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Abstract
The present invention relates to a promoter functional in
plant cells and plasmid that can regulate efficient

expression of a gene of interest in plant cells.
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The present invention relates to a plant promoter and

an application thereof.

\ ot f Related
For expression of an exogeneous structural gene of
interest in a plant or plant cells, cauliflower mosaic
virus 355 promoter (hereinafter referred to as " 358
promoter") which consists of about 0.8kb has been used, but
the minimal region of the 35S promoter(e.g.,-90 region of

the 35S promoter which consists of 98 nucleotide bases(-90

to +8})) has not been satisfactory for practical expression
of a gene of interest because of the low transcription
activity of the region (Odell et al., Nature 313: 810-812
(1985), Jensen et al., Nature 321: 669-674 (1986),
Jefferson et al., EMBO J. 6: 3901-3907 (1987), Kay et al.,
Science 236: 1299-1302 (1987), Sanderset et al., Nucl.
Acid. Res. 4: 1543-1558 (1987), etc.), Benfey et al., EMBO

J. 8: 2195-2202(1989).
Summary of Invention
To facilitate efficient expression of an exogeneous
structural gene of interest in a plant or plant cells, the
present inventors have extensively studied and found that a
compact specific nucleotide sequence can enhance the
expression of a gene of interest when connected upstream to

a promoter including the minimal region as described above.
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An object of the present invention is to provide a
promoter functional in plant cells, which contains the
nucleotide sequence shown in Sequence ID No:l1l or No:2,.

In addition to the specific nucleotides shown in

sequence ID Nos. 1 or 2, the promoter may include
additional nucleotide on the 5' and/or 3' end of the
seguence.

Another object of the present invention is to provide a
plasmid comprising a promoter functional in plant cells
which contains the nucleotide sequence shown in Sequence ID
No: 1 or No:2, and a terminator functional in plant cells.

An object of the present invention is to provide a
plasmid comprising a promoter functional in plant cells
which contains the nucleotide.sequence shown in Sequence ID
No:1 or No:2, a structural gene of interest and a
terminator functional in plant cells.

A further object of the iivention is to provide a
plasmid pGboxl0 shown in Figure 4 or pGboxll shown in

Figure 5. -

Further objects of the present invention are to provide
a plant or plant cell expressing a structural gene of
interest under the control of the promoter described above,
and a plant harboring the plasmid described above.

Still further objects of the present invention are to
provide a method for expressing in plant cells a structural
gene of interest, wherein the expression is controlled by

the promoter described above, &nd a method for constructing
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a plasmid, which comprises connecting the promoter of the
present invention, a structural gene of interest and a
terminator functional in plant cells in this order.

In one particular embodiment there is provided a
recombinant promoter which is functional in plant cells,
wherein the recombinant promoter comprises: an enhancer

element comprising the nucleotide sequence of SEQ ID NO:1

or 2.

Description of Figures

Figure 1 shows the construction of plasmid -90/GUS

from pBI101l.

Figure 2 shows the construction of the plasmid
Gbox10/-90/GUS from plasmid -90/GUS.

Figure 3 shows the construction of the plasmid
Gbox1l1l/- 90/GUS from plasmid -90/GUS.

Figure 4 shows the construction of pGbox10 from the
plasmid Gbox10/-90/GUS.

Figure 5 shows the construction of pGboxll from the

plasmid Gbox11l/-90/GUS.

Description of Preferred Embodiment

According to the present invention efficient expression

p— —_

of a gene of interest can be attained by the compact

promoter.

The genetic engineering technigques to be used in the
present 1nvention follow standard procedures such as
described in J. Sambrook, E. F., Frisch, T. Maniatis

"Molecular Cloning, 2nd ed.”, publ. Cold Spring Harbor
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Laboratory (1989), D. M. Glover,
(1985), and elsewhere.

W

DNA Cloning”, publ. IRL

First, description will be made on the promoter

functional in plant cells, which contains the nucleotide

sequence shown 1n Sequence ID No:1 or No:2. The promoter
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usually contains the sequence shown in Sequence ID No:l1 or
No:2, and preferably it contains multiple copies,
particularly in the form of tandem repeats. The promoter
preferably contains four or more such copies.
The nucleotide sequence shown in Sequence ID No:1l or
No:2 may be of either natural or synthetic origin.
Synthesis of the nucleotide sequence shown in Seguence

ID No:1 or No:2 may be accomplished by standard DNA

chemical synthetic techniques.

The present promoter usually contains a minimal element
necessary for transcription initiation other than the
nucleotide sequence shown in Sequence ID No:l1l or No:2.

The element for transcription refers to a sequence
region necessary for transcription initiation such as a
transcription initiation site only, a transcription
initiation site and TATA sequence, a transcription
initiation site and CAAT sequence, alternatively a

transcription initiation site and TATA segquence and CAAT

seguence, etc.

