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ABSTRACT

This invention relates to a stress-inducible transcription factor derived from maize, a
gene encoding the same, and a method for using the same. Specifically, this invention
provides a gene comprising the following DNA (a) or (b): (a) DNA consisting of the
nucleotide sequence as shown in SEQ ID NO: 1; or (b) maize-derived DNA hybridizing under
stringent conditions with DNA consisting of a nucleotide sequence that 1s complementary to
the DNA consisting of the nucleotide sequence as shown in SEQ ID NO: 1 and encoding a
protein that regulates the transcription of a gene located downstream of a stress responsive
element. Further, this invention relates to a transgenic plant having improved tolerance to
environmental stress, such as high-temperature or dehydration stress, into which such gene

has been introduced.
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DESCRIPTION

STRESS-INDUCED TRANSCRIPTION FACTOR DERIVED FROM MAIZE

Technical Field

The present invention relates to a stress-inducible transcription factor derived from

maize, a gene encoding the same, and a method for using the same.

Background Art

Plants possess tolerance mechanisms to cope with various types of
environmental stresses in nature such as dehydration, high-temperature, freezing, or salt
stress.  Genes that respond to such various types of environmental stresses are
considered to overlap, and tolerance to each stress is considered to be attained as a result
of closely-related intracellular responses (Plant Physiol., 115: 327-334, 1997).
However, genes that respond to each stress are different among temperature, dehydration,
and salt stresses, and it is suggested that such genes have systems for separately
recognizing each stress.

In the past, the present inventors have isolated and identified transcription factors
that bind to a stress responsive cis-element, specifically activate the transcription of genes
located downstream thereof, and impart environmental stress tolerance to plants. Examples
include the DREB genes, such as DREB1A, DREB1B, DREBI1C, DREB2A, and DREB?2R
genes, from Arabidopsis thaliana (Japanese Patent Publication (kokai) No. 10-228457 A
(1998)). They reported that introduction and overexpression of the genes in a plant enabled
stress tolerance to be imparted without the retardation of a plant (Japanese Patent Publication
(kokai) 10-292348 A (1998)).

DREB proteins are roughly classified into the DREBI type and the DREB2 type, and
both of them have DNA-binding domains (AP2/ERF domains) that recognize and bind to the

DRE sequence. DREBI orthologs of DREB genes in various plants such as rice and maize

have been studied (The Plant Cell Physiology, 45: 1042-1052, 2004); however, DREB2 types
1
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have hardly been studied, and examples of known DREB2 orthologs are limited to

Madagascar periwinkle ORCAI1, rice OsDREB2A, and the like.

DREBI genes have a conserved C/SEV/LR sequence in the AP2/ERF domain, and
DREB?2 genes have the AEIR sequence. Such difference is considered to differentiate their
DNA-binding properties (The Plant Cell, 10: 1-17, 1998).

Plants that overexpress DREB1A, which is of the DREBI type, exhibit improved
tolerance to dehydration, salt, and low temperature stresses; however, plants that overexpress
- DREB2A, which 1s of the DREB2 type, or a rice ortholog thereof, OsDREB2A, do not
express a clear phenotype or improved stress tolerance (The Plant Cell, 10: 1-17, 1998).
That 1s, activation of DREB2 types, which had been known, required some modification, such

as deletion of a specific region.

Disclosure of the Invention

The present invention is intended to identifying a DREB2 type maize-derived gene
and providing a novel environmental stress tolerant plant through analysis of the function of
such identified gene.

The present inventors succeeded in identifying a congenic DREB2A gene from
maize and designated the same as “ZmDREB2A.” Unlike DREB2A, ZmDREB2A exhibits
the activity of a transcription factor without modification and improves the environmental
stress tolerance of plants. Further, ZmDREB2A was found to improve high-temperature

tolerance.

Specifically, the present invention relates to a gene encoding ZmDREB2A, which is

a transcription factor derived from a maize. More specifically, such gene comprises the
following DNA (a) or (b):

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

(b) maize-derived DNA hybridizing under stringent conditions with DNA consisting
of a nucleotide sequence that is complementary to the DNA consisting of the nucleotide

sequence as shown in SEQ ID NO: 1 and encoding a protein that regulates the transcription of

a gene located downstream of a stress responsive element.

2
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T'he gene of the present invention encodes the following protein (c) or (d):

(c) a protein consisting of the amino acid sequence as shown in SEQ ID NO: 2: or

(d) a maize-derived protein consisting of an amino acid sequence derived from the
amino acid sequence as shown in SEQ ID NO: 2 by deletion. substitution, or addition of one
or several amino acids and regulating the transcription of a gene located downstream of a
stress responstve element.

The gene of the present invention is capable of regulating the tolerance of a plant to
environmental stress, such as dehydration, high-temperature, or salt stress.

The present invention also provides the recombinant protein (¢) or (d) above.

Such recombinant protein can be obtained by introducing the gene of the present
invention 1nto an adequate host cell, allowing the gene to express therein, and recovering the
resultant from a culture solution or the like.

The present invention also provides a recombinant vector comprising the gene of the
present invention and a host cell or transgenic planut, which has been transformed with such
vector.

A transgenic plant into which the gene of the present invention has been introduced
and expressed at a high level exhibits improved tolerance to environmental stress, such as
dehydration, high-temperature, or salt stress. The present invention also provides a method
tor improving the stress tolerance of a plant through the introduction of the gene of the
present invention into such plant.

The ZmDREB2A gene of the present invention exhibits activity of a {ranscription
factor without modification and can improve the environmental stress tolerance of plants,

unlike known DREBZ2A or an ortholog thereof (e.g.. OsDREB2A). Further, the ZmDREB?2 A

‘gene can also improve high-temperature tolerance of plants.

Brief Description of the Drawings

Fig. 1A shows a full-length nucleotide sequence of the long-form ¢cDNA of
ZmDREB2A. Fig. 1A shows a full-length cDNA sequence of ZmDRER2A comprising a

portion that is considered to be an intron. An underlined portion indicates an intron.
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Fig. 1B shows a nucleotide sequence and a putative amino acid sequence of the
short-form ¢cDNA of ZmDREB2A. The AP2 domain 1s underlined and indicated by
alphanumeric characters, and the nuclear transport signal 1s doubly underlined. Many acidic
amino acids are present at the C terminus, and the C terminus 1s thus considered to be a
transcriptional activation domain.

Fig. 2(A) shows the results of Northern analysis of the ZmDREB2A gene in maize.
Fig. 2(B) shows the results of simultaneous amplification of the short-form cDNA and the
long-form cDNA by RT-PCR. Two bands are observed at the time of the application of each
form of stress (low temperature stress for 24 hours, high-temperature stress for 10 minutes,
dehydration stress for 1 hour, and NaCl stress for 24 hours; D: the long-form positive control;
B: the short-form positive control; N: the negative control).

