIl (B B2 i HPLC &4k LA B AR5 DNA
HAR (IDT) KA. 788 K ddH20 H11] %2 100pmo ] [ BREHR T HA&FAEL) —20°C, LA%E
SRR .

[0126]  H{E PCR 51 FEAZ T 771

[0127]

16
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5144 SEQ ID NO BRI 1 cDNA H
e

COLF 1 CCATGGGAAACATGAAGGTGC st

COLR 1 TGAAACGTCCATCATCTGCCT

CCAF 4 CCATGGGAAACATGAAGGTGC s

CCAR 4 TTCATGATCTGCCTTCCGGG

[o128]  SEjaAA 24 3 2 bR NI [ S PH 38 JAR 1) WUSCHEL AH G 1) [RIUAE 4 (K471 L B
P52

[0129] M MS FrardE FA K = Pt 95 5 RNA, W45 T Chomezynski P fll Sacchi
N A Lﬁi@aﬂmihﬁ%& £k - OR My — ST IR ELE RNA 43 B (1§50 7738  (Anal Biochem
1987,162 :156-159) o 18 i By 5 0 4% e LUK K 25 RNA (1) i1 & B 5€ %8 14 I HLf# A Thermo
Scientific Nano Drop 2000 *ETE*T‘/EE}?%%% {# [ SuperScript 111 i % 5 i
(Invitrogen) F&HEHI|IE R 483 A cDNA 85 —%% . JEIt PCR {1 A JE DRI RE 5 14 51 70 AN cDNA
PIEEA PCR e (B0 n L) 402 1 u L ¥ cDNA, 20pmoles HIEEAN5147,5 w L[ 10X PCR 221
VB, 5 w LI 2. 5mMdNTP ¥ 5440 1. 0 B4z (¥ PfuTaq DNA 245 . 7f Thermal Cycler (Applied
Biosystems) Hff ] T ik & 11F 34T PCR £ 4] 95°C N AT A P4 5min B J5 35 > T iR 1
L AEL) 95°C N AEPEL) 30sec. FE4) 59-61°C FiB k&) 30sec FAEL) 72°C N ML) Imin,
EL) T2°C T I A IEMZ) Tmine T 1 % BURHEEER ] 1X TAE S804 Bt PCR 7™ i 3
B BT FH QTAGEN #58 £ Bt 771 6 AR e 7 O 8 S0 IR 38 . 24k PCR 7= i
#: 2 pCR®Y/GW/TOPO® TA Wil ik & (Invitrogen) FEE Lk 5 B2 4 K I KT T 41 o

(Invitrogen) . MHESE SEFEMTH QIAprip Spin Miniprep i) & (QIAGEN) Rt 45
FAr B TR o I A DR e 1 5 A A N B A AE I HOGT FH PR BURLE AT I
[0130]  SEJafsl] 3Fp A1 7 iy

[0131] 437l i BLASTN 1 BLASTP B /3 iz H IR e B M 28 B R 7 31 o A HARAE M4 16
K F A ClustalW EbXf. 1A Neighbour Joining (NJ) #H4T RS KA.

[0132]  SEjfafs] 447 4 A& U IR M 2

[0133] I 7~ WUSCHEL #H % f [RIJEAE 4 (WOX4) {E£F4EE M4 P AR /0 B sh il g /4
FEIE b 5 5 SR 1 K 9 B BRI B SRR B R ) L I (RIS A S I BR (1R 5 Arbidopsis ZE[A
S LLHE . A FH G S A8 8 1 3590 2 BRI (2 SR o 8 JAR 22k AT 4 P 4 A 11 WUSCHEL AH 5% 11 [R] Y5 AE
4 (WOX4) MEALEE SN, BT id i S A8 A T8 42 TAE = Resnet—-Plant 3. 0 HdlsJF LAk B
R ISR ERE T H .

