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CONDITIONAL STERILITY IN WHEAT

FIELD OF THE INVENTION

The invention relates to the production of hybrid seed in wheat by using a deacetylase
gene to obtain conditional sterility. Vectors are described comprising a deacetylase gene
under the control of promoters directing expression selectively in stamen cells in wheat,
which are particularly suited for the production of wheat plants which can be made male-

sterile upon application of N-acetyl-PPT.
All documents cited herein are included herein by reference.
BACKGROUND OF THE INVENTION

Deacetylases are capable of deacetylating acetylated toxins, such as N-acetyl-
phosphinothricin (N-Ac-PTC or N-Ac-PPT), intracellularly, whereupon the cytotoxic
activity of the toxins is restored (formation of PTC or PPT). US 5,650,310, US
5,668,297, US 5,767,370, and US 5,767,371, describe deacetylase genes, for the
production of phosphinothricin or phosphinothricyl-alanyl-alanine, as well as processes
for their isolation and use. Furthermore deacetylase genes are disclosed therein which are
isolated from Streptomyces viridochromogenes (dea) and from E. coli (ArgE). The use of
such genes for the production of plants with selectively destroyable plant parts is
described therein. More specifically, a method is disclosed for the production of
conditionally male-sterile plants. This is achieved by introducing a deacetylase gene,
under the control of a tapetum-specific promoter into the genome of a plant. Upon
application of N-Ac-PPT to the plant, in the tapetum cells, where the deacetylase is
expressed, N-Ac-PPT is converted into PPT, which is toxic to the cells. The cytotoxic
activity in the tapetum cells inhibits the development of microspores and renders the plant

male-sterile.

CONFIRMATION COPY
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WO 98/13504 describes the use of deacetylase genes for the production of female-sterile
plants. WO 98/39462 describes a method of hybrid seed production using conditional
female sterility, whereby a plant is made conditionally female-sterile by transformation

with the ArgE gene linked to a female-preferential promoter.

WO 98/27201 describes novel genes encoding amino acid deacetylases isolated from
Stenotrophomonas sp. (deac) and from Comamonas acidovorans (ama) and their use in

the production of transgenic plants.

The high production cost of hybrid wheat has limited the use of commercial hybrids. The
economic relationship between the additional costs of male sterilization and seed
production are up to now clearly unfavorable in breeding and agriculture. In contrast to
crops such as maize, the hybrid seed production in wheat has been subject to considerable
difficulties. The reproductive system of wheat, a self-fertilizer, is poorly adapted to cross-
fertilization, which has led to poor hybrid seed set and consequently low yields. This has
resulted in a high price for the hybrid seed on farm-level. In comparison to line varieties,
the yield advantage of hybrids in wheat is up to now not sufficient enough to compensate
high seed cost. (Picket, 1993, In: Hybrid Wheat-Results and Problems, Advances in Plant
Breeding, Paul Parey Scientific Publishers, Berlin and Hamburg).

In the last few years, mainly due to an improvement in agricultural production steps,
interest in hybrid wheat has resurfaced, and first hybrid wheat varieties have been

marketed.

Traditional large-scale hybrid seed production is accomplished by planting separate rows
or blocks of female parent lines and male parent lines as pollinators. Only the seed
produced on the female parent rows or blocks is harvested. To ensure that this seed is
hybrid seed, uncontaminated with selfed seed, pollination control must be implemented.
Known pollination control methods are generally chemical, using a hybridizing agent, or

genetic. Genetic methods have been developed using either natural or molecular genes,



10

15

20

25

30

WO 01729237 PCT/EP00/10281

based on either cytoplasmic or nuclear sterility factors. Neither the cytoplasmic male-
sterility nor the chemical male-sterility are ideal and both show important economical,
practical and/or environmental drawbacks.

The successful use of cytoplasmic male-sterility for commercial hybrid seed production
requires a stable male cytoplasm and the availability of reliable restorer genes which is a
limiting factor in the wheat system presently used based on the T. timopheevi system
(Wilson, J.A. and Ross, W.M. (1962). Wheat Information Service, Kyoto University 14:
29-30; Wilson, J.A. and Ross, W.M. (1962b). Crop Science 2: 415-417). Furthermore
such a system of cytoplasmic male-sterility requires three lines to produce a single
crossed hybrid: the A line (male-sterile), the B line (male-fertile maintainer), and an R
line (male-fertile with restorer genes). Three-way crosses produced with cytoplasmic-
genetic male sterility involve maintenance and production of four lines, the A and B lines

of one inbred and male-fertile inbreds of the other two.

Alternatively, the production of hybrid seed can be achieved using chemicals that block
or kill viable pollen formation. These chemicals, called gametocides, are used to impart a
transitory male-sterility. The expense and the availability of the chemical, the reliability
of the applications under different environmental conditions and the toxicity of the

chemical to the environment however, limit its use in the production of hybrid seed.

Molecular methods for hybrid seed production offer a new promising alternative. Male-
sterile wheat plants were obtained by introducing the barnase gene under the control of
tapetum-specific promoters from corn and rice (De Block et al.,, 1997, Theor. Appl.
Genet. 95:125-131). Such transformed plants are functionally male-sterile and can be
used for the production of hybrid seed by crossing with male-fertile pollinator plants,
containing corresponding restorer genes (to ensure restoration of fertility in the hybrid; as
described in EP 0 344 029, US 5,689,041, US 5,792,929, US 5,723,763). The genetically
engineered male-sterility, whether it works through anti-sense or RNAse, can only be
maintained in a heterozygous state. The heterozygous female parent, of which only 50%
will be male-sterile, must be planted in rows next to the pollen donor (male) parent and

the other 50% of fertile female parent have to be removed. By genetic engineering it is
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possible to link the male-sterility gene to a herbicide resistance gene and remove the
fertile plants by spraying the corresponding herbicide. Still this system has economical
drawbacks. Due to the fact that only 50% of the female plants can be used for hybrid seed
production, the female parent rows must be planted at double density in order to obtain
the same yield per acre. This will cause yield loss because of competition between plants.
The herbicide spray also induces yield loss, as resistant plants are never 100% resistant to
the herbicide. The considerable costs for the chemical and for the “restorer” breeding
program makes that this hybrid seed production system is economically not ideal for
wheat. To achieve a more economical hybrid seed production system for wheat and
potentially other cereal crops, the use of a conditional male-sterility system, whereby
plants can be maintained in their male fertile form and no restorer genes are needed
would be desirable. It remains to be described how such a conditional male-sterility
system can optimally be developed for wheat and other cereal crops like barley, rye and

oats.

SUMMARY OF THE INVENTION

The invention relates to a method for producing conditionally male-sterile wheat plants,
which method comprises 1) introducing into the genome of a wheat cell or tissue a
foreign DNA comprising a chimeric gene which comprises a DNA molecule encoding a
deacetylase, more specifically a deacetylase from Stenotrophomonas sp., under the
control of a promoter directing expression selectively in stamen cells in wheat, and 2)

regenerating a plant from the cell or tissue, which plant is conditionally male-sterile.

The invention further relates to a conditionally male-sterile wheat plant comprising,
integrated into its genome, a foreign DNA comprising a chimeric gene which comprises:
a) a DNA molecule encoding a deacetylase, more specifically a deacetylase from
Stenotrophomonas sp., under the control of

b) a promoter directing expression selectively in stamen cells in wheat, such as the CA55

promoter, the T72 promoter or the E1 promoter;
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whereby the wheat plant can be made male-sterile by application of an acetylated toxin,

such as N-Acetyl-PPT, to the plant.

The invention further relates to a conditionally male-sterile wheat plant comprising,
integrated into its genome, a foreign DNA comprising a chimeric gene which comprises a
deacetylase coding sequence isolated from Stenotrophomonas sp., preferably from the
organism deposited under accession No. DSM 9734 or a biologically active fragment or
variant thereof; additionally or alternatively according to the present invention, the
deacetylase coding sequence encodes the deacetylase corresponding to SEQ ID No. 10
described herein or a biologically active fragment or variant thereof; additionally or
alternatively the DNA encoding a deacetylase of the invention comprises the sequence of
SEQ ID No. 11, or a fragment or variant thereof and/or corresponds to a DNA sequence
which hybridizes to SEQ ID No. 11 under standard stringent conditions; additionally or
alternatively the chimeric gene of the invention comprises SEQ ID No. 12, SEQ ID No.
13 or SEQ ID No 14.

The invention further relates to a method for producing composite hybrid seed in wheat,

which comprises:

- producing seeds capable of growing into conditionally male-sterile plants, comprising,
integrated into their genome, a foreign DNA comprising a chimeric gene which
comprises a DNA encoding a deacetylase from Stenotrophomonas sp. under control of
a promoter directing expression selectively in stamen cells in wheat,

- interplanting these seeds with seeds capable of growing into male fertile plants,

- inducing male-sterility in the conditionally male-sterile plants by applying an
acetylated toxin, such as N-acetyl PPT to the conditionally male-sterile plants; and

- harvesting seed from both conditionally male-sterile plants and male fertile plants,

which is composite hybrid seed.

The invention further relates to a method for producing pure hybrid seed in wheat by

planting the above-described seeds capable of growing into conditionally male-sterile
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plants and seeds capable of growing into male-fertile plants in separate rows or blocks,

and harvesting seed only from the pollinated conditionally male-sterile plants.

The invention further relates to a method for producing pure hybrid wheat seed by
crossing conditionally male-sterile wheat plants, comprising integrated into their genome
a DNA encoding a deacetylase from Stenotrophomonas sp. under control of a stamen
selective promoter, with female sterile plants as described in US 5,633,441 or US
5,767,374 or conditionally female-sterile plants as described in WO 98/13504, which are
male-fertile, and harvesting hybrid seed from the pollinated conditionally male-sterile

plants.

The invention further relates to a conditionally male-sterile wheat plant comprising,
integrated into its genome, a foreign DNA comprising chimeric gene which comprises a
DNA molecule encoding a deacetylase from Stenotrophomonas sp., under control of a
stamen-selective promoter, and which further comprises a second chimeric gene which

confers on the plant resistance to a herbicide.

The invention further relates to a conditionally male-sterile wheat plant, comprising the
chimeric gene of the invention comprising a DNA encoding a deacetylase and further
comprising a second chimeric gene which confers on the plant resistance to glyphosate.
More specifically, said second chimeric gene comprises a gene, such as the EPSP gene,

under control of a constitutive promoter, conferring resistance to glyphosate to the plant.

The invention further relates to a conditionally male-sterile wheat plant, comprising the
chimeric gene of the invention comprising a DNA molecule encoding a deacetylase and
further comprising a second chimeric gene which confers on the plant resistance to PPT.
More specifically said second chimeric gene comprises a gene, such as the pat or bar
gene, capable of converting PPT into N-acetyl-PPT. The N-acetyl-PPT so produced can
be transported through the plant to the stamen cells in which the deacetylase is expressed,

where it can be converted to PPT. It is understood that in this embodiment of the
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invention, specific destruction of the stamen cells can be induced by treatment of the

plant with N-acetyl PPT or PPT.

The invention further relates to a method for producing pure hybrid seed in wheat, which

comprises:

- producing seeds capable of growing into conditionally male-sterile plants comprising,
integrated in their genome, a foreign DNA comprising

a) a chimeric gene comprising a DNA molecule encoding a deacetylase from
Stenotrophomonas sp. under control of a promoter that directs stamen selective
expression in wheat, and further comprising

b) a chimeric gene which confers on the plants resistance to a herbicide,

- interplanting seeds capable of growing into conditionally male-sterile plants with
seeds capable of growing into male fertile plants, that are not resistant to the herbicide,

- inducing male-sterility in the conditionally male-sterile plants by applying an
acetylated toxin, such as N-acetyl PPT, to the conditionally male-sterile plants;

- allowing pollination of the male-sterile plants by the male fertile plants;

- applying the herbicide to eliminate the male fertile plants; and

- harvesting seed from the conditionally male-sterile plants.

The present invention also demonstrates that particular stamen selective promoters,
particularly the CA55 promoter, the PE1 promoter, and the T72 promoter are particularly
useful, when linked to a deacetylase gene, for the generation of conditionally male-sterile

plants according to the invention.

The present invention further demonstrates that the deac system is particularly suited for
obtaining inducible male-sterility in cereal plants, such as barley, oats, rye and most

particularly in wheat.

It will be understood that particular embodiments of the invention are described by the

dependent claims cited herein.
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DETAILED DESCRIPTION

The invention relates to a conditionally male-sterile wheat plant, comprising a
deacetylase coding sequence placed under the control of a promoter directing stamen-
selective expression in wheat. The deacetylase of the invention, more specifically the
deacetylase encoded by the deac gene from Stenotrophomonas sp., is capable of
deacetylating an acetylated toxin in wheat cells, rendering it toxic to the wheat plant cell
in which it is expressed. As described herein, the acetylated toxin, more specifically N-
acetyl-PPT, when applied to a wheat plant, is transported to the stamen cells, where in the
presence of a deacetylase, it is converted to a toxin, more specifically PPT, which is toxic

to the cells.

The term “gene” as used herein refers to any DNA sequence comprising several operably
linked DNA fragments such as a promoter and a 5° regulatory region (which together
form the promoter region), a coding sequence, and an untranslated 3’ region comprising a
polyadenylation site.

The term “chimeric” when referring to a gene or DNA sequence is used to refer to the
fact that in nature, the coding sequence is not associated with the promoter or with at least
one other regulatory region of the DNA in the gene.

A “chimeric gene” as used herein may comprise one or more genes or DNA sequences as
described above. “Foreign” when referring to a gene or a DNA sequence with respect to a
plant species is used to indicate that the gene or DNA sequence is not naturally found in
that plant species or is naturally located in a different locus in the genome of that plant
species.

A genome of a plant, plant tissue or plant cell, as used herein, refers to any and all genetic
material in the plant, plant tissue or plant cell, and includes both the nuclear and the

plastid (chloroplast) and mitochondrial genome.

A DNA molecule or coding sequence encoding a deacetylase as used herein refers to a
DNA sequence encoding a protein having the activity of a deacetylase. A deacetylase is a

molecule which is capable of deacetylating an acetylated toxin (which in itself —i.e. in the
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absence of a deacetylase- is not toxic to the plant or its plant cells) to produce the active
toxin. Preferably, the deacetylase is capable of deacetylating N-acetyl PPT, to produce
PPT which is cytotoxic. Deacetylase activity can be measured by radioactive or non-
radioactive assays as described in WO 98/27201 and US 5,668,297.

According to the present invention, a preferred embodiment of the DNA molecule
encoding a deacetylase, also referred to herein as a “deac” coding sequence, is a DNA
encoding a deacetylase from Stenotrophomonas sp., such as can be isolated from the
micro-organism deposited under DSM 9734, or a biologically active fragment or variant
thereof. A “fragment” of a sequence means a truncated sequence of the original sequence
(nucleic acid or amino acid) referred to, which is sufficient to ensure the (encoded)
protein to be biologically active.

A variant of a sequence (nucleic acid or amino acid) refers to a sequence which is
essentially similar, meaning that when two sequences are aligned, the percent sequence
identity, i.e. the number of positions with identical nucleotides or amino acids divided by
the number of nucleotides or amino acids in the shorter of the sequences, is higher than
80%, preferably higher than 90%. The alignment of two nucleotide sequences is
performed by the algorithm as described by Wilbur and Lipmann (1983, Proc. Natl.
Acad. Sci. U.S.A. 80:726) using a window size of 20 nucleotides, a word length of 4
nucleotides, and a gap penalty of 4. Preferably a variant of a DNA molecule encoding a
deacetylase as used herein is a variant of a deacetylase gene from Stenotrophomonas sp.,

which has been adapted for preferred codon usage in monocots, particularly wheat.

