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Description

Title of Invention: . MATURE LEAF - SPECIFIC PROMOTER
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[0003]

[0004]

[0005]

[0006]

Technical Field

The present invention relates to gene expression regulatory DNA having activity of
promoting gene expression in a mature-leaf-specific manner and the use thereof.
Background Art

Genetic information of an organism is transmitted through a series of processes
referred to as "central dogma" in which the DNA information of a functional gene is
transcribed into mRNA and a functional protein is synthesized via translation of
mRNA information. As a result, a biofunction is expressed. Genomic DNA is an
aggregate of genetic information formed via association of parent haploids. Also for
plants, genomic DNA generally specifies the nature of cells containing the DNA and a
plant derived from such cells.

For the purpose of inducing expression of the biofunction through transmission of
functional genetic information of genomic DNA contained in cells in a correct manner,
it is necessary to induce expression of an adequate gene with adequate timing at an
adequate site and with an adequate intensity. Therefore, strict regulation of the ex-
pression of specific genes is required.

For the expression of a functional gene, the time, site, and intensity of expression are
regulated by the gene expression regulatory DNA which presents in the 5' upstream
region of the gene.

In recent years, as a result of the deciphering of genomic DNA using Arabidopsis
thaliana, rice, and the like, it has become possible to readily obtain gene expression
regulatory DNAs of individual functional genes of such plants (Non-Patent Documents
1 and 2).

Meanwhile, genomic DNA of sugarcane, which is a readily available crop, has not
been deciphered yet. Therefore, it is not easy to obtain gene expression regulatory
DNAs of individual functional genes of sugarcane. Hitherto, for gene introduction into
sugarcane, gene expression regulatory DNA from a non-sugarcane plant has been used
to regulate expression of a transgene (Non-Patent Documents 3 and 4).

However, when functional gene expression is induced in sugarcane using gene ex-
pression regulatory DNA of a non-sugarcane plant, it is observed in some cases that
the time, site, intensity, and other conditions of expression cannot be strictly regulated.
Therefore, acquisition of sugarcane-derived gene expression regulatory DNA, and par-

ticularly, tissue-specific gene expression regulatory DNA, has been awaited in the
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related fields.
Citation List

Non Patent Literature

NPL 1: Nature, 2000, 408:769-815

NPL 2: Science, 2002, 296:92-100

NPL 3: Plant Mol Biol. 1992, Feb; 18(4):675-89
NPL 4: Planta, 1998, 206:20-27

Summary of Invention
Technical Problem

Therefore, an object of the present invention is to provide gene expression regulatory

DNA having activity of promoting gene expression in a mature-leaf-specific manner.

Solution to Problem

As aresult of intensive studies to achieve the above object, the present inventors
found gene expression regulatory DNA having activity of promoting gene expression
in a mature-leaf-specific manner in the 5' upstream region of a gene expressed in
mature leaves of sugarcane. This has led to the completion of the present invention.

Specifically, the present invention encompasses the following features {1} to {4}.

{1} A gene expression regulatory DNA having activity of promoting gene expression
in a mature-leaf-specific manner, which comprises any one of the following (a) to (d):

(a) DNA consisting of the nucleotide sequence shown in SEQ ID NO: 1 or SEQ ID
NO: 4;

(b) DNA consisting of a nucleotide sequence that has a deletion, a substitution, an
addition, or an insertion of one or a plurality of nucleotides in the nucleotide sequence
shown in SEQ ID NO: 1 or SEQ ID NO: 4 and having activity of promoting gene ex-
pression in a mature-leaf-specific manner;

(c) DNA consisting of a nucleotide sequence having 90% or more sequence identity
to the nucleotide sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4 and having
activity of promoting gene expression in a mature-leaf-specific manner; and

(d) DNA hybridizing under stringent conditions to DNA consisting of a sequence
complementary to a part or the entirety of the nucleotide sequence shown in SEQ ID
NO: 1 or SEQ ID NO: 4 and having activity of promoting gene expression in a mature-
leaf-specific manner.

{2} A recombinant vector, which comprises the gene expression regulatory DNA
according to {1}.

{3} A transformed plant obtained by transformation using the recombinant vector
according to {2}.

{4} A transformed plant obtained from plant cells transformed by plant cell trans-
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formation using the recombinant vector according to {2}.
A part or all of the content disclosed in the description and/or drawings of Japanese
Patent Application No. 2010-293783, which is a priority document of the present ap-
plication, is herein incorporated by reference.
Advantageous Effects of Invention

According to the present invention, the following can be provided: gene expression
regulatory DNA having activity of promoting gene expression in a mature-leaf-specific
manner; a recombinant vector comprising the DNA, which can cause a functional gene
to be expressed in a mature-leaf-specific manner; and a transformed plant transfected
with the recombinant vector.
Brief Description of Drawings
[fig.1]Fig. 1 shows the nucleotide sequence of Saccharum officinarum-derived
ecc0001 EST (searched for using the DFCI Sugarcane Gene Index).
[fig.2]Fig. 2 shows results of eccO001 EST expression level analysis for individual
tissues of Saccharum spp. hybrids cv. NiF8. The strongest expression level confirmed
for stalk epidermis is designated as 100.
[fig.3]Fig. 3 shows the nucleotide sequence of the gene expression regulatory region of
the ecc0001 gene (SEQ ID NO: 1) into which an HindIII restriction enzyme
recognition sequence and a Blnl restriction enzyme recognition sequence were inserted
at the 5'- and 3'-ends, respectively.
[fig.4-1]Fig. 4-1 shows a predicted promoter region in the gene expression regulatory
region of the ecc0001 gene (SEQ ID NO: 4) identified using a promoter analysis tool.
[fig.4-2]Fig. 4-2 (continued from fig. 4-1)
[fig.5]Fig. 5 schematically shows a gene expression vector containing the gene ex-
pression regulatory region of the eccO001 gene and the beta-glucuronidase gene ligated
to each other.
[fig.6]Fig. 6 shows results of beta-glucuronidase gene expression level analysis for in-
dividual tissues of a transgenic sugarcane in which the beta-glucuronidase gene ex-
pression was regulated by expression regulatory DNA of the eccO001 gene. The
strongest expression level confirmed for mature leaves of the transgenic sugarcane is

designated as 100.
Description of Embodiments

The present invention is described in detail below.