A typical example of such a seguence region includes a
sequence in which the 5'-terminus corresponds to a
nucleotide sequence located at least about 30 nucleotides
upstream of the transcription initiation site and in which
the 3'-terminus sequence corresponds to the region from the
transcription initiation site to the translation initiation

site. The transcription activity of such a basic region is

generally low.
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Speicified examples of such regions include the 98

nucleotide base region of the 35S promoter which includes

the transcription initiation site (+8 to -90) (hereinafter

referred to as the "-90 region"), the -204 to +8 region of

the tomato gene encoding the small subunit of the
Ribulose-1,5-diphosphate carboxylase-oxidase (rbcS-3A)
(Plant Ce;l,lz 217-227 (1989%9)), the -287 to +29 region of
the PRla gene promoter (Plant Cell 2: 357-366 (1990)), and
the -195 to +32 region of the potato protease inhibitor
gene (PI-II) (Plant Cell Z2: 61-70 (1990)). The regions
described above that contain a minimal element necessary
for transcription initiation are usually utilized by
inserting them downstream of the nucleotide segquence shown
in Sequence ID No:1 or No:2.

The nucleotide sequence shown in Sequence ID No:1 or
No:2 and the sequence containing a minimal element for
transcription initiation may be prepared by restriction
enzyme digestion of genomic DNA whose sequence is known, or
by Polymerase Chain Reaction (PCR) amplification of a
region of a DNA nucleotide containing Sequence ID No:l1l or
No:2, or the sequence containing a minimal element for
transcription initigtion using genomic DNA as a template
and appropriate oligonucleotides as primers, or by DNA

chemical synthesis.
When the -90 region of the 35S promoter is utilized,
the promoter of the present invention may be constructed by

synthesizing and annealing oligonucleotides representing
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the +strand (refer to Sequence No:4)“and the -strand (refer

to Sequence No:5) of the -90 region.
With respect to the 3558 promoter, a deletion promoter

which is shorter than the -%0 region may be obtained, and
5 is usually constructed by digestion with restriction

enzymes, by PCR amplification using genomic DNA as a

template and oligonucleotide primers having sequences

appropriate to amplify the deletion promoter region, or by

DNA chemical synthesis methods.

10 The terminator functional in plant cells to be used in
the present invention includes, for example, plant-derived
terminators such as the terminator from the T-DNA-derived
nopaline synthase gene (NOS), or virus-derived terminators
usually used in plant genetic engineering techniques, such

15 as the terminators from the Garlic virus GV1 and GVZ2 genes.

The plasmid of the present invention comprises a
promoter functional in plant cells, which contains the
nucleotide sequence shown in Sequence ID No:l1 oxr No:2, and
a terminator functional in plant cells.

20 . The plasmid of the presentéinventioh is preferably
constructed so as to contain at least one cloning site

upstream of the terminator and downstream of the promoter
to accommodate the desired stfﬁétural gene. More
vreferably the plasmid is constructed in such a way as to
25 contain multiple cloning sites., The term "cloning site"
here refers to a region of DNA which can be recognized and
digested by restriction enzymes usually utilized in genetic

engineering procedures.
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One example of such a plasmid containing cloning sites
is the plasmid pGboxl0 shown in Figure 4 or the plasmid

pGboxll shown in Figure 5.

Examples of useful exogenous structural genes which may
be expressed under the control of the present plasmid are
plant defense genes such as the phenylalanine ammonia lyase
gene (PAL), the chalcone synthetase gene (CHS), the
chitinase gene (CHT), the lysozyme gene, the PR protein
gene, etc., disease resistance genes such as Pto, and genes
which increase the resistance against bacteria, fungi,
viruses and insects in all plant tissues such as the virus
coat protein gene, BT (Bacillus thuringiensis) toxin
protein gene, etc.

Other useful genes include those which increase the
protein content of feed crops such as genes encoding
storage proteins, the soybean glycinin gene, and the
R-conglycinin gene, etc., genes which increase the
methionine and lysine content of feed crops, such as the
Brazil nut 28 albumin gene, the 10kDa or 15kDa protein
genes from maize and rice, etc. and genes which increase
the biotin content of feed‘crops such as the bacterial
genes from Escherichia coli, etc. which encode the bioa,
bioB, bioC, bioD, bioF, and bioH enzymes involved in the
synthesis of biotin.

Other useful genes include those which improve the

- quality of lipids by providing stability to oxidation,

decreasing the phospholipid content and increasing the

oleic acid and linoleic acid content such as the
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stearoyl-ACP-desaturase, acyl-ACP-thiocesterase, and 3-
-phosphate acyltransferase genes, genes which increase the
resistance to low temperatures by increasing the proportion
of unsaturated fatty acids such as the acetyltransferase
gene, and genes which make possible the generation of
herbicide-resistant crops such as by the expression of the
gene encoding L-phosphinothricin acetyltransferase, 5-
enolpyrvil-3-phosphosikimate synthase or of other genes
related to herbicide resistance.

After the plants of the present invention are grown,
the whole plants or parts of the plants can be harvested
and sold. Components of the plants, especially components
containing expression products of the structural gene of
interest, can be separated from, extracted from and/or
concentrated from the plants by conventional techniques.
Likewise, plant cells can be harvested and sold as a
cormmercial product per se (such as a food source of food
additives) and/or components of the plant cells, in
particular components containing expression products of the
structural genes of interest, can be separated from,
extracted from and/or concentrated from the plant cells
from the plant cells by conventional techniques.