In a preferred embodiment of the invention, the DNA molecule encoding a deacetylase
used in the context of the present invention, is a DNA molecule which can be isolated
from the deposit with deposit No. DSM 9734 (as described in WO 98/27201). More
specifically such a DNA is a DNA encoding a deacetylase having the sequence of SEQ
ID No. 10, or a biologically active fragment thereof. Additionally or alternatively such a
DNA can comprise the DNA sequence of SEQ ID No. 11, or a variant or fragment
thereof, or can correspond to a DNA sequence which hybridizes with the sequence of

SEQ ID No. 11 under standard stringent conditions. Standard stringent conditions as used
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herein refers to the conventional hybridizing conditions as described by Sambrook et al.
(1989) (Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbour
Laboratory Press, NY) which for instance can comprise the following steps: 1)
immobilizing plant genomic DNA fragments on a filter, 2) prehybridizing the filter for 1
to 2 hours at 42°C in 50% formamide, 5 X SSPE, 2 X Denhardt’s reagent and 0.1% SDS,
or for 1 to 2 hours at 68°C in 6 X SSC, 2 X Denhardt’s reagent and 0.1% SDS, 3) adding
the hybridization probe which has been labeled, 4) incubating for 16 to 24 hours, 5)
washing the filter for 20 min. at room temperature in 1X SSC, 0.1 %SDS, 6) washing the
filter three times for 20 min. each at 68°C in 0.2 X SSC, 0.1 %SDS, and 7) exposing the
filter for 24 to 48 hours to X-ray film at -70°C with an intensifying screen.

Other nucleotide sequences encoding deacetylases that can be used in the context of the
present invention have been isolated, such as the dea gene from Strepromyces
viridochromogenes and the ArgE gene from E. coli (US 5,767,371), and the ama gene
from Comamonas acidovorans (WO 98/27201).

As used herein “N-acetyl-PPT” refers to N-acetyl-phosphinothricin, or a composite
structure thereof, such as, but not limited to N-acetyl-phosphinothricyl-alanyl-alanine (N-
acetyl-PTT), which in itself is not toxic to cells but is converted to a toxin by a
deacetylase. Thus, the term N-acetyl-PPT refers to any formulation of N-acetyl-
phosphinothricin, or derivatives or related compounds, such as acetylated forms of
desmethylphosphinothricine ~ (2-amino-4-hydroxyphosphinobutyric acid), acetylated
forms of bialaphos (phosphinothricyl-alanyl-alanine), acetylated forms of
desmethylbialaphos and the like, their salts, racemic mixtures and active enantiomers,

which can be used in the context of the present invention.

According to the present invention, a “stamen-selective promoter” or a promoter that
directs expression selectively in stamen cells is a promoter directing expression in
selective stamen cells (including anther cells and pollen) in wheat, preferably directing
expression essentially only in stamen cells in wheat. More specifically, the stamen-

selective promoter is a tapetum-specific promoter directing expression specifically in
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tapetum cells in wheat. More specifically, the stamen-selective promoter as used herein
refers to a promoter selected from the CAS5 promoter isolated form corn (WO 92/00275,
US 5,589,610), the T72 or the E1 promoter isolated from rice (US 5,639,948), which
were shown to cause male-sterility when linked to a barnase coding sequence in wheat
(De Block et al, supra). Other stamen specific promoters which have been isolated and
can be used in the context of the present invention are, for example but not limited to, the
stamen-specific promoters TA29 (US 5,652,354), SGBG (US 5,837,850), and promoter
5126 (US 5,689,049). Additionally, it can be envisaged that promoters of genes involved
in the early development of the stamen can be used in the context of the present

invention.

A “male-sterile plant” as used herein refers to a plant that is not capable of producing
viable, fertile pollen. In the context of the present invention, a male-sterile plant as used
herein is female fertile (and can thus function as a female parent to produce seed when
pollinated by a male-fertile plant). A “conditionally male-sterile plant” refers to a plant
which, under normal growing conditions, is male fertile, i.e. produces viable, fertile
pollen, and which can be made male-sterile under specific conditions. More specifically,
these conditions are understood to refer to the treatment of the plant with an acetylated
toxin, which normally is not toxic to the plant or plant cells, but in the presence of a

deacetylase in the plant cell is converted into a substance that is cytotoxic.

“Treatment” of the plant can refer to administering the substance in any way, such as, but
not limited to manual treatment, or spraying of the plant, plant part (or of the field or
greenhouse wherein the plant is grown), or through other forms of irrigation, which can
lead to uptake of the substance by leaves, roots, or other tissues.

It is described herein that treatment of the leaf cells of a wheat plant with N-acetyl-PPT
will result in uptake of N-acetyl-PPT by the leaf cells and transportation to different plant
organs. Thus, treatment of a wheat plant which comprises a chimeric gene comprising a
deacetylase coding sequence expressed in specific cells of the plant, will result in the

conversion of N-acetyl-PPT to PPT in those cells, causing these cells to die.

11
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In a specific embodiment of the invention, the transgenic plant, comprising in its genome
the DNA molecule of the invention encoding a protein having the biological activity of a
deacetylase, additionally comprises a chimeric gene conferring on said plants resistance
to PPT, such as, but not limited to the herbicide resistance genes, pat or bar described in
EP 0242 236, EP 0 242 246, EP 0 257 542, EP 0 531 716. These genes encode enzymes
which are capable of converting PPT into N-acetyl-PPT. This N-acetyl-PPT can be
transported throughout the plant and act as the substrate for a deacetylase specifically
expressed in certain plant cells or tissues. It is understood that according to this specific
embodiment, induction of tissue-specific cytotoxicity will also occur upon treatment of
the plant with PPT.

A “female-sterile plant” as used herein refers to a plant that cannot produce viable seed.
In the context of the present invention a female-sterile plant is male fertile, i.e. capable of
producing viable pollen (and can thus function as the male-parent or pollinator). Female
sterility can be the result of breeding selection or due to the presence of a transgene (such
as, but not limited to those described in US 5,633,441, US 5,767,374). A conditionally
female-sterile plant refers to a plant which under normal growing conditions is female
fertile and which can be made female-sterile under specific conditions. Examples of
conditionally female-sterile plants that are made sterile by application of an N-acetyl-

PPT, are described in WO 98/13504.

“Interplanting” as used herein refers to a method of planting seeds or plants in the field
that ensures adequate cross-pollination of the conditionally male-sterile plants by the
male-fertile plants. This can be achieved by either random mixing of female and male
parent seed in different blends (80/20; 90/10; etc.) before planting or by planting in
specific field patterns, whereby different seeds are alternated. When separate harvesting

from different plants is required, planting in alternating blocks or rows are preferred.
A “chimeric marker gene” as used herein is a gene comprising a marker DNA under the

control of a promoter that is active in plant cells. The marker DNA encodes an RNA,

protein or polypeptide, which, when expressed in a plant or plant cell, allows such plants

12
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or plant cells to be distinguished and separated from plants or plant cells not expressing
the marker DNA. Examples of marker genes are genes that provide a specific color to the
cells (such as the Al gene, Meyer et al. 1987, Nature 330:667) or genes that encode a
particular resistance to the plant cells or the plant such as antibiotic resistance (e.g. the

aac(6’) gene, encoding resistance to gentamycin, WO 94/01560).

Preferred marker genes are herbicide resistance genes. A herbicide resistance gene as
used herein is a gene conferring to the plant or plant cell resistance to a herbicide. In the
context of the present invention, the herbicide resistance gene can also be used to
eliminate wheat plants that do not comprise the herbicide resistance gene in their genome.
Particularly it can be used in the production of hybrid wheat seed for the elimination of
male-fertile wheat plants (that are female fertile) after pollination of the male-sterile
plants has occurred, to avoid production of selfed seed on the male-fertile plants, which
contaminate the hybrid seed during harvest. Examples of herbicide resistance genes are
the genes encoding resistance to phenmedipham (such as the pmph gene, US 5,347,047,
US 5,543,306), the genes encoding resistance to glyphosate (such as the EPSPS genes,
US 5,510,471), genes encoding bromoxynyl resistance (such as described in US
4,810,648) genes encoding resistance to sulfonylurea (such as described in EP 0 360
750), genes encoding resistance to the herbicide dalapon (such as described in WO
99/27116), and genes encoding resistance to cyanamide (such as described in WO
98/48023 and WO 98/56238) and genes encoding resistance to glutamine synthetase
inhibitors, such as PPT (such as described in EP 0 242 236, EP 0 242 246, EP 0 257 542).
Preferably, the herbicide resistance gene is a gene which also confers resistance to a
herbicide which is particularly useful for wheat production, i.e. a herbicide which is
capable of controlling the major weeds of wheat, such as annual grassy weeds including
wild oats, green and yellow foxtail (wild millet), broadleaf weeds including annual
sunflower, burdock, chickweed, cocklebur, corn spurry, cow cockle, field horsetail,
flixweed, green smartweed, hemp-nettle, hoary cress, kochia, lady's- thumb, lamb's-
quarters, mustards (except dog and green tansy), plantain, prickly lettuce, ragweeds,
redroot pigweed, Russian pigweed, Russian thistle, shepherd's-purse, stinkweed, vetch,

volunteer canola (rapeseed), wild buckwheat, and wild radish.

13
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For specific applications of the present invention it can be desirable to remove the marker
gene from the plant (i.e. to avoid stacking of marker genes). This can be achieved by site-
specific homologous recombination also referred to as the “Kick/Out-system”. The
marker gene to be kicked out is flanked by excision sites in the transformation construct,
which are specifically recognized by a recombinase. Crossing of a plant carrying the
marker gene flanked by specific excision sites with a plant carrying a gene encoding the
corresponding recombinase, results in excision of the marker gene in the progeny.
Examples of such site-specific homologous recombination systems are the flp/fit system
(Lyznik et al., 1993, Nucleic Acids Res. 21:969-975; Lyznik et al., Nucleic Acids Res.
1996, 24:3784-3789), and the Cre/Lox system (Bayley, C.C. et al., 1992, Plant Mol.
Biol. 18, 353-361).

The cytotoxic effect of certain toxins may be enhanced by targeting to the specific parts
of the cell, such as the chloroplast or mitochondria. Phosphinothricin is a glutamine
synthase inhibitor. In plants, glutamine synthase exists in multiple isozymic forms that
can be localized within the cell in the cytosol and plastids. Thus, it is contemplated that
targeting of the deacetylase to the chloroplast, whereby N-acetyl-PPT is converted to PPT
in the chloroplast, increases cytotoxic efficiency. Thereto, the foreign DNA comprising
the deacetylase coding sequence can comprise an additional foreign DNA encoding a
transit peptide. The additional DNA is preferably located between the promoter and the
deacetylase coding sequence. Alternatively, it can be desired that the marker protein or
polypeptide is transported from the cytoplasm into chloroplasts or mitochondria of the
transformed plant cells. Thereto, an additional DNA encoding a transit peptide is located
between the marker DNA and its promoter. By transit peptide is meant a polypeptide
fragment which is normally associated with a chloroplast or mitochondrial protein or
subunit of the protein and is produced in a cell as a precursor protein encoded by the
DNA of the cell. The transit peptide is responsible for the translocation process of the
nuclear-encoded chloroplast or mitochondrial protein or subunit into the chloroplasts or
mitochondria, and during such a process, the transit peptide is separated or proteolytically

removed from the chloroplast or mitochondrial protein or subunit. One or more of such
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additional DNA’s can be provided in the foreign DNAs of this invention as generally
described and exemplified in European patent publication EP 0 189 707 and EP 0 344
029. Alternatively, the transit peptide can be an artificially engineered sequence which

has been designed and/or selected to be able to function as such.

Transformation of the plants of the invention can occur in a number of ways described in
the art. Such methods include, but are not limited to Agrobacterium-mediated
transformation (EP 0 116 718, De Blaere et al., 1987, Meth. Enzymol. 153:277-293), or
direct gene transfer (US 5,712,135; Pazkowski et al., 1984, EMBO J. 3:2717-2722;
Crossway et al., 1986, Mol. Gen. Genet. 102:179; Riggs et al., 1986, Proc. Natl. Acad.
Sci. USA 83:5602-5606; W092/09696; Potrykus et al. 1991, Annu. Rev. Plant Physiol.
Plant Mol. Biol. 42:205-225); see also Christou P. 1994, Agro-Food Industry Hi-Tech
2:17; Langridge et al. 1992, Plant J. 2:631; Vasil , 1994, Plant Mol. Biol. 25:925; Chen
D., 1998, Methods Mol. Biol. 81:373.

Alternatively, the foreign DNA comprising the DNA encoding a deacetylase of the
invention can be inserted into the plastid genome of the cell or cells of a plant. Gene
transfer can be carried out, for example, by particle gun bombardment (as described by
Svab et al., 1990, Proc. Natl. Acad. Sci. USA 87:8526-8530) or by Agrobacterium-
mediated transformation (De Block et al., 1985, EMBO J. 4:1367); It is understood that in

this case, suitable promoters, i.e. that are active in plastids, need to be used.

The present invention relates particularly to cereal crops, such as barley, rye, oats, and
most particularly wheat. Most cultivated wheat plants belong to the Triticum aestivum

species, but other cultivated or wild forms may also be used.

As used herein “comprising” is to be interpreted as specifying the presence of the stated
features, integers, steps or components as referred to, but does not preclude the presence
or addition of one or more features, integers, steps or components, or groups thereof.
Thus, e.g., a nucleic acid or protein comprising a sequence of nucleotides or amino acids,

may comprise more nucleotides or amino acids than the actually cited ones, i.e., be
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embedded in a larger nucleic acid or protein. A chimeric gene comprising a DNA
sequence which is functionally or structurally defined, may comprise additional DNA

sequences, etc.

Unless otherwise stated, all recombinant DNA techniques are carried out according to
standard protocols as described in Sambrook et al. (1989) Molecular Cloning: A
Laboratory Manual, Second Edition, Cold Spring Harbour Laboratory Press, NY and in
Volumes 1 and 2 of Ausubel et al. (1994) Current Protocols in Molecular Biology,
Current Protocols, USA. Standard materials and methods for plant molecular work are
described in Plant Molecular Biology Labfax (1993) by R.D.D. Croy published by BIOS
Scientific Publications Ltd (UK) and Blackwell Scientific Publications, UK.

Sequence Listing:

SEQ ID No. 1: sequence of the Notl fragment of pPCDDUG+

SEQ ID No. 2: sequence of the Notl fragment of pADP72

SEQ ID No. 3: sequence of the Notl fragment of pADP73

SEQ ID No. 4: primer GAT1

SEQ ID No. 5: primer GAT2

SEQ ID No. 6: primer CA6

SEQ ID No. 7: primer PA7

SEQ ID No. 8: primer CAl

SEQ ID No. 9: primer CA2

SEQID No. 10:  amino acid sequence of a deacetylase from Stenotrophomonas sp.

SEQID No. 11: sequence encoding a deacetylase from Stenotrophomonas sp.

SEQ ID No. 12: chimeric gene comprising a deacetylase coding sequence under
control of a CA55 promoter

SEQ ID No. 13: chimeric gene comprising a deacetylase coding sequence under
control of a T72 promoter

SEQ ID No. 14: chimeric gene comprising a deacetylase coding sequence under

control of a E1 promoter
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EXAMPLES

Example 1:  Foliar uptake and distribution of 14C-labeled N-Acetyl-PPT in wheat

Triticum aestivum plants were cultivated in outdoor conditions and treated in stage 32
(BBCH scale, = 2nd node detectable, ear length about 2.5 cm) with the test compound
dinatrium L-2-acetamido-4-methylphosphinato-butyrate-[3'4C, 4" (spec. activity 6777
MBg/g).

The concentration of the test compound was 0.1% active ingredient in application

solution, which corresponded to the aqueous solution of Basta®.

Plant treatment: The application solution of the formulated test compound was applied in
the form of microdroplets by syringe to the blades (adaxial surface) of the fully
developed leaves. A volume of 20 pl each was applied to the 3rd or 4th leaf of the main
shoot and of two tillers per plant (= a total of 60 ul application solution per plant.). Plants
were kept under outdoor conditions and uptake and translocation of the test substance

was analyzed at different stages.