Fig. 3 shows the results of expression analysis of long-form mRNA and short-form
mRNA by RT-PCR (¢: long-form mRNA; wm: short-form mRNA; untreated long-form: 1).
Fig. 3(A) shows the results of expression analysis of long-form mRNA and of short-form
mRNA by RT-PCR; Fig. 3(B) shows the changed amount of long-form mRNA and that of
short-form mRNA, represented by a chart indicating the change from the amount without
stress application.

Fig. 4 shows the results of Southern analysis of the ZmDREB2A gene in maize: left:
low stringency conditions (0.5% SSC, 0.5% SDS, 50°C); right: high stringency conditions
(0.1% SSC, 0.1% SDS, 65°C).

Fig. SA shows the results of activity analysis of ZmDREB2A (protein activity of 2
embodiments of ZmDREB2A) using T87 protoplast. The experimental value is determined
by dividing GUS activity by LUC activity, and the value attained with the use of a vector only
is shown with 1 as a control: DREB2A FL: full-length DREB2A; DREB2A CA: modified
DREBZ2A.

Fig. 5B shows the results of active domain analysis of ZmDREB2A (an
internally-deleted variant of ZmDREB2A) using T87 protoplast. The experimental value is
determined by dividing GUS activity by LUC activity, and the value attained with the use of

an empty vector 1s shown with 1 as a control.
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Fig. 6 shows the results of homology search of a partial amino acid sequence of
ZmDREB2A. Pearl millet (Pennisetum glaucum: PgDREB2A), barley (Hordeum vulgare:
HvDRF1), rice (Oryza sativa: OsDREB2B). Homologous portions = *:
amino acid conserved by 4 sequences; . : amino acid conserved by 3 sequences.

Fig. 7 shows the expression levels of ZmDREB2A and rd29A in
ZmDREB2A-overexpressing Arabidopsis thaliana.

Fig. 8 shows the characteristics of ZmDREB2A-overexpressing Arabidopsis thaliana.
(A) The phenotype of ZmDREB2A-overexpressing Arabidopsis thaliéna: morphology under
common growth conditions was observed. The upper portion shows a plant that had been
erown for 21 days on an agar medium; and the lower portion shows a plant 35 days after
sowing. Such plant having been grown for 2 weeks on an agar medium and then
transplanted to the soil (i.e., 15 days after transplantation). An empty vector-introduced
strain was used as a wild-type strain. (B) Expression of ZmDREB2A and induced genes

under each stress, low temperature stress was applied by placing the plant at 4°C, dehydration

stress was induced by placing the plant extracted from the medium on a petri dish and treating
the plant at room temperature therein. Salt stress was induced by placing the plant in 250
mM of NaCl for 5 hours.

Fig. 9 shows the results of a stress tolerance test of ZmDREB2A-overexpressing
Arabidopsis thaliana. (A) Freezing tolerance: upper portion: the control; lower portion:
after freezing treatment; (B) dehydration tolerance: numerical values in parentheses indicate

the ratios of viable counts/number of samples.

Fig. 10 shows the high-temperature stress tolerance of ZmDREB2A-overexpressing
Arabidopsis thaliana vsing the 35S promoter.

Fig. 11 shows plants to which high-température stress has been applied and the
survival ratio thereof (mean and standard deviation (n 2 50)). In the drawing, WT indicates
a control plant into which ZmDREBZ2A has not been introduced. A, B, and C each indicate a

plant into which ZmDREB?2A has been introduced (3 lines).

Fig. 12 shows the results of Northern analysis of plants that have been grown under

common growth conditions, under high-temperature stress conditions, under salt stress

5
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conditions, and under dehydration stress conditions. In the drawing, WT indicates a control
plant into which ZmDREB2A has not been introduced; 35S: ZmDREB2A-a, 358S:
ZmDREB2A-b, and 35S: ZmDREB2A-c each indicate a plant into which ZmDREB2A has

been introduced (3 lines).

F1g. 13 shows the stress tolerance of ZmDREB2A-overexpressing Arabidopsis
thaliana using the stress-inducible rd29A promoter. In the drawing, rd29A: ZmDREB2A -a,
rd29A: ZmDREB2A-b, and rd29A: ZmDREB2A-c each indicate a plant into which

ZmDREB2A has been introduced (3 lines).

Fig. 14 shows the high-temperature stress tolerance of active DREB2A (modified

DREB2A)-overexpressing Arabidopsis thaliana using the 355 promoter.

Best Modes for Carrying out the Invention

The gene (i.e., a nucleic acid) of the present invention is a maize-derived gene encoding a

transcriptional factor that binds to a cis element located upstream of genes encoding stress responsive
proteins expressed in response to environmental stresses such as temperature, dehydration, or
salt stress, thereby activating the transcription. Specific examples of the above cis element
include dehydration-responsive element (DRE), abscisic acid-responsive element (ABRE),
and low temperature-responsive element. The protein encoded by the gene of the present
invention functions to activate the transcription of genes located downstream of the
above-mentioned stress responsive elements (DRE and the like).

The gene according to the present invention can be identified as, for example,

described below.

]. Identification of the gene of the present invention

The gene according to the present invention can be screened for based on homology
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with a known gene having homologous functions; that 1s, a gene encoding a transcription
factor specific to a stress tolerant gene of a plant. mRNA and ¢cDNA libraries of maize or a
maize genome library may be prepared and may be subjected to screening. Alternatively, an
existing database of maize DNA may be subjected to screening.

The screened genes are subjected to adequate cloning and the entire nucleotide
sequences thereof are determined in accordance with conventional methods. Nucleotide
sequencing 1Includes the chemical modification method of Maxam-Gilbert or the
dideoxynucleotide chain termination method using an M13 phage. Usually, sequencing is
carried out using an automated nucleotide sequencer (e.g., 377 DNA Sequencer,
Perkin-Elmer).

Thus, 2 types of cDNAs (ZmDREG2A short-form: SEQ ID NO: 1; ZmDREB2A
long-form: SEQ ID NO: 3) were 1solated as maize-derived DREB2A orthologs. By
analyzing the ORFs thereof, proteins encoded by the genes of interest, ZmDREB2A proteins
(short form: SEQ ID NO: 2; long form: SEQ ID NO: 4), were identified. A longer cDNA
(1.e., the long torm) of the 2 identified types of cDNAs comprised a 53-bp intron, and the
other cDNA (1.e., the short form) did not comprise the same. A frame shift took place in the
long form due to the presence of the intron, and the encoded amino acid sequence was
deduced to be very short. In contrast, the amino acid sequence encoded by the short form

was deduced to be of a DREB2 type.