The plasmid of the present invention may be
constructed, for example, by the following method. The
promoter functional in plant cells, which contains the
nucleotide sequence shown in Seqguence ID No:1l or No:2, is

inserted into the multicloning site of the plasmid

containing the terminator functional in plant cells such as
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pBI101l (Clontech Inc.; Jefferson et al., EMBO J. &:
3901-3907 (1987)).

Furthermore an exogenous marker gene such as
f-glucuronidase can be excised and replaced with a desired
structural gene as necessary. Another possible method is
to use a binary vector such as pBIN19 (Nuc. Acid. Res. 12:
8711 -~ 8721 (1984)) and insert the promoter, the desired
structural gene if necessary, and the terminator to be used
in the present invention, in that order, into the

multicloning site.

As for the methods for introducing the plasmid into

pilant cells, there are conventional methods such as the

.Agrobacterium infection method (i.e. infection of plant

tissue with the soil bacteria Agrobacterium),
electric~-based introduction methods {electric-based method
of introduction into protoplasts: elécirbporation), or
direct introduction by a particle gqun (direct introduction
into plant tissues or cultured cells: particle gun method).
Plant cells harboring the plasmid of the present invention
may be obtained by the conventional plant tissue culture
techniques described in, e.g. S. B. Gelvin, R. A.
Schilperoot and D. P. S. Verma, Plant Molecular
Biology/Manual, Kluﬁer,Academic Publishers press, 1988 and
subsequently plants or their parts derived from these plant
cells may be obtained by regeneration according to the
protocols described therein.

Moreover, the method described herein may be applied

for the plant species which include monocots such as rice,
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maize, barley, wheat, and onion, dicots such as the members
of the Leguminosae, i.e. soybeans, peas, kidney beans,
alfalfa, members of the Solanaceae such as tobacco, tomato,
and potato, members of the Cruciferae such as cabbage,
rapeseed, mustard plant, members of the Cucurbitaceae
(gourd family) such as melon, pumpkin, cucumbers, members
of the Ammiaceae such as carrot and celery, and members of
the Compositae such as lettuce.

According to the present invention, plant cells
(transformed plant cells) and plants (transformed plants)
expressing a structural gene of interest can be obtained
efficiently by using the compact promoter or plasmid of the

present invention.

Examples

The present invention will be further illustrated in

more detail by the following examples.

. y * »
=110 N~ St W adic e Sc oAl SF L b SO LIl L OIS

The plasmid -90/GUS was constructed by inserting the
-30 region prepared by DNA chemical synthesis into the
multicloning site upstream of the GUS gene contained within
the commercially available plasmid pBI101 (Clontech Inc.:
Jefferson et al., EMBO J. 6: 3901-3907 (1987)) which also

containg a terminator functional in plant cells. The
plasmid Gbox10/-90/GUS and plasmid Gbox11l/-90/GUS were
further constructed by inserting upstream of the -90 region

of -90/GUS a multimer containing 4 tandem repeats of the
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nucleotide sequence shown in Sequence ID No:l or No:2,

respectively. The method of construction is explained in

detail below (refer to Figures 1, 2 and 3).

ANC DIUD L CSINE T & e '."'! ..“0'."‘= it 3 '-'-'..!..!'. A=

Two complementary oligonucleotides (+ strand and -
strand, 46 bases each, refer to Sequence ID No.:6, 7, 8 and

9) containing a multimer consisting of tandem repeats of

the oligonucleotide sequence shown in Segquence ID No:1 or
No:2 and h&ving a HindIII restriction site at the
5'terminus and Xbal site at the 3'terminus when annealed
were chemically synthesized.

Further two complementary oligonucleotides (+strand and
-strand, 102 bases each, refer to Sequence ID No: 4 and 5)
containing the -90 region which includes the minimal
elements necessary for transcription initiation and BamEI
restriction sites at both termini when annealed were
chemically synthesized.

These chemically synthesized oligonucleotides were
deprotected with ammonia treatment (55°C, 5 hr) and
subsequently purified by reverse-phase HPLC (YMC GEL ODS
S-5). The solvent used in purification was 0.1M
triethylamine (TEAA) and the oligonucleotides were
extracted using a concentration gradient of 5-100% methyl

cyanide (CHiCN). The extracted oligonucleotides were
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recovered, the residue dried, redissolved in 80% acetic

acid (3 ml) for 20 min and subsequently dried again. The
dried residue was redissolved in distilled water (3 ml) and
redried, and this procedure was repeated for a total of
three times before the sample was finally dissolved in 100
pyl of TE(10mM Tris-HCl pH 8.0, 1lmM EDTA). The
oligonucleotide sample thus obtained was further purified
by electrophoresis with a 5% polyacrylamide gel (80V, 1
hr). The pair of complementary oligonucleotides containing
the multimer consisting of 4 tandem repeats of the
nucleotide sequence shown in Sequence ID No:l1l or No:2 (42
bases each) as well as the pair of complementary
oligonuclectides containing the -90 region (102 bases each)
were each extracted from the polyacrylamide gel and
recovered by electrophoretic transfer (180V, 40 mins.) out
of the gel in dialysis tubing (SPECTRA/POR, molecularporous
membrane tubing MW 3500).