Sampling of leaf tissue was carried out at the following time points:
1) 1 week after treatment

2) 3 weeks after treatment

3) heading stage

4) grain maturity

Processing of collected samples for quantitative determinations:

For the sampling done at time points 1, 2 and 3, the treated leaf blades were cut off and
the non-absorbed test compound was washed from the treated leaf blades by two
consecutive short washes with water. Subsequently plants were dissected further,
resulting in the following parts:

- treated leaf blades
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- ear ( sampling time point 3 only)

- rest of shoot

- root

Radioactivity was quantified in the different plant parts and in the washing solutions and
was calculated as equivalents of the labeled compounds. The chemical nature of the
radioactive residue is identified in the ears.

For the sampling time point 4, radioactivity is determined in the grains only and is
calculated as equivalents of the labeled test compound. The chemical nature of the

radioactive residue is identified if the residue level permits.

In addition to the quantitative radioactivity measurements the distribution of radioactivity

is determined by autoradiography in plants of the sampling time points 1 and 2.

Based on measurements of radioactivity in the samples taken at different time points as
well as on the autoradiography of plant material taken at time points 1 and 2, it can be
concluded that there is good foliar uptake of N-acetyl-PPT in wheat tissue and there is

translocation through the phloem to the ears both in the main shoot and the tillers.

Example 2: Construction of vectors for the expression of the deacetylase gene in wheat

a) vector comprising the deac coding sequence under control of the 35S promoter

The vector pADP62 was made by introducing the following structural elements into

pUCI18:

- a marker gene cassette comprising the Ubiquitin promoter from maize containing its
first exon and first intron, linked to the 5° untranslated leader sequence of the cab22L
gene from pea, operably linked to the gentamycin acetyltransferase (GAT) coding
sequence and the 3’ untranslated region from the CaMV 35S transcript. The whole
marker gene cassette is flanked by frt1/frt2 sequences (described by Lyznik et al.,
1993, 1996, above) as part of the frt/flp excision system.
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- a deac gene expression cassette comprising the 35S promoter from Cauliflower
Mosaic virus operably linked to the deac coding sequence (WO 98/27201) and the 3’
untranslated region from the CaMV 35S transcript.

5  The complete insert is flanked by left and right T-DNA border sequences from Ti-
plasmid pTIT37 of Agrobacterium tumefaciens (Caplan et al., 1983, Science 222:815-
820; Depicker et al. 1982, J. Mol. Appl. Genet. 1:561-573).

The coordinates of the described genetic elements are given in Table 1.

10 Table 1. T-DNA of pADP62
Position Description
14-37 Left T-DNA border from pTIT37 (counterclockwise)
79-132 Target sequence for frt/flp excision system

159-1063 Ubiquitin promoter from maize

1064-1144 | 1% exon of ubi gene

1145-2154 1** intron of ubi gene

2176-2242 5’ untranslated leader sequence from cab22 gene from pea

2244-2855 Gentamycin acetyltransferase coding sequence

2858-3092 3’ untranslated region from CaMV 358 transcript

3125-3178 Target sequence for frt/flp excision system

3220-3750 35S Promoter

3773-5092 Deac coding sequence from Stenotrophomonas sp.

5160-5355 3’ untranslated region from CaMV 35S transcript

5410-5387 Right T-DNA border from pTIT37

b)  vectors comprising the deac coding sequence under control of the CA55 promoter

The vector pCDUG+ was made by introducing the following structural elements into
15 pUCIS:

- a marker gene cassette comprising the Ubiquitin promoter from maize containing its

first exon and first intron, linked to the 5’ untranslated leader sequence of the cab22L
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gene from pea, operably linked to the gentamycin acetyltransferase (GAT) coding
sequence and the 3’ untranslated region from the CaMV 358 transcript.

- adeac gene expression cassette comprising the tapetum-specific promoter CASS from
maize (WO 92/13956) operably linked to the deac coding sequence (WO 98/27201)
and the 3’ untranslated region from the CaMV 35S transcript.

The complete insert is flanked by left and right T-DNA border sequences from Ti-
plasmid pTIT37 of Agrobacterium tumefaciens (above).

The coordinates of the described genetic elements are given in Table 2. The complete
insert comprising marker and deac cassette was isolated as a 6215 bp Notl fragment by
HPLC and used for plant transformation. The DNA sequence of this fragment is provided
in SEQ ID NO. 1.

Table 2. Notl fragment of pCDUG+
Position Description
9-36 Left T-DNA border from pTIT37

116-1020 Ubiquitin promoter from maize

1021-1101 1* exon of ubi gene

1102-2111 1** intron of ubi gene

2133-2199 5’ untranslated leader sequence from cab22 gene from pea

2201-2812 Gentamycin acetyltransferase coding sequence

2815-3049 3’ untranslated region from CaMV 35S transcript

3071-4248 CASS promoter from maize

4261-5580 Deac coding sequence from Stenotrophomonas sp.

5648-5843 3’ untranslated region from CaMV 358 transcript

6096-6120 Right T-DNA border from pTIT37

Alternative constructs were made to allow for the possibility of removing the marker
gene cassette. In these alternative constructs, the whole marker gene cassette is flanked

by frt1/frt2 sequences as part of the frt/flp excision system (described above).
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C)  vectors comprising the deac coding sequence under control of the T72 or EI

promoters

The vector pADP72 was made by introducing the following structural elements into

pUC18:

- a marker gene cassette comprising the Ubiquitin promoter from maize containing its
first exon and first intron, linked to the 5’ untranslated leader sequence of the cab22L
gene from pea, operably linked to the gentamycin acetyltransferase (GAT) coding
sequence and the 3’ untranslated region from the CaMV 35S transcript. The whole
marker gene cassette is flanked by frt1/frt2 sequences (described above) as part of the
flp/frt excision system.

- a deac gene expression cassette comprising the tapetum-specific promoter T72 from
rice (US 5,639,948) operably linked to the deac coding sequence and the 3’
untranslated region from the CaMV 35S transcript (as described above).

The complete insert is flanked by left and right T-DNA border sequences from Ti-

plasmid pTIT37 of Agrobacterium tumefaciens (as described above).

The coordinates of the described genetic elements are given in Table 3. The complete

insert comprising marker and deac cassette was isolated as a 6581 bp NotI fragment and

used for plant transformation. The DNA sequence of this fragment is provided in SEQ ID

NO. 2.

Table 3. Notl fragment of pADP72

Position Description
12-35 Left T-DNA border from pTIT37 (counterclockwise)
77-130 Target sequence for frt/flp excision system

157-1061 Ubiquitin promoter from maize

106-1142 1* exon of ubi gene

1143-2152 1** intron of ubi gene

2174-2240 5’ untranslated leader sequence from cab22 gene from pea

2242-2853 Gentamycin acetyltransferase coding sequence
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2856-3090 3’ untranslated region from CaMV 358 transcript

3123-3176 Target sequence for frt/flp excision system

3238-4835 PT72 promoter from rice

4850-6169 Deac coding sequence from Stenotrophomonas sp.

6237-6432 3’ untranslated region from CaMV 35S transcript

6460-6483 Right T-DNA border from pTIT37 (counterclockwise)

The vector pADP73 was made by introducing the following structural elements into

pUCI18:

- a marker gene cassette comprising the Ubiquitin promoter from maize containing its
first exon and first intron, linked to the 5° untranslated leader sequence of the cab22L
gene from pea, operably linked to the gentamycin acetyltransferase (GAT) coding
sequence and the 3’ untranslated region from the CaMV 35S transcript. The whole
marker gene cassette is flanked by frt1/frt2 sequences (described above) as part of the
flp/frt excision system.

- a deac gene expression cassette comprising the tapetum-specific promoter E1 from
rice (US 5639948) operably linked to the deac coding sequence and the 3’ untranslated
region from the CaMV 358 transcript as described above.

The complete insert is flanked by left and right T-DNA border sequences from Ti-

plasmid pTIT37 of Agrobacterium tumefaciens (as described above).

The coordinates of the described genetic elements are given in Table 4. The complete

insert comprising marker and deac cassette was isolated as a 6667 bp Notl fragment by

HPLC and used for plant transformation. The DNA sequence of this fragment is provided

in SEQ ID NO. 3.

Table 4. Notl fragment of pADP73

Position Description
12-35 Left T-DNA border from pTIT37 (counterclockwise)
77-130 Target sequence for frt/flp excision system
157-1061 Ubiquitin promoter from maize
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1062-1142 1* exon of ubi gene

1143-2152 1** intron of ubi gene

2174-2240 5’ untranslated leader sequence from cab22 gene from pea

2242-2853 Gentamycin acetyltransferase coding sequence

2856-3090 3’ untranslated region from CaMV 358 transcript

3123-3176 Target sequence for frt/flp excision system

3237-4923 PE1 promoter from rice

4938-6257 Deac coding sequence from Stenotrophomonas sp.

6325-6520 3’ untranslated region from CaMV 35S transcript

6571-6548 Right T-DNA border from pTIT37 (counterclockwise)

Alternatively, constructs were made similar to those present in pCDUG+, pCDUGFRT,
pADP72 and pADP73 as described above, but comprising the deacetylase coding region
of Stenotrophomonas sp. (as described in SEQ ID. No. 11), directly flanked by the 3’
untranslated region from the CaMV 358 transcript.

Example 3: Transformation of Triticum aestivum (wheat)

A number of different cultivars of spring (sw) and winter wheat (ww) were used to

establish optimal transformation and regeneration conditions.

Seeds were grown in soil and cultured in growth chambers or in the greenhouse until
flowering. The maturity status of the kernels was checked regularly to determine which

spikes could be collected for transformation purposes.

After collection of the spikes, the immature kernels were isolated by separating them
from the glumes surrounding them. The kernels were then surface-sterilized for 1 min. in
70% ethanol and for 15 min. in a sodium hypochlorite solution with about 1.3% active

chlorine. Finally, the immature kernels were rinsed 3 times in sterile water.
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Wheat tissue was transformed with the purified DNA from the plasmids (constructs
described in Example 2) using direct gene transfer and regenerated to plants on

appropriate media.

The small plantlets initiated on the selective regeneration media were transferred to
hormone-free medium for elongation. Well elongated plantlets were then transferred to

the growth chambers or to the greenhouses.

Example 4:  Selection of transformants

Primary transformants (T0) with constructs were tested for correct transformation by

PCR and southern blot analysis as described below.

PCR

Presence of the transgene was checked with a PCR using specific primers for the GAT
gene and specific primers for the deac coding sequence and the CA55, T72 and El
promoters.

Genomic DNA was isolated from plant tissue according to the protocol described for the

DNeasy Plant Mini Kit (Qiagen, Catalog Nr. 69103).

The primers used for identification of the plants transformed with pCDUG+ or
pCDUGFRT were as follows:

a) GAT specific primers:
sequence (5’ —3’) position in pCDUG+
GATI:  GCACCGATTCCGTCACACTGC 2268 — 2286
(SEQID No 4)
GAT2: GTACACGGCTGGACCATCTGG 2744 — 2764
(SEQ ID No 5) |
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b) deac-specific primers

sequence (5’— 3°) position in pCDUG+
CA6: GTTACGAGCACGTAGTTGGCG 4054 — 4074
(SEQ ID No 6)
TPA: GCTCATGGGAGGTCCTTCTTC 5607 «— 5627
(SEQID No 7)

c) CA55-specific primers:

sequence (5’— 3°) position in pCDUG+
CAl: TACGCCCCGGGTGGTATGCATCAATAGAGCCG 3071 — 3092
(SEQ ID No 8)

CA2: TACGCGGATCCGCTGCAGCTAGTTAGCTCGAT 4227 «— 4248
(SEQID No 9)

For the identification of plants transformed with the pADP62, pADP72 and pADP73

constructs, the primers described under a) and b) above were used.

Standard PCR's were carried out in 50 pl assays containing 10 ng of genomic plant DNA
as template and 0.2 uM of each primer.

In reactions containing deac-specific primers 6.7 % glycerol and 5 % DMSO was
included in the assay.

Cycling parameters: denaturation 5 min. at 94°C
25 cycles: 1 min. at 94°C

1 min. at 60°C
2 min. at 72°C
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final extension : 10 min. at 72°C

10 pl of the reactions were analyzed on 1 % agarose gels in order to identify the correct

amplification products.

Plant samples were considered as positive, when the correct DNA bands were produced
when tested with at least two primer combinations. For instance, primary transformants
with pCDUG+, 4WH21, SWH22, 6WH23, 8WH32, 9WH21, 10WH23, and 12WH23,
were positive when tested with the primer combinations GAT1/GAT2 and CA6/7PA,
while 7WH26 and 11WH26 tested negative

Southern blotting

Presence of the transgene was checked by standard Southern blot analysis using the
DNeasy Plant Mini Kit (Quiagen, Catalog Nr. 69103). 10 ug of DNA were digested with
BamHI, EcoRlI, HindIIl, and Sall, respectively.

Southern blots are prepared using standard protocols as described by Maniatis et al.
(above). For the pCDUG transformants, a 1.4-kb BamHI/Sall fragment from plasmid
pCDUG, carrying the deac structural gene, is isolated and labeled with alpha-[32P]-dCTP
by random primer labelling using the Megaprime kit from Amersham. Similar fragments
are isolated from the pPCDUGFRT, pADP62, pADP72 and pADP73 vectors.

The fragments are used as probes for Southern hybridization in 50 % formamide at 42°C.
Conditions for hybridization, filter washing and X-ray film exposure are as described by

Maniatis et al., 1989.
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Example 5: Testing of deacetylase activity in plants

Ty plants were screened for deacetylase activity in the leaves or anthers as described
below to identify positive transformation events. Ty plants were then selfed for the
production of T; progeny. These plants were sprayed with acetyl PPT (1-3 sprays of
5Smg/ml of N-acetyl-PPT 2-3 weeks before inflorescence formation) and plants were
evaluated for general appearance (constitutive constructs) and/or for male sterility of

flowers (stamen-specific constructs).

Deacetylase assay with [**C]-N-acetyl-PPT

Method A:
- Anthers or leaves were harvested from young inflorescences and homogenized
with a metal pistil in an Eppendorf tube in 100p1 20 mM Tris/HCI, pH=8.0.
- Cell debris is then pelleted in a microcentrifuge and the supernatant was then
either
a) dialyzed for 2 h against uptake buffer (10 mM NaCl, 10 mM NaPhosphate,
pH=7.5); or

b) concentrated 3-5x (end volume 20-30ul) and dialyzed against uptake buffer
simultaneously by 2 successive ultrafiltrations through Microcon 30
Membranes (Amicon).

- Protein concentrations were determined by Bradford assay.

- The dialyzed crude extract (18ul) were incubated with 2l ['*C]-N-acetyl-PPT
(end concentration of 0.1mM) overnight at 37°C. The following controls were
included in the assay: (1) purified recombinant deac protein (final concentration
0.3 pg/pl) in uptake buffer, (2) crude extract from untransformed wheat lines, (3)
deac protein in crude extract of untransformed wheat lines, and (4) ['*C]-N-acetyl-

PPT in uptake buffer (substrate control).
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Samples were diluted 1:5 in HPLC buffer 2mM CuSO,, 10% methanol) and
analyzed by radio HPLC on a Chirex (D) penicillamine column (Phenomex) with

a flow rate of 0.5 ml/min.

Under the conditions described, L-PPT eluted at 13.9 min. and N-acetyl-PPT at 50.3 min.

Substrate and product peaks were quantified by integration and deac activity was

determined as relative conversion of substrate N-acetyl-PPT into product L-PPT.

Method B:

Anthers or leaves are harvested from 2 flowers and homogenized in an Eppendorf
tube in 50pl uptake buffer (10 mM NaCl, 10 mM NaPhosphate, pH=7.5).