Fig. 1A shows the nucleotide sequence of the long-form ¢cDNA and Fig. 1B shows
the nucleotide sequence and the putative amino acid sequence of the short-form ¢cDNA. As
described below, the short-form cDNA functions as an active form of the ZmDREB2A gene,

and such active ZmDREB2A gene (SEQ ID NO: 1) is referred to as the gene of the present

invention.

The gene according to the present invention, however, is not limited to the gene
comprising the nucleotide sequence as shown in SEQ ID NO: 1. A gene comprising DNA,
which 1s hybridizable under stringent conditions with DNA comprising a nucleotide sequence
that 1s complementary to the DNA comprising a nucleotide sequence as shown in SEQ ID

NO: 1, 1s also the gene of the present invention as long as it encodes proteins that regulate the

7
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transcription of genes located downstream of a stress responsive element. Under “stringent
conditions,” hybridization is carried out with a formamide concentration of 30%-50% at 37°C
to 50°C 1n a solution of 6 x SSC. Preferably, hybridization 1s carried out with a formamide
concentration of 50% at 42°C in a solution of 6 x SSC.

The genes of the present ivention encode proteins comprising amino acid sequences as
shown in SEQ ID NO: 2. Even though a protein comprises an amino acid sequence derived
from the amino acid sequence as shown in SEQ ID NO: 2 by deletion, substitution, or
addition of one or several amino acids, genes encoding such proteins are within the scope of
the genes of the present invention, as long as such protein can regulate the transcription of
genes located downstream of a stress responsive element. The term “several amino acids”
preferably refers to 20 or fewer and more preferably 5 or fewer amino acids.

The introduction of mutation into the gene of the present invention may be performed by
conventional techniques such as the Kunkel method, the gapped duplex method or variations
thereof using a mutation introducing kit (e.g. Mutant-K*(Takara) or l\/Iutant-G’F (Takara))
utilizing site-directed mutagenesis or using an LA PClit in vitro Mutagenesis Series Kit
(Takara), for example.

Once the nucleotide sequence for the gene of the present invention has been determined
the gene of the present invention can be obtained either by chemical synthesis, by PCR using

the cDNA or genomic DNA of the gene as a template, or by the hybridization of a DNA

fragment having the above nucleotide sequence as a probe.

2. Analysis of the DRE binding ability and transcription activating ability of the proteins of

the present invention
(1) Analysis of the DRE binding ability

The ability of the protein according to the present invention to bind to DRE can be
confirmed by gel shift assay (Urao, T. et al., Plant Cell 5: 1529-1539, 1993) using a fusion
protein composed of the protein, GST, and the like. The protein according to the present
invention can be prepared by ligating the gene according to the present invention downstream

of the glutathione-S-transterase (GST) coding region of a plasmid coding for the GST gene

*Trade-mark 8
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(e.g. pGEX-4T-1 vector: Pharmacia) in a manner such that the reading frames of the two
genes coincide with each other, culturing E. coli that has been transformed with the plasmid
under conditions that induce synthesis of the fusion protein, and purifying the protein from
the transformed E. coli.

Gel shift assay 1s a method for examining the interaction between DNA and a protein.
A DRE-containing DNA fragment labeled with °P or the like is mixed with the fusion protein
described above and incubated, and the resultant mixture is subjected to electrophoresis.
After drying, the gel 1s autoradiographed to detect those bands that have migrated to the back
as a result of the binding of the DNA fragment and the protein. The specific binding of the
protein according to the present invention to the DRE sequence can be confirmed by showing

that the above-mentioned band is not detected when a DNA fragment containing a mutated

DRE sequence 1s used.

(2) Analysis of transcription activating ability

The transcription activating ability of the proteins of the present invention can be
analyzed by a transactivation experiment using a maize protoplast system. For example,
/mDREB2A ¢DNA 1s ligated to pBI221 plasmid (Clontech) containing CaMV35S promoter
to construct an effector plasmid. On the other hand, the DRE-containing DNA fragment is
ligated upstream of TATA promoter located upstream of a B-glucuronidase (GUS) gene to
construct a reporter plasmid. Subsequently, these two plasmids are introduced into maize

protoplasts and then GUS activity is measured. If GUS activity is increased by the

simultaneous expression of the ZmDREB2A protein, it is understood that the ZmDREB2A
protein expressed 1n the protoplasts is activating the transcription through the DRE sequence.
In the present invention, preparation of protoplasts and introduction of plasmid DNA
into the protoplasts may be performed by the method of Abel et al. (Abel, S. et al., Plant J. 5:
421-427, 1994). In order to minimize experimental errors resulting from differences in
plasmid DNA introduction efficiencies, a plasmid in which a luciferase gene is ligated

downstream of CaMV35S promoter may be introduced to protoplasts together with the two

plasmids described above, and B-glucuronidase activity against luciferase activity may be

9
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determined. Then, the determined value may be taken to indicate transcription activating
ability. B-glucuronidase activity can be determined by the method of Jefferson et al.

(Jefferson, R. A. et al., EMBO J. 83: 8447-8451, 1986); and luciferase activity can be

*
determined using PicaGene Luciferase Assay Kit (Toyo Ink).

3. Preparation of recombinant vectors and transformants
(1) Preparation of recombinant vectors
The recombinant vector of the present invention can be obtained by ligating (inserting)

the gene of the present invention to (into) an appropriate vector. The vector into which the
gene of the present invention 1s to be inserted 1s not particularly limited as long as it is
replicable in a host. For example, plasmid DNA, phage DNA, or the hike may be used.
Plasmid DNA includes: plasmids for E. coli hosts such as pBR322, pBR325, pUC118, and
pUC119; plasmids for Bacillus subtilis hosts such as pUB110 and pTP5; plasmids for yeast
host such as YEp13, YEp24, and YCp350; and plasmids for plant cell host such as pBI221 and
pBI121. Phage DNA includes A phage and the like. Further, an amimal virus vector such as
a retrovirus or vaccinia virus vector or an insect virus vector such as a baculovirus vector may
also be used.

In order to insert the gene of the present invention into a vector, for example, a method
may be employed in which the purified DNA 1s cleaved with an appropriafe restriction
enzyme and then inserted into the restriction site or the multi-cloning site of an appropriate

vector DNA for ligation to the vector. The gene of the present invention should be

incorporated into the vector in such a manner that the function of the gene is expressed. For
this purpose, in addition to a promoter and the gene of the present invention, those containing
cis elements such as enhancer, a splicing signal, poly(A) addition signal, selection marker,
ribosome binding sequence (SD sequence) or the like can be ligated to the vector of the
present invention, if so desired. Examples of selection marker are dihydrofolate reductase

gene, ampicillin tolerance gene, neomycin tolerance gene, and the like.