~39 2 e IREL=I- !’. @ SIS ERS =L -2 - =Rpley-

0.5 ug of a pair of complementary oligonucleotides
containing the multimer consisting of 4 tandem repeats of
the nucleotide sequence shown in Sequence ID No:l1l or No:Z,
and a palr of complementary oligonucleotides containing the
-90 region (102 bases) were heated to 100°C for 3 min in 10
ul aqueous solution, transferred to a 65°C water bath,
allowed to slowly return to room temperature and finally
chilled quickly in ice water. By this procedure a DNA

fragment containing a multimer consisting of 4 tandem
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repeats of the nucleotide sequence shown in Sequence 1D

No:1 or No:2, and a DNA fragment containing the -%0 region

(102 bases) were prepared.

. ° 4
: COns , QIL_C Ne —24 oBR:1)1kNe

2 ug of pBIl0l were digested with 10 units of BamHI and

0.1 ug of the =90 region (102 bases) prepared in step 2 and
0.5 ug of the BamHI-digested pBIl10l were mixed and ligated
using T4 DNA ligase (DNA ligation kit, Takara Shuzo Ltd.).
This mixture was used to transform the E. coli strain HBlOl
(Takara Shuzo Ltd.) according to the protocol of Cohen et
al. (Proc. Natl. Acad. Sci. USA, 69: 2110 - 2114 (1972)).
From the résistant colonies grown up on LB agar plates
containing 50 ug/ml kanamycin plasmid DNAs were extracted
by the alkaline-SDS method and their structures were
analyzed by restriction enzyme digestion. Isolated plasmids
which yvielded approx. 100 bp DNA fragment upon digestion
with Smal and Xbal were selected. The sequences of the DNA
inserted in these selected plasmids were determined by the
dideoxy method (Sanger et al., Proc. NAtl. Acad. Sci.,
UsSa, 74: 5463 (1977)) and clones in which the -90 region
had been inserted in the proper orientation were chosen
where the proper orientation.means the same orientation of
the -90 region as is found in the 335 promoter. Thus the

~90/GUS plasmid was constructed (see Figure 1).

ol ¥ QL lon ¢ ne GDOXLIU/—=2J4 S plasmid and
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2 pg of the -90/GUS plasmid prepared in step 3 were
digested with 10 units of Xbal and HindIII (37°C, 2 hrs.),

and the digestion products were fractionated by
electrophoresis in 0.8% low melting-point agarose (80V, 1.5

5 hr). The HindIII- Xbal fragment was recovered using a
centrifugation tube with a DNA recovery filter (Takara
shuzo Ltd.) and purified.

0.1 ug of the DNA fragment prepared in Step 2
containing multimer consisting of 4 tandem repeats of the

10 nucleotide segquence shown in Sequence 1D No:1l and No:2
respectively, and 0.5 ug of the HindIII-XbalI-digested
-90/GUS plasmid were mixed and ligated using T4 DNA ligase
(DNA ligation kit, Takara Shuzo Ltd.). This mixture was
used to transform the E. coli strain HB101l (Takara Shuzo

15 1td.) according to the protocol of Cohen et al. (Proc.
Natl. Acad. Sci. USA, 69: 2110 - 2114 (1972)).

From the resistant colonies grown up on LB agar plates
containing 50 pg/ml kanamycin plasmid DNAs were extracted
by the alkaline-SDS method and their structures were

20 analyzed by restriction enzyme digestion. Isolated
plasmids which yielded approx. 50 bp DNA fragments upon
digestion with HindIII and Xbal were selected. The
structures of the plasmids were confirmed by the dideoxy
method (Sanger et al., Proc. Natl. Acad. Sci., USA, J4:

25 5463 (1977)), and the sequences of the DNA inserts were
determined. Thus, the Gbox10/-90/GUS plasmid and
Gbox11/-90/GUS plasmid were constructed respectively(see

Figures' 2 and 3).
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amp 1€ - Construction of pGoboxl0 ang pGDOY
2 pyg of the plasmid Cbox10/-90/GUS and plasmid
Gbox11/-90/GUS were each digested with 10 units of Smal
(37°C, 2 hrs.) respectiﬁely. 0.1 ug of the digestion
product was mixed with 0.05 pug of commercially available
gacT linkers (5'-CGAGCTCG-3') (Takara Shuzo Ltd.) and
ligated using T4 DNA ligase (DNA ligation kit, Takara Shuzo
Itd.). The ligation products were subsequently digested
with 10 units of Sacl, religated with T4 DNA ligase (DNA
ligation kit (Takara Sshuzo)) and used to transform the E.
coli strain HB101l (Takara Shuzo) according to the method of
Cohen et al. (Proc. Natl. Acad. Sci. USA. £9: 2110-2114
(1972)). From the resistant colonies grown up on LB agar
plates containing 50 ug/ml kanamycin plasmid DNAs were
extracted by the alkaline-8DS method and their structures
were analyzed by restriction enzyme digestion. 1Isoclated
plasmids were subjected to Smal and SacI digestion and
single linear DNA fragments were selected. Thus the
plasmid pGboxl1l0 and plasmid pGbox1ll were constructed

respectively(see also Figures 4 and 5).