Cell debris is then pelleted in a microcentrifuge and the supernatant is dialyzed for
2 h against uptake buffer.

The dialyzed crude extract (10ul) is incubated with 1pul ['4C]-N-acetyl-PPT (ata
1:40 dilution from the stock solution of 1mM) overnight at 37°C. Remaining
crude extracts can be stored in the freezer and used for determination of protein
content.

The assay solution is loaded (5ul) onto TLC-plates (Merck, HPTLC-cellulose, ref,
15035), which are developed in a 3:2 solution of 2x n-propanol:25% ammonia.
Control samples loaded are [**C]-N-acetyl-PPT and [“C]-PPT.

Kodak XARS film is exposed to the TLC plates for 2-3 days.

To plants transformed with plasmid pADP62 (constitutive construct) and their T,

descendants were tested for presence of the transgene by PCR as described above.

Leaves from 3 PCR positive T, plants were analyzed for deac activity using method A.

Crude extracts were prepared according to the protocol under (b). The results are

summarized in Table 5.
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Table 5: Deacetylase activity in leaves of wheat transformants

Wheat PCR Protein concentration of L-PPT N-acetyl-PPT
transformant (T1) | result crude extract [mg/ml] [%6]* [%6]*
WHS83T2 + 3.0 46.9 53.1
WHS85T1 + 9.0 39.6 60.4
WHS5T2 + 6.0 7.9 92.1

Control (1) 0.3 (deac) 90.3 9.7

Control (2) 8.0 (wildtype) 0 100

Control (3) 8.3 (deac + wildtype) 83.1 16.2

Control (4) - (substrate without enzyme) | 0 100

*: percentage of total radioactivity applied

All 3 PCR positive deac transformants expressed deac activity in leaves, though activity
in WH85T2 was significantly lower compared to the 2 other transformants.

These findings were in agreement with the observed phenotype after treatment of leaves
with 5 mg/ml N-acetyl-PPT solution. Transformants WH83T2 and WH85T1 showed
herbicidal symptoms, while WHS85T2 remained unaffected and looked like the

untransformed controls.

T, descendant plants from primary transformants with constructs pCDUG+ (cultivar
PAVON) and pCDUGFRT (cultivar Combi) were tested for the presence of the transgene
by PCR as described above, and then analysed for deacetylase activity using method A
(supernatants were treated as in (a) for the the pPCDUGFRT transformants and (b) for the
pCDUGH transformants). The results are described in Table 6.

Table 6: Deacetylase activity in anthers of wheat transformants

Wheat Construct PCR | Protein concentration | L-PPT | N-acetyl-
transformant result | of crude extract [%%6]* PPT
(T1) [mg/ml] [%]*
WH26T4.3.4 PCDUGFRT | + 0.45 0 100
WH26T4.1.1 + 0.89 ’ 0 100
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WH22T1.11.3 - 0.95 0 100
WH23T5.5.4 + 1.22 16.7 83.3
WH23T5.2.1 + 0.89 6.2 93.8
WH32T6.3.4 + 0.82 2.8 97.2
WH23T1.11.1 + 0.65 0 100
WH32T6.3.3 - 0.70 0 100
WH32T6.2.1 + 0.89 5.2 94.8
TA009-01-10-8 | PCDUG+ + 11.6 11.7 88.3
TA009-01-10-1 + 11.0 18.3 81.7
TA009-01-18-2 + 124 18.5 81.5
TA009-01-12-3 + 12.3 8.2 91.8
TA009-01-12-1 + 11.2 17.6 82.4
TA009-01-17-3 + 10.8 8.0 92.0
TA009-01-10-7 + 12.6 15.1 84.9
TA009-01-12-7 + 11.2 7.2 82.8
TA009-01-17-1 + 11.0 8.3 91.7
TA009-01-18-4 + 13.2 12.1 87.9
Control (1) - NA 0.3 (deac) 90.3 9.7
Control (2) - NA 11.5 (Combi) 0 100
Control (3) - NA 11.8 (deac + Combi) | 61.1 38.9
Control (4) - NA - (substrate without 0 100

enzyme)

*: percentage of total radioactivity applied

Most of the PCR positive transformants expressed a significant deacetylase activity in
young anthers with conversion rates between 2.8 and 18.5 %. No deacetylase activity was
detectable in anthers of PCR negative plants. The in average higher activities in the
second group of transformants (TA009-01) are probably due to the higher protein content

of the samples as a consequence of the applied filter concentration method for the crude

extracts.
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The untransformed cultivar Combi did not express a detectable deacetylase activity
[Control (2)]. The substrate N-acetyl-PPT was completely stable under the given reaction
conditions [Control (4)].

Example 6: Production of conditionally male-sterile wheat plants comprising a
herbicide resistance gene.

A plasmid for transformation of wheat plant cells is constructed by assembling the

following well-known DNA fragments:

- a marker gene cassette comprising the Ubiquitin promoter from maize containing its
first exon and first intron, linked to the 5’ untranslated leader sequence of the cab22
gene from pea, operably linked to the gentamycin acetyltransferase (GAT) coding
sequence with the 3’ untranslated region from the CaMV 35S transcript. This cassette
is flanked by frt/frt2 sequences as part of the flp/frt excision system (Lyznik et al.,
1993, above).

- adeac gene expression cassette comprising the tapetum-specific promoter CAS55 from
maize (WO 92/13956) operably linked to the deac coding sequence (WO 98/27201 —
SEQ ID No. 11) with the 3’ untranslated region from the CaMV 35S transcript.

- a chimeric sequence comprising the phenmedipham hydfolase (pmph) coding
sequence (Streber et al. Plant Mol. Biol. 25:977-987, 1994; US 5,347,047, US
5,543,306) as a herbicide resistance marker under control of the constitutive 35S
promoter from Cauliflower Mosaic Virus (Franck A. et al., Cell 21:285-294, 1980;
Pietrzak M. et al., Nucl. Acids Res. 4:5857-5868, 1986).

Alternatively, the chimeric sequence contains a gene conferring glyphosate resistance
(such as the EPSPS gene as described in, for example, US 5,510,471) as a herbicide
resistance marker, under control of a constitutive promoter (plasmid pDP140, Figure 6):
- a chimeric sequence comprising coding sequence of the double mutated EPSP
synthase gene of corn (“EPSPi+s”; Lebrun et al. 1997; WO 97/04103) under

%,

control of the promoter and intron of the rice actin gene (“PactOs”, “int”;
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McElroy and Wu, US 5641876) and linked to the 3’ untranslated end of the

nopaline synthase gene (Bevan et al. , 1983, Nucleic Acids Res. 11(2):369-385);

This chimeric sequence is preceded by the sequence of an optimized transit

peptide (Capellades et al., EP 0 652 286) for transfer into the chloroplast (“OTP”).

- adeac gene expression cassette comprising the tapetum-specific promoter CAS55

from maize (“Pca55; WO 92/13956) operably linked to the deac coding sequence

(“deac”; WO 98/27201) with the 3’ untranslated region from the CaMV 35S
transcript (“3°35S”, Sanfagon et al., 1990, Genes and Development 5:141-149).

The complete insert is flanked by left and right T-DNA border sequences from Ti-

plasmid pTIT37 of Agrobacterium tumefaciens (as described above in Example 2). The

plasmid contains a -lactamase selection marker gene outside the Notl-cassette.

The construct can also contain the frt-excision sites of the flp/frt kick-out system, which
allows for an optional excision of the marker gene by a recombinase. On the other hand
the herbicide resistance marker can be maintained in the male-sterile line, in order to
eliminate the pollinator plants by herbicide treatment on the production field under mixed

planting conditions.

Primary transformants (TO) are tested for correct transformation by PCR and Southern
blot analysis. TO plants are screened for deacetylase activity as described above to
identify positive transformation events and are tested for tolerance to the herbicide
(phenmedipham or glyphosate). TO plants are then selfed for the production of T1
progeny and developed as described above, whereby successive generations are tested for

tolerance to the herbicide.

Example 7: Production of hybrid seed of wheat using conditionally male-sterile plants

Conditional male-sterility can be used in wheat breeding according to the following

schemes.
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a) Production of composite hybrid seed

Seed comprising the deac gene under control of a stamen-selective promoter is obtained
as described in example 2-3 above and is interplanted with wild-type plants (male parent)
at a ratio which ensures adequate pollen transfer with a minimum of male parent plants
(e.g., 80:20). Fields are sprayed with N-acetyl-PPT to induce male-sterility in the
conditionally male-sterile plants. Seed harvested from the field optimally comprises about
80% hybrid seed (harvested from the conditionally male-sterile plants) and at least 20%

selfed seed (harvested from the male parent).

b) Production of pure hybrid seed

Plants are obtained according to the principles of example 6 above, whereby a herbicide
resistance gene is introduced together with the deac gene. Seeds comprising this construct
are planted in a mixture with seeds of a wheat inbred line as male parent (polinator), that
are not resistant to the herbicide, at a ratio which ensures adequate pollen transfer with a
minimum of male parent plants (e.g., 80:20). Fields are sprayed with N-acetyl-PPT to
induce male-sterility in the conditionally male-sterile plants. After pollination, fields are
sprayed with the herbicide to remove the male parent plants. Seed harvested from the

field is pure (about 100%) hybrid seed.

c) production of pure hybrid seed using conditionally female sterile plants

Seed capable of growing into conditionally male-sterile plants are obtained according to
examples 2-3. Additionally, seeds capable of growing into conditionally female-sterile
plants are obtained according to WO 98/13504. Seeds comprising the gene for
conditional male-sterility (female parent) are planted in a mixture with seeds of a
homozygous inbred line comprising the gene for conditional female sterility (male parent
or polinator) at a ratio which ensures adequate pollen transfer with a minimum of male
parent plants (e.g., 80:20). Fields are sprayed with N-acetyl-PPT to induce male-sterility
in the conditionally male-sterile plants and female-sterility in the conditionally female-

sterile plants. Seed harvested from the field is pure hybrid seed (about 100%).

d) production of pure hybrid seed using female sterile plants
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Seed capable of growing into conditionally male-sterile plants are obtained according to
examples 2-3. These are planted in a mixture with seeds capable of growing into plants
which are male fertile (male parent) but female-sterile (obtained either through
inbreeding or by use of a transgene as described in US 5,663,441 or US 5,767,374) at a
ratio which ensures adequate pollen transfer with a minimum of male parent plants (e.g.,
80:20). Fields are sprayed with N-acetyl-PPT to induce male-sterility in the conditionally
male-sterile plants. Seed harvested from the field is real hybrid seed (about 100%).

The above description of the invention is intended to be illustrative and not limiting.
Various changes or modifications in the embodiments described may occur to those
skilled in the art. These can be made without departing from the spirit or scope of the

invention.

34



15

20

25

30

WO 01/29237 PCT/EP00/10281

Claims

1. A wheat plant, having a chimeric gene integrated into its genome, the chimeric

gene comprising:

a) a DNA molecule encoding a deacetylase from Stenotrophomonas sp., or a
biologically active fragment thereof; and

b) a promoter directing stamen-selective expression in wheat

wherein the DNA molecule encoding the deacetylase is in the same transcriptional

unit and under the control of the stamen-selective promoter.

. The wheat plant of claim 1, wherein said DNA molecule encodes a biologically

active fragment or a variant of the deacetylase comprising the amino acid
sequence of SEQ ID No. 10.

. The wheat plant of claim 1, wherein said DNA molecule encodes a deacetylase

having the amino acid sequence of SEQ ID No. 10.

. The wheat plant of claim 1, wherein said DNA molecule comprises the sequence

of SEQ ID No. 11, or a sequence capable of hybridizing to SEQ ID No. 11 under
standard stringent conditions. ‘

. The wheat plant of claim 1, wherein said stamen-selective promoter is a CA55

promoter.

. The wheat plant of claim 1, wherein said stamen-selective promoter is a T72

promoter.

7. The wheat plant of claim 1, wherein said stamen-selective promoter is an E1

promoter.
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8.

9.

10

11

12.

13.

The wheat plant of claim 1, wherein said chimeric gene comprises the sequence
selected from the group of SEQ ID No. 12, SEQ ID No. 13 and SEQ ID No. 14.

The wheat plant of claim 1, wherein said chimeric gene further comprises a
herbicide resistance gene encoding an RNA, protein or polypeptide that confers

herbicide resistance on the wheat plant.

. A process for producing hybrid wheat seed, said process comprising

i) producing seeds capable of growing into conditionally male-sterile wheat
plants, said seeds having a chimeric gene integrated in their genome, the
chimeric gene comprising:

a) a DNA molecule encoding a deacetylase from Stenotrophomonas sp., and
b) a stamen-selective promoter

wherein the DNA molecule encoding the deacetylase is in the same
transcriptional unit and under the control of the stamen-selective promoter;

ii) interplanting said seeds capable of growing into conditionally male-sterile
wheat plants with seeds capable of growing into male fertile wheat plants;

iii) inducing male-sterility in said conditionally male-sterile plants by applying an
acetylated toxin, which in itself is not toxic to the plants or plant cells; and

iv) harvesting hybrid seed.

. The process of claim 10, wherein said DNA molecule encodes a biologically

active fragment or a variant of the deacetylase comprising the amino acid

sequence of SEQ ID No. 10.

The process of claim 10, wherein said DNA molecule encodes the deacetylase

comprising the amino acid sequence of SEQ ID No. 10.
The process of claim 10, wherein said DNA molecule comprises the sequence of

SEQ ID No. 11, or a sequence capable of hybridizing to SEQ ID No. 11 under

standard stingent conditions.
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14.

15.

16.

17.

18.

19.

20.

The process of claim 10, wherein said stamen-selective promoter is a CA55

promoter.

The process of claim 10, wherein said stamen-selective promoter is a T72

promoter.

The process of claim 10, wherein said stamen-selective promoter is an E1

promoter.

The process of claim 10, wherein said chimeric gene comprises the sequence
selected from the group of SEQ ID No. 12, SEQ ID No. 13 and SEQ ID No. 14.

The process of claim 10, wherein said acetylated toxin is N-acetyl-PPT .
The process of claim 10, wherein said male fertile plants are female-sterile.

A process for producing pure hybrid wheat seed, said process comprising:

i) producing seeds capable of growing into conditionally male-sterile wheat
plants, said seeds having a chimeric gene integrated in their genome, the
chimeric gene comprising:

a) a DNA molecule encoding a deacetylase from Stenotrophomonas sp.

b) a stamen-selective promoter

wherein the DNA molecule encoding the deacetylase is in the same
transcriptional unit and under the control of the stamen-selective promoter;
which chimeric gene further comprises a herbicide resistance gene, which
confers on said wheat plant resistance to a herbicide,

i1) interplanting said seeds capable of growing into conditionally male-sterile
wheat plants with seeds capable of growing into male fertile wheat plants,

which do not comprise said herbicide resistance gene;

37



10

15

20

25

30

WO 01/29237 PCT/EP00/10281

iii) inducing male-sterility in the conditionally male-sterile plants by applying an
acetylated toxin, which is in itself not toxic to the plants or plant cells,

iv) after pollination, applying said herbicide, eliminating said male fertile plants,
and

v) harvesting pure hybrid seed.
21. The process of claim 20, wherein said DNA molecule encodes a biologically
active fragment or a variant of the deacetylase having the amino acid sequence

of SEQ ID No. 10.

22. The process of claim 20, wherein said DNA molecule encodes the deacetylase

having the amino acid sequence of SEQ ID No. 10.

23. The process of claim 20, wherein said DNA molecule comprises the sequence of
SEQ ID No. 11 or a sequence capable of hybridizing with SEQ ID No. 11.

24. The process of claim 20, wherein said stamen-selective promoter is a CA55

promoter.

25. The process of claim 20, wherein said stamen-selective promoter is a T72

promoter.

26. The process of claim 20, wherein said chimeric gene comprises the sequence

selected from the group of SEQ ID No. 12, SEQ ID No. 13 and SEQ ID No. 14.

