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ABSTRACT

The present invention provides a stress responsive promoter.

The environmental stress responsive promoter of the present invention
comprises DNA of the following (a), (b) or (¢):
(a) DNA consisting of any nuclectide sequence selected from SEQ ID NOS: 110 18;
(b) DNA consisting of a nucleotide sequence comprising a deletion, substitution or
addition of one or more nucleotides relative to any nucleotide sequence selected from
SEQ ID NOS: 1 to 18, and functioning as an environmental stress responsive promoter;
and
() DNA hybridizing under stringent conditions to DNA consisting of any nucleotide
sequence selected from SEQ ID NOS: 1 to 18, and functioning as an environmental

stress responsive promoter.
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ENVIRONMENTAL STRESS RESPONSIVE PROMOTER

FIELD OF THE INVENTION

The present invention relates to an environmental stress responsive promoter.

BACKGROUND OF THE INVENTION

By means of gene sequencing projects, large quantities of genomic and cDNA
sequences have been determined for a number of organisms, and in a plant model,
Arabidopsis thaliana, the complete genomic sequences of two chromosomes have been
determined (Lin, X. et al., (1999) Nature 402, 761-768.; Mayer, K. et al., (1999) Nature
402, 769-777.)

The EST (expressed sequence tag) project has also contributed greatly to the
discovery of expression genes (Hofte, H. et al., (1993) Plant J. 4, 1051-1061.; Newman,
T. et al., (1994) Plant Physiol. 106, 1241-1255.; Cooke, R. et al,, (1996) Plant J. 9,
101-124. Asamizu, E. et al., (2000) DNA Res. 7, 175-180.) For example, dbEST (the
EST database of the National Center for Biotechnology Information (NCBI)) comprises
partial cDNA sequences, in which more than a half (about 28,000 genes) of the total
gene complement is represented (as estimated from the gene content of the completely
sequenced Arabidopsis thaliana chromosome 2 (Lin, X. et al, (1999) Nature 402,

761-768.))
In recent years, microarray (DNA chip) technology has become a useful tool

for analysis of genome-scale gene expression (Schena, M. et al., (1995) Science 270,

467-470.; Eisen, M. B. and Brown, P. O. (1999) Methods Enzymol. 303, 179-205.) In
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this DNA chip-based technology, a cDNA sequence is arrayed on a glass slide at a
density of more than 1,000 genes/cm®,  The thus arrayed cDNA sequence is hybridized
simultaneously to a two-color fluorescently labeled cDNA probe pair of different cell or
tissue type RNA samples, so as to allow direct and large-scale comparative analysis of
gene expression.  This technology was first demonstrated by analyzing 48 Arabidopsis
genes in respect of differential expression in roots and shoots (Schena, M. et al., (1995)
Science 270, 467-470.) Furthermore, microarrays were used to study 1,000 clones
randomly selected from a human cDNA library for identification of novel genes
responding to heat shock and protein kinase C activation (Schena M. et al., (1996) Proc.

Natl. Acad. Sci. USA, 93, 10614-10619.)

In another study, expression profiles of inflammatory disease-related genes
were analyzed under various induction conditions by this DNA chip-based method
(Heller, R. A. et al., (1997) Proc. Natl. Acad. Sci. USA, 94. 2150-2155.) Moreover,
the yeast genome of more than 6,000 coding sequences has also been analyzed in
respect of dynamic expression by the use of microarrays (DeRisi, J. L. et al., (1997)

Science 278, 680-686.; Wodicka, L. et al., (1997) Nature Biotechnol. 15, 1359-1367.)

In plant science, however, only a few reports regarding microarray analysis
have been published (Schena, M. et al., (1995) Science 270, 467-470.; Ruan, Y. et al.,
(1998) Plant J. 15, 821-833.; Aharoni. A. et al., (2000) Plant Cell 12, 647-661.;
Reymond, P. et al., (2000) Plant Celt 12, 707-719.)

Plant growth is greatly affected by environmental stresses such as drought,
high salinity and low temperature. Among these stresses, drought or water deficiency
is the most severe limiting factor for plant growth and crop production. Drought stress

induces various biochemical and physiological responses in plants.

Plants acquire responsivity and adaptability to these stresses to survive under



stress conditions.  Recently, a number of genes responding to drought at a
transcriptional level have been described (Bohnert, H.J. et al., (1995) Plant Cell 7,
1099-1111.; Ingram, J., and Bartels, D. (1996) Plant Mol. Biol. 47, 377-403.; Bray, E. A.
(1997) Trends Plant Sci. 2, 48-54.; Shinozaki. K., and Yamaguchi-Shinozaki, K. (1997)
Plant Physiol. 115, 327-334.; Shinozaki, K., and Yamaguchi-Shinozaki, K. (1999).
Molecular responses to drought stress. Molecular responses to cold, drought, heat and
salt stress in higher plants. Edited by Shinozaki, K. and Yamaguchi-Shinozaki, K. R. G.
Landes Company.; Shinozaki, K., and Yamaguchi-Shinozaki, K. (2000) Curr. Opin.
Plant Biol. 3, 217-223.)

Stress-inducible genes have been used to improve stress tolerance of plants by
gene transfer (Holmberg, N., and Bulow, L. (1998) Trends Plant Sci. 3, 61-66.; Bajaj. S.
et al.,, (1999) Mol. Breed. 5, 493-503.) It is important to analyze the functions of
stress-inducible genes not only to understand the molecular mechanisms of stress
tolerance and responses of higher plants, but also to improve the stress tolerance of

crops by gene manipulation.

DRE/CRT (dehydration-responsive element/C-repeat sequence) has been
identified as an important cis-acting element in drought-, high salt-, and cold
stress-responsive gene expression in an ABA-independent manner (ABA refers to
abscisic acid which is a kind of plant hormone and which acts as a signal transmission
factor of seed dormancy and environmental stress) (Yamaguchi-Shinozaki, K., and
Shinozaki, K. (1994) Plant Cell 6, 251-264.; Thomashow, M.F. et al., (1999) Plant Mol.
Biol. 50, 571-599.; Shinozaki, K., and Yamaguchi-Shinozaki, K. (2000) Curr. Opin.
Plant Biol. 3, 217-223) Transcription factors (DREB/CBF) involved in
DRE/CRT-responsive gene expression have been cloned (Stockinger. E.J. et al., (1997)
Proc. Natl. Acad. Sci. USA 94, 1035-1040.; Liu, Q. et al,, (1998) Plant Cell 10,
1391-1406.; Shinwari, Z.K. et al., (1998) Biochem. Biophys. Res. Commun. 250,
161-170.; Gilmour, SJet al, (1998) Plant J. 16, 433-443) DREBI/CBFs are
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considered to function in cold-responsive gene expression, whereas DREB2s are
involved in drought-responsive gene expression. Strong tolerance to freezing stress
was observed in transgenic Arabidopsis plants that overexpress CBF1 (DRERIB)
¢DNA under the control of a cauliflower mosaic virus (CaMV) 35S promoter (Jaglo-
Ottosen, K.R. et al, (1998) Science 280, 104-106).

The present inventors have reported that overexpression of the DREBIA
(CBF3) ¢DNA molecules in transgenic plants under the control of a CaMV 358
promoter or a stress-inducible rd29A promoter gave rise to strong constitutive
expression of the stress-inducible DREBIA target genes and increased tolerance to
freezing, drought, and salt stresses (Liu, Q. et a/, (1998) Plant Cell 10, 1391-1406:
Kasuga, M. et al, (1999) Nature Biotechnol. 17, 287-291). Furthermore, the present
inventors have already identified six DREBIA target genes such as rd94/[ti78/cor78,
kinl, kin2/cor6.6, corl5a, rdl7/cord7 and erd10 (Kasuga, M. et al, (1999) Nature
Biotechnol. 17, 287-291). However, it is not well clarified how overexpression of the
DREBIA ¢cDNA molecules in transgenic plants increases stress tolerance to freezing,
drought and salt. To study the molecular mechanisms of drought and freezing
tolerance, it is important to identify and analyse as many genes controlled by DREB1A
as possible.

Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim

of this application.

SUMMARY OF THE INVENTION

The present invention is directed to providing an environmental stress
responsive promoter.

Through intensive studies directed toward the above, the present inventors have
succeeded in identifying a novel DREBI1A target gene and isolating a promoter region
thereof by applying ¢DNA microarray analysis, thereby completing the present
invention.
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That is to say, the present invention is an environmental stress responsive

promoter comprising DNA of the following (a), (b) or (c):

(a) DNA consisting of any nucleotide sequence selected from SEQ ID NOS: 1 to
18;

(b)  DNA consisting of a nucleotide sequence comprising a deletion, substitution or
addition of one or more nucleotides relative to any nucleotide sequence selected
from SEQ ID NOS: 1 to 18, and functioning as an environmental stress
responsive promoter; and

(©) DNA hybridizing under stringent conditions to DNA consisting of any
nucleotide sequence selected from SEQ ID NOS: 1 to 18, and functioning as an
environmental stress responsive promoter.

The environmental stress is at least one selected from the group consisting of
cold stress, drought stress, salt stress and high photo stress.

Moreover, the present invention is an expression vector comprising the above
promoter, or the expression vector further comprising a desired gene.

Furthermore, the present invention is a transformant comprising the above
expression vector. '

Still further, the present invention is a transgenic plant (e.g. a plant body, plant
organ, plant tissue or plant culture cell) comprising the above expression vector.,

Moreover, the present invention is a method for producing a stress-resistant
plant, which comprises culturing or cultivating the above transgenic plant.

According to the invention there is also provided an environmental stress

responsive promoter comprising DNA of the following (a), (b) or (c):

(a)  DNA consisting of a nucleotide sequence SEQ ID NO: 6,

(b) DNA consisting of a nucleotide sequence comprising a deletion,
substitution or addition of one or more nucleotides relative to
nucleotide sequence SEQ ID NO: 6, and functioning as an
environmental stress responsive promoter; and

(c)  DNA hybridizing under stringent conditions to DNA consisting of
nucleotide sequence SEQ ID NO: 6, and functioning as an
environmental stress responsive promoter.

According to the invention there is also provided an expression vector
comprising the promoter according to the invention.
According to the invention there is also provided a transformant comprising the

expression vector according to the invention.



According to the invention there is also provided a transgenic plant comprising
the expression vector according to the invention.

According to the invention there is also provided a method for producing a
stress-resistant plant, which comprises culturing or cultivating the transgenic plant

5 according to the invention.

Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.

10
BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 1 is a photograph showing results of cDNA microarray analysis of

gene expression under cold stress.

Figure 2 is a figure showing strategy for the identification of drought- or

cold-inducible genes and DREBIA target genes.

Figure 3 is a photograph showing a comparison of cDNA microarray and

Northern Blot analysis for new DREBI1A target genes and a DREB1A gene.

Figure 4 is a figure showing results of classification of the identified drought-
or cold-inducible genes into four groups on the basis of RNA gel blot and microarray

analyses.

Figure 5 shows the relation between cold treatment period and expression rate

regarding FL3-5A3.

Figure 6 shows the relation between dehydration treatment period and

expression rate regarding FL3-5A3.

Figure 7 shows the relation between high salt treatment period and expression

rate regarding FL3-5A3.

Figure 8 shows the relation between cold treatment period and expression rate

regarding FL5-2H15.

Figure 9 shows the relation between dehydration treatment period and

expression rate regarding FL5-2H15.

Figure 10 shows the relation between high salt treatment period and

-10-



expression rate regarding FL5-2H15.

Figure 11 shows the relation between dehydration treatment period and

expression rate regarding FL5-3M24.

Figure 12 shows the relation between high salt treatment period and

expression rate regarding FL5-3M24,

Figure 13 shows the relation between cold treatment period and expression

rate regarding FL5-50.

Figure 14 shows the relation between cold treatment period and expression

rate regarding FL5-2122.

Figure 15 shows the relation between dehydration treatment period and

expression rate regarding FL5-2122.

Figure 16 shows the relation between high salt treatment period and

expression rate regarding FL5-2122.

Figure 17 shows the relation between dehydration treatment period and

expression rate regarding FL6-55.

Figure 18 shows the relation between high salt treatment period and

expression rate regarding FL6-55.

Figure 19 shows the relation between dehydration treatment period and

expression rate regarding FL1-159.

-11-



Figure 20 shows the relation between dehydration treatment period and

expression rate regarding FL.5-2D23.

Figure 21 shows the relation between high salt treatment period and

A=) expression rate regarding FL.5-2D23.

Figure 22 shows the relation between dehydration treatment period and

expression rate regarding FL05-08-P24.

Figure 23 shows the relation between dehydration treatment period and

expression rate regarding FL05-09-G08.

Figure 24 shows the relation between dehydration treatment period and

expression rate regarding FL05-09-P10.

Figure 25 shows the relation between ABA treatment period and expression

” rate regarding FL05-09-P10.

Figure 26 shows the relation between high salt treatment period and

expression rate regarding FL0O5-10-NO2.

Figure 27 shows the relation between dehydration treatment period and

expression rate regarding FLO5-18-112.

Figure 28 shows the relation between high salt treatment period and

expression rate regarding FL05-18-112.

Figure 29 shows the relation between ABA treatment period and expression

rate regarding FL05-18-112.

-12-
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Figure 30 shows the relation between dehydration treatment period and

expression rate regarding FL05-21-F13.

Figure 31 shows the relation between cold treatment period and expression

rate regarding FLO5-21-F13.

Figure 32 shows the relation between dehydration treatment period and

expression rate regarding FL06-10-C16.

Figure 33 shows the relation between high salt treatment period and

expression rate regarding FL06-10-C16.

Figure 34 shows the relation between ABA treatment period and expression

rate regarding FL06-10-C16.

Figure 35 shows the relation between dehydration treatment period and

expression rate regarding FL0O6-15-P15.

Figure 36 shows the relation between high salt treatment period and

expression rate regarding FL06-15-P15.

Figure 37 shows the relation between ABA treatment period and expression

rate regarding FL06-15-P15.

Figure 38 shows the relation between dehydration treatment period and

expression rate regarding FLO8-10-E21.

Figure 39 shows the relation between high salt treatment period and

13-



expression rate regarding FL09-11-P10.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention is described in detail.

Applying the biotinylated CAP trapper method (Caminci. P. et al., (1996)
Genomics, 37, 327-336.), the present inventors constructed full-length ¢cDNA libraries
from Arabidopsis plants under different conditions, such as drought-treated and
cold-treated plants, etc. (Seki. M. et al., (1998) Plant J. 15, 707-720.) Using about
1,300 full-length cDNA molecules and about 7,000 full-length cDNA molecules which
both contained stress-inducible genes, the present inventors prepared an Arabidopsis
full-length cDNA microarray for each case. In addition to these drought- and
cold-inducible full-length cDNA molecules, the present inventors also prepared another
cDNA microarray, using a DREB1A target gene, a transcriptional regulator for
controlling expression of a stress-responsive gene. Thereafter, expression patterns of
genes under drought- and cold-stresses were monitored to exhaustively analyze
stress-responsive genes.  As a result, novel environmental stress responsive genes, that
is, 44 drought-inducible genes and 19 cold-inducible genes were isolated from a
full-length cDNA microarray containing about 1,300 full-length cDNA molecules. 30
out of the 44 drought-inducible genes and 10 out of the 19 cold-inducible genes, were
novel stress-inducible genes. Moreover, it was found that 12 stress-inducible genes
were DREBIA target genes, and 6 of these 12 were novel genes. Furthermore, as a
result of this analysis, 301 drought-inducible genes, 54 cold-inducible genes and 211
high salt-inducible genes were isolated from a cDNA microarray containing about 7,000

full-length cDNA molecules.

Thereafter, promoter regions were successfully isolated from these

environmental stress responsive genes.

10
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As stated above, a full-length cDNA microarray is a useful tool for analysis of
the expression manner of Arabidopsis thaliana drought- and cold-stress inducible genes,

and analysis of the target gene of a stress-related transcriptional regulator.

1. Isolation of promoter

The promoter of the present invention is a cis-element existing upstream of a
gene encoding a stress-responsive protein expressed by environmental stresses such as
cold-, drought- and high salt-stresses, and the cis-element has a function of binding to a
transcriptional factor to activate transcription of a gene existing downstream.
Examples of such cis-elements include a drought stress responsive element (DRE;
dehydration-responsive element), an abscisic acid responsive element (ABRE), and a
cold stress responsive element, etc. Examples of genes encoding proteins binding to
these elements include a DRE binding protein 1A gene (referred to also as a DREBIA
gene), a DRE binding protein 1C gene (referred to also as a DREBIC gene), a DRE
binding protein 2A gene (referred to also as a DREB2A gene) and a DRE binding

protein 2B gene (referred to also as a DREB2B gene), etc.

For isolation of the promoter of the present invention, first, stress responsive
genes are isolated using a microarray. For preparation of a microarray, there can be
used about 1,300 cDNA molecules in total, being genes isolated from Arabidopsis
full-length ¢cDNA libraries, RD (responsive to dehydration) genes, ERD (early
responsive to dehydration) genes, kinl genes, kin2 genes, corl5a genes, 0 -tubulin
genes as an internal standard, and as negative controls, epsilon subunit (nAChRE) genes
of a mouse acetylcholine nicotinate receptor and homologous genes of a mouse

glucocorticoid receptor.

As a microarray used to isolate the promoter of the present invention, there

can be used about 7,000 ¢cDNA molecules in total, being genes isolated from

11
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Arabidopsis full-length cDNA libraries, RD (responsive to dehydration) genes, ERD
(early responsive to dehydration) genes, and PCR amplification fragments as an internal
standard obtained from A control template DNA fragments (TX803, Takara Shuzo),
and as negative controls, epsilon subunit (nAChRE) genes of a mouse acetylcholine

nicotinate receptor and homologous genes of a mouse glucocorticoid receptor.