LI L C y = FrLCDaL o ._Q ® - -'-'_:‘“_Q LN A * qenes

The plasmids Gbox10/-90/GUS, Gbox11/-90/Gus, and
-90/GUS prepared in Example 1 were further purified by
cesium chloride density gradient centrifugation technique
respectively. These DNA plasmids were purified by adding 1

g of cesium chloride and 80 ul of 10 mg/ml ethidium bromide



10

15

20

25

2181204

e
per 1 ml of DNA solution. Sealing the resulting solution in
centrifuge tubes  (Quick-Seal, Beckman Co.) and subjecting
+he solution to centrifugation in an NVT65 rotor at 60,000

rpm for 24 hr, yielded the purified plasmid.

ample 4 - Generd 1001 C snsformed tobacco pLar s
Each purified plasmid described in Example 3 was
introduced by heat treatment (37°C, 5 mins.) into
Agrobacterium (Agrobacterium tumefaciens LBA4404;
streptomycin resistant, rifampicin resistant; Hoekma et
al., Nature 303: 179 - 180 (1983)) treated with 20 mM CacCl.:
to make them competent. Transformants were obtained by

utilizing the kanamycin resistance conferred by the plasmid

NPTII gene (Trien-Cuot et al., Gene 23: 331 - 341 (1983))
and being selected on L agar plates containing 300 pg/ml
streptomycin, 100 upg/ml rifampicin and 100 pg/ml kanamycin.

The Agrobacterium transformants thus obtained were
cultured at 20°C for a day in L broth media containing 300
ug/ml streptomycin, 100 pg/ml rifampicin and 100 ug/ml
kanamycin and this bacterial suspension was then used to
infect a disc of tobacco plant according to the standard
protocoi described in S. B. Gelvin, R. A. Schilperoot and
D. P. S. Verma, Plant Molecular Biology Manual, publ.
Kluwer Academic Publishers, 1988.

The infected tobacco leaf discs (SR-1) were cultured
for 4 days in MS-NB agar media and then transferred to

MS-NB agar media containing 500 ug/ml cefotaxime to kill
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the Agrobacteria. 11 days later the leaf discs were

transferred to MS-NB agar media containing 500 ug/ml

cefotaxime and 100 ug/ml kanamycin thus the selection of
transformed plants was initiated. Approximately 4 weeks
later young plants from which green stems and leaves had

developed were separated from the leaf disc and further
cultured on MS agar media containing 500 ug/ml cefotaxime

and 50 pg/ml kanamycin, after which young plants giving
rise to roots were selected. The selected young plants

were transferred to soil and cultivated in a greenhouse to

produce transformed plants.

{ample 5 - Generation ¢ ansformed carrot k
{33 t introducti

G-box10/-90/GUS purified in Example 3 was introduced
into Agrobacterium tumefaciens LBA4404 according to the
method described in Example 4 and the obtained
Agrobacterium was infected to hypocotvl of a carrot
species, Nantes Scarlet.

The infected carrot hypocotyl was placed on LS-D agar
medium containing 500 ug/ml cefotaxime. Selection of the
transformed plant was initiated after 10 days later by
placing the plant to LS-D agar media containing 100 pg/ml
cefotaxime and 50 pg/ml kanamycin. The generated callus
after one month was transferred to a LS-D agar media

éontaining 100 pg/ml cefotaxime and 50 ug/ml kanamycin

repeatedly every four weeks. The callus selected after 2
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months was transferred to LS agar media and a whole plant

was regenerated by way of adventitive embryo.

xample 6 -~ Production of transformed plant bv &
{ b4 roduct i

G~-box10/-90/GUS purified as described in Example 3 was
introduced into immature embryo of rice, Notohikari with a
particle gun (Reebock company) according to a method
described in Shimada,T.,et al., Bull.RIAR, Ishikawa Agr.
Coll.4£:1-8(1995) or Ko Shimamoto and Kiyotaka Okada,

- Experimental Protocol of model plant, Rice and Arabidopsis,

Syujyun-sya, 1996 (ISBN4-~87962-157-9 C3345). After
sterilized seeds were cultured for 7 to 10 days in LS-D2
media, the embryo was picked up and placed on LS-D2 agar
media with its scutellum organ upside. 10ug of either G-
box10/-90/GUS, -90/GUS, or pBI121(35S/GUS) as a control,
and pDM302 containing equimolar amount of bjialaphos
resistance gene(J. Cao et al., Plant Cell Rep. 11:586-591,
1992) were coated on 3 mg of a gold particle (avarage
diameter lum). Two shots were injected into rice embryos
with each shot containing 0.2mg of gold particle(l ug DNA,
Injection pressure 150-200kg/cm?, at 70mmHg). Two days after
the intioduction resulting embryos were transferred to LS-
D2 agar media containing 4mg/ml of bialaphos to select
herbicide resistant cells. The thus obtained herbicide
resistant callus were transferred to culturing media for
redifferentiation and regenerated adventitious embryos or

small plants were transferred to LS agar media containing
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4mg/ml of bialaphos to grow the herbicide resistant plants.

ramp e - Confirmation of insertion o he introduced
gene in transformed plants
Preparation of genomic DNA fron ansiormed plants

Genomic DNA was isolated from transformed plants
according to the CTAB method described in Hirofumi Utiyama,
Plant Gene Engineering Manual for Producing Transgenic
Plants, Kodansha Scienpific; page 71-74, ISBN4-06-153513-7
c3045.