First, the gene expression regulatory DNA having activity of promoting gene ex-
pression in a mature-leaf-specific manner of the present invention is described. The
gene expression regulatory DNA of the present invention comprises any one of the
following (a) to (d):
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(a) DNA consisting of the nucleotide sequence shown in SEQ ID NO: 1 or SEQ ID
NO: 4;

(b) DNA consisting of a nucleotide sequence that has a deletion, a substitution, an
addition, or an insertion of one or a plurality of nucleotides in the nucleotide sequence
shown in SEQ ID NO: 1 or SEQ ID NO: 4 and having activity of promoting gene ex-
pression in a mature-leaf-specific manner;

(c) DNA consisting of a nucleotide sequence having 90% or more sequence identity to
the nucleotide sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4 and having activity
of promoting gene expression in a mature-leaf-specific manner; and

(d) DNA hybridizing under stringent conditions to DNA consisting of a sequence com-
plementary to a part or the entirety of the nucleotide sequence shown in SEQ ID NO: 1
or SEQ ID NO: 4 and having activity of promoting gene expression in a mature-
leaf-specific manner.

The gene expression regulatory DNA of the present invention can be obtained in the
following manner: candidate genes expressed in mature leaves are obtained by gene
expression analysis using total RNAs from individual sugarcane tissues (of stalks,
mature leaves, young leaves, and the like) or cDNAs from such RNAs; expression
characteristics of the candidate genes are evaluated; genes evaluated as being
expressed in a mature-leaf specific manner are specified based on the evaluation
results; and the nucleotide sequence of the 5' upstream region of each candidate gene is
identified based on cDNA or genomic DNA of the relevant specified gene. Here, gene
expression analysis can be carried out using exhaustive gene expression analysis
techniques generally known to persons skilled in the art such as a DNA chip method
and a differential display method.

Specifically, the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 4 exists in
the 5' upstream region of the gene (hereinafter referred to as "eccO001") which is
expressed in mature sugarcane leaves. Examples of "sugarcane" plants described
herein include (but are not particularly limited to) plants belonging to the genus
Saccharum such as Saccharum officinarum, Saccharum sinense, Saccharum barberi,
Saccharum robustum, Saccharum spontaneum, Saccharum edule, and Saccharum spp.
hybrids cv. NiF8; and plants belonging to a genus/species closely related to the genus
Saccharum/Saccharum species, such as, Sorghum or Erianthus. Of these, Saccharum
spp- hybrids cv. NiF8 is preferable.

A method for isolating DNA present in the 5' upstream region is not particularly
limited. DNA isolation can be conducted by a method generally known to persons
skilled in the art. For instance, DNA can be isolated by a conventionally known
method comprising cloning an unknown region (i.e., the 5' upstream region in the
above case) based on the nucleotide sequence (SEQ ID NO: 2) of the eccO001 gene. In
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such a method, genomic DNA containing the 5' upstream region of the eccO001 gene is
subjected to restriction enzyme treatment such that an adopter consisting of a prede-
termined nucleotide sequence is ligated to the DNA. Primers are designated for the nu-
cleotide sequence of the eccO001 gene and the adopter, followed by PCR. Accordingly,
an unknown nucleotide sequence adjacent to the 5' upstream region of the nucleotide
sequence of the eccO001 gene can be amplified. After the amplified nucleotide
sequence is determined, another pair of primers is designed based on the determined
nucleotide sequence. Thus, another unknown nucleotide sequence adjacent to the de-
termined nucleotide sequence can be amplified in a similar manner. This method can
be carried out using a commercially available cloning kit such as a RightWalk
(registered trademark) kit (BEX Co., Ltd.). Alternatively, a method using inverse PCR
can be suggested in addition to the above. In such case, a pair of primers is designed
based on the nucleotide sequence information of the eccO001 gene. PCR is performed
using the pair of primers and a genomic DNA fragment obtained via treatment with a
certain restriction enzyme and self-ligation. Thus, the upstream region of the eccO001
gene can be amplified. Further, another method for isolating the upstream region of the
ecc0001 gene from a genomic DNA library can be suggested. In such case, a genomic
DNA library that has been prepared by a standard method is screened with the use of
cDNA comprising the eccO001 gene as a probe to obtain genomic DNA comprising the
ecc0001 gene. Then, the nucleotide sequence of genomic DNA obtained by screening
is determined. Accordingly, the 5' upstream region present in the upstream region of
the ecc0001 gene can be specified. Further, the 5' upstream region alone can be
amplified by PCR or the like.

As described above, unknown nucleotide sequences located upstream of the eccO001
gene are sequentially amplified or screened for to determine the nucleotide sequence
by a standard method. Accordingly, the nucleotide sequence shown in SEQ ID NO: 1
or SEQ ID NO: 4 can be specified. Once the nucleotide sequence shown in SEQ ID
NO: 1 or SEQ ID NO: 4 is determined, it becomes possible to obtain the nucleotide
sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4 by PCR using genomic DNA
extracted from sugarcane as a template and primers designed based on the nucleotide
sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4.

The nucleotide sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4 functions as a
gene expression regulatory region capable of inducing gene expression in a mature-
leaf-specific manner. A gene expression regulatory region contains nucleotide
sequences involved in gene transcription control, such as, a promoter region, an
enhancer region, a TATA box, and/or a CAT box (although the contents of the region
are not particularly limited thereto).

The word "specific" used herein refers to the following conditions: a gene expression
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inducible function is exclusively present in mature leaf tissue, which is one of in-
dividual tissues constituting a plant; and the gene expression inducible function in
mature leaf tissue is remarkably or statistically significantly (e.g., about 2-fold, 3-fold,
4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, or 10-fold or more) greater than the gene
expression inducible function in a non-mature-leaf tissue (e.g., a stalk, young leaf, root,
or meristem tissue).

The term "mature leaf (tissue)" used herein refers to a leaf (tissue) that contains
chloroplasts accumulating in cells for photosynthesis and thus is tinged with green. It
also refers to a leaf (tissue) other than a young leaf (tissue) containing no chloroplasts
for photosynthesis.