(2) Preparation of transformants

*Trade-mark 10
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The transformant of the present invention can be obtained by introducing the
recombinant vector of the present invention into a host so that the gene of interest can be
expressed. The host 1s not particularly limited as long as the gene of the present invention
can be expressed therein. Specific examples of the host include Escherichia bacteria such
as E. coli; Bacillus bacteria such as Bacillus subtilis; Pseudomonas bacteria such as
Pseudomonas putida;, Rhizobium bacteria such as Rhizobium meliloti; yeasts such as
Saccharomyces cerevisiae and Schizosaccharomyces pombe; plant cell strains established
from Arabidopsis thaliana, tobacco, maize, rice, or carrot, etc., or protoplasts prepared from
such plants; animal cells such as COS cells and CHO cells; and insect cells such as S{9 cells
and Sf21 cells.

When a bacterium such as E. coli 1s used as the host, the recombinant vector of the
present invention 1s capable of autonomous replication inside the host and, at the same time, it
1s prefterably composed of a promoter, a ribosome binding sequence, the gene of the present
invention, and a transcription termination sequence. The vector may also contain a gene to
regulate the promoter. Escherichia coli strains such as HMS174 (DE3), K12, or DH1 may
be used. Bacillus subtilis strains such as MI 114 or 207-21 may be used.

Any promoter may be used as long as it 1s able to direct the expression of the gene of
interest in a host such as E. coli. For example, an E. coli- or phage-derived promoter such as
trp promoter, lac promoter, Py promoter, or Pr promoter may be used. An artificially
designed and altered promoter such as tac promoter may also be used. Methods for

introducing the recombinant vector into a bacterium are not particularly limited, and examples

thereot include a method using calcium ions (Cohen, S. N. et al., Proc. Natl. Acad. Sci., USA,
69: 2110-2114, 1972) and electroporation.

When yeast such as Saccharomyces cerevisiae, Schizosaccharomyces pombe, or Pichia
pastoris 1s used as the host, the promoter 1s not particularly limited, and any promoter may be
used as long as it 1s able to direct the expression of the gene of interest in yeast. For
example, gall promoter, gall0 promoter, heat shock protein promoter, MFa1 promoter, PHO5
promoter, PGK promoter, GAP promoter, ADH promoter, or AOX1 promoter can be used.

A method for introducing the recombinant vector into yeast is not particularly limited,

11
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and examples thereof include electroporation (Becker, D. M. et al., Methods Enzymol., 194:
182-187, 1990), the spheroplast method (Hinnen, A. et al., Proc. Natl. Acad. Sci., USA, 75:
1929-1933, 1978), and the lithium acetate method (Itoh, H., J. Bacteriol., 153: 163-168,
1983).

When a plant cell 1s used as the host, for example, cell strains established from rice,
maize, wheat, Arabidopsis thaliana, tobacco, carrot, etc. or protoplasts prepared from such
plants are used. In this case, the promoter to be used 1s not particularly limited as long as it
1s able to direct the expression of the gene of interest in plants. Examples thereof include
35S RNA promoter ot cauliflower mosaic virus, rd29A gene promoter, and rbcS promoter.

A method for introducing the recombinant vector into a plant includes the method of
Abel et al. using polyethylene glycol (Abel, H. et al., Plant J. 5: 421-427, 1994) and
electroporation. When an animal cell 1s used as the host, for example, simian COS-7 or Vero
cells, Chinese hamster ovary cells (CHO cells), mouse L cells, rat GH3 cells, human FL cells,
or the like and SRa promoter, SV40 promoter, LTR promoter, CMV promoter, or the like may
be used. The early gene promoter of human cytomegalovirus or the like may also be used.

To introduce the recombinant vector into an animal cell, for example, electroporation,
the calcium phosphate method, lipofection, or the like may be used. When an insect cell is
used as the host, for example, Sf9 cells, Sf21 cells, or the like may be used. The

recombinant vector may be introduced into an insect cell by the calcium phosphate method,

lipofection, electroporation, or the like.

4. Production of the recombinant proteins according to the present invention

The recombinant protein of the present invention is a protein that has an amino acid
sequence encoded by the gene of the present invention or a protein that has an amino acid
sequence having at least one amino acid mutation in the above-described amino acid sequence

and 1s able to regulate the transcription of genes located downstream of a stress responsive

element.

The protein ot the present invention can be obtained by culturing the transformant in a

medium and recovering the protein from the resultant culture product. The term "culture

12
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product” means any of the following materials: culture supernatant, cultured cells, cultured
microorganisms, or disrupted cells or microorganisms. The transformant of the present
invention in a medium 1s cultured by conventional methods for culturing a host.

As a medium for culturing the transformant obtained from a microorganism host such
as E. coli or yeast, either a natural or synthetic medium may be used as long as it contains
carbon sources, nitrogen sources, and 1norganic salts assimilable by the microorganism and 1s
capable of efficient culture of the transformant. When a plant cell 1s used as the host,
vitamins such as thiamine and pyridoxine can be added to the medium, 1f necessary. When
an animal cell 1s used as the host, serum such as RPMI1640 can be added to the medium, 1f
necessary.

Examples of carbon sources include: carbohydrates such as glucose, fructose, sucrose,
and starch; organic acids such as acetic acid and propionic acid; and alcohols such as ethanol
and propanol. Examples of nitrogen sources include: ammoma; ammonium salts of
inorganic or organic acids such as ammonium chloride, ammonium sulfate, ammonium
acetate, and ammonium phosphate; other nitrogen-containing compounds; peptone; meat
extract; and corn steep liquor.

Examples of inorganic substances include: monopotassium phosphate, dipotassium
phosphate, magnesium phosphate, magnesium sulfate, sodium chioride, iron(I) sulfate,
manganese sulfate, copper sulfate, and calcium carbonate. Usually, culture 1s carried out

under aerobic conditions (such as shaking culture or aeration agitation culture) at

approximately 30°C to 37°C for approximately 6 hours to 3 days. During culture, the pH is
maintained at approximately 7.0 to 7.5. The pH 1s adjusted with an inorganic or organic acid,

an alkali solution, or the like.

During culture, an antibiotic such as ampicillin or tetracycline may be added to the
medium, 1f necessary. When a microorganism transformed with an expression vector
containing an inducible promoter is cultured, an inducer may be added to the medium, if
necessary. For example, when a microorganism transformed with an expression vector

containing Lac promoter is cultured, isopropyl-B-D-thiogalactopyranoside (IPTG) or the like

may be added to the medium. When a microorganism transformed with an expression vector
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containing trp promoter 1s cultured, indoleacrylic acid (IAA) or the like may be added to the
medium.