A plasmid DNA extracted with a plasmid preparation device (Kurabo) is
sequenced by sequence analysis, using a DNA sequencer (ABI PRISM 3700, PE
Applied Biosystems, CA, USA). Based on the GenBank/EMBL database, homology

detection of the obtained sequence is carried out with the BLAST program.

After poly A selection, reverse transcription is carried out to synthesize

double-stranded DNA molecules, and a cDNA molecule is inserted into a vector.

The cDNA molecule inserted into a vector for preparation of cDNA libraries
is amplified by PCR, using primers complementary to sequences of vectors on both
sides of the cDNA molecule. Examples of such vectors include A ZAPII and A PS,

etc.

A microarray can be prepared according to ordinary methods and so the
method is not particularly limited, For example, using a gene tip microarray stamp
machine, GTMASS SYSTEM (Nippon Laser & Electronics Lab.), the above obtained
PCR product is loaded from a microtiter plate and spotted on a micro slide‘ glass at
regular intervals. Then, to prevent expression of non-specific signals, the slide is

immersed into a blocking solution.

Examples of plant materials include plant strains obtained by destroying
specific genes as well as wild type plants, and there can be used a transgenic plant, into

which ¢cDNA of DREBIA is introduced. Examples of plant varieties include

12
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Arabidopsis thaliana, tobacco and rice, etc., and Arabidopsis thaliana is preferable.

Drought- and cold-stress treatments can be carried out according to a known

method (Yamaguchi-Shinozaki, K., and Shinozaki, K. (1994) Plant Cell 6, 251-264.)

After performing the stress treatments, plant bodies (wild type plants and
DREBIA overexpression transformants) are sampled, and are subjected to
cryopreservation with liquid nitrogen. The wild type plants and the DREBIA
overexpression transformants are used for an experiment to identify DREBI1A target
genes. According to a known method or using a kit, mRNA is isolated from plant

bodies and purified.

In the presence of Cy3 dUTP or Cy5 dUTP for labeling (Amersham
Pharmacia), each of the mRNA samples is subjected to reverse transcription and then

used for hybridization.

After hybridization, the microarray is scanned with a scanning laser
microscope. As a program for analyzing data of a microarray, Imagene Ver 2.0

(BioDiscovery) and QuantArray (GSI Lumonics), etc. can be used.

After scanning, genes of interest are isolated by preparation of a plasmid

comprising the gene.

Determination of a promoter region is carried out by analysis of the
nucleotide sequences of the above isolated genes, followed by the use of a gene analysis
program based on the genomic information of database (GenBank/EMBL, ABRC).
The isolated genes can be classified into ones having both drought- and cold-stress
inductivity, ones specific for drought stress inductivity, and ones specific for cold stress

inductivity (Figure 4). According to a gene analysis program, 18 types of genes

13
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(FL3-5A3, FL5-2H15, FL5-3M24, FL5-90, FL5-2122, FL6-55, FL1-159, FL5-2D23,
FL05-08P-24, FL05-09-G08, FL05-09-P10, FL05-10-N02, FL05-18-112, FL05-21-F13,
FL06-10-C16, FL06-15-P15, FLO8-10-E21 and FL09-11-P10) are identified from the
above genes. The promoter regions of these genes are shown in SEQ ID NOS: 11to 18,

respectively.

As long as the promoter of the present invention acts as an environmental
stress responsive promoter, it may be a promoter having a nucleotide sequence
comprising a deletion, substitution or addition of one or more nucleotides, preferably
one or several nucleotides (e.g. 1 to 10 nucleotides, preferably 1 to 5 nucleotides)
relative to any nucleotide sequence selected from SEQ ID NOS: 1 to 18. Furthermore,
the promoter of the present invention also includes DNA hybridizing under stringent
conditions to the DNA comprising any nuclectide sequence selected from SEQ ID

NOS: 1 to 18 and further acting as an environmental stress responsive promoter.

- Once the nucleotide sequence of the promoter of the present invention is
determined, then the promoter itself can be obtained by chemical synthesis, PCR using a
cloned probe as a template, or hybridizaticn, using as a probe, DNA fragments having
the nucleotide sequence. Furthermore, a mutant of the present promoter, which has
functions equivalent to those of a non-mutated promoter, can also be synthesized by a

site-directed mutagenesis, etc.

To introduce a mutation into a promoter sequence, the known methods such as
the Kunkel method and Gapped duplex method, or an equivalent method, can be applied.
Introduction of a mutation can be carried out, for example, using a kit for introducing
mutant (e.g. Mutant-K (Takara) and Mutant-G (Takara)) by a site-directed mutagenesis

or using the LA PCR in vitro Mutagenesis series kit (Takara).

The term “function as an environmental stress responsive promoter” is used

14
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as

herein to mean a function of binding RNA polymerase to a promoter to allow initiation
of transcription, when the promoter is exposed to a specific environmental stress

condition.

The term “environmental stress” is used generally to mean an abiotic stress
such as drought stress, cold stress, high salt stress, high photo stress, etc. The term
“drought” is used herein to mean a water deficient state, while the term “cold” is used
herein to mean a state of being exposed to a lower temperature than the optimum living
temperature of each organism variety (e.g., in the case of Arabidopsis thaliana, it is
continuously exposed at —20 to +21°C for 1 hour to several weeks). The term “high
salt” is used herein to mean a state after continuous treatment with NaCl having a
concentration of 50mM to 600mM for 0.5 hours to several weeks. The term “high
photo stress” is used herein to mean a state wherein a strong light greater than its
photosynthetic ability is applied to a plant, and an example is application of a strong
light of more than 5,000 to 10,000 Ix. With regard to these environmental stresses, one

kind of stress may be loaded, or several kinds of stresses may be loaded.

The plant promoter of the present invention includes a promoter comprising
an addition of a nucleotide sequence which increases translation efficiency at the
3’-terminus of any nucleotide sequence of SEQ ID NOS: 1 to 18, or a promoter

retaining a promoter activity thereof while deleting a 5’-terminus thereof.

Furthermore, the promoter of the present invention includes DNA which
hybridizes under stringent conditions to DNA consisting of any nucleotide sequence
selected from SEQ ID NOS: 1 to 18, and functions as an environmental stress
responsive promoter. The term “stringent conditions™ used herein means sodium
concentration of 25 to 500mM, preferably 25 to 300mM, and temperature of 42°C to
68°C, preferably 42°C to 65°C. Mare specifically, such conditions are 5X SSC
(83mM NaCl, 83mM sodium citrate) and temperature of 42°C.

15
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2. Construction of expression vector

The expression vector of the present invention can be obtained by ligation
(insertion) of the promoter of the present invention to an appropriate vector. As long
as a vector into which the promoter of the present invention is inserted is capable of
replicating in a host, it is not particularly limited, and examples of vectors include a

plasmid, a shattle vector and a helper plasmid, etc.

Examples of plasmid DNA include a plasmid derived from Escherichia coli
(e.g. pBR322, pBR325, pUCI18, pUCI19, pUC18, pUCI19 and pBluescript, etc.), a
plasmid derived from Bacillus subtilis (e.g. pUB110 and pTP5, etc.), and a plasmid
derived from yeast (e.g. YEp13 and YCp30, etc.), and examples of phage DNA include
Aphage (e.g. CharondA, Charon21A, EMBL3, EMBL4, Agt10, Agtll and AZAP,
etc) Further, animal virus vectors such as a retrovirus and a vaccinia virus, and

insect virus vectors such as a baculovirus can also be used.

To insert the promoter of the present invention into a vector, there is applied a
method in which, first, the purified DNA is cleaved with suitable restriction enzymes,
and, next, the obtained DNA fragment is inserted into the restriction enzyme site of a

suitable vector DNA or a multi-cloning site so as to ligate to the vector.

In the present invention, in order to express a desired gene, the desired gene
can be further inserted into the above expression vector. The technique involving
insertion of a desirad gene is the same as the method involving insertion of a promoter
into a vector. A desired gene is not particularly limited, and examples of the gene

include genes shown in Table 2 and the known genes other than those, etc.

In a case where the promoter of the present invention is used with a reporter

gene, e.g. a GUS gene widely used in plant science, ligated to a 3’-terminus thereof, the

16
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strength of the promoter can easily be determined by examining a GUS activity. Asa
reporter gene, not only a GUS gene but also luciferase and a green fluorescent protein

can be used.

Thus, various types of vectors can be used in the present invention. Further,
there can be prepared a product by connecting a desired gene of interest to the promoter
of the present invention in a sense or antisense direction, and thereafter such product

can be inserted into a vector called a binary vector, such as pBI101 (Clonetech).

3. Preparation of transformant

The transformant of the present invention can be obtained by introduction of
the expression vector of the present invention into a host. A host herein is not
particularly limited, as long as it can express a promoter or gene of interest, a plant
being preferable. Where a host is a plant, a transformant plant (a transgenic plant) can

be obtained as follows.

A plant 1o be transformed in the present invention means any of an entire
plant, a plant organ (e.g. a leaf, a petal, a stem, a root, a seed, etc.), a plant tissue (e.g.,
an epidermis, a phloem, a parenchyma, a xylem, a vascular bundle, etc.) and a plant
culture cell. Examples of plants used for transformation include plants belonging to
Brassicaceae, Gramineae, Solanaceae and Leguminosae, etc. (see below), but are not

limited thereto.

Brassicaceae: Arabidopsis thaliana
Gramineae: Nicotiana tabacum
Solanaceae: Zea mays, Oryza sativa

Leguminosae:  Glycine max

The above recombinant vector can be introduced into a plant by ordinary
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transformation methods such as electroporation, Agrobacterium method, particle gun

method, PEG, etc.

For example, where electroporation is applied, using an electroporation device
equipped with a pulse controller, a vector is processed under conditions of a voltage of

500 to 1,600V, 25 to 1,000 & F and 20 to 30msec, and a gene is introduced into a host.

Where a particle gun method is applied, a plant body, plant organ or plant
tissue may be used as is, after preparation of a section, or a protoplast may be prepared.
The thus prepared sample can be processed with a gene-introduction device (e.g.
PDS-1000/He, Bio-Rad, etc.) Conditions for processing depend on a plant or sample,
but generally, a pressure of about 1,000 to 1,800psi and a distance of 5 to 6cm are

applied as processing conditions.

A gene of interest can be introduced into a plant by using a plant virus as a
vector. Examples of available plant viruses include a cauliflower mosaic virus. That
is, first, a virus genome is inserted into a vector derived from Escherichia coli to
prepare a recombinant, and then the gene of interest is inserted into the virus genome.
The thus modified virus genome is cut from the recombinant with restriction enzymes,

and inoculated into a plant host, so that a gene of interest can be introduced therein.

When bacteria belonging t0 Agrobacterium are transfected to a plant, the
bacteria introduce a portion of plasmid DNA thereof into a plant genome. In a method
involving the use of Ti plasmid of Agrobacterium, using such a character, a gene of
interest is introduced into a plant host. Among bacteria belonging to Agrobacterium,
Agrobacterium tumefaciens transfects to a plant and forms therein a tumor called a
crown gall, whereas Agrobacterium rhizogenes transfects to a plant to generate hairy
roots. These phenomena originate from a cause whereby a region called a T-DNA

region (a transferred DNA region) located on a plasmid called a Ti plasmid or Ri
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plasmid existing in each bacterium is transferred into a plant and incorporated into a

plant genome at a time of transfection.

By inserting DNA to be incorporated into a plant genome, into the T-DNA
region of a Ti or Ri plasmid, DNA of interest can be incorporated into a plant genome,

when Agrobacterium bacteria are transfected to a plant host.

Tumoral tissues, shoots and hairy roots obtained as a result of transformation
can directly be used for cell culture, tissue culture or organ culture, and according to the
previously known plant tissue culture method, a plant body can be regenerated by
administration of a plant hormone (e.g. auxin, cytokinin, gibberellin, abscisic acid,

ethylene, brassinoride, etc.) in a suitable concentration.

The vector of the present invention cannot only be introduced into the
above-stated plant hosts, but can also be introduced into bacteria belonging to
Escherichia such as Escherichia coli, Bacillus such as Bacillus subtilis and
Pseudomonas such as Pseudomonas putida; yeast such as Saccharomyces cerevisiae
and Schizosaccharomyces pombe; animal cells such as COS cell and CHO cell; and
insect cells such as Sf9 cell, so that a transformant can be obtained. Where a
bacterium such as Escherichia coli or yeast is used as a host, it is preferable that the
recombinant vector of the present invention is capable of self-replicating in the
bacterium and, at the same time, is also comprised of the promoter of the present
invention, a ribosome binding sequence, a gene of interest and a transcription
termination sequence. Furthermore, it may also comprise a gene for controlling a

promoter.

A method for introduction of a recombinant vector into bacteria is not
particularly limited, as long as it is a method for introduction of DNA into bacteria.

For example, a method involving the use of calcium ions and an electroporation method
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can be applied.

Where yeast is used as a host, Saccharomyces cerevisiae and
Schizosaccharomyces pombe, etc. can be used. A method for introduction of a
recombinant vector into yeast is not particularly limited, as long as it is a method for
introduction of DNA into yeast, and examples of such methods include electroporation,

spheroplast method, lithium phosphate method, etc.

Where an animal cell is used as a host, a monkey COS-7 cell, Vero, a Chinese
hamster ovary cell (a CHO cell), a mouse L cell, etc. are used. Examples of methods
for introduction of a recombinant vector into an animal cell include electroporation,

calcium phosphate method, lipofection method, etc.

Where an insect cell is a host, a Sf9 cell and the like can be used. Examples
of methods for introduction of a recombinant vector into an insect cell include calcium

phosphate method, lipofection method, electroporation, etc.

Confirmation regarding whether a gene is incorporated into a host or not can
be carried out by methods such as PCR, Southern hybridization, Northern hybridization,
etc. For example, DNA is prepared from a transformant, and DNA specific primers
are designed for use with PCR. PCR is carried out under the same conditions as used
for preparation of the above plasmid. Thereafter, the obtained amplified product is
subjected to agarose gel electrophoresis, polyacrylamide gel electrophoresis or capillary
electrophoresis, so that the product is stained with ethidium bromide or a SYBR Green
solution, etc. Then, it is confirmed that the amplified product was transformed, by
detecting the product as a single band.  Or, the amplified product can also be detected
by PCR, using primers stained with fluorescent dye or the like beforehand.
Furthermore, there may also be adopted a method in which the amplified product is

bound to a solid phase such as a microplate and confirmed by fluorescent or enzymic
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reaction, etc.

4. Production of plant

In the present invention, a transformed plant body can be regenerated from the
above transformed plant cell and the like. An adaptable regeneration method is one in
which transformed cells are transferred to and cultured in media with different types of
hormones and concentrations to promote nucellular embryony, thereby obtaining an
entire plant body. Examples of applicable media include an LS medium and an MS

medium, etc.

The “method for producing a plant body” of the present invention comprises
processes of, introducing a plant expression vector, into which the above plant promoter
is inserted, into a host cell to obtain a transformed plant cell; regenerating a transformed
plant body from the transformed plant cell; obtaining plant seeds from the resulting

transformed plant body; and producing a plant body from the plant seed.

To obtain a plant seed from a transformed plant body, for example, a
transformed plant body is collected from a rooting medium and transferred to a pot with
water-containing soil.  Then, the transformed plant body is grown at constant
temperature to form flowers, thereby finally obtaining seeds. To produce a plant body
from a seed, for example, after a seed formed in a transformed plant body has matured,
the seed is isolated and implanted in water-containing soil, followed by growing at
constant temperature under illumination. The thus bred plant becomes an
environmental stress-resistant plant corresponding (0 the stress responsivity of a

promoter introduced.

EXAMPLES

The present invention is further described in the following examples. The
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examples are not intended to limit the scope of the invention.

Example 1. _Isolation of promoter

1. Materials and methods
(1) Arabidopsis cDNA clone

For preparation of a microarray, there were used about 1,300 cDNA
molecules in total, which are genes isolated from Arabidopsis full-length ¢cDNA
libraries, RD (responsive to dehydration) genes, ERD (early responsive to dehydration)
genes, kinl genes, kin2 genes, corlSa genes, and & -tubulin genes as an internal
standard, and as negative controls, epsilon subunit (nAChRE) genes of a mouse
acetylcholine nicotinate receptor and homologous genes of a mouse glucocorticoid

receptor.

Positive control: drought-inducible genes (responsive-to-dehydration genes: rd, and

early responsive-to-dehydration genes: erd)
Internal standard: ¢ -tubulin genes

Negative control: for analysis of non-specific hybridization, acetylcholine nicotinate
receptor € subunit (nAChRE) genes and mouse glucocorticoid receptor homolog genes,
which do not substantially have homology with any given sequence in Arabidopsis

database.

Furthermore, for preparation— of a microarray, there were used about 7,000
¢DNA molecules in total, which are genes isolated from Arabidopsis full-length cDNA
libraries, RD (responsive to dehydration) genes, ERD (early responsive to dehydration)
genes, and PCR amplification fragments (hereinafter referred to as PCR fragments) as
an internal standard obtained from A control template DNA fragments (TX803, Takara

Shuzo), and as negative controls, epsilon subunit (nAChRE) genes of a mouse
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acetylcholine nicotinate receptor and homologous genes of a mouse glucocorticoid

receptor.

Positive control: drought-inducible genes (responsive-to-dehydration genes: rd, and

carly responsive-to-dehydration genes: erd)

Internal standard: PCR fragments

Negative control: for analysis of non-specific hybridization, acetylcholine nicotinate
receptor € subunit (nAChRE) genes and mouse glucocorticoid receptor homolog genes,
which do not substantially have homology with any given sequence in the Arabidopsis

database.