27. The process of claim 20, wherein said acetylated toxin is N-acetyl-PPT.

28. The process of claim 20, wherein said herbicide resistance gene is a gene

conferring on said plant resistance to glyphosate.

38



10

15

20

25

30

WO 01/29237 PCT/EP00/10281

29.

30.

31

32.

33.

34.

35.

The process of claim 28, wherein said herbicide resistance gene is an EPSPS

gene.

A process for producing a conditionally male-sterile wheat plant, said process
comprising
i) transforming a wheat plant cell or tissue with a chimeric gene which
comprises:
a) a DNA molecule encoding a deacetylase from Stenotrophomonas sp., and
b) a stamen-selective promoter
wherein the DNA molecule encoding the deacetylase is in the same
transcriptional unit and under the control of said stamen-selective promoter;
il) regenerating said conditionally male-sterile plant from said cell or tissue; and
optionally,
iit) applying an acetylated toxin to said conditionally male-sterile plant, which is

in itself not toxic to the plant or plant cells to make said plant male-sterile.

The process of claim 30, wherein said DNA molecule encodes a biologically

active fragment or a variant of the deacetylase encoded by SEQ ID No. 10.

The process of claim 30, wherein said DNA molecule encodes the deacetylase of

SEQ ID No. 10.
The process of claim 30, wherein said DNA molecule comprises the sequence of
SEQ ID No. 11, or a sequence capable of hybridizing to SEQ ID No. 11 under

standard stringent conditions.

The process of claim 30, wherein said stamen-selective promoter is a CASS

promoter.

The process of claim 30, wherein said stamen-selective promoter is a T72

promoter.
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36.

37.

38.

39.

40.

41.

42.

42.

The process of claim 30, wherein said stamen-selective promoter is an E1

promoter.

The process of claim 30, wherein said chimeric gene comprises the sequence
selected from the group of SEQ ID No. 12, SEQ ID No. 13 and SEQ ID No. 14.

The process of claim 30, wherein said acetylated toxin is N-acetyl-PPT.

The process of claim 30, wherein said foreign DNA additionally comprises a
herbicide resistance gene, which confers on said wheat plant resistance to a

herbicide.

The process of claim 30, wherein said herbicide resistance gene is a gene

conferring on said plant resistance to glyphosate.

The process of claim 40, wherein said herbicide resistance gene is an EPSPS

gene.
A conditionally male-sterile wheat plant obtained by the process of claim 30.

A process for generating male-sterility in wheat plants, said process comprising
i) obtaining a conditionally male-sterile wheat plant by transforming a wheat
plant cell or tissue with a chimeric gene which comprises:
a) a DNA molecule encoding a deacetylase from Stenotrophomonas sp., and
b) a stamen-selective promoter
wherein said DNA molecule encoding the deacetylase is in the same
transcriptional unit and under the control of said stamen-selective promoter,
and regenerating said conditionally male-sterile plant from said cell or tissue;

and optionally obtaining conditionally male-sterile progeny from said plant
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ii) applying an acetylated toxin to said conditionally male-sterile plant or its
conditionally male-sterile progeny, which is in itself not toxic to the plant or

plant cells to make said plant male-sterile.

43. A male sterile wheat plant, or cells or tissues thereof, obtained by the process of

claim 42.

44. Wheat plant cells, tissues and seed transformed with the chimeric DNA of claim
1.

45. A process for producing pure hybrid wheat seed, said process comprising the
steps of:

i) producing seeds capable of growing into conditionally male-sterile wheat
plants, said seeds having,

a) a chimeric gene integrated in their genome the chimeric gene
comprising:
1) a DNA molecule encoding a deacetylase from

Stenotrophomonas sp. and

2) astamen-selective promoter
wherein the DNA molecule encoding the deacetylase is in the same
transcriptional unit and under the control of the stamen-selective
promter, and

b) a second chimeric gene, integrated in the genome, comprising a
herbicide resistance gene, which confers resistance to a herbicide on
said wheat plant;

i) interplanting said seeds capable of growing into conditionally male-sterile
wheat plants with seeds capable of growing into male fertile wheat plants,
which do not comprise said herbicide resistance gene;

ii1) inducing male-sterility in the conditionally male-sterile plants by applying an

acetylated toxin, which is in itself not toxic to the plants or plant cells
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iv) after pollination, applying said herbicide, eliminating said male fertile
plants; and

V) harvesting pure hybrid seed.

46. The wheat plant of claim 1, wherein said DNA molecule comprises a sequence
which can be obtained from Stenotrophomonas sp., deposited as DSM No. 9734,
or a sequence capable of hybridizing therewith under standard stringent

conditions.

47. The process of claim 10, wherein said DNA molecule comprises a sequence
which can be obtained from Stenotrophomonas sp., deposited as DSM No. 9734,
or a sequence capable of hybridizing therewith under standard stringent

conditions.

48. The process of claim 20, wherein said DNA molecule comprises a sequence
which can be obtained from Stenotrophomonas sp., deposited as DSM No. 9734,
or a sequence capable of hybridizing therewith under standard stringent

conditions.

49. The process of claim 30, wherein said DNA molecule comprises a sequence
which can be obtained from Stenotrophomonas sp., deposited as DSM No. 9734,
or a sequence capable of hybridizing therewith under standard stringent

conditions.

42



WO 01/29237

<110>

<120>

<130>

<140>
<1l41>

<150>
<151>

<160> 14

<170>

<210> 1

<211> 6215
<212> DNA
<213>

<220>
<223>

DEACWH

US 09/418,817
1999-

10-15

PatentIn Ver. 2

Aventis CropScience N.V.

.0

Artificial Sequence

of plasmid pCDUG+

<400> 1

ggccgegetg
tacgtatgceca
gtgcagcgtg
taaaaaatta
atacatatat
gtgttttaga
ttgacaacag
caaatagctt
gggttaatgg
ctaaattaag
tagaataaaa
aggaaacatt
gagtctaacg
ggcacggcat
cttgctcecge
gcaggcggcece
tccttegett
ccccaacctce
cgtcggcacc
ctctagatcg

gtggcaggat
tggcgcgcca
acccggtcgt
ccacatattt
ttaaacttta
gaatcatata
gactctacag
cacctatata
tttttataga
aaaactaaaa
taaagtgact
tttcttgttt
gacaccaacc
ctctgteget
tgtcggcatc
tcctectect
tcecettectce
gtgttgttcg
tccgcettcaa
gcgttceeggt

atattgtggt
tatgcccaat
gcccectetcet
tttttgtcac
ctctacgaat
aatgaacagt
ttttatcttt
atacttcatc
ctaatttttt
ctctatttta
aaaaattaaa
cgagtagata
agcgaaccag
gcctctggac
cagaaattgc
ctcacggcac
gccecgecegta
gagcgcacac
ggtacgccgce
ccatggttag

SEQUENCE LISTING

Conditional Sterility in Wheat

gtaaacaaat
tcgagctcgg
agagataatg
acttgtttga
aatataatct
tagacatggt
ttagtgtgca
cattttatta
tagtacatct
gtttttttat
caaataccct
atgccagcect
cagcgtcgeg
ccctctecgag
gtggcggage
ggcagctacg
ataaatagac
acacacaacc
tcgtectecee

ggcccggtag

Description of Artificial Sequence: NotI fragment

tcctgcaggce
taccccgege
agcattgcat
agtgcagttt
atagtactac
ctaaaggaca
tgtgttctce
gtacatccat
attttattct
ttaataattt
ttaagaaatt
gttaaacgcce
tcgggccaag
agttccgcectc
ggcagacgtg
ggggattcct
acccccgeca
agatctcccc
ccceeceece
ttctacttct

PCT/EP00/10281

aattggtacc
catacctgca
gtctaagtta
atctatcttt
aataatatca
attgagtatt
tttttttttg
ttagggttta
attttagcct
agatataaaa
aaaaaaacta
gtcgatcgac
cgaagcagac
caccgttgga
agccggcacg
ttcccaccge
caccctettt
caaatccacc
tctctacctt
gttcatgttt

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
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gtgttagatc
gtacgtcaga
tggctctagc
ggtttggttt
cttttcatgce
gatcggagta
tgtgtgccat
gataggtata
cttggttgtg
atactgtttc
atcttcatag
tgatgtgggt
taaccttgag
atatacttgg
tacgctattt
tacttctgca
taacaaaaga
tttccaaaca
cacactgcge
tcatatcgtc
acagtacttg
tggagagccg
ggaagaagaa
actgggcaaa
tccegaggte
ctacgagaaa
gtacatggtt
agcttggaca
cataataatg
atgtgttgag
ataaaatttc
agcggecggg
tgtgatacgg
ctgttgtcac
tatcttggtt
taccacgatt
ttttagatac
tctaagtgta
tgtatatctt
ctcctagaat
agaaaaggag
tgcacgtctt
tttttatacc
gttgcatctg
tccaagtcect
ttgttacctt
agatttgtga
aagaaaaaat

cgtgtttgtg
cacgttctga
cgttccgeag
gcecttttee
ttttttttgt
gaattctgtt
acatattcat
catgttgatg
atgatgtggt
aaactacctg
ttacgagttt
tttactgatg
tacctatcta
atgatggcat
atttgcettgg
ggtcgactct
actcttttcet
aagttaggca
ctcatgactg
gagtggtggg
ccaagcgttt
attgggtatg
accgatccag
ggcttgggaa
accaagatcc
gcggggtttg
caaacacgcc
cgctgaaatc
tgtgagtagt
catataagaa
taattcctaa
tggtatgcat
gaacttgaca
atttgccttce
aatcagacgg
ggtttgcata
actttttata
taataaaata
caatgtatga
atggaatgga
gggaatgggg
cccttggttg
gttcgaaggt
cttgctttca
tcagatcatc
gacctgtcga
tttcaattcg
gttgcattac

ttagatccgt
ttgctaactt
acgggatcga
tttatttcaa
cttggttgtg
tcaaactacc
agttacgaat
cgggttttac
gtggttgggc
gtgtatttat
aagatggatg
catatacatg
ttataataaa
atgcagcagc
tactgtttct
agaggatctc
cttcttatta
tcacaaagta
agcatgacct
gcggagaaga
tagcgcaaga
cccagtcgta
gagtacgcgg
ccaagctggt
aaacggaccc
agaggcaagg
aggcattcga
accagtctct
tcccagataa
acccttagta
aaccaaaatc
caatagagcc
tctgaataga
gctgtgactt
tgcattacaa
agtagtaccc
taatttttta
tatgtatcta
caaataattt
gggaatacat
aatcgtactt
atgcatcttt
tttcgtcgte
attcacctct
tcaattttct
agaccttcga
attcgggtct
gctcactcga

gctgctagcg
gccagtgttt
tttcatgatt
tatatgccgt
atgatgtggt
tggtggattt
tgaagatgat
tgatgcatat
ggtcgttcat
taattttgga
gaaatatcga
atggcatatg
caagtatgtt
tatatgtgga
tttgtcgatg
gtcgagctca
aaccaaaacc
cagcatcgtg
tgcgatgctce
agcacgcccg
gtccgtcact
cgttgctctt
aatagaccag
tcgagctctg
gtcgccgage
taccgtaacc
gcgaacacgce
ctctacaaat
gggaattagg
tgtatttgta
cagtactaaa
ggaagatggt
tattctccct
ggatgtatca
tcatggcectce
ctccgtttca
ttttaaatta
aaagctgtaa
gaaatggagg
acaaattctt
cagtttttac
ttggcaaatc
aatgctgaaa
aattagtcca
ttgatctgaa
acgaacggta
cctggectgga
tcggttacga

ttcgtacacg
ctctttgggg
ttttttgttt
gcacttgttt
ctggttgggce
attaattttg
ggatggaaat
acagagatgc
tcgttctaga
actgtatgtg
tctaggatag
cagcatctat
ttataattat
tttttttage
ctcaccctgt
tttctctatt
atggatccga
accaacagca
tatgagtggce
acacttgctg
ccatacattg
ggaagcgggg
tcactggcga
gttgagttgc
aacttgcgag
accccagatg
agtgatgcct
ctatctctct
gttcctatag
tttgtaaaat
atccagatca
ctggagtaag
tgtcectcetg
tgtatatctt
attcatatag
aattatgtcg
ggtgttttat
tttagtataa
agggtatgaa
tgcttcagtt
gagttttcat
ttcgtttaat
ctccactttce
agtgtttcat
acaacaattt
ctgtaaaaat
tgaaaccaat
gcacgtagtt
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gatgcgacct
aatcctggga
cgttgcatag
gtcgggtceat
ggtcgttcta
gatctgtatg
atcgatctag
tttttgttecg
tcggagtaga
tgtgtcatac
gtatacatgt
tcatatgctc
tttgatcttg
cctgectteca
tgtttggtgt
acttcagcca
gtattcaaca
ccgattecegt
taaatcgatc
acgtacagga
caatgctgaa
acggatggtg
atgcatcaca
tgttcaatga
cgatccgatg
gtccagecegt
gaggctagca
ctattttcte
ggtttcgctc
acttctatca
tgcatggtac
gacctggcag
gtaaaaaaaa
tgaccattga
ggtttagggt
tattttgatt
ataatacgta
attagaatgg
aagccaaaac
aaaagaaacg
caaacatgta
tgcggcttcet
accaccttcg
tggacgaagg
aaaactgatt
actgtacctc
gcgagagaag
ggcgcctgte

1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
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acccaaccaa
ctataaaaca
aagctgcact
atgatccgcea
accgccgecg
gtggtggagt
accgccgceca
gccgtgcacg
cgcgcggaca
gccacggecg
cataccgcca
ggcgaagtaa
ggtgccgagce
ggcctgcecacg
atggccgect
ccctggaacg
atcgtcagcece
aagggcggcea
accttcgacc
accgctgceccg
gccacggtca
ggcaaggaca
gcgcagcagg
gccaccgegce
ggcctgcgceg
ccectgeecag
ggcatgccgce
tgagtagttc
tataagaaac
attcctaaaa
gttaacgcgt
tcacggatat
cctattaata
gtcgtttccce
ctaagagaaa
tcegttegte

<210> 2
<211> 6579
<212> DNA

accagtagtt
cgcagggact
gcatatacag
agaccgttct
aaggccagcg
ggcgcecgcega
aggtggccga
gcgtggtgge
tggacgcgcet
agtaccgcgg
ccctgcectegg
tgctgatctt
tgatgctcaa
tgttctccag
ccgaccgcett
gcatcgatcc
gccgegecaa
tccgctacaa
cggacatgcg
cgcatggcgce
acgacccgge
acgtctacga
tgccggegat
ccagcaacca
cgctgctgca
tatcgtgccec
tgaaatcacc
ccagataagg
ccttagtatg
ccaaaatcca
atactctaga
tcgtgaaaac
tttagtttga
gcctteggtt
agagcgttta
catttgtatg

gaggcacgcc
ggaaagcgag
aagatacatc
gttgactgcg
gcccgaggtg
tttccaccag
gcgcctgege
gatcatcaag
gccggtgacce
cgagaaggtc
cgtggccgac
ccagccggcec
ggaggggctg
cgtccaggcc
cgccatcacc
gattgtcgcece
cctgtccaag
catcatcccc
caagcagatc
caccgccacce
gctgaccgeg
gccgecgcetg
gttcttettc
ctcgccgaag
ggtgtcgetg
ccgatacgga
agtctctctc
gaattagggt
tatttgtatt
gtggcgagct
gcgatcgcag
gacaaaaact
caccagttgce
taaactatca
ttagaataat
tgcatgcaag