Usually, the culture 1s carried out in the presence of 5% CO, at approximately 30°C to
37°C for approximately 6 hours to 3 days. During culture, an antibiotic such as kanamycin
or penicillin may be added to the medium 1f necessary. After the culture, the protein of the
present invention 1s extracted by disrupting the cultured microorganism or cell if the protein is
produced 1n the microorganism or cell. If the protein of the present invention is secreted
outside of the microorganism or cell, the culture tluid may be used for the following steps as
it 1s or after being subjected to centrifugation to remove the microorganism or cells.
Thereafter, conventional biochemical techniques used for isolating/purifying a protein, for
example, ammonium sulfate precipitation, gel chromatography, ion exchange chromatography,
and affinity chromatography, are employed independently or in an appropriate combination to

1solate and purity the protein of the present invention from the above culture product.

5. Preparation of transgenic plants into which the gene of the present invention has been
introduced

A transgenic plant tolerant to environmental stresses, and in particular,
high-temperature and dehydration stresses, can be produced by introducing DNA encoding
the protein of the present invention into a host plant via genetic engineering techniques. A
method for introducing the gene of the present invention into a host plant includes indirect
introduction such as the Agrobacterium infection method and direct introduction such as the

particle gun method, the polyethylene glycol method, the liposome method, and the

microinjection method. When the Agrobacterium infection method is used, the transgenic
plant of the present invention can be produced by the following procedure.
(1) Preparation of a recombinant vector to be introduced into a plant and transformation of
Agrobacterium

A recombinant vector to be introduced into a plant can be prepared by cleaving DNA
comprising the genes of the present invention with an appropriate restriction enzyme, ligating

an appropriate linker to the resultant DNA if necessary, and inserting the DNA into a cloning
14
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vector for the plant cell host. A binary vector type plasmid such as pBI2113Not, pBI2113,
pBI101, pBI121, pGA482, pGAH, or pBIG, or an intermediate vector type plasmid such as
pLGV23Neo, pNCAT, or pMON200 may be used as cloning vectors.

When a binary vector type plasmid is used, the gene of interest is inserted between the
border sequences (LB, RB) of the binary vector. The resultant recombinant vector is
amplified in E. coli. The amplified recombinant vector is then introduced into
Agrobacterium tumefaciens CS58, LBA4404, EHA101, C58CIRif%, EHA105, etc. by
freeze-thawing, electroporation, or the like. The resultant Agrobacterium is used for the
transformation of the plant of interest.

In the present invention, the three-member conjugation method (Nucleic Acids
Research, 12: 8711, 1984) may also be used 1n addition to the method described above to
prepare an Agrobacterium containing the gene of the present invention for plant infection.
Specifically, plasmid-containing £E. coli comprising the gene of interest, helper
plasmid-containing £. coli (e.g. pPRK2013), and an Agrobacterium are mixed and cultured on
a medium containing rifampicilin and kanamycin. Thus, a zygote Agrobacterium for
infecting plants can be obtained.

For the expression of a foreign gene and the like in a plant body, a promoter and a
terminator for plants should be located upstream and downstream of the structural gene,
respectively.  Specific examples of promoters that may be utilized in the present invention
include cauliflower mosaic virus (CaMV)-derived 35S transcript (Jefferson, R.A. et al., The

EMBO J. 6: 3901-3907, 1987); the promoter for maize ubiquitin gene (Christensen, A.H. et
al., Plant Mol. Biol. 18: 675-689, 1992); the promoter for nopaline synthase (NOS) gene; and

the promoter tor octopin (OCT) synthase gene. Specific examples of useful terminators

include CaMV-derived terminators and NOS-derived terminators. Promoters and
terminators are not limited to the above-mentioned examples as long as they are known to
function in plant bodies.

It the promoter used in a transgenic plant is a promoter responsible for the constitutive
expression of the gene of interest (e.g. CaMV 35S promoter) and the use thereof has brought

about delay in the growth or retardation of the transgenic plant, a promoter that directs
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transient expression of the gene of interest (e.g. rd29A gene promoter) may be used. If
necessary, an intron sequence that enhances the expression of the gene of the present
invention may be located between the promoter sequence and the gene. For example, the
intron from maize alcohol dehydrogenase (Adhl) (Genes & Development 1: 1183-1200,
1987) may be introduced.

In order to efficiently select transformed cells of interest, it 1s preferable to use an
effective selection marker gene in combination with the gene of the present invention. As a
selection marker, one or more genes selected from the kanamycin tolerance (NPTII) gene, the
hygromycin phosphotransferase (htp) gene, which confers tolerance to the antibiotic
hygromycin on plants, the phosphinothricin acetyl transferase (bar) gene, which confers
tolerance to bialaphos, and the like can be used. The gene of the present invention and the
selection marker gene may be incorporated together into a single vector. Alternatively, two

types of recombinant DN As incorporated into separate vectors may be used.

(2) Introduction of the gene of the present invention into a host

In the present invention, while the host for the transformant is not particularly limited,
it 1s preferably a plant. The plant may be composed of any cultured plant cells, the entire
plant body of a cultured plant, plant organs (such as leaves, petals, stems, roots, rhizomes, or
seeds), or plant tissues (such as epidermis, phloem, parenchyma, xylem, or vascular bundle).
Plants are preferably monocotyledonous plants such as rice, maize, and wheat. When a

cultured plant cell, plant body, plant organ, or plant tissue is used as the host, the

Agrobacterium infection method, particle gun method, or polyethylene glycol method can be
employed to introduce the DNA encoding the protein of the present invention to transform
this host plant by introducing a vector into plant sections. Alternatively, a vector can be
introduced 1nto a protoplast by electroporation to produce a transformed plant.

For example, when a gene i1s introduced into Arabidopsis thaliana by the
Agrobacterium 1nfection method, the step of infecting the plant with an Agrobacterium
containing a plasmid comprising the gene of interest is essential. This step can be performed

by the vacuum infiltration method (CR Acad. Sci. Paris, Life Science, 316: 1194, 1993).
16
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Specifically, Arabidopsis thaliana 1s grown in soil composed of equivalent portions of
vermiculite and perlite. The Arabidopsis thaliana 1s immersed directly in a culture fluid of
an Agrobacterium containing a plasmid comprising the gene ot the present invention, the
grown maize is placed in a desiccator, and the resultant 1s then sucked with a vacuum pump to
65-70 mmHg. Then, the plant 1s allowed to stand at room temperature for 5-10 min. The
plant pot is transferred to a tray, which 1s covered with a wrap to maintain humidity. On the
next day, the wrap 1s removed. The plant 1s grown 1n such state to harvest seeds.