The gene expression inducible function can be confirmed by reporter assay or the
like generally known to persons skilled in the art. Upon reporter assay, a vector is
prepared in which various reporter genes (e.g., the beta-glucuronidase gene (GUS), the
luciferase gene (LUC), and the green fluorescent protein gene (GFP)) are ligated to the
downstream region of a nucleotide sequence to be examined in terms of the gene ex-
pression inducible function such that the reporter genes are regulated by the nucleotide
sequence. Gene introduction (or transient gene introduction) into the genome of a host
is carried out using the vector. Then, the expression level of each reporter gene is de-
termined. Thus, the gene expression inducible function can be confirmed. The reporter
gene is not particularly limited as long as the expression thereof is detectable.
Examples of such reporter gene include reporter genes conventionally used by persons
skilled in the art such as the CAT gene, the lacZ gene, the luciferase (hereafter denoted
by "LUC") gene, the beta-glucuronidase (hereafter denoted by "GUS") gene, and the
green fluorescent protein (hereafter denoted by "GFP") gene.

The expression level of a reporter gene can be determined by a method generally
known to persons skilled in the art depending on the type of the reporter gene. For
instance, if the reporter gene is the CAT gene, the expression level of the reporter gene
can be determined by detecting acetylation of chloramphenicol with the gene product.
The expression level of an individual reporter gene can be determined by the following
technique. In a case in which the reporter gene is the lacZ gene, color development of a
dye compound induced by the catalytic action of the gene expression product is
detected. In a case in which the reporter gene is the LUC gene, fluorescence emission
from a fluorescent compound induced by the catalytic action of the gene expression
product is detected. In a case in which the reporter gene is the GFP gene, fluorescence
emission from the GFP protein is detected. For instance, if the reporter gene is GUS,
GUS activity is determined as promoter activity in a host cell by one of both of the
following methods: (i) a method involving histochemical GUS staining (EMBO J. 6,
3901-3907 (1987)) and/or (ii) the method of Castle & Morris involving the use of a
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fluorescent substrate (Plant Molecular Biology Manual, B5, 1-16 (1994); S. B. Gelvin
& R. A. Schilperoort, Kluwer Academic Publishers). Further, the protein amount is de-
termined by the method of Bradford (Anal. Biochem. 72, 248-254 (1976)). GUS
activity is converted based on the protein amount into units of nmole 4-MU/min/mg
protein. Thus, the gene expression inducible function can be confirmed for each case.

In addition, if a gene other than the above is used as a reporter gene, the gene tran-
scription level is determined by Northern hybridization, RT-PCR, DNA array
technology, or the like. Alternatively, the expression level of the protein encoded by
the gene is determined by electrophoresis such as SDS-PAGE, Western blotting, or the
like. Thus, the gene expression inducible function can be confirmed.

The gene expression regulatory DNA of the present invention is not limited to the
nucleotide sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4. As described in (b)
above, it may be a nucleotide sequence that has a deletion, a substitution, an addition,
or an insertion of one or a plurality of nucleotides in the nucleotide sequence shown in
SEQ ID NO: 1 or SEQ ID NO: 4 as long as it has activity of promoting gene ex-
pression in a mature-leaf-specific manner.

For instance, even a nucleotide sequence that has a deletion, a substitution, an
addition, or an insertion of 1 to 100 nucleotides, preferably 1 to 50 nucleotides, and
more preferably 1 to 10 nucleotides in the nucleotide sequence shown in SEQ ID NO:
1 or SEQ ID NO: 4 is included in the gene expression regulatory DNA of the present
invention as long as it shows activity of promoting gene expression in a mature-
leaf-specific manner.

In addition, the gene expression regulatory DNA of the present invention is not
limited to the nucleotide sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4. As
described in (c) above, it may be a nucleotide sequence having 80% or more, more
preferably 90% or more, further preferably 95% or more, and most preferably 99% or
more sequence identity to the nucleotide sequence shown in SEQ ID NO: 1 or SEQ ID
NO: 4 as long as it exhibits activity of promoting gene expression in a mature-
leaf-specific manner. Nucleotide sequences can be compared by a generally known
method. Comparison can be performed using, for example, BLAST (Basic Local
Alignment Search Tool of the National Center for Biological Information in the U.S.)
based on default setting.

Further, the gene expression regulatory DNA of the present invention is not limited
to the nucleotide sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4. As described in
(d) above, it may be a nucleotide sequence that hybridizes under stringent conditions to
DNA consisting of a sequence complementary to a part or the entirety of the nucleotide
sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4 as long as it shows activity of

promoting gene expression in a mature-leaf-specific manner.
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Here, the term "stringent conditions" refers to conditions under which namely a
specific hybrid is formed, but a non-specific hybrid is never formed. For example, such
conditions comprise hybridization at 42 degrees C to 55 degrees C in a solution
containing 2-6 x SSC (1 x SSC composition: 0.15M NaCl, 0.015M sodium citrate, pH
7.0) and 0.1 to 0.5% SDS, followed by washing at 55 degrees C to 65 degrees C in a
solution containing 0.1 to 0.2 x SSC and 0.1 to 0.5% SDS.

Moreover, the gene expression regulatory DNA of the present invention having
activity of promoting gene expression in a mature-leaf-specific manner may be a DNA
fragment that has a deletion of 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000,
1100, 1200, 1300, 1400, or 1500 or more consecutive nucleotides from the 5'-end and/
or 3-end in the nucleotide sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4 as long
as it exhibits activity of promoting gene expression in a mature-leaf-specific manner.
Nucleotides can be deleted by a method generally known to persons skilled in the art
(e.g., PCR or restriction enzyme treatment). The DNA fragment may be a promoter
region of the gene expression regulatory DNA of the present invention. A promoter
region of a predetermined gene expression regulatory DNA can be searched for using a
promoter analysis tool generally known to persons skilled in the art (e.g., Bioln-
formatics and Molecular Analysis Section
(http://www-bimas.cit.nih.gov/molbio/proscan/); Prestridge, D. S. (1995), Predicting
Pol II Promoter Sequences Using Transcription Factor Binding Sites, J. Mol. Biol. 249:
923-32). An example of such fragment of the nucleotide sequence shown in SEQ ID
NO: 1 and SEQ ID NO: 4 is a DNA consisting of the 1412rd to 1662rd nucleotides of
the sequence shown in SEQ ID NO: 1 and a DNA consisting of the 1413rd to 1663rd
nucleotides of the sequence shown in SEQ ID NO: 4, respectively. It can be confirmed
whether or not the obtained fragment has the gene expression inducible function by the
above reporter assay or the like.