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: NotI fragment

of plasmid pADP72

<400> 2

ctgtttgctc
atttcacagc
gagctaacta
ctgtcctgeg
gaggccgecg
catccggagce
gcgatgggce
ggcgccctge
gaacagaccg
ggggtgatgc
gcgctggtgg
gaggaaggcg
ttcaaggagt
gggcagatcg
gtcaacggcc
gcctecgacce
cagccggegg
gactcggtgg
ttcgecgact
accgacatct
cgcatgctge
cagatgggct
gtcggctcca
ttcctgctceg
gactatctgc
agaaggacct
tacaaatcta
tcttataggg
tgtaaaatac
cgaattgggc
gcttgcectttt
gcgaaatttg
tatcattgcg
gtgtttgaca
cggatattta
ctagc

acgatcacga
tcaaagcagc
gctgcagcgg
ccctggecte
ccgcgcegect
tgtccaaccg
tgcaaccgca
cggggccgaa
ggctgeegtt
atgcctgegg
ccatgcgcga
cgcecgecgec
tcaagccgga
ccgtgegegg
gccagaccca
tgatcggcac
tgctgacctt
agatggtcgg
tgcgcaacgt
acgagaagga
ccagcctgca
cggaggactt
ccggcegeggyg
acgagaaggc
acggtggcaa
cccatgagcg
tctctctcta
tttcgectcat
ttctatcaat
cctgtacagce
ccattatttt
cgggcagtgce
gccaagctca
ggatatattg
aaagggcgtg

PCT/EP00/10281

acgtacagca
caaaacgcag
atccttgagg
cgcgacagcc
gcagcggcag
cgaggtgcgce
gaccggcgtce
gatcgcectg
cgcctccacc
ccacgacgcce
cacgctgccc
ggagcagggce
ggcggtgttc
cggcccgetg
tggctcggeg
cgcgcagacc
cggcgcegatce
caccatccgce
cgccgagcac
cggcaacccyg
ggccgtggte
ctcgctgtat
catcgaccceg
gctggacgtg
ggcggggtga
tcgacctgceca
taataatgtg
gtgttgagca
aaaatttcta
ggceggecge
gcgcaacaag
cttcagtttt
ggatcagatt
gcgggtaaac
aaaaggttta

4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6215

ggccgcgectg gtggcaggat atattgtggt gtaaacaaat tcctgcaggce aattggtacc 60
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tacggccgece
aacttcaaag
tgcccctcete
ttttttgtca
actctacgaa
aaatgaacag
gttttatctt
aatacttcat
actaattttt
actctatttt
taaaaattaa
tcgagtagat
cagcgaacca
tgcctcectgga
ccagaaattg
tctcacggca
cgcccgceegt
ggagcgcaca
aggtacgccg
tccatggtta
gttagatccg
attgctaact
gacgggatcg
ctttatttca
tcttggttgt
ttcaaactac
tagttacgaa
gcgggtttta
tgtggttgag
ggtgtattta
taagatggat
gcatatacat
attataataa
tatgcagcag
gtactgtttc
tagaggatct
tcttcttatt
atcacaaagt
gagcatgacc
ggcggagaag
ttagcgcaag
gcccagtegt
ggagtacgcg
accaagctgg
caaacggacc
gagaggcaag
caggcattcg
caccagtctc

ccatggctga
ctcgaggagce
tagagataat
cacttgtttg
taatataatc
ttagacatgg
tttagtgtgce
ccattttatt
ttagtacatc
agttttttta
acaaataccc
aatgccagcce
gcagcgtcgce
cceccectetega
cgtggcggag
cggcagctac
aataaataga
cacacacaac
ctegtectcece
gggcccggta
tgctgctage
tgccagtgtt
atttcatgat
atatatgccg
gatgatgtgg
ctggtggatt
ttgaagatga
ctgatgcata
cggtcgttca
ttaattttgg
ggaaatatcg
gatggcatat
acaagtatgt
ctatatgtgg
ttttgtcgat
cgtcgagcetce
aaaccaaaac
acagcatcgt
ttgcgatgct
aagcacgccc
agtccgtcac
acgttgctct
gaatagacca
ttcgagcectcet
cgtcgccgag
gtaccgtaac
agcgaacacg
tctctacaaa

agttcctata
tcgceecgeg
gagcattgca
aagtgcagtt
tatagtacta
tctaaaggac
atgtgttcte
agtacatcca
tattttattc
tttaataatt
tttaagaaat
tgttaaacgce
gtcgggccaa
gagttceget
cggcagacgt
gggggattcc
cacccccgec
cagatctccc
ccceececcee
gttctactte
gttcgtacac
tctetttggg
tttttttgtt
tgcacttgtt
tctggttggg
tattaatttt
tggatggaaa
tacagagatg
ttcgttctag
aactgtatgt
atctaggata
gcagcatcta
tttataatta
atttttttag
gctcaccctg
atttctctat
catggatccg
gaccaacagc
ctatgagtgg
gacacttgct
tccatacatt
tggaagcggg
gtcactggcg
ggttgagttg
caacttgcga
caccccagat
cagtgatgcc
tctatctcte

ctttctagag
ccatacctgc
tgtctaagtt
tatctatctt
caataatatc
aattgagtat
cttttttttt
tttagggttt
tattttagcc
tagatataaa
taaaaaaact
cgtcgatcga
gcgaagcaga
ccaccgttgg
gagccggcac
tttcccaccg
acaccctctt
ccaaatccac
ctctctacct
tgttcatgtt
ggatgcgacc
gaatcctggg
tcgttgcata
tgtcgggtca
cggtcgttct
ggatctgtat
tatcgatcta
ctttttgttc
atcggagtag
gtgtgtcata
ggtatacatg
ttcatatgct
ttttgatctt
ccectgectte
ttgtttggtg
tacttcagce
agtattcaac
accgattccg
ctaaatcgat
gacgtacagg
gcaatgctga
gacggatggt
aatgcatcac
ctgttcaatg
gcgatccgat
ggtccagccg
tgaggctagce
tctattttct

aataggaact
agtgcagcgt
ataaaaaatt
tatacatata
agtgttttag
tttgacaaca
gcaaatagct
agggttaatg
tctaaattaa
atagaataaa
aaggaaacat
cgagtctaac
cggcacggca
acttgctccg
ggcaggcggce
ctcectteget
tccccaacct
cecgteggcac
tctctagatce
tgtgttagat
tgtacgtcag
atggctctag
gggtttggtt
tcttttcatg
agatcggagt
gtgtgtgcca
ggataggtat
gcttggttgt
aatactgttt
catcttcata
ttgatgtggg
ctaaccttga
gatatacttg
atacgctatt
ttacttctgc
ataacaaaag
atttccaaac
tcacactgcg
ctcatatcgt
aacagtactt
atggagagcc
gggaagaaga
aactgggcaa
atcccgaggt
gctacgagaa
tgtacatggt
aagcttggac
ccataataat
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tcggaatagg
gacccggtceg
accacatatt
tttaaacttt
agaatcatat
ggactctaca
tcacctatat
gtttttatag
gaaaactaaa
ataaagtgac
ttttcttgtt
ggacaccaac
tctctgtege
ctgtcggcat
ctcctectece
ttcecttect
cgtgttgttc
ctccgettcea
ggcgttcegg
ccgtgtttgt
acacgttctg
ccgttecgea
tgcectttte
cttttttttg
agaattctgt
tacatattca
acatgttgat
gatgatgtgg
caaactacct
gttacgagtt
ttttactgat
gtacctatct
gatgatggca
tatttgcttg
aggtcgactc
aactctttte
aaagttaggc
cctcatgact
cgagtggtgg
gccaagcgtt
gattgggtat
aaccgatcca
aggcttggga
caccaagatc
agcggggttt
tcaaacacgc
acgctgaaat

gtgtgagtag

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
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ttcccagata
aacccttagt
aaaccaaaat
acctgaagtt
tgggcggcecg
agaacaggat
tatatatata
tacggaactc
ataatctaac
ctatcttcac
atattacata
atattatgcg
ccttcaaatt
tgtcacccag
gattaagatc
ccattcgttt
tctctgcetac
atgtgatgta
gatgtacatg
attggacttg
ggcatccagt
caagatagaa
agccgtggaa
tcatcttcta
caccggaaga
caaaaaaggc
tcgecggecce
tggagagttc
cctececggec
aacgcgggcce
gtcgcgtatc
agcgagagcc
gaccgttctg
aggccagcegg
gcgccgcegat
ggtggccgag
cgtggtggceg
ggacgcgctg
gtaccgcecggce
cctgctecgge
gctgatcttce
gatgctcaag
gttctccage
cgaccgcttce
catcgatccg
ccgcgccaac
ccgctacaac
ggacatgcgc

agggaattag
atgtatttgt
ccagtactaa
cctatacttt
tatgcatggc
agcaaccaga
tatatatata
ttaacacatg
tacttcaaaa
tggacaactt
tatattcttc
tagcaagttg
gccatcccectce
atttgcatcc
aaatgcagtt
tcagatccaa
agtgtttttg
catgtttttt
ttaacggctt
tataatatct
gctggaaact
caagtccaaa
taagttctgce
ccactgcgaa
cgacacatta
aaaaaagaaa
aaccgcgcegce
gcgecegegge
ggcgcgggceg
tcgecegegeg
gccaccacca
ccteggegge
ttgactgegce
cccgaggtgg
ttccaccagce
cgcctgegeg
atcatcaagg
ccggtgaccg
gagaaggtcg
gtggccgacg
cagccggecg
gaggggctgt
gtccaggcecg
gccatcaccg
attgtcgceccg
ctgtccaagce
atcatccccg
aagcagatct

ggttcctata
atttgtaaaa
aatccagatc
ctagagaata
gcgccatatg
gcacaaaccg
tatatatata
aaaatctaaa
tttaaaattt
atgaatattt
ttctcatgaa
ttttttttaa
tgggactttg
tttccagctce
gctattgtaa
cggctctaga
ctgcagtacc
tgaaacaacc
aagttacagt
catctcgtcg
atgccgtgtg
agatggccgt
acaaaagttg
tattcgaagg
tcaccacaaa
aaaaaagatg
gcgaaacgct
gcgcgegcege
ccgaccgegce
cgcteccectce
ccacgacaca
agaagacact
tgtcctgcege
aggccgccege
atccggagct
cgatgggcct
gcgecctgece
aacagaccgg
gggtgatgca
cgctggtgge
aggaaggcgce
tcaaggagtt
ggcagatcgc
tcaacggccg
cctcecgacct
agccggeggt
actcggtgga
tcgccgactt

gggtttcgcet
tacttctatc
atgcatggta
ggaacttcgg
cccgggecta
ttcaacaata
tgatttaaaa
cattttcaac
gacaaataaa
atatttatga
aaattaactt
cgggtggagt
ctgectgttgt
gtagctactg
ctgcacaata
tgactgctac
acttcatatc
cgcacaagac
tacaataaca
ttccattatc
tacatcagga
agttttttta
ccattcgaga
gacacaaaaa
aagactaaaa
gcacgaggcc
ctcgtcggcet
gttcggtggce
gtcecgcecgcea
cttcgatcce
cacgcacgca
cacgggggga
cctggectece
cgcgegectg
gtccaaccgc
gcaaccgcag
ggggccgaag
gctgccgttce
tgcectgegge
catgcgcgac
gcecgceegecg
caagccggag
cgtgcgcggce
ccagacccat
gatcggcacc
gctgaccttce
gatggtcggce
gcgcaacgtc

catgtgttga
aataaaattt
cagcggccgg
aataggaact
ggctagcggce
tatatatata
ttatattact
caatcagaac
ataactagtt
agcgagtact
ctcgctataa
aatattagag
tcttccacgg
ttctgcatgt
gcaactgcac
agtacatgca
ctggccttcc
attgatagag
actgcacagg
gtggtaacag
tcgtectttt
gtcacagtgg
tcaactactg
gatcaacgag
acaaaaagaa
cagggctacg
ctcggcetcge
tcacacgctt
tgcgcgceggce
ctcctataaa
ccgtgcaggce
tcecttgagga
gcgacagcca
cagcggcagg
gaggtgcgca
accggcgtcg
atcgccectge
gccteccaccg
cacgacgccce
acgctgcececg
gagcagggcg
gcggtgttcg
ggcccgcectga
ggctcggege
gcgcagacca
ggcgcgatca
accatccgca
gccgagcaca
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gcatataaga
ctaattccta
ggatccgtcg
tcaaaggaat
cggccgceccac
tatatatata
atttttagga
tactagaaag
ttttctaaag
ctcctagtac
atccgaacat
tatttaaatt
ttgctgtcag
attggacttg
acaatcatgt
taatagtaca
gttctagatc
taggaaatgt
atcttgatcc
ttggcaactt
tgttcagttc
aagctgacat
gtagtagtag
taaattagtt
attgccaggce
gcccatcttg
cgcgacgcga
gcgecctegt
gtaggtgagc
tcgagctcge
atcgacgacg
tgatccgcaa
ccgccgecga
tggtggagtg
ccgccgecaa
ccgtgcacgg
gcgcggacat
ccacggccga
ataccgccac
gcgaagtaat
gtgccgagct
gcctgcacgt
tggccgectce
cctggaacgg
tcgtcagecg
agggcggcat
ccttecgaccce
ccgectgecge

3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
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gcatggcgcecc
cgacccggceg
cgtctacgag
gcecggegatg
cagcaaccac
gctgctgcag
atcgtgcccce
gaaatcacca
cagataaggg
cttagtatgt
caaaatccag
aaacctaaga
tttatccgtt

<210> 3

<211> 6667
<212> DNA
<213>

<220>
<223>

accgccacca
ctgaccgcgce
ccgeccgcetge
ttcttetteg
tcgccgaagt
gtgtcgetgg
cgatacggaa
gtctctctcet
aattagggtt
atttgtattt
tggcgaggac
gaaaagagcg
cgtccatttg

ccgacatcta
gcatgctgce
agatgggctc
tcggctcecac
tcetgetega
actatctgca
gaaggacctc
acaaatctat
cttatagggt
gtaaaatact
tgtttaaact
tttattagaa
tatgtgcatg

Artificial Sequence

of plasmid pADP73

<400> 3

ggccgegetg
tacggccgec
aacttcaaag
tgccectcete
ttttttgtca
actctacgaa
aaatgaacag
gttttatctt
aatacttcat
actaattttt
actctatttt
taaaaattaa
tcgagtagat
cagcgaacca
tgcctctgga
ccagaaattg
tctcacggcea
cgccecgecgt
ggagcgcaca
aggtacgccg
tccatggtta
gttagatccg
attgctaact
gacgggatcg

gtggcaggat
ccatggctga
ctcgaggagce
tagagataat
cacttgtttg
taatataatc
ttagacatgg
tttagtgtge
ccattttatt
ttagtacatc
agttttttta
acaaataccc
aatgccagcce
gcagcgtege
ccectetega
cgtggcggag
cggcagctac
aataaataga
cacacacaac
ctcgtectcee
gggcccggta
tgctgctage
tgccagtgtt
atttcatgat

atattgtggt
agttcctata
tcgececgeg
gagcattgca
aagtgcagtt
tatagtacta
tctaaaggac
atgtgttctc
agtacatcca
tattttattc
tttaataatt
tttaagaaat
tgttaaacgc
gtcgggccaa
gagtteccgcet
cggcagacgt
gggggattcc
cacccccgece
cagatctccc
ccceeecece
gttctacttc
gttcgtacac
tctectttggg
tttttttgtt

cgagaaggac
cagcctgcag
ggaggacttc
cggcgcegggce
cgagaaggcg
cggtggcaag
ccatgagcgt
ctctctctat
ttcgctcatg
tctatcaata
atcagtgttt
taatcggata
caagctagce

gtaaacaaat
ctttctagag
ccatacctgc
tgtctaagtt
tatctatctt
caataatatc
aattgagtat
cttttttttt
tttagggttt
tattttagcece
tagatataaa
taaaaaaact
cgtcgatcga
gcgaagcaga
ccaccgttgg
gagccggcac
tttcccaccg
acaccctctt
ccaaatccac
ctctctacct
tgttcatgtt
ggatgcgacc
gaatcctggg
tcgttgcata

ggcaacccgg
gccgtggtcg
tcgetgtatg
atcgacccgg
ctggacgtgg
gcggggtgac
cgacctgcag
aataatgtgt
tgttgagcat
aaatttctaa
gacaggatat
tttaaaaggg