Subsequently, the seeds are sown on MS agar medium supplemented with appropriate
antibiotics to select those plants that have the gene of interest. Arabidopsis thaliana plants
grown on this medium are transferred to pots and grown there. As a result, seeds of a
transgenic plant into which the gene of the present invention has been introduced can be
obtained. Generally, the genes are introduced into the genome of the host plant in a similar
manner. However, due to differences in the specific locations on the genome into which the
genes have been introduced, the expression of the introduced genes varies. This
phenomenon is called “position effect.” By assaying transformants with DNA fragments
from the introduced gene as a probe by Northern blotting, 1t 1s possible to select those
transformants in which the introduced gene 1s expressed at a higher level.

The contirmation that the gene of interest has been integrated into the transgenic plant
into which the gene of the present invention has been introduced and into the plants of the
subsequent generation thereof can be made by extracting DNA from cells and tissues of those

plants and detecting the introduced gene by PCR or Southern analysis, which are conventional

methods 1n the art.

(3) Analysis of the expression level and expression site of the gene of the present invention in
plant tissues

The expression level and expression site of a gene in a transgenic plant into which the
gene of the present invention has been introduced can be analyzed by extracting RNA from

cells and tissues of the plant and detecting the mRNA of the introduced gene by RT-PCR or

Northern analysis, which are conventional methods in the art. Alternatively, the expression
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level and expression site can be analyzed directly by Western blotting or the like of the gene

product of the present invention using an antibody against the above product.

(4) Changes 1n the mRNA levels of various genes 1n a transgenic plant into which the gene of
the present invention has been introduced

It 1s possible to 1dentify by Northern hybridization those genes whose expression levels
are believed to have been changed as a result of the action of the transcription factor of the
present invention in a transgenic plant into which the gene of the present invention has been
introduced.

For example, plants grown hydroponically or the like are subjected to environmental
stress for a specific period of time (e.g., 1 to 2 weeks). Examples of environmental stresses
include high-temperature, dehydration, and salt stresses. For example, dehydration stress
may be imposed by uprooting the plant from the hydroponic medium and drying it on a filter
paper for 10 minutes to 24 hours. High-temperature stress may be imposed by retaining the
plant at 30°C to 50°C for 10 minutes to 24 hours. Salt stress can be imposed by, for example,
replacing the hydroponic medium with a 50 to 500 mM NaCl solution and retaining the plant
for 10 minutes to 24 hours.

Total RNAs are separately prepared from a control plant that was subjected to no
stress, and from a plant that was subjected to environmental stress, and the resultant total
RNAs are subjected to electrophoresis. The expression patterns can be analyzed by

Northern hybridization using the probe of the gene to be observed.

(5) Evaluation of the tolerance of the transgenic plant to environmental stresses

The tolerance to environmental stresses of the transgenic plant into which the gene of
the present invention has been introduced can be evaluated by setting the transgenic plant in a
pot containing a soil comprising vermiculite, perlite and the like, exposing the plant to various
environmental stresses, and examining the survival of the plant. Environmental stresses
include high-temperature, dehydration, and salt stresses. For example, tolerance to

dehydration stress can be evaluated by leaving the plant without watering for 2 to 4 weeks and
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then examining the survival. Tolerance to high-temperature stress can be evaluated by
leaving the plant at 30°C to 50°C for 30 minutes to 10 days, growing it at 20°C to 35°C for 2
days to 3 weeks, and then examining its survival ratio. Tolerance to salt stress can be

evaluated by, for example, leaving the plant in 100 to 600 mM NaCl for 1 hour to 7 days,

growing it at 20°C to 35°C for 1 to 3 weeks, and then examining 1ts survival rate.

6. Determination of stress levels 1n plants

The transcription of the gene according to the present invention 1s activated by
low-temperature stress, dehydration stress, salt stress, or high-temperature stress. Therefore,
determination of the transcription level of the gene of the present invention enables the
assessment of the stress level, such as regarding low-temperature stress, dehydration stress,
salt stress, or high-temperature stress to which the plant 1s subjected.

The transcription level of the gene according to the present invention can be determined
by, for example, RNA gel blot analysis, or quantitative PCR. A probe to be used in RNA gel
blot analysis can be produced 1n accordance with any conventional method based on the gene
according to the present invention and/or a 100-1000 bp region comprising a specific
sequence adjacent to the gene. A primer to be used in quantitative PCR can be prepared by
any conventional method based on the sequence in the region encoding the gene of the
present invention or the region adjacent thereto.

The above-described probe or primer may be used in a kit for determining the

transcription level of the gene according to the present invention.

7. Others

In addition, the protein according to the present invention can be utilized by
producing an antibody against the protein. The antibody may be a polyclonal or monoclonal
antibody. The method for producing an antibody is not particularly limited, and it can be
carried out in accordance with any conventional method (see, for example, Sambrook, J et al.,
Molecular Cloning, Cold Spring Harbor Laboratory Press, 1989). The antibody can be

utilized 1n, for example, the detection of the protein of interest by Western blotting or
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immunoprecipitation.

Examples
The present invention is described in greater detail with reference to the following
examples, although the scope of the present invention is not limited thereto.
[Example 1] Isolation of ZmDREB2A gene
1. Database homology search

Based on the sequence of the AP2/ERF domain, homology search was carried out
using BLAST on maize DNA databases of GenBanl:, and several EST sequences were
obtained. Based on the longest EST sequence, the following primers for RT-PCR were
designed, and two types of cDNAs were obtained from maize RNA via RT-PCR.

Primers for isolating ZmDREBZ2A
AY 108198 Forward: 5'-GGTCTTATCGACTCCAACAAGAAC-3' (SEQ ID NO: 5)
AY 108198 Reverse: 5'-AAAAGCAAGCACTCTTTTTA-3' (SEQ ID NO: 6)

The obtained full-length ¢cDNA of ZmDREB2A was subjected to nucleotide
sequencing using the 377 DNA Sequencer (Perkin-Elmer). Further, ORF was analyzed
to determine all the amino acid sequences. _

As a result, the nucleotide sequence of the ZmDREB2A gene (short-form: SEQ
ID NO: 1, long-form: SEQ ID NO: 3) and the corresponding amino acid sequence of
ZmDREB2A protein (short-form: SEQ ID NO: 2, long-torm: SEQ ID NO: 4) were
identified. The longer cDNA of the two 1dentified types of cDNAs (1.e., the long form)
comprised a 53-bp intron, and the shorter cDNA (i.e., the short form) did not comprise
the intron. In the long-form ¢cDNA, a frame shift took place in the intron, and ORF was
very short. The short-form ¢cDNA exhibited a DREB-type structure. Fig. 1A shows

the nucleotide sequence of long-form cDNA and Fig. 1B shows the nucleotide sequence
of the short-form ¢cDNA and 'a putative amino acid sequence thereof. As described

below, this short-form cDNA functions as an active form of the ZmDREB2A gene.