(2) Arabidopsis full-length cDNA microarray

According to the biotinylated CAP trapper method, the present inventor has
constructed a full-length ¢cDNA library from Arabidopsis plant bodies under different
conditions (e.g. dehydration treatment, cold treatment and untreatment in various
growth stages from budding to mature seeds). The present inventor has independently
isolated each of about 1,300 and about 7,000 Arabidopsis full-length cDNA molecules
from a full-length cDNA library. According to the known method (Eisen and Brown,
1999), cDNA fragments amplified by PCR were arranged on a slide glass. The present
inventor has prepared both a full-length ¢cDNA microarray containing about 1,300
Arabidopsis full-length cDNA molecules and another full-length cDNA microarray
containing about 7,000 Arabidopsis full-length cDNA molecules, which comprise the

genes stated below.
(3) Isolation of drought-, cold- and high salt-inducible genes using cDNA microarray

In this example, using a full-length cDNA microarray containing about 1,300

Arabidopsis full-length ¢cDNA molecules, drought- and cold-inducible genes were
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isolated.  Further, using a full-length ¢cDNA microarray containing about 7,000
Arabidopsis full-length cDNA molecules, drought-, cold- and high salt-inducible genes

were isolated.

Both Cy3 and Cy5 fluorescent labeled probes of drought treated, cold treated
and untreated plants were mixed, and the obtained mixture was hybridized to a
full-length ¢cDNA microarray containing about 1,300 Arabidopsis full-length cDNA
molecules. Figure 1 shows an image of the cDNA microarray. By the double
labeling of a pair of cDNA probes, wherein one mRNA sample is labeled with
Cy3-dUTP and the other mRNA sample is labeled with Cy5-dUTP, simultaneous
hybridization to DNA elements on a microarray becomes possible and direct assay of
gene expression level under two different conditions (that is, stressed and unstressed) is
facilitated. The Cy3 and Cy5 emissions of each DNA element on the hybridized
microarray was scanned using two different laser channels. Thereafter, the intensity
rate of the two fluorescent signals of each DNA element was determined as a relative
value, and then the change of differential expression of genes was determined, which
was shown as a cDNA spot on a microarray. In this example, there was used, as an
internal control gene, an & —tubulin gene, the expression level of which remains almost

constant under two different experimental conditions.

In the case of a full-length ¢cDNA microarray containing about 7,000
Arabidopsis full-length cDNA molecules, Cy3 and Cy5 fluorescent labeled probes of
each of a dehydration treated plant, a cold treated plant, a high salt —inducible gene and
an unstressed plant were mixed and the obtained mixture hybridized. A PCR fragment

was used as an internal control gene in this cDNA microarray.

Figure 2 shows the identification process of drought- or cold-inducible genes
in a full-length cDNA microarray containing about 1,300 Arabidopsis full-length cDNA

molecules. Furthermore, in the case of a full-length cDNA microarray containing
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about 7,000 Arabidopsis full-length cDNA molecules also, the identification of drought-,
cold- or high salt-inducible genes was performed according to the same process as

shown in Figure 2.

1) Both mRNA molecules derived from a dehydration- or cold-treated plant and mRNA
molecules derived from an unstressed wild type plant were used to prepare both Cy3-
and Cy5-labeled cDNA probes. These cDNA probes were mixed, and then hybridized
to a cDNA microarray. In this example, there was used, as an internal control gene, an
@—-tubulin gene, the expression level of which remains almost constant under two
different experimental conditions. A gene having more than double the expression
level (drought/unstressed or cold/unstressed) of an < -tubulin gene was defined as a

drought- or cold-inducible gene (Figure 2).

2) Both mRNA molecules derived from a 35S:DREBIA transgenic plant and mRNA
molecules derived from an unstressed wild type plant were used to prepare both Cy3-
and Cy5-labeled cDNA probes. These cDNA probes were mixed, and then hybridized
to a cDNA microarray. In this example, there was used, as an internal control gene, an
a-tubulin gene, the expression level of which remains almost constant under two
different experimental conditions. A gene having an expression level in a
35S:DREB1A transgenic plant of more than double its expression level in an unstressed

wild type plant was defined as a DREBI1A target gene (Figure 2).

Both mRNA molecules derived from a dehydration- or cold-treated plant and
mRNA molecules derived from an unstressed wild type plant were used to prepare both
Cy3- and CyS-labeled cDNA probes. These cDNA probes were mixed, and then
hybridized to a cDNA microarray. To evaluate reproducibility of microarray analysis,
the same experiment was repeated five times. When the same mRNA sample was
hybridized to various types of microarrays, a good correlation was observed. A gene

having more than double the expression level (drought/unstressed or cold/unstressed) of
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an ¢ -tubulin gene was defined as a drought- or cold-inducible gene (Figure 2).

(4) Analysis of sequence

To perform homology detection of gene sequences, a plasmid DNA extracted
with a plasmid preparation device (NA 100, Kurabo) was used for sequence analysis.
A DNA sequence was determined by dye terminator cycle sequencing method, using a
DNA sequencer (ABI PRISM 3700, PE Applied Biosystems, CA, USA). Based on the
GenBank/EMBL database, homology detection of sequences was carried out using the

BLAST program.

(5) Amplification of cDNA
As a vector for preparation of cDNA libraries, A ZAPII (Carninci et al.,
1996) was used. The cDNA inserted into a vector for libraries was amplified by PCR,

using primers complementary to vector sequences located on both sides of the cDNA.

The sequences of primers are as follows:
FL forward 1224: 5-CGCCAGGGTTTTCCCAGTCACGA (SEQ ID NO: 19)
FL reverse 1233: 5~AGCGGATAACAATTTCACACAGGA (SEQ ID NO: 20)

As a template, a plasmid (1 to 2ng) was added to 1001 of PCR mixture
(0.25mM dNTP, 0.2 4 M PCR primers, 1 X Ex Taq buffer, 1.25 U Ex Taq polymerase
(Takara Shuzo)). PCR was performed under the following conditions: initial reaction
at 94°C for 3 minutes, 35 cycles of 95°C for 1 minute, 60°C for 30 seconds and 72°C
for 3 minutes, and the final reaction at 72°C for 3 minutes. After precipitation of a
PCR product with ethanol, the precipitate was dissolved into 251 0f 3 X SSC. 0.7%
agarose gel electrophoresis was performed to confirm the quality of the obtained DNA

and amplification efficiency of PCR.
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(6) Production of cDNA microarray

Using a gene tip microarray stamp machine, GTMASS SYSTEM (Nippon
Laser & Electronics Lab.), 0.5 121 of PCR product (100 to 500ng/ml) was loaded from a
384-well microtiter plate, and 5nl each of the product was spotted on 6 micro slide
glasses (§7444, Matsunami) coated with poly-L-lysine at a space of 2802 m. To spot
an equivalent amount of DNA, after printing, slides were wetted in a beaker containing
hot distilled water and then dried at 100°C for 3 seconds. Thereafter, the slides were
placed on a slide rack, and the rack was placed into a glass chamber.  Then, a blocking
solution (containing 15ml of 1M sodium borate salt (pH8.0), 5.5g of succinic anhydrous
compound (Wako), and 335ml of 1-methyl-2-pyrrolidone (Wako)) was poured into the
glass chamber. After shaking the glass chamber containing the slides rack up and
down 5 times, it was further shaken gently for 15 minutes. Thereafter, the slide rack
was transferred to a glass chamber containing boiling water and shaken 5 times,
followed by being left at rest for 2 minutes. Then, the slide rack was transferred to a
glass chamber containing 95% ethanol and shaken 5 times, followed by centrifugation

(800rpm) for 30 minutes.

(7) Plant materials and isolation of RNA

As plant materials, there were used both a wild type Arabidopsis thaliana
plant body which was seeded on an agar medium and grown for 3 weeks
(Yamaguchi-Shinozaki and Shinozaki, 1994), and an Arabidopsis thaliana
(Colombian species) plant body, into which DREBIA ¢DNA (Kasuga et al,, 1999)
connected to 35S promoter of a cauliflower mosaic virus was introduced. Drought-
and cold-stress treatments were performed by the method of Yamaguchi-Shinozaki and
Shinozaki (1994). That is to say, a plant body pulled out of an agar medium was
placed on a filter and then dehydration treatment was carried out under conditions of
22°C and 60% relative humidity. Cold treatment was carried out by transferring the
plant grown at 22°C into conditions of 4°C.  High salt-stress treatment was carried out

by water-culturing in a solution containing 250mM NaCl.
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- After wild type plant bodies were exposed to stress-treatment for 2 or 10
hours, they were subjected to sampling, and then subjected to cryopreservation with
liquid nitrogen. Both wild type and DREB1A overexpression type transformants,
which were cultured in an agar medium without kanamycin, were used for an
experiment for identification of a DREBIA target gene. Stress treatment was not
performed for DREBIA overexpression type transformants. The total RNA was
isolated from plant bodies using ISOGEN (Nippon gene, Tokyo, Japan), and then
mRNA was isolated and purified using an Oligotex-dT30 mRNA purification kit

(Takara, Tokyo, Japan).

(8) Fluorescent labeling of probe
In the presence of Cy3 dUTP or Cy5 dUTP (Amersham Pharmacia), each of
the mRNA samples was reverse transcribed. The composition of the reverse

transcription buffer (30 i1) is as follows.

poly (A)" RNA with 6 « g oligo (dT) 18-mer lpg

10mM DTT

500 4 M dATP, dCTP and dGTP

200 £ M dTTP

100 ¢ M Cy3 dUTP or Cy5 dUTP

400 units of SuperScript 11 reverse transcription enzymes (Life Technologies)

1 X Superscript first strand buffer (Life Technologies)

3041 in total
After reaction at 42°C for 1 hour, two samples (one sample labeled with Cy3
and the other sample labeled with Cy5) were mixed, and 15 (1 of 0.1M NaOH and 1.5

w1 of 20mM EDTA were added thereto and the mixture was treated at 70°C for 10

minutes. Then, 151 of 0.IM HCl was further added thereto, and the sample then
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transferred to a Micro con 30 micro concentrator (Amicon). 400 u1 of TE buffer was
added, followed by centrifugation so that the amount of the buffer became 10 to 20 1,
and then an effluent was thrown away. After 400 i1 of TE buffer and 20 i1 of 1mg/ml
human Cot-1 DNA (Gibco BRL) were added thereto, the mixture was subjected to
centrifugation again. The labeled samples were collected by centrifugation, and
several /1 of distilled water were added thereto. To the obtained probes, 2 &1 of 10
g/ il yeast tRNA, 2 il of 14 g/ /L] pd(A)12.18 (Amersham Pharmacia), 3.4ml of 20X
SSC and 0.6 21 of 10% SDS were added. Furthermore, the samples were denatured at
100°C for 1 minute and placed at room temperature for 30 minutes, and then used for

hybridization.

(9) Microarray hybridization and scanning

Using benchtop micro centrifuge, a probe was subjected to high-speed
centrifugation for 1 minute. To avoid generation of bubbles, the probe was placed in
the center of an array, and a cover slip was placed thereon. Four drops of 51 0f 3 X

SSC were dropped on a slide glass and a chamber was kept at suitable humidity to

* prevent dehydration of the probe during hybridization. The slide glass was placed into

a cassette for hybridization (THC-1, BM machine) and sealed, followed by treatment at
65°C for 12 to 16 hours. The slide glass was taken out of the cassette and placed on a
cassette rack, and a cover slip was carefully removed therefrom in solution 1 (2 X SSC,
0.1% SDS). Thereafter, the rack was shaken to wash, and transferred into solution 2 (1
X 8SC) to wash for 2 minutes. Then, the rack was further transferred into solution 3
(0.2 X SSC) and left for 2 minutes, and then subjected to centrifugation (800rpm, 1

min) for drying.
Using a scanning laser microscope (ScanArray4000; GSI Lumonics,
Watertown, MA), a microarray was scanned in a resolution of 10 .2m per pixel. Asa

program for analyzing the microarray data, Imagene Ver 2.0 (BioDiscovery) and Quant

Array (GSI Lumonics) were used.
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(10) Northern analysis

Using total RNA, Northern analysis was carried out (Yamaguchi-Shinozaki
and Shinozaki, 1994). DNA fragments isolated from Arabidopsis thaliana
full-length cDNA libraries by PCR were used as probes for Northern hybridization.

(11) Determination of promoter region
Based on the genomic information of Arabidopsis thaliana in database
(GenBank/EMBL, ABRC), a promoter region was analyzed using the BLAST program

for gene analysis.

2, Results
(1) Stress-inducible gene

Fluorescent-labeled cDNA was prepared from mRNA, which were isolated
from unstressed Arabidopsis thaliana plants, by reverse transcription in the presence of
Cy5-dUTP. From cold-treated plants (2 hours), the second probes labeled with
Cy3-dUTP were prepared. Both types of probes were simultaneously hybridized to a
¢DNA microarray comprising about 1,300 Arabidopsis thaliana cDNA clones, and then

a pseudo color image was created (Figure 1).

Genes induced and inhibited by cold stress are represented by a red signal and
a green signal, respectively. Genes which expressed at almost an equivalent level in
both treatments are represented by a yellow signal. The strength of each spot
corresponds to the absolute value of the expression level of each gene. It is shown that
a cold-inducible gene (rd29A) is represented by a red signal whereas an @ —tubulin

gene (an internal control) is represented by a yellow signal.

By means of cDNA microarray analysis, the total 44 drought-inducible genes
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were identified (Tables 1 and 2).

Table 1.
Number of genes
Drought-inducible gene 44
New drought-inducible gene 30
I~ Cold-inducible gene 19
New cold-inducible gene 10
DREBI1A target gene 12
New DREBIA target gene 6
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Table 2. Drought- and Cold-inducible Genes, and DREB1A Target Genes Identified by

c¢DNA Microarray Analysis

Drought (2hr) Cold (2hr) 35SDREBIA
New or New or New or

Gane Accession  Coded Protein/Other Features Ratio Reported Ratio Reported Ratio Reported
rd29A D13044 Hydrophilic pratein 64 Reported 51 Reported 7.9 Reported
corlSa u137? - 50 Reported 34 Reported 8.1 Reported
kin2 X35053 - 58 Repoted 29 Reported 49 Reported
erd10 D17714 Group II LEA proten 60 Reported 46 Reported 35 Reported
kint X51474 - 29 Reported 20 Reported 34  Reported
rd17 AB004872  Group I LEA protein 64 Reported 46 Reported 46 Reported
rd20 - Ca-binding EF hand protein 51 Reported nd - nd
erd? - - 38 Reported 23 Reported nd
erd4 - Membrane protein 26 Reported 22 Reported 25 New
erd3 - - 26 Reported nd - nd -
F3-519  D17715 Group [ LEA protein 35 Reported 15 - 12 -
FL3-3A1  D13042 Thiol protease 28 Reported 1.9 - 15 -
FL5-1F23 D32138 A'-pyrroline—5—carboxylate synthetase (AtPSCS) 28 Reported 15 - nd -
FL2-1F6  DO1113 Unidentified seed protein 22 Reported 1.1 - 05 -
FL3-5A3 AC006438  Putative cold acclimation protein 62 New 23 New 34 New
FLE-55  X91919 LEA 76 type 1 protein 29 New nd - nd -
FL5-77  AF121355  Peroxiredoxin TRX! 22 New 19 - 30 New
FL3-5J1  AFO57137  Gamwna tonoplast intrinsic protein 2 (TIP2) 20 New 1.2 - 13 -
FLS-INT}  MB0567 Non-spegific lipid transfer protein (LTP1) 27 New 13 - 1.2 -
FL595 - Rice glyoxalase ] hamolog 23 New 28 New nd -
FLS-2H15 T45998(EST) - 2.1 New nd - 14 -
FL5-2024 ACO05770  Putative water channel protein 24 New nd - 14 -
FL5-2G21 AFD34255  Reversibly glycosylated polypeptide-3 (RGP) 2.1 New nd - 13 -
FL5-1A9 - Nodufinike protein homalog 28 New 21 New 08 -
FL5-94  X88107 Enclase 20 New 1.8 - 23 New
s34 - Heat shack protein dnaJ homolog 28 New 1.4 - nd -
FL5-3M24 - LEA protein SAG21 homolog 23 New 22 New 10 -
FL5-103  H37392AEST) - 30 New nd - nd -
FL5-2123 D14442 Ascorbate peroxidase 21 New 1.1 - 1.0 -
FL1-159  ABO15038  HVA22 homolog 37 New 38 New 18 -
s-27 - Cysteine proteinase inhibitor homolog 22 New nd - 22 New
FLS-2122  X80342 OC 1.2 homolog 26 New 28 New 21 New
FL5-1C20 - Major latex protein type | homolog 20 New 14 - 1.8 -
FL2-1H6 - Brassica napus jasmonate-inducble protein homclog 24 New 1.3 - 0.8 -
FL&-2E17 - Brassica napus beta—glucosidase homolog 23 New 1.1 - 10 -
FL3-3B1  AC006403  Hypothetical protein 27 New 1.4 - 1.1 -
FL5-3E18  MB80S67 Aquaporin homolog 20 New 11 - 09 -
FL5-3A15 X94248 Fenitin 28 New 21 New 09 -
FL2-56  AFI04330  Glycinevich protein 3 shart isoform (GRP35) 26 New 1.4 - 16 -
FL5-2023 - T20517 (EST) homolog 26 New 13 - nd -
FL3-2C6 235474 Thioredoxin 23 New 10 - 19 -
FL5-1P10  ACO04044  Putative photosystem | reaction center subunit Il precursor 2.1 New 14 - 1.2 -
FL2-5G7  U43147 Catalase 3 {CAT3) 24 New 12 - 18 -
FL2-1C1 29734 Cysteine proteinase homolog 30 New 10 - 17 -
DREBIA  ABO07787  EREBP/APZ protein nd - 6.3 Reported 58 -
Fl2-5M  AB010256  DEAD box ATPase/RNA helicase protein (DRH1) nd - 2.1 New nd -
FL5-90  AJ250341 B -amylase nd - 4.4 New 12 -
FL5-3P12_ D63510 EXGT-AZ 12 - 32 New 08 -

In Table 2, genes which are drought- and cold-inducible, and DREBIA target
genes (35S:DREBIA) are rd29, corl5A, kin2, erdl0, kinl, rd17, erd4, FL3-5A3,

FL5-77, FL5-94, FL3-27 and FL5-2122. Genes which are drought- and cold inducible

but are not DREBI1A target genes, are FL5-2024, FL3-1A9, FL5-3M24 and FL5-3A15.
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Specifically drought-inducible genes are rd20, FL6-55, FL5-3J4, FL2-56 and FL5-2D23.
Specifically cold-inducible genes are DREBIA and FL5-90. The results of

classification of these genes are shown in Figure 4.