[0134] JEIISEIHAN

[0135]  ASCHIHBIFTA 3% E LR 35 B A A LA g, fI A PCT HigE it &% If
AA

[01361  Z&[A]J5 )

[0137] BRI OARIRFERE T 4K B RIEA 92t 77 2K, ARVURE AN R 5 38 2R
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FEDIREA / BORAFASCHTIA 45 RA / BE—PPE 2 B E (1 2 Bl Ath 7 200/ BS54, IF
HANIXFER AT/ BUSIAL YA R B ITE N o ARG AR N SRAN i 22 1) 30
SEFS AR B, BURR S i 58 A SR (1) AR Kk B BAg sL i 7 S0V 2 S0 3K BT L, RC PR fig iy
A St 77 sAAXAE A+ 2 I, - HLAE B B ORI EE SR A S0 77 SRRTE R A s AR BT
DLan B AR R A SR 1) HoAh 77 UL Bk

[0138]  SEQ ID NO:1

[0139]  KJF :1250bp

[0140]  SS7 :DNA

[0141]  FRES / REEF NS T, M +——F8HE 150bp 5° UTR A1 150bp3” UTR

[0142]  AEWAA B R, KT AR

[0143]  ACCTCATCATTTGGTCTTGGTTCTTCAAAGCACCACCTCATATCCCACTTTCTTTTTCTTTTCTTTTTT
TTAAAATTTTTATTTTTTGGGTTAAATTTATTTTTGTTATTATATAATCAGAGCATTCTCCCCATCATTCACTCCTT
CACCATGGGAAACATGAAGGTGCATCAGTTGGCACGTGGCTTATGGGAGCATGAACCCTCCCTCTCCCTTGGTTGCA
AGCGCTTACGCCCTCTTGCTCCCAAGCTCCACCCTTCCTCTTCCCCTGATCATACTTCCGTCTCCTCTTTCGACCTT
AAGACCTTCATTCGTCCCGAAAGTGGCCCCCGAAAACTTTGCCCTTCTGACGACAAGCGAGATTCTCATTCTCCCCA
GGTACTTACAAATATCCATGAAATGAAACCCTTTTATTTTTCCAATGATGTATATAATTAGTGGGGAAGGATAAGAT
TTTGAACTTACGATGAACAATAACAGTGTGGAAAGTTGATAATCAAAGGTTAAGAATGTGAAGCTGAAACTTTTTTC
TTTTTTTTGGTTATGTAGGTGGAAACGCACCCAGGGGGAACGCGGTGGAATCCGACGCAAGAGCAGATAGGGATATT
GGAGATGCTGTATAGAGGTGGGATGCGAACTCCAAATGCACAGCAAATAGAACAGATCACTGCACAGTTAGGCAAGT
ACGGGAAGATCGAAGGCAAAAACGTTTTCTATTGGTTCCAAAACCACAAAGCACGCGAAAGGCAAAAGCAGAAGCGT
AACAGTCTTGGTCTTAGCCATTCTCCCAGAAACTCTGCTCCCATTACCACCATAACTTTGGACTCTAGGGTAAGTTC
AAACCAACAAAACCCTTTCTTTGTATATATATAACGGTTAGTTTTTAGTTTTTACTTCTTATAAACAGCAATTAACA
TTAATGTTTTTGTTTATATATATAGGGGGAAGTAATGGAGAGAGAGGAGGATAGTCCATATAAGAGAAAGTGTAGGA
GCTGGTCATTTGAGTACTTAGAAGAAGAAAGCAGATCATCATCGTCGAGTCAAGAGGAGGAAAACAGAACTCTGGAG
CTTTTCCCATTGCACCCGGAAGGCAGATGATGGACGTTTCAACTTTGAAAAACAAGGAAAAAGGGAAGCTTAACCCA
AAACCAAAAAGACTGCTACAAAACCCAAAACTCTGTTCCCATTTATGAAATGATAAACATATGCTTTGATGATCCAT
GATGATGATGATGATAATGAAGCTGA