.A tobacco leaf disc (approximately 0.5 g) from each
transforméd plant obtained in Examples 4, 5 and 6 was
pulverized using a homogenizer. in an Eppendorf tube to
which was subsequently added 0.5 ml of 2xCTAB (2%
acetyltrimethyl ammonium.bromgge, 1% polyvinylpyrrolidone
(PVP)) pre-warmed to 65°C and this mixture was incubated at
65°C for 5 min. 0.5 ml of chloroform/isoamylalcohol (24:1)
was then added and the sample was gently mixed for 5 min.
The sample was separated by centrifugation at 12,000 rpm
(10,000 x g) for 10 minutes, 0.5 ml of isopropyl alcohol
was added to the upper phase and the sample was mixed.
After centrifugatidh at 12,000 rpm (10,000 x g) for 15 min
the precipitate obtained was dissolved in 200 pl TE (10 mM
Tris-HCl pH8.0, 1 mM EDTA). RNase was added so as to
obtain a final concentration of 10 ug/ml and the sample
incubated for 30 min at 37°C té:degrade RNAs. Following
RNase treatment a mixture of equilibrated

phenol/chloroform/isoamylalcohol (25:24:1) was added, the
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sample thoroughly mixed and the upper phase was collected.
1/10th volume of 3M sodium acetate (pH 5.2) and 2.5 volumes
of ethanol were added, the sample was thoroughly mixed and
approximately 5 pg of genomic DNA was obtained by
centrifugation at 12,000 rpm (10,000 x g) for 5 min.

nnfirmation of gene lntrody on b he PCR metnod

Using 50 pug of the genomic DNA obtained above as a
template and synthetic DNA with the nucleotide sequences
shown in Sequence ID Nos. 10 and 11 as primers, the
promoter region was amplified using the PCR method (30
reaction cycles of 94°C for 1 min, 55°C for 2 min and 72°C
for 3 min). The PCR product obtained was analyzed by
electrophoresis in 12% polyacrylamide gel (PAGE) (80V, 1
hr.). By this procedure a DNA fragment corresponding to
the promoter region (approx. 250 bp for Gbox10/-90/GUS and
Gbox11/-90/GUS or 290 bp for-90/GUS) with the expected size

was obtained.

rample 8 - Self-fertilization and development C
genetice womologous line from transformed plan
The transformed young plant generated in Example 4 was
transferred to soil and cultivated to give rise to a
transformed plant. At the time of anthesis (flowering) the
plants were self-pollinated and seeds were obtained from
the mature flowers. The seeds were sterilized for 5 min in

1% sodium hypochlorite, after which they were inoculated

onto MS agar media containing 100 pg/ml kanamycin. Clones
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whose seeds all sprouted and developed after inoculation

were selected.

zample 9 - gene expression ir ansformed ftobacgc

plant tissues

GUS staining of the seeds, leaves and roots of the
transformed tobacco plant obtained in Example 8 (containing
either the plasmid, Gbox10/-90/GUS or Gbox11/-90/GUS or the
plasmid -90/GUS or pBIl21 as a control) was carried out
according to the methods described in Hirofumi Uchiyama,
Plant Gene Engineering Manual for Producing Transgenic
Plant, Kodansha Scientific; page 68-70, 1990, ISBN4-06-
153513-7 c3045 and Jefferson, Plant Mol. Biol. Rep. 5: 387
- 405 (1987). Seeds of the respective transformed tobacco
plants were sterilized in 1% sodium hypochlorite and
transferred to MS agar media containing 100 pg/ml kanamycin
and allowed to develop seedlings for approximately two
weeks.

Activity staining was performed using
5-bromo-4~chloro-3-indole~f~D=glucuronic acid (X-Gluc) as a
substrate and measuring the amount of the precipitated blue

pigment (indigotin).

Staining: Seeds from 40 individuals of each plant
sample (transformed tobacco plants containing the plasmid,
Gbox10/-90/GUS, Gvoxl1l1l/-30/GUS, -90/GUS or pBIl21 for
comparison, or an untreated tobacco variety, SR-1 as a
control) were sliced with a scalpel and immersed overnight

at 37°C in GUS staining solution (1 mM X-Gluc, 0.5 mM
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Ki[Fe(CN)s¢], 0.5 mM Ks[Fe(CN)s], 0.3% Triton X-100). Plant
+issues were then transferred to ethanol, destained by
several washes in.ethanol and the amount of remaining blue
pigment precipitate measured. The results of the GUS
staining assay of seeds, young leaves and roots of
transformed plants containing the plasmid of the present
invention, Gbox10/-90/GUS, Gboxll/-90/GUS, -90/GUS or
pBI121 for comparison, or the untreated tobacco variety