Moreover, in Table 2, the “Coded Protein/Other Features” column shows

putative functions of a gene product, which are predicted from sequence homology.

The “Ratio” in the “Drought” column is obtained by the following equation

(FL fluorescence intensity):

Ratio = [(the FI of each cDNA under drought condition) / (the FI of each cDNA under
unstressed condition)] + [(the FI of ¢ -tubulin under drought condition) / (the Fl of @

-tubulin under unstressed condition)]

The “Ratio” in the “Cold” column is obtained by the following equation (FL:

fluorescence intensity):

Ratio = [(the FI of each cDNA under cold condition) / (the FI of each cDNA under
unstressed condition)] + [(the FI of & -tubulin under cold condition) / (the FI of «

-tubulin under unstressed condition)]

The “Ratio” in the “35S:DREB1A” column is obtained by the following

equation (FI: fluorescence intensity):
Ratio = [(the FI of each cDNA of 35S:DREB1A plants) / (the FI of each cDNA of wild
type plants)] * [(the FI of «-tubulin of 358:DREBIA plants) / (the F1 of a-tubulin of

wild type plants)]

With regard to the term “New or Reported” in the “Drought” column, where a
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gene has not been reported as a drought-inducible gene, it is shown as “New”, and
where it has been reported as a drought-inducible gene, it is shown as “Reported”. The
same applies for a cold-inducible gene in the “Cold” column and a DREBIA target gene

in the “358:DREB1A” column.

Among the genes described in Table 2, 14 genes (corl5A, kinl, kin2, rd17,
rd19A, 1d20, rd22, rd29A, erd3, erd4, erd7, erd10, erd14, AtPSCS) have previously
been reported as drought-inducible genes (Bohnert, HJ. et al., (1995) Plant Cell 7,
1099-1111.; Ingram, J., and Bartels, D. (1996) Plant Mol. Biol. 47, 377-403.; Bray, E. A.
(1997) Trends Plant Sci. 2, 48-54.; Shinozaki. K., and Yamaguchi-Shinozaki, K. (1997)
Plant Physiol. 115, 327-334.; Shinozaki, K., and Yamaguchi-Shinozaki, K. (1999).
Molecular responses to drought stress. Molecular responses to cold, drought, heat and
salt stress in higher plants. Edited by Shinozaki, K. and Yamaguchi-Shinozaki, K., R. G.
Landes Company.; Shinozaki, K., and Yamaguchi-Shinozaki, K. (2000) Curr. Opin.
Plant Biol. 3, 217-223.; Taji, T. et al., (1999) Plant Cell Physiol. 40, 119-123.; Takahashi,
S. et al., (2000) Plant Cell Physiol. 41, 898-903.)

From these results, it is shown that the cDNA microarray system of the
present inventors has functioned appropriately to find stress-inducible genes. In the
remaining 30 new drought-inducible genes, there were found cDNA molecules
(FL3-5A3, FL6-55, FLS-INI1, FL5-2024, FL5-2H15 and FL1-159) which show
sequence identity with putative cold acclimation protein (Accession No. AC006438),
LEA 76 type 1 protein (Accession No. X91919), non-specific lipid transfer protein
(LTP1; Accession No. M80567) putative water channel protein (Accession No.
AC005770), T45998 EST, and HVA22 homolog (Accession No. ABO15098).

Moreover, the total 19 cold-inducible genes have been identified by cDNA

microarray analysis (Tables 1 and 2). Nine of these genes have been reported as

cold-inducible genes, rd29A, corl3a, kinl, kin2, rd17, erd10, erd7 and erd4 (Kiyosue et
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al., 1994; Shinozaki and Yamaguchi-Shinozaki, 1997, 1999, 2000; Taji et al., 1999;
Thomashow, 1999) and a DREB1A gene (Lui et al., 1998).

Likewise, in the remaining new cold-inducible genes, there were found cDNA
molecules (FL3-5A3, FL5-3A15, FL5-3P12, FL5-90, FL5-2122 and FL1-159) which
show sequence identity with putative cold acclimation protein (Accession No.
AC006438), ferritin (Accession No. X94248), EXGT-A2 (Accession No. D63510}), 8
-amylase (Accession No. AJ250341), DC 1.2 homolog (Accession No. X80342), and
HVA22 homolog (Accession No. AB015098), and also found cDNA molecules
(FL5-1A9, FL5-95 and FL5-3M24) which show sequence similarity with Nodulin-like
protein (Accession No. CAA22576), rice glyoxalase I (Accession No. AB017042) and
LEA protein homolog (SAG21; Accession No. AF053065).

Furthermore, the present inventors have identified stress-inducible genes
controlled by a DREBIA transcription factor, using a full-length cDNA microarray.
Figure 2 shows a procedure for identification of DREB1A target genes. The mRNA
prepared from a transgenic Arabidopsis thaliana plant (a 358:DREBIA transgenic
plant), which overexpresses DREB1A cDNA under the control of a CaMV 35S
promoter, and the mRNA prepared from a wild type control plant were used to prepare
Cy3-labeled and Cy5-labeled cDNA probes, respectively. These cDNA probes were
mixed and then hybridized to a ¢cDNA microarray. A gene having more than a
two-fold greater expression level in a 35S:DREBIA transgenic plant than in a wild type

control plant was defined as a DREBIA target gene.

The total 12 DREB1A target genes have been identified by cDNA microarray
analysis (Tables 1 and 2). Six of these genes have been reported as DREBI1A target
genes, rd29A/cor78, corl5a, kinl, kin2, rd17/cor47 and erd10 (Kasuga et al., 1999).
Likewise, in the remaining 6 new DREBIA target genes, there were found cDNA

molecules (FL3-5A3, FL5-2122, FL5-94 and FL5-77) which show sequence identity
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with putative cold acclimation protein (Accession No. AC006438), DC 1.2 homolog
(Accession No. X80342), enolase {Accession No. X58107) and peroxiredoxin TPX1
(Accession No. AF121355), and also found a ¢cDNA molecule (FL3-27) showing
sequence similarity with a cowpea cysteine proteinase inhibitor (Accession No.

Z21954) and erd4 cDNA (Kiyosue et al., 1994; Taji et al., 1999).

The identified drought- or cold-inducible genes were classified into the
following 3 groups (Figure 4):
1) Drought- and cold-inducible genes
2) Specifically drought-inducible genes
3) Specifically cold-inducible genes

With regard to the following 21 genes, it was difficult to classify them into the
above 3 groups and so they did not undergo such a classification:
erd3, FL3-519, FL3-3A1, FL5-1F23, FL2-1F6, FL3-3}1, FL5-IN11, FL5-2H1S,
FL3-2G21, FL5-2123, FL5-1C20, FL2-1H6, FL5-2E17, FL3-3B1, FL5-3E18, FL3-2C6,
FL35-1P10, FL2-5G7, FL2-1C1, FL2-5A4, and FL5-3P12

As a result, the identified genes were classified into 20 drought- and
cold-inducible genes, 5 specifically drought-inducible genes and 2 specifically
cold-inducible genes. Thereafter, the drought- and cold-inducible genes were
classified into two groups:

1) DREBIA target genes
2) Genes other than DREB1A target genes

Thus, 16 drought- and cold-inducible genes were classified into 12 DREB1A

target genes and 4 genes other than DREB1A target genes.

(2) RNA gel blot analysis
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In cDNA gel blot analysis, it is important to extract appropriate data with
minimum effort. The present inventors evaluated the effectiveness of cDNA

microarray analysis by the following method.

First, 80 genes having more than double the expression ratio (drought 2
hours/unstressed) of @ -—tubulin were identified. The 80 putative drought-inducible
genes were subjected to Northern blot analysis, 44 of which were identified as actual
genes. The disparity between the results from microarray analysis and those from
Northern blot analysis was caused by (1) low expression of genes, (2) high background,
(3) dusts or scratches on a cDNA spot, and (4) a bad cDNA probe with a low specific
activity. Accordingly, the above experimental data were marked and a half thereof was
excluded from the following analysis. After the data processing, 44 drought-inducible
genes, 19 cold-inducible genes and 12 DREBIA target genes were finally identified
based on ¢cDNA microarray analysis. Thereafter, RNA gel blot analysis was carried
out to confirm the obtained results using a cDNA microarray.  The result of expression
data obtained by microarray analysis that 44 drought-inducible genes, 19 cold-inducible
genes and 12 DREBIA target genes were identified, was consistent with the result

obtained by Northern blot analysis.

Figure 3 shows a comparison between the result of microarray analysis and
that of Northern blot analysis in respect of 6 new DREBIA target genes (FL3-5A3,
FL3-27, FL5-2122, FL5-94, FL5-77 and erd4). All of the 6 genes were induced by
drought- and cold-treatments and overexpressed in 35S:DREBLA plants under

unstressed conditions.

Samples derived from drought-treated wild type plants (dehydration for 2
hours or 10 hours (left on a filter paper)), cold-treated wild type plants {(cooling at 4°C
for 2 hours or 10 hours), or untreated 35S:DREBI1A transgenic plants (35S:DREB1A

control) were subjected to fluorescent labeling with Cy3-dUTP, whereas samples
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derived from untreated wild type plants (control) were subjected to fluorescent labeling
with Cy5-dUTP. These samples were hybridized to a cDNA microarray followed by
scanning to calculate a relative expression ratio and shown in a figure (Figure 3). The
figure shows Northern blot analysis images of drought- and cold-treated wild type
£ plants and 35S:DREBIA transgenic plants. The full-length cDNA sequences of two
DREBIA target genes (FL3-5A3 and FL3-27) are independently registered with
GenBank, EMBL and DDBIJ database under Accession Nos. AB044404 and AB044405,

respectively.

o Likewise, using a full-length ¢cDNA microarray containing about 7,000
Arabidopsis full-length ¢DNA molecules, 301 drought-inducible genes, 54

cold-inducible genes and 211 high salt stress-inducible genes were isolated.

(3) Identification of promoter region

.
vesere
. .

Eae - As a result of identification of promoter regions, there were obtained the
N X promoter regions of 8 types of genes (FL3-5A3, FL5-2H15, FL5-3M24, FL5-90,
FLS-2122, FL6-55, FL1-159 and FL5-2D23) obtained in a full-length cDNA microarray

containing about 1,300 Arabidopsis full-length cDNA molecules. The sequences of

sgeeed these promoters are shown in SEQ ID NOS: 1 to 8.
.".3?:0
ceeent Gene Name Promoter Region Sequence
.;...é ~ FL3-5A3 SEQ ID NO: 1
FL5-2H15 SEQID NO: 2
FL5-3M24  SEQID NO:3
T e FL5-90 SEQ ID NO: 4
-~ FL5-2122 SEQ ID NO: 5
FL6-55 SEQID NO: 6
FL1-159 SEQIDNO:7
FL5-2D23 SEQID NO: 8
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As a result of the identification of promoter regions, there were obtained the
promoter regions of 10 types of genes (FL05-08-P24, FL05-09-GO8, FL05-09-P10,
FLO05-10-N02, FL05-18-112, FL0S5-21-F13, FL06-10-C16, FL06-15-P15, FL08-10-E21
and FL09-11-P10) obtained in a full-length cDNA microarray containing about 7,000
Arabidopsis full-length ¢cDNA molecules. The sequences of these promoters are

shown in SEQ ID NOS: 9 to 18.

Gene Name Promoter Region Sequence
FL05-08-P24  SEQID NO:9
FL05-09-G08 SEQID NO: 10
FL05-09-P10  SEQID NO: 11
FLO05-10-N02  SEQID NO: 12
FL05-18-112  SEQID NO: 13
FL05-21-F13  SEQID NO: 14
FL06-10-C16  SEQ ID NO: 15
FL06-15-FP15  SEQID NO: 16
FL08-10-E21  SEQID NO: 17
FL09-11-P10  SEQID NO: 18

It is known that a conserved sequence “PyACGTG (G or T)C” (wherein Py
represents a pyrimidine base, that is, C or T) acts as an ABA-responsive clement
(ABRE) in many ABA-responsive genes (Ingram, J., and Bartels, D. (1996) Plant Mol.
Biol. 47, 377-403.; Bray, E. A. (1997) Trends Plant Sci. 2, 48-54.; Shinozaki, K., and
Yamaguchi-Shinozaki, K. (1999). Molecular responses to drought stress. Molecular
responses 10 cold, drought, heat and salt stress in higher plants. Edited by Shinozaki, K.
and Yamaguchi-Shinozaki, K., R. G. Landes Company.) Furthermore, it is also known
that a conserved sequence consisting of 9 nucleotides “TACCGACAT” (a

dehydration-responsive element: DRE) is essential to the induction control of rd29A
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expression under drought-, cold- and high salt-stress conditions, but does not function
as an ABA-responsive element (ABRE) (Yamaguchi-Shinozaki, K., and Shinozaki, K.
(1994) Plant Cell 6, 251-264). It is also known that CRT or LTRE, which is DRE or
DRE-related core motifs (CCCAG), exists in the regions of drought- and cold-inducible
genes (e.g. kinl, kin2, rd17/cor47 and corl5a) (see Table 3, Baker, S. S. et al., (1994)
Plant Mol. Biol. 24, 701-713.; Wang, H. et al., (1995) Plant Mol. Biol. 28, 605-617.;
Iwasaki, T. et al., (1997) Plant Physiol. 115, 1287.)

Table 3. ABRE, DRE, and CCGAC Core Sequences Observed in the Promoter Regions
of the DREB1A Target Genes Identified by cDNA Microarray Analysis a)

Gene ABRE DRE CCGAC Core Motif
(PyACGTG(T/G)C) (TACCGACAT) (CCGAC)
rd29A TACGTGTC(-45t0 -38)®  TACCGACAT(-148 to -140) AGCCGACAC(-111 to -103)
TACCGACAT(-206 to -198) GACCGACTA(-256 to —248)
cor!5A CACGTGGC(-132 to -125) - GGCCGACCT(-184 to —176)

GGCCGACAT(-361 to -353)
AACCGACAA(-416 to —424)

kin1 - TACCGACAT(-120 to -112) ATCCGACAT(-720 to —712)
kin2 CACGTGGC(-68 to -61) TACCGACAT(-127 to —118) _CCCCGACGC(-403 to ~395)
rd17 TACGTGTC{-920 to -813) - TACCGACTT(-162 to -154)

AGCCGACCA(-967 to —-959)

GACCGACAT(-897 to —989)
erd10 CACGTGGC(-838 to -831) - GAGCGACGT(-198 to -190) ©

GACCGAGCG(-202 to ~194) ©

CAGCGACCG(-206 to ~198) ©
GACCGACAT(-989 to —991)

FL3-5A3 CACGTGGC(-74 to -67) TACCGACAT(-415 to -407) TGCCGACAT(-806 to —798)
FL3-27 - TACCGACAT(-89 to -81) -
FLS-2122 - - TACCGACTC(-191 to -183)

TACCGACTA(-266 to -258)
TGCCGACCT(-418 to -410)
ACCCGACTA(-695 to ~703)

GACCGACGT(-786 to ~778)
=77 = = CCCGGACTA(=315 to —307)
FL5-94 = = TACCGACTA(-190 to -198)

TTCCGACTA(-260 to -268)
ATCCGACGC(-630 to —622)

In Table 3, a), b) and c) are defined as follows:
a): ABRE, DRE and CCGAC core sequences refer to sequences observed at 1,000bp
upstream of the 5’-terminus of the longest cDNA isolated.

b): Figures in parentheses represent nucleotides initiating at the 5’-termini of the
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isolated cDNA. A minus sign means that a nucleotide exists upstream of the
5°-terminus of a putative transcription initiation site.
c): Each of these sequences consisting of 9 nucleotides comprises a CCGAC core

motif, and the sequences overlap with one another.

The present inventors identified 12 DREB1A target genes by cDNA
microarray analysis. A DRE sequence of 9bp is observed in the promoter regions of
genes cormresponding to the cDNA molecules of FL3-5A3 and FL3-27 (Table 3). A
core, sequence “CCGAC” is observed in the promoter regions of genes corresponding
to the cDNA molecules of FL3-5A3, FLL5-2122, FL5-77 and FL5-94 (Table 3). Almost
all of the drought- and cold-inducible genes are DREBIA target genes, each of which
contains a DRE/CRT cis-acting element in a promoter thereof (Table 3 and Figure 4).
An ABRE sequence (“PyACGTG(G or T)C”) was observed in 6 promoter regions
among the identified 12 DREBIA target genes (Table 3). This shows that many
drought- and cold-inducible genes are controlled by both ABA-dependent and
ABA-independent routes. However, some drought- and cold-inducible genes
(FL5-3M24, FL5-3A15, FL5-1A9 and FL5-2024) did not increase in 35S:DREBIA
transgenic plants (Figure 4). This shows that these genes are not DREB1A target
genes. A core sequence “CCGAC” was not observed in a region 2,000 bp upstream of
the 5°-terminus of cDNA of FL5-3M24. This result shows a possibility that a new
cis-acting element associated with expression of drought- and cold-inducible genes

exists in the promoter region of a FL5-3M24 gene.

(4) Relation between various stress treatment periods of time and expression ratio
With regard to 18 types of stress-inducible genes isolated as above, the results
of analysis of the relation between various stress treatment periods of time and

expression ratio are shown in the following Figures 5 to 39.