[0144]  SEQ ID NO :2

[0145] )% :669bp

[0146] 257U :DNA

[0147] AW B RR, KR

[0148]  KRiE4 / REETF :CDS

[0149] /& :(1)--.. (669)

[0150]  ATGGGAAACATGAAGGTGCATCAGTTGGCACGTGGCTTATGGGAGCATGAACCCTCCCTCTCCCTTGGT
TGCAAGCGCTTACGCCCTCTTGCTCCCAAGCTCCACCCTTCCTCTTCCCCTGATCATACT TCCGTCTCCTCTTTCGA
CCTTAAGACCTTCATTCGTCCCGAAAGTGGCCCCCGAAAACTTTGCCCTTCTGACGACAAGCGAGATTCTCATTCTC
CCCAGGTGGAAACGCACCCAGGGGGAACGCGGTGGAATCCGACGCAAGAGCAGATAGGGATATTGGAGATGCTGTAT
AGAGGTGGGATGCGAACTCCAAATGCACAGCAAATAGAACAGATCACTGCACAGTTAGGCAAGTACGGGAAGATCGA
AGGCAAAAACGTTTTCTATTGGTTCCAAAACCACAAAGCACGCGAAAGGCAAAAGCAGAAGCGTAACAGTCTTGGTC
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TTAGCCATTCTCCCAGAAACTCTGCTCCCATTACCACCATAACTTTGGACTCTAGGGGGGAAGTAATGGAGAGAGAG
GAGGATAGTCCATATAAGAGAAAGTGTAGGAGCTGGTCATTTGAGTACT TAGAAGAAGAAAGCAGATCATCATCGTC
GAGTCAAGAGGAGGAAAACAGAACTCTGGAGCTTTTCCCATTGCACCCGGAAGGCAGATGA

[0151]  SEQ ID NO :3

[0152] K J&F :222

[0153] S :PRT

[0154]  AEWik B AR, K LR

[0155]  MGNMKVHQLARGLWEHEPSLSLGCKRLRPLAPKLHPSSSPDHTSVSSFDLKTFIRPESGPRKLCPSDDK
RDSHSPQVETHPGGTRWNPTQEQIGILEMLYRGGMRTPNAQQIEQI TAQLGKYGK IEGKNVFYWFQNHKARERQKQK
RNSLGLSHSPRNSAPITTITLDSRGEVMEREEDSPYKRKCRSWSFEYLEEESRSSSSSQEEENRTLELFPLHPEGR*
[0156]  SEQ ID NO :4