Once the nucleotide sequence of the gene expression regulatory DNA of the present
invention is determined, it becomes possible to obtain the gene expression regulatory
DNA of the present invention by chemical synthesis, PCR using genomic DNA as a
template, or hybridization using a DNA fragment having the nucleotide sequence as a
probe. Additionally, a nucleotide sequence that has a mutation in the nucleotide
sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4 can be synthesized by site-
specific mutagenesis or the like. Mutation can be introduced into the nucleotide
sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4 by a known technique such as the
Kunkel method or the Gapped duplex method or a method based thereof. For example,
mutation is introduced with a mutagenesis kit using site-directed mutagenesis (e.g.,
Mutant-K or Mutant-G (both are trade names of TAKARA Bio)) or the like, or a LA
PCR in vitro Mutagenesis series kit (trade name, TAKARA Bio).
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Next, a recombinant vector containing the above gene expression regulatory DNA
having activity of promoting gene expression in a mature-leaf-specific manner is
described.

The recombinant vector of the present invention can be constructed by introducing
DNA comprising a desired functional gene operably ligated to the above gene ex-
pression regulatory DNA into an appropriate vector. The term "operably ligated" used
herein refers to conditions under which the above vector contains the gene expression
regulatory DNA and the functional gene ligated to each other such that the functional
gene is correctly expressed under the regulation of the gene expression regulatory
DNA in a host cell transfected with the above vector. Here, "ligated" may be direct
ligation or indirect ligation via a spacer having an appropriate length and an ap-
propriate sequence. Preferable examples of a vector used in the present invention
include pBI vectors, pBII vectors, pPZP vectors (Hajdukiewicz P, Svab Z, Maliga P.:
The small, versatile pPZP family of Agrobacterium binary vectors for plant trans-
formation., Plant Mol Biol., 25: 989-94, 1994), pPCAMBIA vectors
(http://www.cambia.org/main/r_et_camvec.htm), and pSMA vectors by which a
functional gene can be introduced into a plant using Agrobacterium. Particularly
preferably, pBI and pBII binary vectors or intermediate vectors are used. Examples of
such vectors include pBI121, pBI101, pBI101.2, pBI101.3, pBII221, and pIG121. A
binary vector is a shuttle vector replicable in Escherichia coli and Agrobacterium.
When a plant is infected with Agrobacterium containing a binary vector, DNA corre-
sponding to a region between border sequences, the LB sequence and the RB
sequence, present on the vector can be incorporated into nuclear DNA of the plant
(EMBO Journal, 10(3), 697-704 (1991)). Meanwhile, a gene can be directly introduced
into a plant using a pUC vector. Examples of a pUC vector include pUC18, pUCI19,
and pUC9. In addition, plant virus vectors such as cauliflower mosaic virus (CaMV),
bean golden mosaic virus (BGMV), and tobacco mosaic virus (TMV) can be used.

In order to facilitate ligation and/or insertion into a vector, DNA comprising the gene
expression regulatory DNA and/or DNA comprising the functional gene can be ad-
equately modified with the substitution, insertion, or addition of a restriction enzyme
recognition sequence. For insertion into a vector, it is possible to use, for example, a
method comprising cleaving purified DNA comprising the gene expression regulatory
DNA and/or the functional gene with an adequate restriction enzyme and inserting
each obtained fragment into the restriction enzyme recognition site or the multicloning
site of adequate vector DNA for ligation to the vector.

The term "functional gene" refers to an arbitrary endogenous gene of a target plant or
an arbitrary exogenous gene that is expected to cause expression of a gene product in

mature leaves. Examples of such gene include, but are not limited to, a photosynthesis-
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related gene, a translocation-related gene, a gene capable of producing a useful
substance (e.g., a drug, dye, or aromatic component), a sugar metabolism-related gene,
a gene with disease/insect resistance (e.g., insect damage resistance, mycotic (fungal)
and bacterial disease resistance, or viral (disease) resistance), an environmental stress
(e.g., low temperature, high temperature, dry, photolesion, or ul-
traviolet)-resistance-related gene, and a plant growth regulation
(promotion/suppression) gene.

If necessary, an enhancer, an intron, a poly-A addition signal, a 5'-UTR sequence, a
selection marker gene, and the like can be ligated upstream/downstream of or between
the gene expression regulatory DNA and/or functional gene in the vector.

An enhancer is used to, for example, improve efficiency of functional gene ex-
pression. An example thereof is an enhancer region containing a sequence located
upstream of a CaM V35S promoter.

A terminator may be a sequence that can terminate transcription of a gene caused by
the above promoter. Examples thereof include a nopalin synthetase gene terminator, an
octopine synthetase gene terminator, and a CaMV 35S RNA gene terminator.

Examples of a selection marker gene include a hygromycin-resistant gene, a
kanamycin-resistant gene, a bialaphos-resistant gene, a blasticidin S-resistant gene, and
an acetolactate synthase gene. A selection marker gene may be ligated together with a
functional gene to an identical plasmid as described above for preparation of a re-
combinant vector. Alternatively, a recombinant vector obtained by ligating a selection
marker gene to a plasmid and a recombinant vector obtained by ligating a functional
gene to a plasmid may be separately prepared. When they are separately prepared, a
host is cotransfected with both vectors.

A transformant can be produced using the thus prepared recombinant vector.