Gene Name Stress Result (Figures showing the results)
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FL3-5A3
FL5-2H15
FL5-3M24
FL5-90
FL5-2122
FL6-55
FL1-159
FL5-2D23
FLO5-08-P24
FL05-09-G08
FL05-09-P10
FLO05-10-NO2
FLO05-18-112
FL05-21-F13
FL06-10-C16
FL06-15-P15
FL08-10-E21
FL-9-11-P10

As shown in Figures 5 to 39, the stress-inducible genes isolated by the method

of the present invention are different profiles, but are expressions induced by the

Cold (Fig. 5), Drought (Fig. 6) and High Salt (Fig. 7)
Cold (Fig. 8), Drought (Fig. 9) and High Salt (Fig. 10)
Drought (Fig. 11) and High Salt (Fig. 12)

Cold (Fig. 13)

Cold (Fig. 14), Drought (Fig. 15) and High Salt (Fig. 16)
Drought (Fig. 17) and High Salt (Fig. 18)

Drought (Fig. 19)

Drought (Fig. 20) and High Salt (Fig. 21)

Drought (Fig. 22)

Drought (Fig. 23)

Drought (Fig. 24) and ABA (Fig. 25)

High Salt (Fig. 26)

Drought (Fig. 27), High Salt (Fig. 28) and ABA (Fig. 29)
Drought (Fig. 30) and Cold (Fig. 31)

Drought (Fig. 32), High Salt (Fig. 33) and ABA (Fig. 34)
Drought (Fig. 35), High Salt (Fig. 36) and ABA (Fig. 37)
Drought (Fig. 38)

High Salt (Fig. 39)

addition of various types of stresses.

Effect of the Invention

According to the present invention, a stress responsive promoter is provided.

The promoter of the present invention is useful in that it can be used for molecular

breeding of environmental stress-resistant plants.
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EDITORIAL NOTE - No. 91431/01

Pages 43 and 44 are claims pages, they follow the sequence listing, pages
45t0 72
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SEQUENCE LISTING

<1107 RIKEN
TOYOTA MOTOR CORPORATION

<120> A STRESS-RESPONSIVE PROMOTER

130> xxxxx

<150 JP 2001-309984
<151> 2001-10-05

<1507 1P 2000-356652
<1817 2000-11-22

<160> 20

<170> PalentIn Ver. 2.0
Q21 1
<211> 2072
<212> DNA
<213> Arabidopsis thaliana

......

......

<4005 1

tgggctttig atccacatga cgatcatata gttctitect tcaacacaaa acacttgaag 60
tgtatcttat caactaaact ctattccage aaaattatlt caazattaga tatatgggag 120
aatttttaca ggccattcta gattttcall aacgetgtga tttatccgtt aataagtacg 180

attaagagia aaacgacgtc gtttgcaalt gaaacaaaaa lccccaattc agaaataaga 240
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aaccctagat
atcaaaglga
tgatttatat
aaacggiclc
tgtgactaat
tgatgatttt
tgatttaaat
attgtggagce
aacaactagt
aaaattitag
aaatactgat
aactctcalsg
actgaaaaac
tgtagttatg
tacttgitac
atggtaaaac
catcacataa
accattaact
gcacattitte
ctetttataa
cagtagaaaa
acaacttatt
tttgacgatc
cccattetta
gtaataaata
ttacgtccac
tggtgtegac
tactatatca

aactgccacg

cctcaaatct
attgcaaggc
ggeattttite

cticttertt
acaaaglica

ctgtttttgt

attaacggat_aaatcacatce

ttggctctgﬁiégacgaaagt

aatcacaaag
gacattttte
gtagtgtcag
gaggtcatat
tittattttt
taaaaactaa
agttattaaa
gaaaaattct
ctagggatga
gattctggag
aaaatttatt
tcatattaaa
gattggattl
tatttggttt
ttaagtattt
ctgtaaaace
gectaaatat
tctgacttia
atatatccat
ttatcattaa
caattacatt
atgtgtctaa
ttgttaatat

tggcgtaaac

tacaaagttt
cegttetgst
cactcageag
tcaggaccga
aattatcata
aatcatcaaa
cattttaggt
aattttattt
atctgtattt
catgttacat
tttatttgse
aaccataact
tgatccatct
tatttatact
ttetattttt
atatggtcta
dataaatctg
atgtatacceg
gttaagagat
daaaaaatac
tgttaaagca
ggictatgle
agataaaata

gtatccatceg

tctteticga
tgctttaaag
{tcaattgca
ttctaattgc
tagtgattit
atgtttaaag
taaactaagt
cttatttaac
tccaacaata
aacgacataa
acgaaaaaga
tttagectta
tggactctga
cgttaccgta
tettttetit
teggtectact
tetgccacte
catctgattt
tagttacata
ttttaattta
attatagaat
cttgaagcat
acatacccta
tccaccataa
aactggacag
aacttattag
agaaatcgga
tctagttegt
agtcacttgt

46

attcactect
cactgcaaat
aacgacstceg
lctgtttatt
atctgaagtc
caccacaaat
ttctattatt
gigatactct
ttgagggttt
atataatatg
aaaaagaaaa
aatctttaaa
ttcatagett
atgagagttc
ccgtcaacaa
caagacaaat
tgtitttttt
tttagctcaa
tatgattate
gatttttgtg
gaaaactica
attgttatta
tgatitagat
catatctaat
clggctegtce
aacgltcatg
ttagcttatt
ccaaattaaa

aatatcttta

gtattttgaa
ggcgaagtea
ttttgctett
cagttgatgt
aacacgtaat
tgcgaagtcg
taatalggat
ttaaccgagt
tactccaagt
gaaagatcac
aattgggtte
aaaaatcaga
atgtcgetta
gatactctct
caactttaat
cttctgecga
trtttttgta
caatttactt
gaactagtat
aattcattta
acgaatccat
tttagttega
gtigattittt
tatttgcatt
ccattgttte
tgtgagaagt
aagtaaacta
ctattttecat

taaccaaagt

-49-

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980



cttccaacac altcatcace atctatctac tctttactct cttctettet cacatcaatt 2040

attcatagtt ctetcttetc cggcaagaaa ag

<210> 2
<Z11> 2000
<212> DNA

<{213> Arabidopsis thaliana

<400 2

ctectgttte
acatggataa
cacttgaaac
tttgeccaaa
caatctttcg
aattaaatac
atacagagag
aacggaaatt
tcgggagt iy
agaatcgtta
ctagtattgt
aaacatttat
gtagatagac
agattttcga
tatgaaaaat
acccactcaa
agagtataag
ttccttagag
acccaaacac

dagggagaaa

atgatcatat
gatatcacaa
ctaattttaa
aaaaaaaagt
taatctcact
aataagagat
agcgagagag
tccagaagee
tctatttaat
gtacgtgaca
cctettctat
gtgagaatgg
gaccataaat
acaaatatcg
cattggittg
taaagatttg
gtttgggeca
ctgatggcta
gcgacgegag
agaatgcagg

ataaaaggaa
actctaaace
tcagaagatt
ttgacttacc
ttctagtttg
tcctaaacce
cgagagagasg
ggatgagttt
acttatcaat
cgtetaaace
tttatctcac
atgegatatta
taaactataa
tgaaaagttt
tttagttgaa
aclgccaage
ttatgtggtt
atgtacaacg
cgaagaagac

agalctictct

agagattgal tcagctaatc

tagctcaaac tatgaacaat

ttagtacttg tgctgettat

titigaaaga cgaacgtatc

gtatttaaaa aacccaaaat

agaattcaat tgcgaaatca

agagtgattt acgtgagaac

cccgetattg tgatgagtaa

agcccatgaa cgcagagacg

agtgacgtca ccgetetegt

acaatcatgt taggttatca

gacaaccgac gacaaataaa

acgaagattg agggaaaaaa

ttcatcttgt agttitteta

ttaaatttca gtaaacggtt

gitactgglg tcigsgteegat

tttattaaag ttgaaggtct

aatitgattc aggagtaaga

gatgacgaac aaggagaaag

ccttcgaact attccttact

47

-50-

aaattcataa
agaggataac
tcaaaattcc
cactatggaa
ttgattgtca
aacagagacg
gaatcggata
caaaacaaat
tatggacgcg
cacaaacccsg
tagtaccact
acaaacaaaa
tcattggttt
attaatggts
tagagtatga
tgaataglta
catttattaa
taaacggtac
ctcgagagag

ctgaccacca

2072

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1200



taggtatgaa gagacctaat ttgtecaatl gtttcggett cittgtatce taagatctat 1260
catcatttac tctgegagat tcicaatttc acagcattcg atgtgttaat ctctaattte 1320
acttgcttaa atccatitct tagtgtcget tacagtgttt gatgagtttc tatttttcte 1380
tatttggeag tiggagactg aattgglatl giigttegta cttacagatt tgtglttcac 1440
taaaccaaaa gaattlagag aaattgaaaa igatgaagta tgtglctcte aagecctcett 1500
tttgaatttg acttgicatt aggcgtcaaa tgatttttta ggtegtegtc ttgtgaaaat 1560
gtagcagtag tgactggttc aaaccgcggg attggattcg agatigcaag acagetigeg 1620
gltcacggal tgacggtigt tcttacaget agaaacgiga atgetggtcl igaagcagtt 1680
aaatctttga ggcaccaaga agaaggictc aaggtttatt ttcatcaact tgatgtcaca 1740
gactcttcgl cgattagaga gtttggttge tggcttaage aaacatitgg aggtttagat 1800
attctcgtaa gatcctiate gattcgtaat cttggageat agitctaalg ttticttaga 1860
tttgaattac atgcatitgl gttgctatgt ttticaggtg aataatgeag gtgitaacta 1920

caatctegge tcagataata cggttgaatt tgctgaaaca gttatatcta ctaactacca 1980

aggaaccaaa aacatgacaa 2000
L s
el <211 2000
s <212> DNA

<{213> Arabidopsis thaliana

400> 3

catataccaa ccgectaaca ttacagectg tceccalcee ctatetitat ttttettttt 60
ggetcattta gettcaactt ttittaatag gtgtgattag aacatactaa aaaaaacata 120
tgitttaact tatattatat gaalaaagtg ttgtttttaa tagtttatat ttctattaca 180
agiacaatat ataggatatt ttggttaaca attttaaatt taaaagatat tgtgagtaca 240
aatcattaag cttaacacaa atgttcattg cttcttaatt cttacaalcg gaaaatttgg 300
acaaaaaatc tagactaatc tccaasacat tgtgaaaaat tggggetitt ttttatcatt 360
taaattgtct atagtggtca atcaltatta aaaaaaatlg ttttttglig aaaltttaaa 420

{tataasaaa aaaacacgit tatacataaa atgcaaaaac ttttcttaaa ccaaattaca 480
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gagaaagge! atcaccatcc ttgtctigat gecaaccaca cttgtaatce caaaalacat 540
acttaaacta tactatacta acatgaattg gttatacgat tatctatcta gttagclaca 600
taattcatal aattagttt! ttaaaatata cttafgtaat gatagtaact aaaaaatata 660
ctatctcgag aaatccaacc aaaatgctat gatagtatal aaaatasaat gaaagaaaga 720
ggaaccaagl tgtgaaacca lttaccaaga agaagaagaa aaaaacaaga tggtcgagic 780
tcgtgatagl atgaagcigg ggccgaaace acgaatcaaa gaaccatttg acgatgcaag 840
tgetcatcga taaccaatca atagaaactc caccgcctca aaatatcata gtgetattta 900
attittcata clatcattta tlgtaggcta taacatattt ttglattgta gatggacgge 960
lagtacacgc aagitagtca ataaacttti aacaaatggc atctigacat gettaaacac 1020
attttataat tcgaacctca ctitgectac tttacacacg tctacttata gtagatgage 1080
atcaatcatt gaaccgttcg tataatacaa tttttttttt gtaatacgtt ataattagaa 1140
agtaatggaa aataagtiga aacacaaatt llicaacgell ttactaagat ttaattttac 1200
aattitcaaa atataaccga alfatitaaa tcgtattaaa tttataatta atittctaaa 1260

aagaaacaca galtaaaaaa atatattaaa actaatcata aatatattaa tttttgtaat 1320

pered tlatattttt ttataactit aaactaataa tattcaatta tttatcttaa agittacaaa 1330
:t;: ttatcaataa taactaalaa ataatgcata aaaactittt aaaaatiaac tttttgaaac 1440
:;:4 aaattttttt ctaaaaaatt aaataataaa gaacagaaaa aatattattc aactaaaaal 1500
I attggataat aaclctgaaa gtttgeattt ttcaaataaa tcattgattt tttttgtttg 1560

acataaaaca ttaatttcce cttgtaaatc acacatttaa aatctaacta tatttaaaca 1620
R aaaazaaaaa glccaatitt gacittaatt atataaaaaa agcaaagcta attatgggtic 1680

aaaagactca aageccagaa Ligacgcagc cgttiatgag aagtgagaag acaatttcgg 1740

.

agicacttee titatttcet ctettcette actctctect atataaacct tectetecte 1800

e ne
.

. .
see vee

ttectetett ctcatetelt caaaccattt tcgaaagect tgagagagag aacacagacg 1860

ataccaactt tcttcaatct cgtigccgea giataattat ctcattcete ggatatatct 1920

o o
.

-

ess ona

clecttetge gecgecgaca agaagetaca agaataaaaa gictgttttc tctettttca 1980

agaaaccact tacttcgaaa 2000

L 4
<el1y 2000
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<212> DNA
<213> Arabidopsis thaliana

<400> 4
agcaagtagg ttacgtggaa ggaagatatc aacgcacaaa aagagaaaca ctcaacgita 60
agggaccaac cacaaalctt ggatttttge tgatgcagtg tgtgaaaaca ggtccacacg 120
ctttgtactt ttttcatcal cgstctacaa taaagctcaa gtcttitccat ggacagagat 180
aagcaagaaa aagtattaac attgticace tcaaaataat ttaggaaaat gacaatgaga 240
tttttacctc aaaagccaaa atcaacatct acccattctt tcactcgtca caatcatgag 300
tttcttacaa tgcttacctt agagtttaga gacatattct cacaaaaaaa gettgigtct 360
atttcaaatt cttgaccgta gatgtcacaa catgcatata tcattgaaaa cagagcaaca 420
caggaaacca agcalatgta tctagatata cttagcaaga cataactata gtctttgaat 480
caacalageg attaatgata gagaatgagg aagctcaaga ttttatactc agtttcitac 540
agaacaaatt tctctctaac tgcaaaaaca ccaattagga tttgaagage gtacctgttt 600
..... : gagtcaatgt ccaatgtegt cccceegeet tctacatttc ttagectgct gaataaaage 660
i acaagccaaa atgagaaggt gecaaaggeg ataagegatca attictacca ttcaaaaaac 720
taatggtgag aattagaaac gagagaaaac tacttgttga ggaaatagcc aaaagegcaa 780
tcttcgtcac ctgaataaag accaaaccgt cactttcaat gagicagcaa gaaaaagaga 840

gagagagaga gagagatict ctataacatt tgagtcgaca tggatictaa tgcatcaaza 900

gtcatctcca ataaacaaac acttgaaact cacatggcta atagaacaag atcaaagect 960
taagtattaa gcattacaga cactactgge taacttttga cacatgttct taagtaacat 1020
aglatcaata tccgtgaatc acatcgaaca cacacaacaa gggcitaatg catcaaagic 1080
ctgttatitc catataacaa catatttcat ttacaaacag aatgcagcal tcaggcagtc 1140
caaatggaaa ggltgacaaa aaaatataal cttgtaactc tacatatatg gcagaatgta 1200
ataaccaggc aagaaaaaaa cagaataaac agalcaatga gtatgatata aaaaaaagtc 1260
acaaagaatg tgccacagtg aacaagaggg ccalgagaag aaattttcaa agaaaatatt 1320
agcatigtta gaattttttg ggtcaatgga tctgtcaget gettagtitge aaaacacaaa 1380
{cltacagga aggaaagicc aagaaaaaga aaataagcaa agttaalagc caccacaaga 1440

aatttcatac agazataatt aaatcgttge acttatcttc ttattcaaac taaaatcaag 1500
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agaacttaat aattttcagc cacacgaace
aattatcage ttatctccat laacaaggga
aactaaaaac tgcaggagig agtaagtaaa
tatctatage tgaatacaca tgtaaatgag
actgatgtga catttacaat ttttcatttt
ggttaaaala agcaaccttt gtgatatttt
ccacagccaa tcaatattct ttataaatac
acaaacatat cttctatcaa acaccaacag

caaagagaga gaaaaaaact

<210> 5

<211> 2000

<212> DNA

{213> Arabidopsis thaliana

400> 5

titctggatc acgttcacat sccgataatt
tgeettgttt gtgggatitt cgctaattte
caattatttt ctcaacttcc tattcgacca
acccactcaa acaataatta gttttcaact
tagcatatca taaacacaac agaggccaac
taacagtccg gttatgtcge taggctatat
tttgttgtac ttagttcgta tcctatcagt
tatctgtaaa aactaattaa tatttatgaa
ctcaacagaa cacacacaca tacagtcaaa
ttacagttat aaaccaaaca aatcacctca
cctcataaat gaaaacaaaa ttaaaaataa
actaacgttc aattttagta aattggcaaa

acattattat ttggtgaatt tggcaaaaat

atgtgttcaa
aaagcaagac
taattcacca
aatttattaa
gaggtgtaag
ctctccactt
aaacacacaa

ctetattecte

attgttaagt
ttttctegtt
aagcattaat
ctttcagaat
gactctgaat
aagccactac
ttatcatcac
tcatgctcat
attttatact
caaaagtata
taatatatat
aataaaatat

aaaatatttc
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agccaaagst
tagatttaag
acaggaaaac
ctaaaacatc
aaccgtgtiga
tttgaaattg
acagcatctt

tacctcattt

tgtttgcata
ttttcgttet
tctacacacg
atattttagt
gatccgtacc
tttcattica
tttaatttgt
attttcaaat
acataattit
tagitatacc
aataagaaat
tagtatcact

gttggtggal

gagaagecaa
agttctetgt
aaaactcaat
ttectttgta
caagtgdaaa
ggtciccaaa
tcteteaaac

ctcatcaiaa

ttttattatg
cctetteecet
acagtnaagg
gacactaaaa
gcagtegaaa
atttctcaac
taccatatag
cttagagcta
tgttttaagt
aaaccaagca
attcatcaat
tccagagatt
getttgetgg