[Example 2] Analysis of ZmDREB2A gene expression in non-transgenic plant

*Trade-mark 20
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Expression characteristics of the ZmDREB2A gene in maize were analyzed via
Northern analysis, RT-PCR, and Southern analysis.
1. Materials and method
(1) Conditions for maize cultivation

Seeds of maize (variety: Golden Cross Bantam) were treated with 70% ethanol for
S minutes, thoroughly washed with water, and placed on a stainless steel mesh. The
mesh was 1ntroduced into a pan containing water, and the seeds were grown in an
incubator at 26°C with a photoperiod of 12 hours.

(2) Stress application

Plants that had been hydroponically grown for 1 week were subjected to the
following stress applications.

Low temperatute stress: the stainless steel mesh having seeds thereon was
transferred to water that had been cooled to 4°C in advance, and the resultant was treated
in that state 1n an incubator at 4°C.

High-temperature stress: the stainless steel mesh having seeds thereon was
transferred to water that had been heated to 42°C 1n advance, and the resultant was
treated 1n that state in an incubator at 37°C.

Salt stress: the stainless steel mesh having seeds thereon was treated with a 250
mM NaCl solution, and the resultant was treated in an incubator at 26°‘C.

Dehydration stress: the plants were patted and dried on a 'KimTowel after the
roots were thoroughly drained.

These plants were treated for 0 minutes, 10 minutes, 20 minutes, 40 minutes, 1
hour, 2 hours, 5 hours, and 24 hours, recovered, immediately frozen in liquid nitrogen,
and then stored at -80°C.

(3) RNA extraction
While the plants, which had been subjected to stress, were maintained in a
frozen state, they were disrupted using the shake master (BMS-12, Tommy), and RNA

*
was extracted using a Trizol liquid (Invitrogen) in accordance with a conventional

technique.
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(4) Northern analysis

The extracted RNA (6 pg) was 1solated, 19 pl of Northern dye (0.1% BPB, 1x
RNA electrophoresis buffer, 20% formaldehyde, 60% formamide, 0.033 pg/ul EtBr) was
added thereto, and the resultant was treated at 65°C for 15 minutes, followed by
quenching for denaturation.

The prepared RNA was applied to a gel, and the resultant was electrophoresed in
1x RNA electrophoresis buffer (0.02 M MOPS, 8 mM sodium acetate, 1| mM EDTA) at
90 V for 2.5 hours. The product was transferred to a nylon membrane (HybonthL,
Amersham) using 20x SSC overnight, air-dried for 1 hour, and treated under reduced
pressure at 80°C for 2 hours.

Primers were prepared in a manner such that an about 500-bp region at the
C-terminus specific for ZmDREB2A became a probe. Primer sequences are as shown
in Table 1. Using these primers, probes were prepared by PCR. The composition of

the PCR solution (total amount: 20 pl) was as shown below, and the solution was

prepared in accordance with the protocol of the KOD DNA polymerase plus (TOYOBO).

Reaction condition

10 X buffer 2.0 ul
2mM dNTPs 2.0 ul
25mM MgCl, 0.8 ul
10 pmol forward primer 1.0 pl
10 pmol reverse primer 1.0 pl
Plasmid DNA solution, 1.0 pl
KOD plus polymerase 0.4 pl

PCR conditions

-~ I — A — il — e e l—?

95°C for S minutes

95°C for 15 seconds, 60°C for 30 seconds, and 68°C for 30 seconds x 25 cycles

__68°C for 7 minutes

e p—— P — il il

R — AP = —
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The band was confirmed via electrophoresis, cleaved, and purified. The

x
purified band was labeled with the BcaBEST Labeling Kit (TaKaRa) and used as a probe.

Distilled water was added to a mixture of 2 ul of randam primer, and 25 ng of template
DNA solution for probe to bring the total amount to 14 pl.  The resultant was heated at
95°C for 3 minutes, and the resultant was then quenched in ice for 5 minutes for
denaturation. 10x buffer (2.5 pl), dANTP (2.5 pl), DNA polymerase (1 pl), and [OL-3 2P]
dCTP (5 pl) were added thereto, and the mixture was treated at 55°C for 10 minutes.
After the reaction, the reaction product was applied to the Sephadex*GSO column
(Pharmacia) to separate a labeled probe trom free [a->*P] dCTP.

The membrane to which RNA has been transferred was introduced into a glass
tube, the membrane was washed with distilled water and a 5x SSC solution (80 mM
NaCl and 80 mM sodium citrate), 30 ml of a hybridization buffer (0.5 M
Na,HPO4-12H,0, 0.5M NaH,P0O4-2H,0, 7% SDS, and 10 mM EDTA) was added thereto,
and prehybridization was carried out at 65°C for at least 30 minutes. Subsequently, the
solution was discarded, labeled probes were added to 30 ml of a fresh hybridization

buffer to a concentration of 1.0 x 10° dpm/ml, and hybridization was carried out at 65°C

overnight.

The membrane was washed with a washing solution 1 (I1x SSC and 1x SDS) at

65°C for 5 minutes and then with a washing solution 2 (0.1x SSC and 0.1x SDS) twice
for 30 minutes and once for 5 minutes. After the membrane was air-dried for at least 1
hour, the signal was detected. Signal analysis was carried out using the BAS2000
Imaging Analyzer (Fij1 Film).

(5) Quantitative RT-PCR analysis

The difference between the length of the long form and that of the short form is
only 53 bp. Accordingly, signals cannot be distinguished via Northern analysis. In
order to separately analyze each expression, therefore, primers specific for the long form
and for the short form were prepared and quantitative RT-PCR analysis was carried out.

cDNA was synthesized using the ReverTra Ace kit (Toyobo). Table 1 shows
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the sequences of primers specific for the long-form cDNA and for the short-form cDNA.

As an apparatus for quantitative RT-PCR, the Light Cycler (Roche) was used,
and SYBR Green Ex taq (TaKaRa) was used as a reaction reagent. 2x SYBR (5 ul), 2
pmol of the forward primer, 2 pmol of the reverse primer, and 3..5 ul of MilliQ*water

were added to template cDNA (1 pul of ZmDREB2A and 0.001 pl of 18 SrRNA), and the
reaction was allowed to proceed. 18 SrRNA was used as an internal standard. Table 1

shows the sequences of primers used.