When a transformed plant is prepared, various methods that have been reported and
established can be adequately used. Preferable examples of such methods include an
Agrobacterium method, a PEG-calcium phosphate method, an electroporation method,
a liposome method, a particle gun method, and a microinjection method. For an
Agrobacterium method, a protoplast or a tissue section is used or a plant itself is used
(in an in planta method). When a protoplast is used, a method comprising coculture of
Agrobacterium having a Ti plasmid with a protoplast or a method comprising fusion of
an Agrobacterium spheroplast and a protoplast (i.e., a spheroplast method) is used.
When a tissue section is used, a method comprising infecting an aseptic culture leaf
section (leaf disc) of a target plant with Agrobacterium, a method comprising infecting
calluses, or the like with Agrobacterium can be used. In addition, if an in planta
method using a seed or plant (a system for which tissue culture with the addition of a

plant hormone is unnecessary) is employed, water-absorbing seeds, a young plant
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[0041]

[0042]

[0043]

(young seedling), a potted plant, etc. is directly treated with Agrobacterium.

It is possible to confirm the occurrence or nonoccurrence of incorporation of the gene
into a plant by a PCR method, a Southern hybridization method, a Northern hy-
bridization method, a Western blotting method, or the like. For example, DNA is
prepared from a transformed plant. DNA-specific primers are designed, followed by
PCR. After PCR, an amplification product is subjected to agarose gel electrophoresis,
polyacrylamide gel electrophoresis, capillary electrophoresis, or the like, followed by
staining with ethidium bromide, SYBR Green liquid, or the like. Then, a single band
derived from an amplification product is detected. Thus, the occurrence of trans-
formation can be confirmed. In addition, an amplification product can be detected by
PCR using primers preliminarily labeled with a fluorescence dye or the like. Further, it
is also possible to carry out a method comprising allowing an amplification product to
bind to a solid phase such as a microplate and confirming an amplification product via,
for example, a fluorescence or enzyme reaction.

Examples of a plant used for transformation in the present invention include, but are
not particularly limited to, plants belonging to, for example, the families Gramineae,
Solanaceae, Brassicaceae, Leguminosae, Rosaceae, Asteraceae, Liliaceae, Apiaceae,
Caryophyllaceae, Cucurbitaceae, Convolvulaceae, and Chenopodiaceae. Preferable
examples thereof include the plants belonging to the family Gramineae from which the
above gene expression regulatory DNA has been isolated, including sugarcane, rice,
barley, wheat, maize, zoysia, Sorghum, millet, Japanese millet, napier grass, and
switchgrass.

Examples of plant materials subjected to transformation in the present invention
include plant tissue of root, stalk, leaf, seed, embryo, ovule, ovary, shoot apex (growth
point at the tip of a plant bud), anther, pollen, or the like, a section of such plant tissue,
undifferentiated callus, and cultured plant cells such as protoplasts obtained by
subjecting the above examples to enzyme treatment for cell wall removal. In addition,
when an in planta method is employed, water-absorbing seeds and a plant as a whole
can be used.

In addition, the transformed plant in the present invention may be a plant as a whole,
a plant organ (e.g., a root, stalk, leaf, petal, seed, or fruit), a plant tissue (e.g., tissue of
epidermis, phloem, parenchyma, Xylem, or vascular bundle), or a plant culture cell.

When plant culture cells are used, a plant organ or plant itself can be regenerated by a
known tissue culture method for regeneration of a transformed plant from the obtained
transformed cells. Such regeneration operation can be readily carried out by persons
skilled in the art as long as a conventionally known method is used as a method for re-
generation of a plant from plant cells. A plant can be regenerated from plant cells as

described below.
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[0047]

First, when a plant tissue or protoplast is used as a target plant material for trans-
formation, it is cultured in a sterilized callus formation medium supplemented with
inorganic element(s), vitamin(s), carbon source(s), sugar(s) used as energy source(s),
plant growth regulator(s) (e.g., a plant hormone such as auxin or cytokinin), and the
like for formation of a dedifferentiated callus capable of growing adventitiously
(hereinafter referred to as "callus induction"). The thus formed callus is transferred to
fresh medium containing a plant growth regulator such as auxin for further growth
(subculture).

Callus induction is carried out on a solid medium such as agar. Subculture is carried
out via, for example, liquid culture. In such case, each culturing can be carried out ef-
ficiently and in large scale. Next, the callus grown by subculture described above is
cultured under adequate conditions for induction of organ redifferentiation (hereinafter
referred to as "redifferentiation induction"). This eventually results in the regeneration
of a complete plant. Redifferentiation induction can be performed by determining the
types and amounts of a plant growth regulator such as auxin or cytokinin and different
components such as a carbon source to be added to a medium and setting light, tem-
perature, and other conditions in an adequate manner. Such redifferentiation induction
results in formation of adventitious embryo, root, bud, stalk leaf, or the like, followed
by further cultivation for acquisition of a complete plant. Alternatively, for example, it
is possible to preserve a redifferentiated product in a state that would allow it to
become a complete plant (e.g., an encapsulated artificial seed, dry embryo, or
lyophilization cell or tissue).

According to the present invention, the term "transformed plant” refers to not only a
"T1 generation plant" obtained as a first generation plant via redifferentiation after
transformation but also a "T2 generation plant” obtained as a plant of the subsequent
generation from seeds of the T1 generation plant and a progeny plant such as the next
generation (T3 generation) plant obtained via self-pollination of a flower of a "T2
generation" plant that has been found to be a transgenic plant via drug selection,
Southern analysis, or the like.

The thus produced transformed plant expresses a functional gene introduced in a
mature-leaf-specific manner.

The gene expression regulatory DNA of the present invention has activity of
promoting gene expression in a mature-leaf-specific manner in plants, and particularly,
sugarcane. A desired functional gene is ligated to the gene expression regulatory DNA
of the present invention and the ligation product is introduced into a plant, thereby
allowing the functional gene to be expressed in a mature-leaf-specific manner in the
plant. Thus, desired properties are imparted to the plant. The gene expression

regulatory DNA of the present invention can be appropriately used for sugarcane for
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[0048]

[0049]

[0050]

[0051]

[0052]

which not many gene expression regulatory systems have been developed. The use of
the gene expression regulatory DNA of the present invention enables production of
transgenic sugarcane having properties appropriate for biomass resources and other ap-
plications.