1560
1620
1680
1740
1800
1860
1920
1980
2000

120
180
240
300
360



gacgacttig tttattaccg tcatattgta gtaacctaat Ltlattacct aacattcatt 340
tgaacattaa aaacattaai gicatttgal tggaagagtl tattaatgac cattatttec 900
ttatttccaa acctaataaa cccattatit ccttatatta aattatgget tgattggtgc 960

aatttcttte tagctcttte tetticegic tlgattcgaa taaaaacgac aaatgttatc 1020

fctacccgta tccgattatg tttaatatat tatgeattga tatttcacge tacgatcteg 1080
accgacgttt agtgtggace ctgtcacgag tittatctat gacggaccaa aagaaaaact 1140

aattaaagca gaatatcaaa gttagtcgeg taagttccaa ctaataaccg agecctgttt 1200

ggctttgage attagtagta atcaaagtaa acatatgata gaaaagttat tataatctat 1260

{atatacaga ttaatatgta cgattccaga ttctatttat gtttctcgta tgtaaaacat 1320

ataatgtgaa cctacttaaa ctatactaag actattagtt tggtitcaaa ttagattaat 1380
tagtttaacc aaactgaaca tatccctaga ttgtaaaagt ctaatatatc cactaattat 1440

{tttgcttee cgacctctaa tccacaactt tttgttttte catttccact gattttcaac 1500

attccaccgg gigttaccaa cagtaacata catacagtga attttttcaa cactccaccg 1560

catgttacca atagtagcaa aaccctcgac aaaaatttgt accgactata aataticaac 1620

fecaactctt tcetctccac acactcaaat atctctccaa cactaaaata attgtaccga 1680

ctctetetet ctetetetee gtaacaaaaa aatcaccaat ggcaaaacaa tatctcittg 1740

tacicctcte aatctcctat ctcttatcac tggagctcac ggeggccace geagecicac 1800

agaccggage ticcaaaaaa gecataaact tcatccaatc ttcitgeaaa accaccacat 1360

accctgectt atgtgtecac tcactcteeg tetacgcaaa cgacatccaa acaageecta 1920

aacgtttage tgagaccgel atagccgtga cactaagecg ageccaatce acgaagetet 1980

tcgtetegeg tetlaacacgt 2000

Q10> 6

<211> 2000

{212> DNA

{213 Arabidopsis thaliana

<400> 6

attatatcta taataacatg attctalttc aatcgagtat gtaaaaaaag taaaaatttg 60
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atcgattaat
aaacatatca
agttatctgt
tttcaagaac
tctaaaacca
ttttccttat
ccttactage
aaattcagaa
gaaaagattg
tgttcgages
gagtgttctt
acactccaaa
ttttgagaag
ttgttctgat
tggttcattg
tatatttgat
atataagcaa
ctteteegse
atgtcttaat
ataatggtat
acactaacac
gigaatagtt
caggcaatag
gitgtcaaaa
atcgatttte
tatteglitct
gceitgagta
tccgtagete

aacctaactt

catgtagtaa
taaatcaaaa
catacggtsg
agttaagttt
caacacctteg
ataagaaatc
ggttatataa
atttgaacaa
agccaatatt
ggtcgtgcea
cacagcaicg
atcataatta
aatcgttaac
catgetctga
cgtgtgatac
ggttcattca
aacaaatgtc
gctatgecte
taattaagat
ttatataatt
gtggaaaata
tgaggattta
gaagatctia
aatatattat
aagaatttat
ttitagaaaa
gatgaatatc
cgtttttace

taacactcgc

tetegtgttt
ccgaalgagt
taatctcata
aataatattt
tgatcgacaa
aataatctta
gacacgtaga
ccaaageaat
tcttaaataa
geegggetec
getgcteelt
atgcatataa
ctgtiggateg
gigtaactgt
attgttcaag
tcacaaaaat
gctattttgt
aactgetgge
tgtaagettsg
agaaagtgta
acataccatt
ttaccctaac
aacctttttt
cagtaatata
agctatatta
aagtaaatat
caatatcaag
atgacgtgtce

acataactce

ttttccaaca
aatccggatt
ttttttgtag
taatctitgt
ttcatacgta
t’tg@atga
aatgtctcca
cagaaaacaa
ctcc{tttté
tagggetgtt
gtgccatgtt
ttgtctataa
acactagagg
gactgtgagt
tactcttect
cagatitcga
gtgtigtatg
tcgacgacat
tagaatactt
tattttagta
gacgatigac
gitgettegt
tccggtgaca
tcaataacga
aaaftacttc
ctatgcagta
ataacgteag
acatagatat

aagittcgaa
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aataatigal taaaagttta
gagtctagaa {tacaagtta
aatccttaag agttgagaac
ataagagatl tcttcattct
catattigag atttaatttg
ctaatttatt atataaaaac
acatacagta ctataccaca
tattcatttt tgitttatig
éalaatcttg gaaccggsct
ggtagcegga ctcatcecga
citecacttgt ccacccgtgl
ttaataataa tgaacaaé;t
ciigagaaal tagggaagga
gggtgtgatg atcageattc
tcltcageta taaataaaca
aaattgicaa atttcagatc
tacctgaact tgaccggtga
cttcttggtt gttetgtgaa
gaagggattt gatatgcatt
aaalcclaaa tctaagcatt
atggctaatt ttttgtggag
caagaagtga agtaggatga
attatttatg actttttatt
atacaataaa aactcatccg
gaatccatgt aagaattgig
atggcggtteg cataatatat
tcaccacgtg tctaacatet
aggtcatcat gaaaacgaga

acttcgtcac atcaacctaa

120
180
240
300
360
420
480
240
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
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tcggggcacg tacctacaca cctglegega aactgcaaca cctatcttgl tetetegeeg 1860

accaagactt gctataaata actctgacta acgagtcgga gacaactcac agttccaaac 1920

acacaaaaaa cacaagatcl aaaaaaaaaa gcttttatca titagaaaaa tttgegiitcg 1980

aatttcticg aagagtgaaa

QI 7

<211> 2000

<212> DNA

<213> Arabidopsis thaliana

<400> 7

tgaacaaait taatgcagaa tttagtggag
attttcagtt attgacatit gaattgttca
caaagactag ctaagttttt aaaagtaatt
attcatttta attcatagca aagtaaatgsg
agtagticac acgaacatct gaaggagaag
atgaaaacag gtaaaaactc atctgegstt
tatgtcgaaa actctcccag aaacctaatg
atgatacaag aaatatcgec attaaggaga
caaactaaga agacgacatt gctttctcat
tcgagtgata ccacgaaage aaagaagaag
atggtgetege ttttgtcatg ggttttagtt
atgaatacac aaatcattac tttggttect
aatgttcatc aatctcaata aataaaaaaa
ctcttttaat tcattgaacc tcttcaactt
aagtaatgta tgtatttatg gttttaggaa
{gaagaagca aaaactacac ccctctacat
gaactacatlt ggtggtgatt aggtgcatcg
laaaattagt atggttaaag ctaatcattt

gatcagttgt
atttcaaatt
agtgagagat
taagaaatga
tigagagagc
tcatggatta
ctetetetee
aaactettte
tecatcttgtt
acaacgatta
gtgttgatga
acttgatatt
gtttagtttt
tggctgtaac
aatcttacaa
cttttctatt
gtgacactaa

agtigagcaa

54

gattttectt
tcaaatatia
ctcacagtga
aaalggaaga
ttgaggagga
ccglgsaaga
aacacaaacc
acgactctea
ggtcltcgaa
gaagatttgt
accactttea
tttatttatt
gtattattac
tatgttggtt
aataatactc
cataaacttt
tgligaaaat

aaaaagatgc

-57-

cggtaaaalc
taattcaatt
tataaaccac
adgdgaggag
atggacagce
tgctettgag
aaaggcagag
tgatgatgat
tgtgacgagt
ttctgtiaca
tcatctctee
ttggtttgag
ctctegeett
aaaacagtat
tatcattgga
tttggggaaa
atgttitglg

taatcattta

2000

60
120
180
240
300
360
420
480
940
600
660
720
780
840
900
960
1020
1080
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aatagaaaal ggactcaaac aaaagaaggc
ttttcatttl tggaagctat ttttatgaat
agcataattc caagtatatc tttcattttg
aactatttgt tgegttttac gaagttactt
actatcaaag gaacaaaaga atgtaattgg
lgegagaaaa tcaaacccat fagtttcacc
ttgcaaagaa ggtaaaataa taatcagcaa
{taaaagat! aataaagaaa taaagaaatg
ttttttattc ttaaggtcgg tgccatgtce
tgggataaac laaccgaacc caatcgaacc
agttgtatgt cggcatcage gttctagtac
ftatttatga tattccacca ataagagcca
tagcaaaccg taccatttct ctcttagata
tectttcaca titctttgte ttettettet
cagacttgtc getetetett tetctettat

cttgcaaagg aagaaaaaca

210> 8

<211> 2000

(212> DNA

<213> Arabidopsis thaliana

<400> 8

aaatatcatc atttatatca aatttatgat
caciaaaata atcagtgcaa ttccgtataa
gitccaaaga ttatgatgat taltgtgage
alggetttta taaatggtag agetttctta
aaatataatt tattttigct aaaagaaata

ctattttatg gaaaatgtct taaagctett

cacacattca attgttacat
ttgcagtgtt ttgttgecea
aatccatcag tcatatgttt
gltaagaaga ttcaaaatat
gicataactt tttccgaage
cltaatcaaa ctaatcacaa
aaagattaat aaaatgacaa
acataagctc tcaccgaccg
acgecttcaa gettagaate
agacagacca aagacagacc
gacgttaall aaaaaaataa
atgaaaagtg tgtgaaccaa
cctttacctt ccttctataa
acataaaatt gattcgecte

ttcacagage ccctaaacat

atataaaata tcattatcat
tcttcatatg aaactgcaag
tttgatttat ggtttecate
gtiltcctta agatatacac
gttatagtaa acttgtaaaa

tcaacittta tacacattac
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ctttattggg
aaagaaaaaa
tacttgaatc
atataattag
ttacgtgact
attttgaact
aagtatctct
acgteltgte
tegecacgtg
agaccggact
aaataaaata
ccaacttclg
attaggttcet
gaaatttaca

ttccaaaaat

tttaaaataa
aatccttggt
tigtcaaaaa
aacaggttac
actactacaa

tgecatttact

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2000

60
120

240
300
360
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attctgaaat
aaatattaac
taatgtattt
taatccacaa
aattaccaac
ctactttata
aaaattcata
tgaaaatcta
aaaaaaattt
cactaagict
agaatgtgat
cagttacaca
cgactaatag
aaaaaattga
ctaatttegct
cttgaagcat
agtgaaattt
tgtgtctaaa
tagctaaaca
caaaatagtc
aaaagttgea
gagagaggit
tgtgatacta
gaatgaagta
tatgaaatcc
acataagcta
acaatggett
tcagtcgatg

caatttttaa
aataaaaaaa
gattgtacta
atttctggaa
taccaactac
tgctcatcat
caaataaaac
agtacttcat
altcatcttt
tatggccaca
tgggctagtt
tagcattaaa
ctgataaatt
aaatgttaag
aagtggtctt
cgetcaaage
ttaaattaaa
aggattaatt
atittcaata
citcaagttt
aaattaatct
tgataaaaaa
ctattgacaa
aafgcgaate
ctatataaac
agaaaacgaa
tegetttgag

ctgcaatctce

ttaaggtect
tccaaaattt
aadatatacc
gaggaaaaac
aaactacttc
tetttttett
aatattiteg
aagaaactgt
atatttaaga
gitaattaaa
gggagagttc
tcagacggca
aatgattata
gagatgctat
ctccagttag
attatagett
acaattttga
ttcaaaaatt
atcataaaac
acaattcatt
ttgtggaaca
aaataaaaaa
aatcttaatt
caactactaa
ccatcatcat
actcaactaa

glicttcaca

tgtactataa
cagaatgcaa
ttaaatactc
aagtaaatgc
cgegtetcaa
tcattacaat
cttectteac
tggaatcatt
gtttaaaaac
agcagatgaa
tgatgtctag
tgteattatt
cagcatatga
attitacaaa
tetigtegat
aagataacca
tatctitgta
tcacacatat
aatagtaact
ttagtattat
aaaaaatcta
daalagagag
ctcagtttag
caaaccctac
cteecacttt
ttttgttatce
tgeettgttt
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ggaatccttt
tggtcttaca
accaattate
aagtcacatt
attgaaccac
tctagaataa
caggctaaga
taaaatttgt
tgcaactttt
aggtggicca
tgttgggtac
caaatctagt
attatgaatt
attcatcgca
tccaagegat
aattgttatt
atatctaata
laaaaaaaaa
taataatttt
aatcaacaaa
gaaatcattt
aggtagtaca
tagaataaac
ttagtcatca
tttcatatce
acccaaaaag

taacggtgtg

aaataaatat
attacaataa
ttttataata
tcacatttca
taattaatca
tgacttaacc
attttggtat
gatcatatat
gtttttettt
atggaaaagg
acgtgteegt
tcacatagta
caaaaaaaaa
atgctttcta
attattaaat
aaaaacacct
ctactettte
aaaaaattac
tetttatttt
atttgtatta
tttagaatta
tactaaacga
tagaaggaat
tattttecca
aacaacaaaa
aagttcaaac

catagttgca

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2000
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<210> 9
<211> 2000
<212> DNA

<213> Arabidopsis thaliana

<400> 9
tcaatttgag
gacttgeatt
tiggteagta
gaccattgca
attccttata
gtgtataaaa
caagtitact
tatcttaagg
sgeesd aaaccataaa
agtttcatal

“peert aatgatattt

sase

UL tgttatacat

tagaggtttg

Bt tcttgtacga

t lCﬁCgthc
.:_,,; aadcacaaaa
atgtgactat

T tcatgetats

LYY
“ s .
. e

gaattggttt
acaaaattat
aacgfatttt
ctittttgtt

ccatatagea

acgeggaagt
tacttgtttt
tttaaggtat
tictgaaatt
gtacaaggac
gtigaaacag
ataactattt
aazaactaaga
tcaaagctca
gaagattata
tatatatcat
actatacctt
tgtagtcaaa
tgttgcttega
aagctctcta
gtlaaagaca
gagitatata
tactgcataa
caagtatagt
gcatigaatt
tggcgtacga
gltgacaaac

cctetatcat

agtttgtagt
tcetetteea
atttttagta
ttggattttt
cttaattaaa
ctttaagaca
cttttagcaa
aagctctace
caataatcat
cggaatigea
aaatttgata
aagagcatat
ttgtgactat
cggtttitgg
agacatcgga
Littgtaata
tggcttatag
gacgaattcg
tagaaaaaga
galgtggcat
ttataataaa
gcatttatst

tcaaftatgt

tggtagtteg taatitgaaa tgtgaaatgt
gaaatttgte gattatatta taaaagataa
caatcaaala cattattatt gtaattgtaa
ttattgttaa tatttatatt tatttaaagg
aattgattic agaatagtaa atgcagtaat
ttttccataa aatagttgta glagttttta
aaataaatta tatttgtaac ctgttgtgta
atttataaaa gccatttttt gacaagatgg
cataatcttt ggaacaccaa ggaticttgc
ctgattattt taglgttatt ttaaaatgat
taaatgatga tattttacag aatgaaatgt
aacatgatat aatigctaca ttagtgtcgsg
taagtactac acatgtgaga catttatcaa
ctgatagtal ccaacaccat acatcaacct
gaagcatcat cacatgcgta cgtagaaagg
tgtgtaacta tgagacatat atgagactgc
agcgatagtg ttatggagat tatattgeat
giitcgtgta tttaticceg ctigagicta
ctgttttttt cgtectatta tggttegtat
tcacgtaaaa atcitcectge agggctataa
tttigttatt attcagatta tttattaaat
taalgattat acgaaatatc gagaaaaact

agtaagtcat aaaatgtgaa ctttgctaat

57

-80-



.
evvens
- .
ee o
o s
.
vees
“oce
.
seere
. .
cere

.
sseane
. .
e

veos

.
“resee
3 0

.
esnsre
v .