[0157]  KJF :1237bp

[o158] 7 :DNA

[0159]  HRfES / REETF NS T, M E+——FHE 150bp 5 UTR A1 150bp3” UTR

[0160] A& B K, (R SR b i R

[0161]  TCACAAGTCAACCTCACCTCATCATTTGGTCTTGGTTCTTCAAAGCACCACCTCATATCCCACTTCCTT
TTTCAATTTTTAATTTTTTTTGGGGTTAAATTTATTTGGT TATATAATCAGAGCATTCTCCCCATCATTCACTCCTT
CACCATGGGAAACATGAAGGTGCATCAGTTGGCACGTGGCTTATGGGAGCATGAACCCTCCCTCTCCCTTGGTTGCA
AGCGCTTACGCCCTCTTGCTCCCAAGCTCCACCCTTCCTCTTCCCCTGATCATACTTCCGTCTCCTCTTTCGACCTT
AAGACCTTCATTCGTCCCGAAAGTGGCCCCOGGAAACTTTGCCCTTCTGACGACAAGCGAGATTCTCATTCTCGCCA
GGTACTTAAAAATTAATATCCATGAAATAATTTGTGGGGAAGGATAAGTTTTGAACTTAATGCATAATAACAGTGTG
GAAACTTAATAGGTTAAGAATATTTGAAGAACTTCTATATATATGAAGCTGAAACTTTTTTGTGGTGTTGTAGGTGG
AAACGCACCCAGGGGGAACGCGGTGGAATCOGACGCAAGAGCAGATAGGGATACTGGAGATGCTGTATAGAGGTGGG
ATGCGAACTCCAAATGCACAGCAAATAGAACAGATCACTGCACAGCTAGGCAAGTACGGCAAGATCGAAGGCAAAAA
CGTTTTCTATTGGTTCCAAAACCACAAAGCACGCGAAAGGCAAAAGCAGAAGCGTAACAGTCTTGGTCTTAGCCATT
CTCCCAGAAACTCAGCTCCCATTACCACTATAACTTTGGACACTAGGGTAAGT TCAAACCAACAAAACCCTTTCTGT
GTATATATATATATAACGGTTAGTTTTTAGTTTTTACTTCTTATAAACAGAGAAAATTAACAATGTTTGTGTTTATA
TATATATAGGGGGAAGTAATGGAAAGAGAGGAGGATAGTCCATATAAGAGAAAGTGTAGGAGCTGGTCTTTTGAGTA
CTTAGAAGAAGAAAGCAGATCATCATCGTCGAGTCAAGAGGAGGAAAACAGAACTCTGGAGCTTTTCCCATTGCACC
CGGAAGGCAGATCATGAAGGGGGTTTCAACTTTCAACTTTCAACTTTCAACTTTCAAAATGAAGGGAAAAGGGAAGC
TTAACCCAAAACCAAAAAGACTGCTACAAAACCCAAAACTCTGTTCCCATTTATGAAATGATAAACT TATGCTTTGA
TGATCGATCCATG

[0162]  SEQ ID NO :5

[0163] K Ji&F :672

[0164] ST .DNA

[0165] A& B8 K, (R SR Fh o R

[o166]  HrfiE4 / REET :CDS

[0167] /& :(1)--.. (672)

[0168]  ATGGGAAACATGAAGGTGCATCAGTTGGCACGTGGCTTATGGGAGCATGAACCCTCCCTCTCCCTTGGT
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TGCAAGCGCTTACGCCCTCTTGCTCCCAAGCTCCACCCTTCCTCTTCCCCTGATCATACT TCCGTCTCCTCTTTCGA
CCTTAAGACCTTCATTCGTCCCGAAAGTGGCCCCCGGAAACTTTGCCCTTCTGACGACAAGCGAGATTCTCATTCTC
GCCAGGTGGAAACGCACCCAGGGGGAACGCGGTGGAATCCGACGCAAGAGCAGATAGGGATACTGGAGATGCTGTAT
AGAGGTGGGATGCGAACTCCAAATGCACAGCAAATAGAACAGATCACTGCACAGCTAGGCAAGTACGGCAAGATCGA
AGGCAAAAACGTTTTCTATTGGTTCCAAAACCACAAAGCACGCGAAAGGCAAAAGCAGAAGCGTAACAGTCTTGGTC
TTAGCCATTCTCCCAGAAACTCAGCTCCCATTACCACTATAACTTTGGACACTAGGGGGGAAGTAATGGAAAGAGAG
GAGGATAGTCCATATAAGAGAAAGTGTAGGAGCTGGTCTTTTGAGTACTTAGAAGAAGAAAGCAGATCATCATCGTC
GAGTCAAGAGGAGGAAAACAGAACTCTGGAGCTTTTCCCATTGCACCCGGAAGGCAGATCATGA

[0169]  SEQ ID NO :6

[0170] K JF :223

[0171]  28AY .PRT

[0172]  AWAA 2R, (R SR Fh o iR

[0173]  MGNMKVHQLARGLWEHEPSLSLGCKRLRPLAPKLHPSSSPDHTSVSSFDLKTFIRPESGPRKLCPSDDK
RDSHSRQVETHPGGTRWNPTQEQIGILEMLYRGGMRTPNAQQIEQI TAQLGKYGK IEGKNVFYWFQNHKARERQKQK
RNSLGLSHSPRNSAPITTITLDTRGEVMEREEDSPYKRKCRSWSFEYLEEESRSSSSSQEEENRTLELFPLHPEG
RS
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