Examples

The present invention is hereafter described in greater detail with reference to the
following examples, although the technical scope of the present invention is not
limited thereto.

Example 1

Cloning of mature leaf expression gene

Total RNA was extracted and purified from mature leaf, young leaf, and stalk tissues
of sugarcane (Saccharum spp. cv. NiF8) using RNeasy Plant Mini Kits (QIAGEN). A
cDNA library was constructed according to a standard method and used for gene ex-
pression analysis. Gene expression analysis was carried out using a Sugarcane Genome
Array (Affimetrix) according to the manufacturer's instructions.

As aresult of gene expression analysis, a gene expressed in mature leaves, young
leaves, stalk pith, stalk epidermis, roots, and meristem of Saccharum spp. cv. NiF§ was
found. The gene was designated as "eccO001." The nucleotide sequence of the
Saccharum spp. cv. NiF8-derived eccO001 gene is identical to the nucleotide sequence
of Saccharum officinarum-derived eccO001 EST shown in fig. 1. Total RNA was
extracted and purified from mature leaves, young leaves, stalk pith, stalk leaves, roots,
and meristem of Saccharum spp. cv. NiF8. cDNA was prepared according to a
standard method. The ecc0001 gene expression level in each tissue was analyzed by a
SYBRGreen method using an ABI7500 real-time PCR system (Applied Biosystems).

Fig. 2 shows the results. The results shown in fig. 2 are expressed in relative values
with reference to the strongest gene expression level in stalk epidermis, which is
designated as 100 (%). The expression levels in mature leaves, young leaves, stalk
pith, stalk epidermis, roots, and meristem were found to be 12, 13, 90, 100, 17, and 16,
respectively. The results revealed that the ecc0001 gene is expressed in mature leaves,

young leaves, stalk pith, stalk epidermis, roots, and meristem of Saccharum spp. cv.
NiF8.
Example 2

Acquisition of mature-leaf-specific promoter

Genomic DNA (approximately 300 ng) was extracted and purified from mature leaf
tissue (0.5 g) of sugarcane (Saccharum spp. cv. NiF8) using DNeasy Plant Mini Kits
(QIAGEN). The gene expression regulatory region located 5'-upstream of the ecc0001

gene was obtained from the above genomic DNA based on the nucleotide sequence of
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[0054]

[0055]

[0056]

the ecc0001 gene obtained in Example 1 using RightWallk (registered trademark) Kits
(BEX). An HindlIII restriction enzyme recognition sequence (AAGCTT) and a Blnl re-
striction enzyme recognition sequence (CCTAGG) were used as linker sequences. The
former was introduced at the 5'-end of the obtained gene expression regulatory region
and the latter was introduced on the 3' side of the translation initiation site (ATG) of
the ecc0001 gene presented at the 3'-end of the gene expression regulatory region.
Thus, DNA comprising the expression regulatory region of the eccO001 gene was
prepared (fig. 3) (SEQ ID NO: 3).

The above DNA comprising the expression regulatory region of the ecc0001 gene
was analyzed using a generally known promoter analysis tool (Biolnformatics and
Molecular Analysis Section) (http://www-bimas.cit.nih.gov/molbio/proscan/). As a
result, a region capable of functioning as a promoter was presumed to exist in the
region comprising the 1419th to 1669th nucleotides (figs. 4-1 and 4-2; SEQ ID NO: 5).
The region corresponds to the region comprising the 1418th to 1668th nucleotides in
the nucleotide sequence shown in SEQ ID NO: 3.

Example 3

Construction of gene expression vector

(1) Beta-glucuronidase gene expression vector

A gene expression vector comprising the DNA comprising the gene expression
regulatory region obtained in Example 2 (SEQ ID NO:5) ligated to UidAcDNA
comprising the beta-glucuronidase (GUS) gene was constructed. A plant trans-
formation vector (pBII221) was used for the gene expression vector. For ligation of the
DNA comprising a gene expression regulatory region and UidAcDNA, the ATG
sequence encoding the first methionine on the 5'-end side of UidAcDNA and the ATG
sequence encoding the first methionine of the eccO001 gene present on the 3'-end side
of the DNA comprising a gene expression regulatory region were matched for ligation
(translational fusion type). Fig. 5 schematically shows the gene expression vector.
Example 4

Production of transgenic plant

The gene expression vector produced in Example 3 was introduced into a host plant
(Saccharum spp. cv. NiF8) using an Agrobacterium method. Thus, a transgenic
sugarcane in which the GUS gene expression was regulated by the expression
regulatory DNA of the eccO001 gene was produced.

Total RNA was extracted and purified from mature leaves, young leaves, stalk pith,
stalk epidermis, roots, and meristem of the transgenic sugarcane. cDNA was prepared
according to a standard method. The GUS gene expression level in each tissue was
analyzed by a SYBRGreen method using an ABI7500 real-time PCR system (Applied
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[0057]  As comparisons, the GUS expression levels in mature leaves and young leaves of the

[0058]

[0059]

[0060]

transgenic sugarcane in which the GUS gene expression was regulated by a cauliflower
mosaic virus (CaMV)35S promoter and the GUS expression level in meristem of non-
transgenic sugarcane (control) were analyzed in the above manner.

Fig. 6 shows the results. The expression levels of the individual tissues are expressed
in relative values with reference to the strongest GUS gene expression level confirmed
in mature leaves among the analyzed tissues of transgenic sugarcane (in which the
GUS gene expression was regulated by the eccO001 gene expression regulatory DNA),
which was designated as 100%.

The above results revealed that the eccO001 gene expression regulatory DNA can
induce gene expression in a mature-leaf-specific manner to an extent approximately
36-fold greater than the GUS gene expression level regulated by a CaMV35S

promoter.

Industrial Applicability

The gene expression regulatory DNA of the present invention has activity of
promoting gene expression in a mature-leaf-specific manner. Since the DNA has such
characteristics, it can be used to produce a plant having desired properties by causing a
desired gene to be expressed in a mature-leaf-specific manner.