SR-1 as a control are shown in Tables 1 - 3.
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Table 1

GUS staining in seeds

M

Degree of staining (%)

Plasmid A B C none
SR-1 (control) 0 0 oi 100
-90/GUS (Comparison 1) 0 0 75; 25
Gbox10/-90/GUS (present plasmid ) 83 0 17; 0
Gbox11/-90/GUS (present plasmid ) 3 59 31; 7

pBI121 (35S/GUS) (Comparison 2) 30 50 10f 10

A: the entire seed is darkly stained

B: an area of dark staining emerging around the base (primordium)
of the root in the seed
C: the base of the root in the seed is stained

none: no staining

Table 2

GUS staining in leaves

%

Degree of staining (%)

Plasmid dark moderate light none
0 i 100

SR~1 (control) 0 0 f

-30/GUS (Comparison 1) 0 0 0 ilOO

Gbox10/-90/GUS (present plasmid) 100 0 0 § 0

Gbox11/-90/GUS (present plasmid) 70 24 3 E 3
i

pBIl21 (35S8/GUS) (Comparison 2) 67 11 11 11

"dark"”, "moderate”, "light" and "none"” refer to the deqree of

staining
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Table 3

GUS staining in roots

“—M

Degree of staining (%)

Plasmid dark moderate light none
0 0 0

SR-1 (control) §1oo

~90/GUS (Comparison 1) 0 4 22 E 74

Gbox10/-90/GUS (present plasmid) 100 0 0 i 0

Gbox11/-90/GUS (present plasmid) 53 27 10 i 10
;

pBIl21 (355/GUS) (Comparison 2) 75 0 0 25

"dark", "moderate", "light“ and "none"” refer to the degree of

staining

In the non-transformed(untreated) tobacco variety SR-1
none of the tissues exhibited staining. In plants
transformed with -90/GUS plasmid containing the minimal
necessary elements for transcription initiation from the

35S promoter light staining was seen in the base
(primordium) of the root. In plants transformed with the
plasmid of the present invention Gboxl10/-90/GUS and
Gbox11/-90/GUS virtually all specimens exhibited heavy
staining in the seeds, leaves and roots. Particularly very
héavy and uniform staining was observed in the plant

subjected to Gboxl0/-90/GUS.

gample 10 - Gt CNE expression in transformed carrc
GUS staining was conducted with leaves of the
transformed carrot plant(contgining the plasmid of the

present invention, Gbox10/-90/GUS and pBIl2l as a control)
in which the presence of introduced gene was confirmed in

Example 7 according to the method as described in Example
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9. No staining was observed for the leaves of untreated
untransformed carrot. Heavy staining was observed for the

leaves of most of the test specimen of the plant

transformed with the plasmid of the present invention,

anple - GUS gene Expression in ansformec
Expression of GUS gene in the leaves of the small
transformed rice plant (height 10cm) prepared in Example 6
or the gene was confirmed in Example 7 was examined
according to the GUS staining method as described in
Example 9. While little staining was observed in the
leaves of untreated untransformed rice, strong GUS activity

was observed in the leaves of the plant transformed with

Gbox10/-90/GUS.

The DNA length of the gene casette comprising a
promoter functionai in plant cells, a structural gene of
interest and a terminator functional in plant cells
contained in the present plasmids Gbox10/-90/GUS and
Gbox11/-90/GUS is.2,300bp (140bp for the promoter), while
that of pBI121(35S/GUS) is 2,960bp(800bp for the promoter),
and the gene casette to be introduced became about 22%
shorter (83% for the promoter).

The composition of the media used in the Examples are
described below.

1. MS agar media

34.7 g of MURASHIGE AND SKOOG (Flow Laboratories) is

dissolved in 1 liter of distilled water and the pH of the
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solution was adjusted to pH 5.8 with 1M KOH. 8 g of agar
are added and the mixture is sterilized by autoclaving.
2. MS-NB agar media

0.1 mg/ml of l-naphtalene acetic acid (NAA) and 0.1
mg/ml é-benzylaminopterin (BA) are added to MS agar media.
3. LS media

34.7g of MARUSHIGE AND SKOOG(Flow Laboratories) and 30
g of sucrose were dissolved in 1 liter of distilled water
and the pH of the resulting solution was adjusted to pH 5.8
by 1M KOH and sterilized by autoclaving.
4. L agar media

Media obtained by adding agar 8 g/L to LS media.
5. LS-D agar media

Media obtained by adding 1.0 mg /L of 2,4-
dichlorophenoxyacetic acid to LS agar media.
6. LS-D2 agar‘media

Media obtained by adding 2.0 mg /L of 2,4-
dichlorophenoxyacetic acid to LS agar media.
7. L broth media

10 g of Bacto-tryptone (Difco), S5 g of Bacto yeast
extract (Difco), and 10 g of NaCl are dissolved in 1 liter
Oof distilled water, the pH is adjusted to 7.0 with 5M NaOH

and the media is sterilized by auvtoclaving.