Table 1
Names of primers Sequences (5'— 3')
Northern

ZmDREB2A  AY108198-probe-for GGGTCTAGAATGCCGATGCAGCCCC
AY108198-probe-rev.  GGGGGATCCTCAGTTTAGCCGCTCC

RT-PCR

18SrRNA 1 8SrRNA forward AAACGGCTACCACATCCAAG
1 8SrRNA reverse CCTCCAATGGATCCTCGTTA

rd29A rd29A forward TGGACACGAATTCTCCATCA
rd29A reverse TTCCAGCTCAGCTCCTGATT

Long form AY108198-longeri56F GATGACAGCTGCCACTGACGTA

AY 108198-longeri28R CGTAGGCCCATCTCGTGATC
Short form AY108198-shorter24F GCAGCCCGGAAGGAAGAA

AY 108198-shorter90R  GATGACAGCTGCCACTGACGAT

* From top to bottom, the primer sequences shown in Table 1 are those of SEQ ID NOs:

7 to 16 1n the Sequence Listing.

PCR conditions

95°C for 10 seconds

95°C for 5 seconds. 60°C for 20 seconds, and 74°C for 5 seconds x 40 cycles

Subsequently, amplification of the putative nucleotide sequence was confirmed

by analyzing the melting temperature of the amplification product.

*Trade-mark
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In order to quantify the expression levels, pBlueScript vector comprising the
long-torm and short-form ¢cDNAs of known concentrations incorporated therein was
used to prepare a calibration curve. The concentration determined based on such
calibration curve was divided by an internal standard to determine relative expression
levels.

(6) Southern analysis

Genomic Southern analysis was carried out in order to determine the number of
/mDREB2A copies of the maize genome.

The primers and the kit used were the same as those used in (4) above.
Genomic DNA was extracted from a maize leaf in accordance with the CTAB method.

Extracted DNA (10 nug) was treated with 10 ul each of BamHI, Dral, and Hindlll
restriction enzymes (TaKaRa) at 37°C overnight. DNA was recovered from the
solution via ethanol precipitation and dissolved in 300 pl of TE solution. The product

was electrophoresed on 1% agarose gel (1 x TBE) at 70 V for 6.5 hours. The resultant

was successively subjected to denaturation with the aid of an acidic solution (0.25N
HCl), a denaturing solution (0.5N NaOH and 1.5 M NaCl), and a neutralizing solution
(0.5 M Tris-HCI and 1.5 M NaCl) in that order, and the denatured product was
transterred to a nylon membrane (Amersham) overnight.

The membrane onto which the denatured product had been transferred was
subjected to hybridization with a probe. The same probe as that used in Northern

analysis was used. Such procedures are in accordance with those of Northern analysis:;

however, washing was carried out in 2 ways as below:

under low stringency conditions: 0.5x SSC, 0.5x SDS, 50°C (twice for 30

minutes);

under high stringency conditions: 0.1x SSC, 0.1x SDS, 65°C (twice for 30

minutes).

2. Results

(1) Northern analysis
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Plants that had been hydroponically cultivated for 1 week after sowing were
subjected to various types of stress application, and RNA extracted from such plants
were used to conduct an experiment. Expression analysis was carried out by the
Northern method using ZmDREB2A-specific regions as probes (Fig. 2A). When low
temperature stress was applied to ZmDREB2A, induction of expression was observed 2
hours later, and considerably strong expression was observed 5 hours later. When
high-temperature stress was applied, induction of expression was observed with
treatment at 42°C. In the case of induction of expression by high temperature, it was
confirmed that strong expression was induced by 10 to 20 minutes of treatment and that
the expression level was gradually lowered thereafter. When dehydration stress was
applied, constant and weak expression was observed; however, the level of expression
induction was not significant. When salt stress was applied, somewhat strong
expression was observed in the root 10 minutes after the application of stress, and
expression became stronger with the elapse of time.

Expression of ZmDREB2A was mainly observed in the root upon each type of
stress application, and expression was not significant in the stem and in the leaf.
However, induction ot expression was observed in the leaf upon low-temperature and
high-temperature stress application.

This demonstrates that expression of ZmDREB2A is induced upon stress

application and that the expression patterns thereof vary depending on the type of stress.

(2) Quantitative RT-PCR analysis

The forward primer of the short-form ¢cDNA comprises a sequence partially
homologous to that of the long-form cDNA. These primers were confirmed to function
In a sequence-specific manner. The long-form ¢cDNA and the short-form ¢cDNA were
used as templates, PCR was carried out by adding these primers, and the reaction
solution was electrophoresed on 2% agarose gel. As a result, these primers were found
to amplify sequences in a template-specific manner.

T'he 1dentical primers (AY108198 ¢cDNA BamHI and AY108198 shorter R90)

were provided outside the intron, and two fragments of different length were
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simultaneously amplified. Thus, whether or not 2 types of mRNAs were actually
accumulated was confirmed (Fig. 2B). Except for the control, formation of 2
electrophoresis bands was observed upon each type of stress application. Since both
long-torm and short-form cDNAs develop bands at the same position with the positive
control, such bands were confirmed to be of long-form and short-form cDNAs, and the
presence of 2 types of clones was confirmed.

Further, changes in mRNA accumulation over time were analyzed (Fig. 3A and
3B). Without stress application, substantially no expression was observed in both
mRNAs. When the long-form mRNA was compared with the short-form mRNA, the
amount of the long-form mRNA was found to be about 1,000 times more than that of the
short-form mRNA. Expression thereof was induced by stress application. As a whole,
the expression level of the long-form mRNA was higher, the expression level of the
short-form mRNA became very high upon stress application, and the amount of
accumulated short-form mRNA was occasionally greater than that of the long-form
mRNA, such as with application of high-temperature stress for 10 minutes.

(3) Southern analysis

Genomic Southern analysis was carried out in order to determine the number of
/mDREB2A copies of the maize genome (Fig. 4). As in the case of Northern analysis,
a C-terminal region of ZmDREB2A was used as a probe. In order to inspect the
presence of highly homologous genes, membrane washing was carried out in 2 ways, i.e.,
under high stringency conditions and under low stringency conditions. Since only 1
band was observed via treatment under high stringency conditions, the number of maize

/mDREB2A copies 1s considered to be only 1. Under low stringency conditions,

however, several bands were detected. This indicates the presence of several highly

homologous genes.

3. Examination

Arabidopsis thaliana DREB2A is induced by dehydration, salt, or

high-temperature stress. As with the case of DREB2A, expression of ZmDREB2A was
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frequently induced by salt or high-temperature stress (Fig. 2A). In contrast, expression
thereof was not  substantially 1nduced by  dehydration  stress, and
low-temperature-stress-induced expression thereof occurred at a considerably late time
point. This expression pattern differs from that of DREB2A. When dehydration stress
was applied to Arabidopsis thaliana, the expression level was continuously weak from
20 minutes to 2 hours after the stress application, the expression level became
considerably strong 5 hours after the stress application, it reached the peak about 10
hours after the stress application, and the exp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>