All publications, patents, and patent applications cited herein are incorporated herein

by reference in their entirety.
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Claims

A gene expression regulatory DNA having activity of promoting gene
expression in a mature-leaf-specific manner, which comprises any one
of the following (a) to (d):

(a) DNA consisting of the nucleotide sequence shown in SEQ ID NO: 1
or SEQ ID NO: 4;

(b) DNA consisting of a nucleotide sequence that has a deletion, a sub-
stitution, an addition, or an insertion of one or a plurality of nucleotides
in the nucleotide sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4
and having activity of promoting gene expression in a mature-
leaf-specific manner;

(c) DNA consisting of a nucleotide sequence having 90% or more
sequence identity to the nucleotide sequence shown in SEQ ID NO: 1
or SEQ ID NO: 4 and having activity of promoting gene expression in a
mature-leaf-specific manner; and

(d) DNA hybridizing under stringent conditions to DNA consisting of a
sequence complementary to a part or the entirety of the nucleotide
sequence shown in SEQ ID NO: 1 or SEQ ID NO: 4 and having
activity of promoting gene expression in a mature-leaf-specific manner.
A recombinant vector, which comprises the gene expression regulatory
DNA according to claim 1.

A transformed plant obtained by transformation using the recombinant
vector according to claim 2.

A transformed plant obtained from plant cells transformed by plant cell

transformation using the recombinant vector according to claim 2.
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Hindlll

AAGCTTIGATC
CAGTCLGETGG
AGGTTCTCTG
TTGGGGTAGG
GCCCGACGCA
CCACTACGCC
ATATAATCAA
CGCACGTTAA
CCAGTTCCAA
TGCTTGCCTC
TTGCATTGAT
CACTCATCCA
AATTTGGCAC
GATATCTTGT
CCTTTTCTTC
GTATCTCCTC
AATTAGCTCT
CATCCTTAGT
CTTGTTGAAC
CGTGGAAATT
TAATTCTTGG
CTTGCAATCC
AGTGATCAAT
CTACCAACGC
TAAARACTAGT
CGTCGCACTC
CACATGCACA
ACGTACCGAA
CTTCTCTGCC
GTGATGTGCT
GTAGCAACGC
CGGCTCAGTC
CTGCTCACAC
CAGGGCAGCA

TGTGGTATTT
GGGAGATAAG
ATCGGAGTGT
GCGGATGGAC
TTGGCGCGTG
CGGACAAATG
CTTTGTACTA
TTCCTTCTGA
ACAAGATGTA
GTTTTTCATT
TGGCACACAA
AATTCGATGC
TACTCTAAAT
GCGCTCCAGC
CAACCATCGC
TAGTTCAACT
TTCAGTTGAA
TTGGGAGACA
ATTGGCTTTG
GTGCAGGACG
TTCAAGCTTT
ACCAACCTCA
GACATTTCAT
CGCATCAAAC
AAATTCAAGC
AAGAAAGGTC
AGCACAACCC
TTAGCAGATG
AGTCTGCTGT
AGCTTTTGAG
TTGGTGTGCC
ACCCACCCAC
CTCACACCCA
GAGCGCGCGG

3/6

TGGACTTCTA
GAGCGAATGG
ATTACGGACG
TCGACGTCGG
CGTCCGETGCC
CCGTGGCAAG
TTTGTATAGT
CTGCCTATTG
TTAGAAATGC
CATTATTTAA
TATGTATAAT
ACGAATCCCT
AGTTGCTGGA
TGCAAAACCA
CTCTCATGGT
TAATGAAATA
ACCAGAGGCG
TTGATCTCAT
ATGTTGCRAA
AAGCAAAAGC
GAGCATACAA
GCGACCTTGA
CAGACAAGGC
AAGCCCCAGA
GTGGCCGAGT
AAMGGTGGAC
GACGTCCCCG
GAGGAATCTT
CTGCTCTGCT
TGGCACATGC
ACTACCGATT
CCACTCACTC
CAGGCCACAC
TCAGTTCAGG

TTACAAGTTT
AGGGGCACAA
GGCCGTCTGC
AACTACCAAC
TCCGTGCTTG
GAGGGACAAC
TATTAAACTG
CCAACCGTTC
TTACATGTGT
AACTATGACT
GAGAGTGTGT
ACGGCCACARA
GTTTGATGTT
TTTATCACTA
TTGCGATAAG
TATGTGCGAA
AACCACATAT
GATCTGTCAA
GACTACATCG
CACACACTGC
CCAGAATCAA
CGCTTGCTTIC
GACATTACCG
GATGTAAAAC
GAATCTCAAG
ACGAATCTCA
TGCCAGACCC
CTTCGGTTGA
GCAGGCTGTIC
GCTGTGTTTG
TTAAARGCCA
AGAACGARAAG
TCACAGCGGA
TCGATCGTCA
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ACAGACACAG
ATGTGACGCC
TCCGTCGEGCG
ATGATGATTG
CTACGCCCCA
ACCCACGCTA
GCAGCATTCC
CTTTTCTAGA
AAATATATGT
GAGTTTGATA
CAAACTTTCC
CCGACTATTA
GTCTCTCCAA
CACATTAGCA
GATGGGGTGG
AACAAGGCAA
ACTCATCGGA
GGCGTTAGAG
CTTCATTAAG
GTTGTTTGAA
TCTTGTCTTG
TCGGAGGCAA
GACGGGTTCA
AAACAGTTTA
CTGACGTGTG
AAGCAATGCA
GGTGGCCCAC
GACGTTGCTT
TGCTAGCTGA
TGTAGTCTAG
TTACGCTTTC
CCCCAGCAAG
GCAGAGTAGT

GGCTCATCTG
ACGCCGGGGA
TTTTGGGCTT
ATGAACGCGC
CCAACCTTCT
ACTAACGCTC
ARAGAAATGAC
CCCCATCCAT
ACATAAATAC
TGTAGTAGTT
TCCTCATTTT
AGAATAGTCC
CTCCAACACG
TCCTCCTCAT
AGCGATCCAT
GGAATTGTCT
ACATCATCCC
CTAGCGTTGC
GGGTCGAAGA
TACTTCACCG
AAGCCTTAGT
AAGTTTTGTC
CTGGGCTCTT
TATACATAAT
TAGTTCCCGC
TATGCATATG
CGGATGAAGT
TCCGCTACAC
GCCCTGCAG