Description of Artificial Sequence: NotI fragment

tcectgcaggce
aataggaact
agtgcagcgt
ataaaaaatt
tatacatata
agtgttttag
tttgacaaca
gcaaatagct
agggttaatg
tctaaattaa
atagaataaa
aaggaaacat
cgagtctaac
cggcacggca
acttgctccg
ggcaggcegge
ctcectteget
tcccecaacct
ccgtcggcac
tctctagatc
tgtgttagat
tgtacgtcag
atggctctag
gggtttggtt
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ccacggtcaa
gcaaggacaa
cgcagcaggt
ccaccgcgece
gcctgegege
ccctgecagt
gcatgccgcet
gagtagttcc
ataagaaacc
ttcctaaaac

attggegggt
cgtgaaaagg

aattggtacc
tcggaatagg
gacccggtcg
accacatatt
tttaaacttt
agaatcatat
ggactctaca
tcacctatat
gtttttatag
gaaaactaaa
ataaagtgac
ttttettgtt
ggacaccaac
tctectgtcege
ctgtcggcat
ctcctectee
ttcecttect
cgtgttgttc
ctccgettea
ggcgttecgg
ccgtgtttgt
acacgttctg
ccgttcecgcea
tgccctttte

5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6579

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
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ctttatttca
tcttggttgt
ttcaaactac
tagttacgaa
gcgggtttta
tgtggttggg
ggtgtattta
taagatggat
gcatatacat
attataataa
tatgcagcag
gtactgtttc
tagaggatct
tcttettatt
atcacaaagt
gagcatgacc
ggcggagaag
ttagcgcaag
gcccagtegt
ggagtacgcg
accaagctgg
caaacggacc
gagaggcaag
caggcattcg
caccagtctc
ttcccagata
aacccttagt
aaaccaaaat
acctgaagtt
tgggcggeceg
tccttetgtg
agtagacttg
accttaatat
atagcacatt
ctaatctggt
ctggaactgt
taccaggaga
gtacgttagt
gatttctggg
ctaatgtctt
tccacaggaa
tcacaagcat
catcgaacag
tcttccacag
cggctcagag
taataatagc
tggcattctg
gtgtgtgtat

atatatgccg
gatgatgtgg
ctggtggatt
ttgaagatga
ctgatgcata
cggtcgttca
ttaattttgg
ggaaatatcg
gatggcatat
acaagtatgt
ctatatgtgg
ttttgtcgat
cgtcgagctce
aaaccaaaac
acagcatcgt
ttgcgatgct
aagcacgcce
agtccgtcac
acgttgctct
gaatagacca
ttcgagctct
cgtcgcececgag
gtaccgtaac
agcgaacacg
tctctacaaa
agggaattag
atgtatttgt
ccagtactaa
cctatacttt
tatgcatgge
tgattgtttt
tcaagctgca
cataaacaat
aacattatga
caattttagc
tgcatgtttt
aatctcttca
ttgtaatgga
atccttggag
gcgttatact
ataaagctaa
ggcaagaatg
gaaccatatc
cagaatatcc
agaagttatg
acaccttgac
acattctggt

gtgtgtggga

tgcacttgtt
tctggttggg
tattaatttt
tggatggaaa
tacagagatg
ttcgttctag
aactgtatgt
atctaggata
gcagcatcta
tttataatta
atttttttag
gctcaccctg
atttctctat
catggatccg
gaccaacagc
ctatgagtgg
gacacttgct
tccatacatt
tggaagcggg
gtcactggcg
ggttgagttg
caacttgcga
caccccagat
cagtgatgcc
tctatctctce
ggttcctata
atttgtaaaa
aatccagatc
ctagagaata
gcgccatatg
attaaaattt
agaacttcca
ctgattgtta
ggattattgg
gctccagaaa
tacatctctt
gatcctttcce
cggtcaatgc
gggccctgaa
acgtgaaatg
tacctgtcca
gcaatctggc
aatgttgccc
gcaactgcat
ataaaaggca
ctccaccaag
cactgtcaga
tattacgctg

tgtcgggtca
cggtcgttcet
ggatctgtat
tatcgatcta
ctttttgtte
atcggagtag
gtgtgtcata
ggtatacatg
ttcatatgcet
ttttgatctt
ccetgectte
ttgtttggtg
tacttcagcc
agtattcaac
accgattccg
ctaaatcgat
gacgtacagg
gcaatgctga
gacggatggt
aatgcatcac
ctgttcaatg
gcgatccgat
ggtccagccg
tgaggctagc
tctattttet
gggtttcgcet
tacttctatc
atgcatggta
ggaacttcgg
cccgggcecta
aatatttatc
atcgccgaca
gtccagaact
ctaactctgc
gaattgcaca
attaacgtag
acatgcaatg
catttctctg
attcggaaac
ccatttctgt
agagtggtgc
aaaggagcgg
cagcaaggac
agctcccaac
ctaattctga
aagcttgtgg
atctctcgga
ctaaaacttt

tcttttcatg
agatcggagt
gtgtgtgcca
ggataggtat
gcttggttgt
aatactgttt
catcttcata
ttgatgtggg
ctaaccttga
gatatacttg
atacgctatt
ttacttctge
ataacaaaag
atttccaaac
tcacactgcg
ctcatatcgt
aacagtactt
atggagagcc
gggaagaaga
aactgggcaa
atcccgaggt
gctacgagaa
tgtacatggt
aagcttggac
ccataataat
catgtgttga
aataaaattt
cagcggecegyg
aataggaact
ggctagcggce
tggaatacct
ataccaatag
atattgagta
aattcaatat
atccttggac
caaaggagta
tcgtaaagaa
aaggcatgtt
agttagttga
aagctgagtt
ggcatttgac
aattatattg
ccccgcagat
aatgaaatcc
ataatttcct
atcgacttgt
aaatgaggag
gtgtttctga

PCT/EP00/10281

cttttttttg
agaattctgt
tacatattca
acatgttgat
gatgatgtgg
caaactacct
gttacgagtt
ttttactgat
gtacctatct
gatgatggca
tatttgecttg
aggtcgactc
aactctttte
aaagttaggc
cctcatgact
cgagtggtgg
gccaagcegtt
gattgggtat
aaccgatcca
aggcttggga
caccaagatc
agcggggttt
tcaaacacgce
acgctgaaat
gtgtgagtag
gcatataaga
ctaattccta
ggatccgtcg
tcaaaggaat
cggccgcaga
accaatatat
agatccaacc
gtgaacaaca
tctgatgegt
aatgttggca
gattattatg
cagatacagt
cagagatgat
gttttagtac
ttctaccatc
caaatgaaga
tattctacta
aagttcctgt
aaaaccacat
agaaagcgaa
gcccatgaaa
gcatagcttc
tcgatctggt

1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
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tagagagcat
actgccaagg
tacagttacc
gcaagaagca
atctcagcca
aagtcctaca
ctaatggacg
gcgtgaggtg
ccgtgactca
acgccggeca
tcgggggatce
tggccteege
cgcgcctgcea
ccaaccgcga
aaccgcagac
ggccgaagat
tgcecgttege
cctgeggceca
tgcgcgacac
cgccgccgga
agccggagge
tgcgeggegg
agacccatgg
tcggcaccge
tgaccttcgg
tggtcggcac
gcaacgtcgce
agaaggacgg
gcctgcaggce
aggacttctec
gcgcgggeat
agaaggcgct
gtggcaaggc
atgagcgtcg
ctctctataa
cgctcatgtg
tatcaataaa
cagtgtttga
atcggatatt
agctagc

<210> 4
<211> 21
<212> DNA
<213>

<220>
<223>

cgtctttata
aaaggatagc
ttaccagatg
aagtttagct
gaccaatggg
ctcaacctaa
ggacaacact
ctttcgcecat
cctgceccacat
cgataaccca
cttgaggatg
gacagccacc
gcggcaggtg
ggtgcgcacc
cggcgtecgcece
cgccectgege
ctccaccgece
cgacgcccat
gctgcececgge
gcagggcggt
ggtgttcgge
ccecgetgatg
ctcggegece
gcagaccatc
cgcgatcaag
catccgcacc
cgagcacacc
caacccggce
cgtggtcgge
gctgtatgeg
cgacccggcece
ggacgtgggc
ggggtgaccc
acctgcaggc
taatgtgtga
ttgagcatat
atttctaatt
caggatatat
taaaagggcg

agcacttaaa
ttggcctgtg
tttgccacga
gtcaaaaaag
ggcaaaattt
ctgttgaacg
tctttcacecg
gaccgtectt
tgcececegee
tcctagcatc
atccgcaaga
gccgecgaag
gtggagtggc
gccgecaagg
gtgcacggcg
gcggacatgg
acggccgagt
accgccacce
gaagtaatgc
gccgagctga
ctgcacgtgt
gcecgectecg
tggaacggca
gtcagccgcece
ggcggcatcc
ttcgaccegg
gctgecgege
acggtcaacg
aaggacaacg
cagcaggtgc
accgcgccca
ctgecgegege
ctgccagtat
atgccgctga
gtagttccca
aagaaaccct
cctaaaacca

tggcgggtaa
tgaaaaggtt

Artificial Sequence

aatggtagta
gggattgagc
catgggcaac
atatgctaga
actactattt
gtcctgttct
tgctactgcet
ggttgttgca
gtcgecggeg
ccggtgtcca
ccgttectgtt
gccagcggcec
gcecgegattt
tggccgagceg
tggtggcgat
acgcgctgee
accgcggcga
tgctcggegt
tgatcttcca
tgctcaagga
tctccagegt
accgcttege
tcgatccgat
gcgccaacct
gctacaacat
acatgcgcaa
atggcgccac
acccggegcet
tctacgagcc
cggcgatgtt
gcaaccactc
tgctgcaggt
cgtgccececg
aatcaccagt
gataagggaa
tagtatgtat
aaatccagtg
acctaagaga
tatccgttcg

taatctctca
cgttgaaggg
gtcattgcta
ggctttccag
gccatacatt
ggccaacggt
acatcctgta
gtcacttgcg
cctacaaaag
gcaagagatc
gactgcgcetg
cgaggtggag
ccaccagcat
cctgcgegeg
catcaagggc
ggtgaccgaa
gaaggtcggg
ggccgacgceg
gccggecgag
ggggctgttc

ccaggccggg
catcaccgtc

tgtcgeegece
gtccaagcag
catccccgac
gcagatctte
cgccaccacce
gaccgcgcege
gcecgcectgcecag
cttcttegtce
gccgaagttce
gtcgctggac
atacggaaga
ctctctctac
ttagggttct
ttgtatttgt
gcgaggactg
aaagagcgtt
tccatttgta

Description of Artificial Sequence: primer GAT1

PCT/EP00/10281

aggagcctat
aacaaacgaa
gaccaagaag
aatatgttct
aaccacgtaa
gagaatgcac
gacggtggac
cacgcttgca
ccacacacgc
catcaagccg
tcctgegecece
gccgecgeceg
ccggagcectgt
atgggcctge
gccectgeegg
cagaccgggce
gtgatgcatg
ctggtggcca
gaaggcgcegce
aaggagttca
cagatcgccg
aacggccgcece
tccgacctga
ccggeggtge
tcggtggaga
gccgacttge
gacatctacg
atgctgccca
atgggctcgg
ggctccaccg
ctgctcgacg
tatctgcacg
aggacctccc
aaatctatct
tatagggttt
aaaatacttc
tttaaactat
tattagaata
tgtgcatgca

4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6667
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<400> 4
gcaccgattc cgtcacactg c 21

<210> 5

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer GAT2

<400> 5
gtacacggct ggaccatctg g 21

<210> 6

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer CA6

<400> 6
gttacgagca cgtagttggc g 21

<210> 7

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer PA7

<400> 7
gctcatggga ggtccttctt ¢ 21

<210> 8

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer CAl

<400> 8
tacgcceecgg gtggtatgca tcaatagagc cg 32
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<210> 9

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: CA2

<400> 9
tacgcggatc cgectgcagct agttagctcg at 32

<210> 10

<211> 439

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Deacetylase
protein from Stenotrophomonas sp.

<400> 10
Met Ile Arg Lys Thr Val Leu Leu Thr Ala Leu Ser Cys Ala Leu Ala
1 5 10 15

Ser Ala Thr Ala Thr Ala Ala Glu Gly Gln Arg Pro Glu Val Glu Ala
20 25 30

Ala Ala Ala Arg Leu Gln Arg Gln Val Val Glu Trp Arg Arg Asp Phe
35 40 45

His Gln His Pro Glu Leu Ser Asn Arg Glu Val Arg Thr Ala Ala Lys
50 55 60

Val Ala Glu Arg Leu Arg Ala Met Gly Leu Gln Pro Gln Thr Gly Val
65 70 75 80

Ala Val His Gly Val Val Ala Ile Ile Lys Gly Ala Leu Pro Gly Pro
85 90 95

Lys Ile Ala Leu Arg Ala Asp Met Asp Ala Leu Pro Val Thr Glu Gln
100 105 110

Thr Gly Leu Pro Phe Ala Ser Thr Ala Thr Ala Glu Tyr Arg Gly Glu
115 120 125

Lys Val Gly Val Met His Ala Cys Gly His Asp Ala His Thr Ala Thr
130 135 140

10
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Leu Leu Gly Val

145

Gly Glu

Pro Glu

Glu Phe

Gln Ala
210

Asp Arg
225

Pro Trp

Thr Ala

Ala Val

Ile Pro
290

Asp Met
305

Thr Ala

Asp Gly

Leu Pro

Pro Leu

370

Pro Ala
385

Val

Gln

Lys

195

Gly

Phe

Asn

Gln

Leu

275

Asp

Arg

Ala

Asn

Ser

355

Gln

Met

Met

Gly

180

Pro

Gln

Ala

Gly

Thr

260

Thr

Ser

Lys

Ala

Pro

340

Leu

Met

Phe

Ala

Leu

165

Gly

Glu

Ile

Ile

Ile

245

Ile

Phe

Val

Gln

His

325

Ala

Gln

Gly

Phe

Asp Ala
150

Ile Phe

Ala Glu

Ala Val

Ala Val
215

Thr Val
230

Asp Pro

Val Ser

Gly Ala

Glu Met
295

Ile Phe
310

Gly Ala

Thr Val

Ala Val

Ser Glu

375

Phe Val
390

Leu

Gln

Leu

Phe

200

Arg

Asn

Ile

Arg

Ile

280

Val

Ala

Thr

Asn

Val

360

Asp

Gly

11

Val

Pro

Met

185

Gly

Gly

Gly

Val

Arg

265

Lys

Gly

Asp

Ala

Asp

345

Gly

Phe

Ser

Ala

Ala

170

Leu

Leu

Gly

Arg

Ala

250

Ala

Gly

Thr

Leu

Thr

330

Pro

Lys

Ser

Thr

Met

155

Glu

Lys

His

Pro

Gln

235

Ala

Asn

Gly

Ile

Arg

315

Thr

Ala

Asp

Leu

Gly
395

Arg

Glu

Glu

Val

Leu

220

Thr

Ser

Leu

Ile

Arg

300

Asn

Asp

Leu

Asn

Tyr

380

Ala

Asp

Gly

Gly

Phe

205

Met

His

Asp

Ser

Arg

285

Thr

Val

Ile

Thr

Val

365

Ala

Gly

Thr

Ala

Leu

190

Ser

Ala

Gly

Leu

Lys

270

Tyr

Phe

Ala

Tyr

Ala

350

Tyr

Gln

Ile

Leu

Pro

175

Phe

Ser

Ala

Ser

Ile

255

Gln

Asn

Asp

Glu

Glu

335

Arg

Glu

Gln

Asp

PCT/EP00/10281

Pro

160

Pro

Lys

Val

Ser

Ala

240

Gly

Pro

Ile

Pro

His

320

Lys

Met

Pro

Val

Pro
400
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PCT/EP00/10281

Ala Thr Ala Pro Ser Asn His Ser Pro Lys Phe Leu Leu Asp Glu Lys

405

410

415

Ala Leu Asp Val Gly Leu Arg Ala Leu Leu Gln Val Ser Leu Asp Tyr

420

Leu His Gly Gly Lys Ala Gly

435

<210>
<211>
<212>
<213>

11
1320
DNA

<400> 11

atgatccgca
accgccgeceg
gtggtggagt
accgccgceca
gccgtgcacg
cgcgcggaca
gccacggecg
cataccgcca
ggcgaagtaa
ggtgccgagce
ggcctgcacg
atggccgect
ccctggaacg
atcgtcagcece
aagggcggea
accttcgacc
accgctgeceg
gccacggtca
ggcaaggaca
gcgcagcagg
gccaccgcgce
ggcctgegeg