.
sssene
- .
“ .

tataatggcc
gtgtctatca
agctgacatt
cagtataaca
atgaatatat
ttctgaaaac
ggttagtaga
agaaactaga
tcatcatttt
cacatccaac

aaaagagaag

210> 10
<211> 2000
<212> DNA

ataattagta
getgeacate
tcatctacaa
tcgetetaaa
attttttaac
tgatactatt
agaaacataa
aagaatgcat
tccececatac
aacaaaacac

agcaaacaca

aacgtgatgg
gcatttaatt
cgaagataca
catgctaatt
agtatagctg
gtitacataa
ctacatatga
gaagtaaatg
gaaatcccta

aagcgtagaa

<213> Arabidopsis thaliana

<400> 10

titttcattga
aacaaaattg
aatacattaa
ataatttaag
ataatagata
tatggegtcaa
atgaggcaaa
ttegatgtit
ctetegetgt

caatcttcga

ttacatttac
agctaacata
laataccggg
titaaaaggg
tgagagaacc
aaaaacataa
atagagagtt
tcglttigac
ttattcccat

aatatactaa

aaatttttes
tgacctctea
aaaaaaaatc
tataaccaac
atacaaatat
daagagegea
tcaataaaga
catettttee
aaaattttia

aattttctat

gagaattgtg atgtttagtg
ggacggtatt acatatatag
aatttttaaa cgattttctc
aaaaaaacaa gtitaattaa
tatatatatt gacgtattgsg
ttacatatga ctggagaaac
clggagaaac taattatttt
caaaaccaac tactaacaaa
tataaaccca tcatcatctc

aacaaaactc aactaattst

ttcatgttat tagtaaaata
taatatattg ttgatatcag
attcccaagt tttgtaaaga
aaaatgatta caaalgegtc
gatagtgaac aaaataaaat
aaagaaaaga taaagggaaa
taaatitgee tgatggtgac
tttatttcte actttaattt
aaattiaacta gaacaaagca

tataattaac aaaataaaaa

58

ttggatacac
tacacataat
ttgictacta
ctgcagataa
tctttgtaca
taattatttt
cgttagtaga
ccctactlag
ccacttttct

gttatcaccce

gatgtttatsg
ttttaatate
agatgttcat
gatgggataa
ctagtataat
atcaaaaggg
ggaataattc
tectttattt
caaaaatggg

agagagggaa
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actgctaata
ggaactgage
ttcattttac
agcataacaa
tagtaaaagg
aaatagatgg
ggttttecea
ttitaatcca
tatatcaatt
tcaaggagsc
tacacttttt
tctaaatttg
ttaaatgtta
gattcacaca
ttaaagctaa
tgaagataat
atacgtcacg
aattagcaat
ttectettaa
gcatactaac
itttaaccte
clcegeegac
ctactacaac

atacacattt

Qo> 11
<211> 2000
<212> DNA

tctggagtce
tgattcgatt
ttitatgttt
ataacaaaac
tttegttcaa
ccaccaacga
tggcgtttgt
taacacgttt
ggtgaaaatt
cactaaaatt
agtactcatc
tcacacttgt
attagtagta
aggcaaaftt
taacctcgaa
aatttaaaga
gaacatgtac
ctcataacat
ccatgaggly
getigeaacg
aacacaccac
caagacacac
aacaaatact

gadgdaagada

attctettgg
ctctttgega
attattttac
ctttattacg
tacaatttga
ttaattatta
tccaaaagag
tggatcaatg
ttgaaatatc
tgctcgagse
cecttttttt
gtagcagtga
titatacaat
cctteggctaa
gttgcttget
gtattttaat
cgaccgacesg
gcgacgacga
tcgeaaccte
taaagcacaa
gecagctatac
tacaaatgtc

tttacgaaaa

agaagagtaa
clcccateca
aagattaagt
gtctcaaacg
aaaaggaaaa
ccgtcaaact
tgccatattg
ttttcaagta
aatgtaattc
ttggtagtge
gictgacatc
tagttgtete
actaattaca
ttgtcacact
ttatatgaga
cgtgataatc
ccgatttcca
tacttatggt
agaggacaac
cacccctaaa
acglttcaat
ccgatggttt

aagcttttaa
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aglgggcaaa
tgcatcacct
aattagcttt
clcaaaaatg
aacaaaaaca
tataattegs
ttcatitgtt
atcaaagtga
tttttaagte
gticatttgt
gtatatgtat
agtgtgtcta
tcatctaaat
atttatgtea
tcaagttteg
taaatgttag
tgatacaata
gtigccacgt
acggacaaga
ctectatttt
gtgctaatac
ggggagacad

aacttatcta

caalaaaaaa
ctttcatagt
tttaactgca
tttttaaaca
attttettac
atgactcggt
cttatatatsg
dagtagagaa
gatccattga
gtttgataaa
attggttaca
tagactatag
atttgeatat
aggtgagtag
ctcttgtaag
ltgatagtta
aaaaaatgaa
agcaageatic
ccgagaaacc
tttaattttc
gtgtettett
atcacagttt

gtttegttte

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2000



<{213> Arabidopsis thaliana

<400> 11

attaccataa
ttatttctta
actcgaaaga
atattggttt
aatgcggtag
geggtageaa
tgcttegttc
acatcaatga
ttgacccata
aggataatat
gtatcttgge
gatctagaga
attttattit
ccaaaatgta
ttaacctata
ggtggaaaag
ataatigacc
gcataiggaa
tctatgttca
ccatetectt
taagtactaa
catggtatca
aattcctttt
gctaaaaace
atatatttct
aatttttgga

tcataatatc
aatcattgac
aaatcgttat
cattataaca
aagtcgccaa
ttttcageea
cataattaag
aagacgtgat
ttgtgataac
tgagaaataa
atttcctgat
aaaagigtga
cctttgttta
gcagaacaat
taactggcaa
gcatgtaaal
daaaaaaata
gtitgacact
ctaacacgat
cttiggacte
geetatgaaa
ticgecattt
glcaatagatl
gitttatata
taatattcta

gaatactaga

atggtgeega
ttataaaccg
tgaaaatggt
cttaacaagt
aggaccat tc
tagcticcaa
tataccaaac
titgggezag
ttccttette
attttggaga
cgataagccea
gtctattcat
cagtttaata
taagtttttt
cattaaaagg
ctttatttaa
caattttgte
{ggagaaaat
tacatttaca
ttgcgagaca
2aaaaaaaag
atatcttaaa
atcattggaa
ttttacaaga
ggcatttata

acatafaact

ctatatgect
cccatgagca
ttaataacca
aaaagaattt
ttgatcgtca
gictttcges
aaaaaaatga
aaagagaaasg
ttgtittttt
ccgtgactts
cgtaccggaa
ticatatttt
gttttagact
taatattcct
aagagattct
tatatatctt
aaaaagctta
tcacatgtca
ceecattece
ctlagattta
gtagaataag
cgtgaaagaa
ctaagcgtta
aacatgattt
aattattcta

ttccaagtee

60

cgagtcttta
ttaaataatt
aalctaatec
tactcgactg
tttttttett
tctacctete
taattttatt
gacgaaccsg
gcatatcgta
tgacttgtga
gcgtgacast
acatatasca
cacaatatga
tttgaaatsc
calgatttge
tgtttaaaac
aattattgga
ccacatagag
tcgicgacct
gaacaacaaa
cltaagaatc
ataaagagag
tgaattcttt
ttccataata
tgttttgaat

tagtgatccc
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tegtitattt
tgtctcaaaa
ttteegacte
ctlcageeac
ctaagegtit
ctitaccttt
aatgaagtea
tatt{gagasgc
acaaatttga
ggteggatca
ttaacttaag
tataaatact
cttttgaaag
aaatatgttt
aaaatatcaa
cacaltggag
ttgtiaatga
ataatgtatt
tgagtcactc
tgagtitaag
cagcaacatt
aaaggttatg
ttgtcaatag
ttgaaacttt
atttatttta

gectacggcea

60
120
180
240
300
360
420
430
040
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560



acacatccel acgagggatc aatatatcga accatctcaa cgcaacactt gtegtegate 1620
aaaagtctaa aaacatigct tctcaacttt gatctctttc ctctagtcte tatcatcace 1680
gccacgteac tattttcccg cctlataact agggecaatc aactctcgeg aacagagaga 1740
gacggagaac aagagcaatc aaatcacaca aalcctcgaa aaagtaaaat tcttgattaa 1800
aaaaaaacgg acatittgig ctcagacact cagetttcct tattagictt ttgecacctc 1860
tctgcaaagl tctcgaacce actctgtaac caaaatcaat cataaagatt tgatcttttt 1920
ttttcetttt tcggtgagat ttaatcctct aaggttcttg atactctcta gatctattct 1980
tactigggtt tgticgaaat 2000

<210> 12

<211> 2000

<212> DNA

<213> Arabidoepsis thaliana

<400> 12

aaattaaaaa aaaaaaaaca ttgatacaat tcttaccttc agtttttaaa atttcctgtg 60

cactatttcc ttccttgggl gtcttgegac tgetttttga ctitgttttt ggagattttt 120
cctttcgaac tgtcttaact gotggttctt cctetgtage ttcaagaaca aaatccgeat 180
ccitttcagt tgacacagtc acttcctgct ttalaggaga ggatggetca gaatcagatg 240
agacaagcca lacagaatca getectcect getaatgata catitaaata atgttaacat 300
atcttctcaa cactatacca aattaagagt tagtagtttt acacccctac gatattatat 360
tccataaat! aaactgatcc atgcagacac aaaaccttga aataaaaaac taagacagat 420
aagagtgetg gegatagatc accaactaat ttcatcatat ctcatagaag tccaaagetg 480
tcctagagtt agittataac tagtatacca ctatcttgac aatacaatcc atttatcagg 540
cagatacatt ctgacaagaa acactigaal cacaatatcg acccactaaa gcaagtagag 600
gcaacagaaa cactaaggag lacgatggag acaglgtcca aaagglictt acttgageat 660
ccitatgett gotagagagt ttitcacagt caacgttgtt tccatictce ticcctgeac 720

acgaatctge ccgagtcaaa tacatgettt taagagcica acagtigaac aatactccce 780

61
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taaattcata aattgatatt cteteccteg cecctecaaga
ttgticcict aatctcaaag caaaacaaca cagaaaatct
actagcatct getttcttet ttctagaaaa cacctgeteg
aaccttcgtt tcggaattct tcctagtcag taactccaca
aatgtcgtca ccgtcatcat caggcaaagg aagagacgaa
aggactatca tcatctgaag atgatagcga caacaatgaa
aacaaaacca tccactttca attgttaatt tctatatatt
gaaacagaaa tcagaltgaa tctggaaccl cgtaagagcg
cictagaget getgetcata atttcactte ttcagagetce
ttcccagett caatatccac tcaattacaa caaaatcagg
tcgcaatatc aaaaccctaa aaagagatct taaaagctat
tgaaatcgaa gcicacalga agaagaagaa gacaaaattsg
aggttaaaac ccggcgagga gacgiggaaa aggealciga
agaagcaalg atttcgccge cggagagalt gaagtgtgty
ggggeataaa ctgettgttic gagtttccaa gigtttggte
aacgtcgacg taaaatttac taaaagccca atatgtttta
cccaaattcg atgtaatggg ctttcatctt tcaggaaaaa
ccaalagagl agagataatg acgagtgacg acataaaaaa
attaatttcl tggtggacaa gcatgtttga ccattctcat
attiggtatg cleclcctac atatagacaa gacaatggta

tcaaatctaa ataagtaaac

210> 13

211> 2000

<212> DNA

{213> Arabidopsis thaliana

<4005 13

62
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aggaaatgac
tccatacctt
atactcactt
gatictgtet
atgacttcag
glagtcatgg
tcaaacaaat
aagccaatet
aaaacaacaa
tcgtacattc
aaattcgatt
agtgattgac
attgactgag
a32agacgcesg
acaagagcaa
atagaaaaat
tiaacatiag
aggcacgecaa
tttcttgtee

attcgacaat

ccataaatgt
caaggttgag
gettegteac
caagaaccac
attecctata
gtgectgest
atataaaata
ggagatccct
tctaagettce
aggatttact
gaaaalcaca
gaatctaatg
gcelgaggga
gaagaagatt
tactatccee
taacataaag
cccagatatg
agaatataat
ccaaacttat

tcatcaagtc

340

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2000



agaaacggca
ttgcataate
ctacagttaa
aataagaagg
gacaccacte
caatgctaga
cctlaagtag
cagcteeact
aaagcageaa
agccattgat
gattgaatgt
tacgtaagga
acagacaaat
cgtctacaaa
cttcacgtag
ctgcaaaalg
agctaatcca
ctteeeetee
ccaatggece
taacctgcce
cagttgacca
taaaggcaaa
caagcaaaaa
gactaggatt
tagatcggat
cgetgatgag
cgtaacagac
attggeettc

aaaagtatta

gtcccacgag
aaaactataa
caagtttcca
cltataagag
caatgatatt
agaataataa
cagaagtaac
glataaaaag
tctaacctga
gcatgtagga
atcctcttgg
tacaagaaga
caaaaccaaa
tacttgatga
atgatcaaga
taagagagta
aagataggas
agttaagttc
tgtatcgecet
caattagata
{tgacactta
tgacgaaatt
1232328848
geatcageaa
cgattegtct
gegeeegeea
aactacttce
tigtettagt

agcgataaat

tatctgtata
ttcgetggat
aattgtettg
atatagtgaa
catggeetgt
agcaaatcca
aaagttggag
aagggtaagc
aaacaagcat
gagtcatgsgc
ataaacatag
gatatcatca
atattgttca
aaagagataa
cgatccecag
gaattgagac
attcaaagag
tgcactgcasg
ttcaagttce
aatttcactt
cctgtgacat
tggtttaaaa
gtaaatagct
gaaltagcge
ccttececag
tgaaaacaga
atattactac
cggtgtagag

aaataagcat

accattcatt
aatgcaactc
gagaaacaat
acctgaacaa
gaatagtaaa
taaactaatt
catacaaaag
agactagtca
ccctagatge
aaaacaatca
tagacttaat
ctgaattcac
ttaacatcgt
gaaataagte
altgacaatg
aaatgaagcsg
agggaattigc
agtaaacata
catagtctct
aaagactact
glaageatcee
cctatgeaaa
clcacatgga
gaatgcgaat
ccgacggcta
gcaaatcgea
tettctaatt
cccaatigtt

cgcaatcgte

63
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gaccageiga
acctatttac
getacgcata
gagctgeace
acttcacata
ctettecacg
tacattcatc
atctaaagaa
catttacgat
ttaaagagac
gceeaccatg
taaaatcact
aaatggacaa
ttcatttata
tagagaacac
atggatggat
aagcacctga
gaggaaacct
clcteeeces
agtttacttt
caatcgatct
tgcacatttc
acataggcga
ggaactgcag
cgagaagctc
tcagegtcta
ageccaaatt
gtittatttt

ccaaaactgt

atggtacttc
altgaagaaa
caaattggtg
agccaaagea
tgaagaaaaa
aacatatata
tttacagaaa
tcgagaagea
agagaaagag
ggagaacaaa
geacctgaaa
cccatcataa
cgcttgacaa
ccacatcagt
caaaaagaat
caaattccge
gcagggtaga
gclggataaa
agaaacccac
gaagaaacca
tegtgtetgt
gagggatacg
taataagtgc
gttttttgaa
tcaaactcgc
gecaaceccg
aaatgagect
ttaataatge

gtgtatgcat

60
120
180
240
300
360
420
480
240
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740



cagacatgag catatagagt aagcacgtgt

aaaaaacaal taattagcat tcgacgtgta

ggeettttig cttettctic ttgtctatta

ccaagetget tcttctccat ctatccaaca

ttctgtitig gacgtttgta

210> 14
<2117 2000
<212> DNA

<213> Arabidopsis thaliana

<400> 14

ttcggagaaa
agaagatgaa
tctetetete
actgatgagt
ttetetetet
23gaagaaga
tgaatttaag
aaacatttaa
cetttgtate
ctatctaaat
ttactgtctt
gacacaaaca
atatcaaatt
cetttgetaa
acgccagaag

caagcaaagt

atgcagctaa
gaggaagcaa
tegteteegt
tgtctcagte
aaaagggcta
aacactctgt
aadaaaaata
tcatttgata
attigttest
tctgttaatt
attttgcaaa
lgttggatta
tgatagttgg
giteagtegg
tgtigtttta

aaaatgcgta

cgatatcagg
tactggggaa
cgtgtggate
tctetetett
agttttttaa
acttettttt
atgtgtcgac
aactatgtaa
ctttctattt
actcacttgt
acactcttga
taaactattg
tgattggatt
ccacatatat
ttttgttgat

ataatgatta

ccacactttt
catatcactc
atatcatctc

fctcaaatcet

aaaagtgatt
gccaagatce
tcgatctega
tetetetect
aaaaatgtct
ttaacaagag
altacaaaac
cattacceec
tataacattc
aatccatttt
attttttttt
tgatcataac
tgtcaacatc
attgggtacg
tgagttatta

glcacatcca

. 64
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tcacaaagtt
geeacgtgta
ctgattatac

cagtaatctt

ggtattgtge
catcaccgtt
tetetetttg
cttcctttte
accaaactga
aagaaatgaa
tgtatttaat
ttaatcttet
cttaaattat
gltcactgga
atttttttte
tctgttecggt
tctttttttt
attttcatag
attattggaa
atggttagte

atctaaaaac
caagageett
tetettttga
gticcttcga

gagigacasgt
gagcictetce
agccgeaaca
ctetetetet
tacaaagagg
aacaaagatg
catcatttga
ttccacctaa
tgaattaaaa
aatgtaaatt
tggtcaataa
aatgttttca
tttgtttaat
gtetticete
gettticttt

agtctattac

1800
1860
1920
1980
2000

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



accgttaatc aagctctegt catataattt ttttattttt ggaactaaca cttattagtt
taggtttcca tcacctattt aattcgtaal tcttatacat gcatataata gagatacata
tatacaaatt tatgatcatt tltgcacaac atgtgatctc attcattagt atgcattatg
cgaaaacctc gacgcgcaaa agacacgtaa tagctaataa tgitactcat ttataatgat
tgaagcaaga cgaaaacaac aacatatata tcaaatigta aactagatat tictlaaaag
tgaaaaaaaa caaagaaata taaaggacaa ttttgagica glctcttaat attaaaacat
atatacataa ataagcacaa acgtggttac ctgtcticat gcaatgtgga ctitagttta
tctaatcaaa atcaaaalaa aaggtgtaal agttctcgtc atttttcaaa ttttaaaaat
cagaaccaag tgatttitgt ttgagtattg atccattgtt taaacaattt aacacagtat
atacgtctct tgagatgttg acatgatgat aaaatacgag atcgtctctt ggtiitcgaa
ttttgaactt taatagtttt ttttttiagg gaaactttaa tagttgttta tcataagatt
agtcacctaa tegttacgit gcagtaccga accaattttt tacccttttt tctaaatgtg
gtcgtggeal aatttccaaa agagatccaa aacccggitt getcaactga taageegste
gettctggt! tgaaaaacaa gaaataatct gaaagtgtga aacagcaacg tgtcteggtg
tttcatgage cacctgecac ctcattcacg teggtcattt tgtegtttca cggttcacge
tctagacacg tgctetgtcec ccaccatgac tttcgetgee gactcgettic gotttgeaaa
ctcaaacatg tgtgtatatg taagtttcat cctaataagc atctcttacc acattaattt

aaaacaaaga aaacatcaaa

<210> 15

<211> 2000

<212> DNA

<213> Arabidopsis thaliana

<400> 15
atgeccgtia cttgatcceca cagggttata attcactgaa ggattttttec ccaaccatga
aaatgagacc aaatccacaa tgctcgaatg tagettgict agagecggcag gtaacctgat

taaatgcaac cacaaaacta tctcagettg tetttgtitt gegecttitg ftteccatceca

65
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1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2000