TGTAGCCGGC
CTACACCGCA
CTCAGCTCAG
GAGCACTGAG

GCCATQECCTA

GG

[nitiation
codon
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[Fig. 4-1]

Processed sequence:

1 AAGCTTGATCTGTGGTATTTTGGACTTCTATTACAAGTTTACAGACACAG
51 GGCTCATCTGCAGTCGGTGGGGGAGATAAGGAGCGAATGGAGGGGCACAA
101 ATGTGACGCCACGCCGGGGAAGGTTCTCTGATCGGAGTGTATTACGGACG
151 GGCCGTCTGCTGCGTCGGCGTTTTGGGCTTTTGGGGTAGGGCGGATGGAC
201 TCGACGTCGGAACTACCAACATGATGATTGATGAACGCGCGCCCGACGCA
251 TTGGCGCGTGCGTCCGTGCCTCCGTGCTTGCTAGGCCCCACCAACCTTCT
301 CCAGTACGCCCGGACAAATGCCGTGGCAAGGAGGGACAACACCCACGCTA
351 AGTAACGCTCATATAATCAAGTTTGTAGTATTTGTATAGTTATTAAACTG
401 GCAGCATTCCAAGAAATGACCGCACGTTAATTCCTTCTGACTGCCTATTG
451 CCAACCGTTCGTTTTCTAGACCGCATGCATGCCAGTTCCAAACAAGATGT
501 ATTAGAAATGGTTACATGTGTAAATATATGTACATAAATACTGCTTGCCT
551 CGTTTTTCATTCATTATTTAAAACTATGACTGAGTTTGATATGTAGTAGT
601 TTTGCATTGATTGGCACACAATATGTATAATGAGAGTGTGTCAAACTTTC
651 CTCCTCATTTTCACTCATCCAAATTCGATGCACGAATCCCTACGGCCACA
701 ACCGACTATTAAGAATAGTCCAATTTGGCACTACTCTAAATAGTTGCTGG
751 AGTTTGATGTTGTCTCTCCAAGTCCAACACGGATATCTTGTGCGCTCCAG
801 CTGCAAAACCATTTATCACTACACATTAGCATCCTGCTCATGGTTTTCTT
851 CCAACCATCGCGTCTCATGGTTTGCGATAAGGATGGGGTGGAGCGATCCA
901 TGTATGTCGTCTAGTTCAACTTAATGAAATATATGTGCGAAAACAAGGCA
951 AGGAATTGTCTAATTAGCTCTTTCAGTTGAAACCAGAGGCGAACCACATA
1001  TAGTCATCGGAACATCATCGCCATCCTTAGTTTGGGAGACATTGATCTCA
1051  TGATCTGTCAAGGCGTTAGAGCTAGCGTTGCCTTGTTGAACATTGGCTTT
1101 GATGTTGCAAAGAGTACATCGCTTCATTAAGGGGTCGAAGACGTGGAAAT
1151 TGTGCAGGACGAAGCAAAAGCCACACACTGCGTTGTTTGAATACTTGACGC
1201 GTAATTCTTGGTTCAAGCTTTGAGCATACAACCAGAATCAATCTTGTCTT
1251  GAAGCCGTTAGTCTTGCAATCCACCAACCTCAGCGACCTTGACGCTTGCTT
1301  CGTCGGAGGCAAAAGTTTTGTCAGTGATCAATGACATTTCATCAGACAAGG
1351  CGACATTACCGGACGGGTTCACTGGGCTCTTCTACCAACGCCGCATCAAA
1401  CAAGCCCCAGAGATGTAANAACAAACAGTTTATATACATAATTAAAACTAG
1451  [TAAATTCAAGCGTGGCCGAGTGAATCTCAAGCTGACGTGTGTAGTTCCCG
1501 GCGTCGCACTCAAGAAAGGTCAAAGGTGGACACGAATCTCAAAGCAATGG
1551 MTATGCATATGCACATGCACAAGCACAACCCGAGGTGCCGGTGCGAGACd
1601 bGGTGGGCCAGCGGATGAAGTACGTAGCGAATTAGGAGATGGAGGAATCﬂ
1651 FCTTCGGTTGAGACGTTGGHTTCCGCTACACCTTCTCTGCCAGTGTGCTG
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TCTGCTCTGCTGCAGGCTGTCTGCTAGCTGAGCCCTGCAGCGAGGGTTAA
CCAATCGTCCATTCGTGATGTGCTAGCTTTTGAGTGGCACATGCGCTGTG
TTTGTGTAGTCTAGTGTAGCCGGCGTAGCAACGCTTGGTGTGCCACTACC
GATTTTAAAAGGCATTACGCTTTCCTACACCGCACGGCTCAGTCACGCAG
CGAGCCAGTCAGTCAGAAGGAAAGCCCCAGCAAGCTCAGCTGAGGTGCTC
AGCAGGTCACACGCACAGGCCACACTCACAGCGGAGCAGAGTAGTGAGCAC
TGAGGAGGGCAGCAGAGCGCGCGGTCAGTTCAGGTCGATCGTCAGCCATG

GCTAGGN

[ : Predicted promoter region

(An Hindlll restriction enzyme recognition sequence (AAGCTT) and
a BInl restriction enzyme recognition sequence (CCTAGG) are
present at the 5-end and the 3'-end, respectively.)

Proscan: Version 1.7

Processed Sequence: 2057 Base Pairs

Promoter region predicted on reverse strand in 1669 to 1419

Promoter Score: 64.48 (Promoter Cutoff = 53.000000)

TATA found at 1437, Est.TSS = 1405

Significant Signals:
Name Strand Location

AP-2 + 1607
Sp1 - 1502
Sp1 + 1497
ATF/CREB - 1488
E4F1 - 1488
NF-S - 1487
CREB + 1483
ATF + 1483
UCE.2 + 1464
TFID - 1435
TFIID - 1433

Weight
1.091000

3.191000
3.119000

1.564000
1.201000
1.019000
5.737000
1.591000
1.216000
1.971000
2.618000
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[Fig. 5]
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