According to the present invention efficient expression

of a gene of interest can be attained.
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SEQUENCE LISTING
Sequence ID No: .
Sequence length:
Sequence type:
Number of strands:
Topology:
sequence:

GCCACGTGCC 10

Sequence ID No:
Sequence length:
Sequence type:
Number of'strands:
Topology:
Sequence:

GCCACGTGAG 10

Sequence ID No:
Sequence length:
Sequence type: |
Number of strands:
Topology:

Sequence:

ATCTCCACTG ACGTAAGGGA TGACGCACAA TCCCACTATC CTTCGCAAGA S50
CCCTTCCTCT ATATAAGGAA GTTCATTTCA TTTGGAGAGG ACACGCTG

Sequence ID No:

Sequence length:

Sequence type:

27

1

10

nucleic acid
1

linear

2

10

nucleic acid
1

linear

3
98

nucleic acid

2

linear

4
102

nucleic acid
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Number of strands: 1

Topology: ~ linear

Seqﬁence:

GATCATCTCC ACTGACGTAA GGGATGACGC ACAATCCCAC TATCCTTCGC 50
AAGACCCTTC CTCTATATAA GGAAGTTCAT TTCATTTGGA GAGGACACGC 100

TG 102

Sequence 1D No: 5

Sequence length: 102

Sequence type: ‘nucleic acid

Number of strands: 1

Topology: linear

Sequence:
GATCCAGCGT GTCCTCTCCA AATGAAATGA ACTTCCTTAT ATAGAGGAAG 50
GGTCTTGCGA AGGATAGTGG GATTGTGCGT CATCCCTTAC GTCAGTGGAG 100

AT 102

Sequence ID No: 6

Sequence length: 46

Sequence type: nucleic acid
Number of strands: 1

Topology: linear

Sequencé:

AGCTTGCCAC GTGCCGCCAC GTGCCGCCAC GTGCCGCCAC GTGCCT 46

Sequence ID No: 7
Sequence length: 46
Sequence type: nucleic acid

Number of strands: 1
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Topology: linear

Sequence:

29

CTAGAGGCAC GTGGCGGCAC GTGGCGGCAC GTGGCGGCAC GTGGCA

Sequence ID No: 8
Sequence length: 46
Seguence type:
Number of strands: 1

Topology: linear

Sequence:

nucleic acid

AGCTTGCCAC GTGAGGCCAC GTGAGGCCAC GTGAGGCCAC GTGAGT

Sequence ID No: 9
Sequence length: 46

Sequence type:

Number of strands: 1
Topology: linear

Sequence:

nucleic acid

CTAGACTCAC GTGGCCTCAC GTGGCCTCAC GTGGCCTCAC GTGGCA

Sequence ID No: 10
Sequence length: 22
Sequence type:
Number of strands: 1
Topology: linear
Sequence:

CAGCTATGA CCATGATTACG CC

22

nucleic acid

46

46

46
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Sequence ID No: 11
Sequence length: @ 24
Sequence type: nucleic acid

Number of strands: 1
Topology: linear
Sequence:

CGCGCTTTC CCACCAACGC TGATC 24
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Claims:

1. A recombinant promoter which 1s functional in plant
cells, wherein the recombinant promoter comprises:

an enhancer element comprising the nucleotide sequence

of SEQ ID NO:1 or 2.

"

2. The recomblinant promoter according to claim 1, which

contalns a plurality of the nucleotide sequence of S

=0 ID

| ——

NO:1 or 2.

3. The recombinant promoter according to claim 2, which

contains a multimer comprising 4 tandem repeats of the

—

nucleotide sequence of SEQ ID NO:1 or 2.

4. The recombinant promoter according to claim 1,
comprlsing a nucleotide seguence comprlising a transcription
initiation site and a TATA sequence downstream of a region

containing the nucleotide sequence of SEQ ID NO:1 or 2.

5. The recombinant promoter according to claim 4,
wherein said nucleotide sequence comprising a transcription
1nitiation site and a TATA sequence 1is the nucleotide

P
-

sequence ot SEQ ID NO:3.

6. A plasmid comprilising:

gy

the recombinant promoter of any one of claims 1 to 5 and

]

a terminator functional 1n plant cells.
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7. A plasmid comprising:
the recombinant promoter of any one of claims 1 to 5, a

structural gene under control of said recomblnant promoter,

and a terminator functional 1n plant cells.

8. A plasmid pGboxl1l0 shown in Figure 4 or pGboxll shown

in Figure 5.

9. A plant cell expressing a structural gene of

r

interest under the control of the recombinant promoter o:

any one of claims 1 to 5.

10. A plant cell harboring the plasmid described 1in

claim 6.

11. A method for expressing 1n plant cells a structural

gene of interest, which comprises:

p——

expressing a structural gene under control of the

recombinant promoter of any one of claims 1 to 5.

12. The method of claim 11, wherein said plant cells are

part of a whole plant.

13. The method of claim 12, which further comprises the

i

step of harvesting said whole plant.

14. The method of claim 11, wherein components of said

plant cells are separated from said plant.
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15. A method for constructing a plasmid, which

comprilses:

A

connecting the recombinant promoter of any one o:
claims 1 to 5, a structural gene of interest and a

terminator functional in plant cells in this order.
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