60
120
180



tgttctegte
aaagesgatigc
gtccactecea
atcaaaattt
atctgatglg
ctacaaaagce
gaaaatgtat
tgigtagata
aaagcaatag
ctgaagaaac
ttgttttage
tgtgttagsga
ceegtttttt
ttattgtcat
aatgatgatg
ttaattgesc
ggatggagaa
tttatatcag
aacctatcaa
accaaattal
tatttgaggt
atcagctcca
acttccgaag
tgtegticte
tgagaagtica
ggatatatce
ccactttgat
tccacgegst

atttacacac

aaaaagttga
tgctgctaaa
tgatgataat
gtatttttat
tatctcatgt
tgcctcaagt
caaatataag
cattacccga
ccatagecte
agctcgaase
atatttatac
ttggtaaatt
tagttgttac
aatcatccga
atccaagttt
ggggaaatca
ctgtettttt
gaaaaacaga
ctaaagatga
ttcattaaca
tttaatttaa
atttttccca
actattagta
tcaacaattc
gaacaccaca
aaattacttt
tactatatta
tctcataaac

acacgeattt

aatcccaaaa
gctaagatgg
gagtggaaca
tatcatattt
ctttttateca
tcaggttact
tecetgttett
agggcttact
agggtcagga
tctcaacget
atgaaagagg
ggatctcatg
caaagacaaa
actagaactt
ggtttgtaat
actagatgac
tttecttttt
gttgtaacca
cgtgtatatt
tgatctttag
atctttgtag
gttatcgttt
catgattctt
aacaaaactt
cgtgtcgaca
acagaaatca
tittttigea
cgacttggct
gtecagagat

tgcagaaaga
aagctgatge
taaggtaata
tcteetttee
gtgttgicga
taaacttggg
ctgactgtta
cgggagettc
gaaacagasg
gettgagtct
ctacaagtgc
gacatataaa
aagatacaat
agaaattcaa
glgtaaacca
glgigaatcg
atatccctaa
aattattaca
gagaatggca
gaataccgct
tectgatttt
gicgaatica
caacaaagca
getctegacg
faaagccege
tttgtattgt
atltattetg
tetitatttt

atlcaaagat

-80-

66

atatatgett
alccacaact
actcagtgaa
agecatattt
tgatgaaaat
actctatstg
tctaaattga
cagttgcaga
aggaagatga
ttatgagesa
aattgtgtat
cgtitttgat
tttgaagatg
attagaaaaa
geittttteg
cgaattacaa
aatacttttt
gagatattca
attgegttta
aataagagat
gaatatttcg
tattactgtt
aataaagaaa
actcgaccsgt
accacgecacg
ttgttaataa
gtgacattaa
tecctttatet

tagaaacatt

gcaaaaccag
atcgatgaag
ttagttaaaa
gcaacaagaa
gagaaggata
ctatccatgt
tcetgtgtta
tgagtatgasg
ccttgaagat
gaaaaaatag
gcaaaaagag
gatgactict
tttcatggat
gattttgtee
aggtaagata
ttacgttttt
tgtacattca
aagatattte
tgagtgggaa
tactaatcac
ttttagctaa
aatttagtta
agaatcttga
gigagatgtt
cttttegtet
aaactitgaa
tgttctatec
ttctetatat
cttgatagat

240
300
360
420
480
540
600
660
720
780
340
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920



.
ess

acaaaaaaca tttttcagac acaaaatcat aaaatctttg cctttagtag atcaaagttc 1980

tttacattaa

210> 16
<211> 2000
<212> DNA

tcgttagaag

<213> Arabidopsis thaliana

<400> 16

ttagctgggg
ccacaaggta
atgacgaagc
gttaagtcct
tgggagttce
aacattgcca
agggagatgg
gegltataca
aagggcigta
agacgagctt
gacagcataa
geggaaagag
cagacgatga
aaggattgta
gggcttgtga
agagtacctc
catgaaatgg
tetttctect
tattaggagg

caggtcgect
ggcglgageg
aagcactiga
tcaatgccse
ttcacgacgc
tlaaatcttt
agaaatcagg
agcacgagag
agccgaacct
gggatgeaaa
catataacat
tttatacagc
ticactattt
{gagaaagaa
aaaaggeeca
ctticagsgte
aacaaattig
gagtttattt

cacacttatc

tgatttcatt
tttcattgtt
tactttctte
tcttcaagtic
cccatcgaag
clgtgagetsg
gttaacacca
gtgtetgatt
caccactttt
tgatctgtte
ggttatcaaa
gatgcatgst
glgcaaggea
giggtaccca
gcitgatcag
aaaacagttg
ctacatgtac
lgtatagcte

ftccaatcag

gaggatctec
aggattataa
aatatgegatt
ttatctttca
tatggeattg
gglattcttsg
gaigtagtta
ggaaatggat
aatgttagga
ctgttgatsc
gggltttice
aaggggtaca
ggaaattttg
aacttggaca
gctaagtcga
ctctecctta
acgacaatgc
tggtggaact

attcaactat

67
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ttgagcatca
tgttgtatge
tatacggttg
atcctgatet
atattgatgc
acgggeccta
catatactac
tgtggaacct
ttcagttttt
ctaaactcca
ttgcgaggtt
aacccaattt
atttggctta
cagttgagat
tcatggagtt
agtccatttt
ggccaaaaga
gegaaalgesa
ttgttgttca

gaagacactt
caaggclgga
caaaagatct
ccacaccatc
getttctitt
tatggcaatg
acttatatcg
tatggtectce
agtgaatasgg
ggtggaaccg
ccctgacatg
gaagatatac
tacaatgtge
gtitgctcaaa
agttcacaga
gtaatgttta
attctttett
tgtageetca

atgtgaataa

2000

60
120
180
240
300
360
420
430
940
600
660
720
780
340
900
960
1020
1080
1140



agcitaggal gatttggaaa cttcaatgea
caatcttaag ttgtgatage acagaactag
tgttgttgal ttcagctgga gagcaaaats
gaaaccaaaa ggatcttcgt ctgacgatge
tatgtigtaa gctteateta gecaaattaa
cgitgatage tttttcttga tatagcacga
acattaccag caatgaatat ttttattatt
acagagcaaa caaaatfcac atatttttgt
tacgtagatt tatggcgetg gattataaca
aacaaaactc caaaattggt gtttattttt
ttgtttagtt gattcacgtg ttettigtat
aaggaaaaaa agatacgagg tatcctcaat
tacaagaita tagtaaaaag aagggatgca
atcctcagat cagttccgta gtttactgga

tataagccat tcttatcaaa

210> 17

<211> 2000

<212> DNA

<213> Arabidopsis thaliana

400> 17

cacatttgac ggcgaatcaa gegatictag
tcgtcgattt tggaatcgtt caaggtatac
ctcgtacttc tggtaaacce actcaaatce
gtgaatctce ggaaccgteg ttaatcgeca
tictggatct gaatttcgat ticateccaa

caagtttccg ggtegacecg gatgaagtac

gggataccca
tttacctttt
gcatacacaa
aaaagctctt
aagcactaaa
atgtaaacaa
atgtcgaata
clattacact
tigtaacttt
aaaaataaaa
clgaaaattc
tccaaaagga
tataaagaaa

tcacgacaca

aagcgacgea
aatgscctgc
gggtctegsg
ccggaaaceg
ttcteactee

tggccgteaa

68

gtaagtcatg
gtaatgctac
agcagggacc
gagcaccigg
catataacaa
cagagaatag
aatacatttt
ttggtgtcag
aaatatcttt
atttgagegs
tgaatttgat
tgaatgatac
catagacatc

cacacatata

gaaglcgaac
tettcttcaa
tatacccget
cctecgtegat
catacattta

tttcatgete

gatgectcta
ttacaaaaca
atgtgctgaa
aaaaatgagt
aggatatcaa
aacagagaca
cccacaagtg
actgacttgt
taacgtaaga
gcatgtatgt
gattttgaaa
aactcatata
atcgecatcc

cacgtgtaca

aagattcaca
getctageta
ccatetetcee
ttcgecaagg
cttaacgegt

cagctctaca

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2000

60

120
180
240
300
360
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aattactcga cgagacgecg acgatagiig acaccgeact acgectcgce aaatcgttga 420
acccgagggt cgicactictc ggagaatacg aagigasctt azaccgggic ggtitcgeta 480
accgggtaaa gaacgegctt caattctatt ccgeggtttt cgaatccctt gaaccgaact 540
tggggcgiga ttcggaggag agagtgagag ttgagegaga gttegttcgge cggagaatet 600
cgggltigat tggaccgeag aaaaccggaa ttcalagaga aagaatggaa gagadagagc 660
aatgecsggt attaatggag aatgecggtt ttgaatceggt taagctgagl aattlacgcag 720
tgagccaage gaagattcta ttgtggaalt acaaitacag caatttgtat tcaattgttg 780
aatctaagce tggcttcate tctttggeet geaacgattt accictcetc actetttctt 840
cclggcgala accaaaccaa accgatcegg tattcttagt ttigttttgt tttcaatgtt 900
atitttggtt agacaaatat tcaattgtta atatactccg lggtcagagt gttttgtttt 960
tcttttagtt cgaacgttga attaattcag gegtaggtit tgaattctct gaaccttatg 1020
tgttttttgg taacatcatt tgeatttgleg aactaggttt aaaaactggt cttagtcttg 1080
ttgttttctc attagataat ttaaactggt ttecttctti atttttggtt ggataaagtg 1140
accggilctg gtcatctglt tgagatgtaa ttactatttc ataaaattag gaagttgaaa 1200

..... : gccaaatata tttgtaacta ctcttttatt tgtaattttg ctcaaaaaag tgatgaaatg 1260
"t tagttttgal atatgaatat ctaccattat acataagtat atctgaacat ggtacaactt 1320
atgaaagcia aatgtcaata cttgcaaaga tataacaaat acaagttaca tgaataagag 1380

.Ew'. atgtgtgttg aatttataag tgtcattttc ttttcacttt aaaacaaact tcatcttctt 1440
ttgttictia tgtgtcaaag itgccacagt tgctctattt gagtctttca gtgtcagtet 1500
cagtcaclgl actgatttta cttttttttg ttgagtgtec caatgatgac atcactccca 1560
cgtectecat cegtettett ttaacggtca cgtggctece accetetttt ctegatgtet 1620
. ttaccgactt gttctagcce aacttacttg ggccatttag atttttiggt ggeccaagtt 1680
gctaaaagag galttatcal agaaatctga acccgltgea gegetcaaca catgtcacag 1740
reeel tcctgacaaa cacgtattica aatccttgtt aagtcccgee acctgtcacc agagcaccac 1800
R gaggcaaact ctgatcagga caccgtegta clatiatgtc ggaagacagg aaagcttaat 1860
taagcttaaa cctgacgtat {taacttcgt taactctacc ttactaaagg gttttaattt 1920

aaaacttatc atctcctcgl aagaataaaa actacttact ctataaattt aagcttcaag 1930

aaacctccaa aagcagagaa 2000

69
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<210> 18

211> 2000

212> DNA

<213> Arabidopsis thaliana

<400> 18
ggeggticca caatgcattg attgagtttg tgclgatgea gltacaactt gottecgtet 60
ttttcacgtt tcagctcggg acaaaaacac altactacgg aaggacattg tttcatggag 120
gcgcagagta tagaggaacl ggtcgagggt ttelgetctt ccacgegaaa tttgetgaga 180
actataggtt ctattccegl agtcactttg tgaagggcal tgaacitatg attcttetac 240
tggtatatca gatctttggt caatcatata gegegtetegt tacttatatt ctgatcactg 300
tttcgatatg gttcatgste glgacatgge tctttgetee tttectttite aatcegtetg 360
gitttgagtg gcaaaagatt gtteatgact ggacagactg gaacaaatsgg atitataacc 420
,,,,, : gaggaggaat tggtgtccct cctgagaaga gtigggaate tiggigegag aaagagttag 480

BRI aacatcttag acaticaggg gitcgtggta tcacccttga gatcittttg gecttgeget 540
""°: tcttcatctt tcaatatgga cttgtgtate atctcagtac citcaaagga aaaaatcaga 600
.:p'; gettttgegt aagetaacct tataactact tccctgtgaa tggtgaaact cttgattatt 660

gaacgataat gactctgttt tcaggtttat ggagegtcat ggtitgteat cttaticatt 720
oeee ctactgatig tgaaggtatg aatctttaag cacattcaca tttcaatttc ttgccaaate 780

ttaacattgt gltgetttet tctatgtaac gatcattgca ggglttggse gttggaagge 840
""" : gaagattcag cacgaattic cagettctat tcagaatcat aaagggtictt gtgttcctca 900
catttgtgge aaftctcata actttcctcg cacticcict gataacaatc aaagacttal 960
tcatctgeat geltgectte atgecaactg gatggegaat getictegta agtetiicic 1020
ciccatcaaa ctcctetatt tgtatctaag ataccagtit tgtelggttt ttgtgacagt 1080
tgctttgttt tgicctccac gtcagattge acaagegtgt aagectctga tccaacagel 1140
agggatatgg tcatcagtta ggacgctage tcgaggctac gagalcgiga tggecttget 1200
tctgttcaca ccagttgegt ttttggectg giticetttt gtgictgagt tccagacaag 1260

aatgctcttt aaccaagect ttagtagagg tctacaaatc tcicgiattc ttggtggtca 1320

70
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aagaaaagac cggtcttcaa aaaacaagega gilgacatgta cacatgtaaa tggcgtatgt

gtagatttaa fggttatctg ttattgtttc cttcecaagt aatctatagt tagaaagttc

ctgtaacttt catagatata tgttaattat tttccatttc cataagttcg cgtccattat

aatagaaagl gcatgagacg tatctttttc atalggaaga cgaaaacatt ggtictccat

tctaaaagtc aaaaagaaaa igtatatcac ttgaactttt ccacataggt catgataaag

acaggactaa icaatcatfc attgttgata atggtctcaa ttaccigttg ctagttattt

ctacatttgt afagtgcaat actgtttttt tttcctctic caaataaaaa ctacaglact

aaaagaaagt tggtaatcal aaaagttata aaactcaaat aaaagcaatt actctgttfc

tttttcactc ttattttata tgactgaaat gaaattgict atatgttgtt tttgtttgta

tgttcattga tatgtaaaca lcaaatctgec aaaaaacaac cgcaagtttg gatttatacg

atgaagcgtit tatctagtga gegtcatcge agacgtcaca agtlatgtge tacaattttg

cgtatgtttg atgaatacse

210> 19

211y 23

<212> DNA

(213> Artificial Sequence

<220

{223> Description of Artificial Sequence:

<400> 19

cgecagggtt ttcccagtca cga

<210> 20

Q1D 24

<212> DNA

213 Artificial Sequence

71

synthetic DNA

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2000

23

-74-



......

------

<220>
<223> Description of Artificial Sequence: synthetic DNA

<400> 20

agcggataac aatttcacac asga

72
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An environmental stress responsive promoter comprising DNA of the following
(a), (b) or (c):
5 (a) DNA consisting of nucleotide sequence SEQ ID
NO: 6, ’

(b) DNA consisting of a nucleotide sequence comprising a deletion,
substitution or addition of one or more nucleotides relative to
nucleotide sequence SEQ ID NO: 6, and functioning as an

10 environmental stress responsive promoter; and

(c) DNA hybridizing under stringent conditions to DNA consisting of
nucleotide sequence SEQ ID NO: 6, and functioning as an
environmental stress responsive promoter.

15 2. The promoter according to claim 1, wherein the environmental stress is at least
one selected from the group consisting of cold stress, drought stress, salt stress
and high photo stress.

3. An expression vector comprising the promoter according to either claim 1 or
20 claim 2.
4. The expression vector according to claim 3, into which a desired gene is further
incorporated.
25 5. A transformant comprising the expression vector according to either claim 3 or
claim 4.
6. A transgenic plant comprising the expression vector according to claim 3 or
claim 4.
30
7. The transgenic plant according to claim 6, wherein the plant is a plant body,
plant organ, plant tissue or plant culture cell.
8. A method for producing a stress-resistant plant, which comprises culturing or
35 cultivating the transgenic plant according to either claim 6 or claim 7.

43
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9. An environmental stress responsive promoter according to claim 1, substantially
as herein described with reference to any one or more of the Examples and/or

accompanying Figures.

5 10.  An expression vector according to claim 3, substantially as herein described
with reference to any one or more of the Examples and/or accompanying

Figures.

11. A transformant according to claim 5, substantially as herein described with
10 reference to any one or more of the Examples and/or accompanying Figures.

12. A transgenic plant according to claim 6, substantially as herein described with
reference to any one or more of the Examples and/or accompanying Figures.

15 13. A method according to claim 8, substantially as herein described with reference

to any one or more of the Examples and/or accompanying Figures.

Dated this twenty-third day of May 2006

Toyota Jidosha Kabushiki Kaisha and
Riken
Patent ‘Attorneys for the Applicant:

FBRICE & CO
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FIG.2
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FIG.5
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