<210>
<211>
<212>
<213>

12
2510
DNA

<220>
<223>

agaccgttct
aaggccagcg
ggcgccgcga
aggtggccga
gcgtggtgge
tggacgcgcet
agtaccgegg
ccctgetegg
tgctgatctt
tgatgctcaa
tgttctccag
ccgaccgcett
gcatcgatcc
gccgcegcecaa
tccgctacaa
cggacatgcg
cgcatggege
acgacccggc
acgtctacga
tgcecggcegat
ccagcaacca
cgctgetgcea

Stenotrophomonas sp.

gttgactgcg
gcccgaggtg
tttccaccag
gcgcectgegce
gatcatcaag
gceggtgacc
cgagaaggtc
cgtggccgac
ccagccggcec
ggaggggctg
cgtccaggec
cgccatcacce
gattgtcgce
cctgtccaag
catcatcccce
caagcagatc
caccgccacc
gctgaccgceg
gccgeecgcetg
gttcttcttce
ctcgccgaag
ggtgtcgctg

Artificial Sequence

Description of Artificial Sequence:

425

ctgtcctgeg
gaggccgeceg
catcecggage
gcgatgggcece
ggcgcectge
gaacagaccg
ggggtgatgce
gcgetggtgg
gaggaaggcg
ttcaaggagt
gggcagatcg
gtcaacggcc
gccteccgacce
cagccggegg
gactcggtgg
ttcgccgact
accgacatct
cgcatgctgce
cagatgggct
gtcggctcca
ttecctgcteg
gactatctgc

- coding sequence of deac gene

12

430

ccctggecte
ccgegcegect
tgtccaaccg
tgcaaccgca
cggggccgaa
ggctgcegtt
atgcctgegg
ccatgcgcga
cgccgcececgcece
tcaagccgga
ccgtgegegg
gccagaccca
tgatcggcac
tgctgacctt
agatggtcgg
tgcgcaacgt
acgagaagga
ccagcctgca
cggaggactt
ccggcgeggyg
acgagaaggc
acggtggcaa

CA55 promoter

cgcgacagcc
gcagcggeag
cgaggtgcgce
gaccggcegtce
gatcgcectg
cgcctcceacce
ccacgacgcc
cacgctgccc
ggagcagggce
ggcggtgttc
cggcccgcetg
tggctcggeg
cgcgcagacc
cggcgcgatc
caccatccgce
cgccgagcac
cggcaacccg
ggccgtggtce
ctcgectgtat
catcgacccg
gctggacgtg
ggcggggtga

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
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<400> 12

tggtatgcat
gaacttgaca
atttgccttc
aatcagacgg
ggtttgcata
actttttata
taataaaata
caatgtatga
atggaatgga
gggaatgggg
cccttggttg
gttcgaaggt
cttgctttcea
tcagatcatc
gacctgtcga
tttcaattcg
gttgcattac
accagtagtt
cgcagggact
gcatatacag
agaccgttct
aaggccagcg
ggcgecegega
aggtggccga
gcgtggtgge
tggacgegcet
agtaccgcgg
ccctgectegg
tgctgatctt
tgatgctcaa
tgttctccag
ccgaccgctt
gcatcgatcc
gccgcgccaa
tccgctacaa
cggacatgcg
cgcatggcgce
acgacccggce
acgtctacga
tgccggcegat
ccagcaacca

cgctgctgea

<210> 13
<211> 2932
<212> DNA

caatagagcc
tctgaataga
gctgtgactt
tgcattacaa
agtagtaccc
taatttttta
tatgtatcta
caaataattt
gggaatacat
aatcgtactt
atgcatcttt
tttegtegte
attcacctct
tcaattttct
agaccttcga
attcgggtct
gctcactcga
gaggcacgcce
ggaaagcgag
aagatacatc
gttgactgcg
gcccgaggtg
tttccaccag
gcgcctgcge
gatcatcaag
gccggtgacce
cgagaaggtc
cgtggccgac
ccagccggec
ggaggggctg
cgtccaggcc
cgccatcacc
gattgtcgcece
cctgtccaag
catcatcccce
caagcagatc
caccgccacce
gctgaccgceg
gccgecgetg
gttcttcttce
ctcgccgaag
ggtgtcgctg

ggaagatggt
tattctcect
ggatgtatca
tcatggccte
ctccgtttca
ttttaaatta
aaagctgtaa
gaaatggagg
acaaattctt
cagtttttac
ttggcaaatc
aatgctgaaa
aattagtcca
ttgatctgaa
acgaacggta
cctggctgga
tcggttacga
ctgtttgcectce
atttcacagc
gagctaacta
ctgtcctgeg
gaggccgcecg
catccggagc
gcgatgggcece
ggcgcectgce
gaacagaccg
ggggtgatgce
gcgetggtgg
gaggaaggcg
ttcaaggagt
gggcagatcg
gtcaacggcc
gcctccgacce
cagccggegg
gactcggtgg
ttcgecgact
accgacatct
cgcatgctge
cagatgggct
gtcggctcca
ttcctgctcecg
gactatctgc

<213> Artificial Sequence

13

ctggagtaag
tgtcectcetg
tgtatatctt
attcatatag
aattatgtcg
ggtgttttat
tttagtataa
agggtatgaa
tgcttcagtt
gagttttcat
ttcgtttaat
ctccactttc
agtgtttcat
acaacaattt
ctgtaaaaat
tgaaaccaat
gcacgtagtt
acgatcacga
tcaaagcagc
gctgcagecgg
ccctggectce
ccgcgegect
tgtccaaccg
tgcaaccgca
¢ggggccgaa
ggctgcecgtt
atgcctgcgg
ccatgcgcega
cgcecgecgcece
tcaagccgga
ccgtgecgegg
gccagaccca
tgatcggcac
tgctgacctt
agatggtcgg
tgcgcaacgt
acgagaagga
ccagcctgceca
cggaggactt
ccggegeggg
acgagaaggc
acggtggcaa

gacctggcag
gtaaaaaaaa
tgaccattga
ggtttagggt
tattttgatt
ataatacgta
attagaatgg
aagccaaaac
aaaagaaacg
caaacatgta
tgcggcettcet
accaccttcg
tggacgaagg
aaaactgatt
actgtacctc
gcgagagaag
ggcgcctgte
acgtacagca
caaaacgcag
atccttgagg
cgcgacagcce
gcagcggcag
cgaggtgcgce
gaccggcgtce
gatcgccctg
cgcctccacce
ccacgacgcce
cacgctgcece
ggagcaggge
ggcggtgtte
cggcccgcetg
tggctcggeg
cgcgcagacc
cggcgcgatc
caccatccgce
cgccgagcac
cggcaacccyg
ggccgtggtce
ctcgctgtat
catcgacccg
gctggacgtg
ggcggggtaga

PCT/EP00/10281

tgtgatacgg
ctgttgtcac
tatcttggtt
taccacgatt
ttttagatac
tctaagtgta
tgtatatctt
ctcctagaat
agaaaaggag
tgcacgtctt
tttttatacc
gttgcatctg
tccaagtcct
ttgttacctt
agatttgtga
aagaaaaaat
acccaaccaa
ctataaaaca
aagctgcact
atgatccgca
accgccgecg
gtggtggagt
accgccgeca
gccgtgcacg
cgcgcggaca
gccacggecg
cataccgcca
ggcgaagtaa
ggtgccgage
ggcctgcacg
atggccgecet
ccctggaacg
atcgtcagcce
aagggcggcea
accttcgacc
accgctgecg
gccacggtca
ggcaaggaca
gcgcagcagg
gccaccgcegce
ggcctgegeg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2510
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<220>

<223> Description of Artificial Sequence: T72 promoter

coding region of deac gene

<400> 13

cacagaacag
atatatatat
ggatacggaa
aagataatct
aagctatctt
tacatattac
catatattat
attccttcaa
cagtgtcacc
ttggattaag
tgtccattcg
acatctctge
atcatgtgat
tgtgatgtac
tccattggac
cttggcatcc
ttccaagata
catagccgtg
tagtcatctt
gttcaccgga
ggccaaaaaa
ttgtcgecgg
cgatggagag
cgtcctceceg
agcaacgcgg
cgcgtegegt
acgagcgaga
caagaccgtt
cgaaggccag
gtggcgcecge
caaggtggcc
cggcgtggtg
catggacgcg
cgagtaccgce
caccctgete
aatgctgatc
gctgatgctce
cgtgttctcc
ctccgaccge
cggcatcgat
ccgeegegec
catccgctac

gatagcaacc
atatatatat
ctcttaacac
aactacttca
cactggacaa
atatatattc
gcgtagcaag
attgccatcc
cagatttgca
atcaaatgca
ttttcagatc
tacagtgttt
gtacatgttt
atgttaacgg
ttgtataata
agtgctggaa
gaacaagtcc
gaataagttc
ctaccactgc
agacgacaca
ggcaaaaaag
cccaaccgcg
ttcgecgeege
gccggegegg
gcctcgceege
atcgccacca
gccecetegge
ctgttgactg
cggcccgagg
gatttccacc
gagcgcctge
gcgatcatca
ctgccggtga
ggcgagaagg
ggcgtggecg
ttccagccgg
aaggaggggc
agcgtccagg
ttcgeccatca
ccgattgtceg
aacctgtcca
aacatcatcc

agagcacaaa
atatatatat
atgaaaatct
aaatttaaaa
cttatgaata
ttcttctecat
ttgttttttt
ctctgggact
tcctttecag
gttgctattg
caacggctct
ttgctgcagt
ttttgaaaca
cttaagttac
tctcatcteg
actatgcegt
aaaagatggc
tgcacaaaag
gaatattcga
ttatcaccac
aaaaaaaaag
cgcgcgaaac
ggcgcegegeg
gcgccgaccg
gcgegctecce
ccaccacgac
ggcagaagac
cgctgtcctg
tggaggccge
agcatccgga
gcgegatggg
agggcgcecect
ccgaacagac
tcggggtgat
acgcgctggt
ccgaggaagg
tgttcaagga
ccgggcagat
ccgtcaacgg
ccgccteega
agcagccgge
ccgactecggt

14

ccgttcaaca
atatgattta
aaacattttc
tttgacaaat
tttatattta
gaaaaattaa
taacgggtgg
ttgctgetgt
ctcgtagcta
taactgcaca
agatgactgc
accacttcat
acccgcacaa
agttacaata
tcgttccatt
gtgtacatca
cgtagttttt
ttgccattcg
agggacacaa
aaaaagacta
atggcacgag
gctctcgteg
cgcgtteggt
cgcgtecegec
ctcecttegat
acacacgcac
actcacgggg
cgccctggece
cgccgegegce
gctgtccaac
cctgcaaccg
gceggggecg
cgggctgccg
gcatgcctgce
ggccatgegce
cgcgeccgecyg
gttcaagccg
cgcecgtgege
ccgccagacce
cctgatcggce
ggtgctgacc
ggagatggtc

atatatatat
aaattatatt
aaccaatcag
aaaataacta
tgaagcgagt
cttctcgeta
agtaatatta
tgttcttcca
ctgttctgca
atagcaactg
tacagtacat
atcctggcect
gacattgata
acaactgcac
atcgtggtaa
ggatcgtcct
ttagtcacag
agatcaacta
aaagatcaac
aaaacaaaaa
gcccagggcet
gctctcgget
ggctcacacg
gcatgcgegce
ccectectat
gcaccgtgca
ggatccttga
tccgecgacag
ctgcagcggce
cgcgaggtge
cagaccggcg
aagatcgccce
ttcgectceca
ggccacgacg
gacacgctgc
ccggagcagg
gaggcggtgt
ggcggeecge
catggctcgg
accgcgcaga
ttcggcgega
ggcaccatcc
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atatatatat
actattttta
aactactaga
gttttttcta
actctcctag
taaatccgaa
gagtatttaa
cggttgctgt
tgtattggac
cacacaatca
gcataatagt
tccgttctag
gagtaggaaa
aggatcttga
cagttggcaa
ttttgttcag
tggaagctga
ctggtagtag
gagtaaatta
gaaattgcca
acggcccatc
cgccgcgacg
cttgcgcect
ggcgtaggtg
aaatcgagct
ggcatcgacg
ggatgatccg
ccaccgceegce
aggtggtgga
gcaccgccge
tcgccgtgcea
tgcgcgegga
ccgeccacggc
cccataccge
ccggcgaagt
gcggtgccga
tcggcctgcea
tgatggccge
cgccctggaa
ccatcgtcag

tcaagggcgg
gcaccttcga

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
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cccggacatg
cgcgecatgge
caacgacccg
caacgtctac
ggtgccggeg
gcccagcaac
cgcgctgcetg

<210>
<211>
<212>
<213>

14
1687
DNA

<220>
<223>

cgcaagcaga
gccaccgceca
gcgctgaccg
gagccgccgce
atgttcttct
cactcgcega
caggtgtcge

tcttecgcecega
ccaccgacat
cgcgcatgcet
tgcagatggg
tcgtecggcetce
agttcctget
tggactatct

Artificial Sequence

cttgcgcaac
ctacgagaag
gcccagectg
ctcggaggac
caccggcgeg
cgacgagaag
gcacggtgge

coding sequence of deac gene

<400> 14

cagatccttc
atatagtaga
aaccacctta
aacaatagca
gcgtctaatc
ggcactggaa
tatgtaccag
cagtgtacgt
tgatgatttc
gtacctaatg
catctccaca
aagatcacaa
actacatcga
ctgttcttee
acatcggctc
cgaataataa
gaaatggcat
cttegtgtgt
tggttagaga
ctatactgcece
cgaatacagt
gaaggcaaga
ttctatctca
gtaaaagtcc
gcacctaatg
ggacgcgtga
tgcaccgtga
acgcacgccg
gccgtceg

tgtgtgattg
cttgtcaage
atatcataaa
cattaacatt
tggtcaattt
ctgttgcatg
gagaaatctc
tagtttgtaa
tgggatcctt
tcttgcgtta
ggaaataaag
gcatggcaag
acaggaacca
acagcagaat
agagagaagt
tagcacacct
tctgacattc
gtatgtgtgt
gcatcgtctt
aaggaaagga
taccttacca
agcaaagttt
gccagaccaa
tacactcaac
gacgggacaa
ggtgctttcg
ctcacctgce
gccacgataa

ttttattaaa
tgcaagaact
caatctgatt
atgaggatta
tagcgctcca
tttttacatc
ttcagatcct
tggacggtca
ggaggggccc
tactacgtga
ctaatacctg
aatggcaatc
tatcaatgtt
atccgcaact
tatgataaaa
tgacctccac
tggtcactgt
gggatattac
tataagcact
tagcttggcc
gatgtttgcc
agctgtcaaa
tgggggcaaa
ctaactgttg
cacttctttc
ccatgaccgt
acattgcceccc
cccatcctag

15

atttaatatt
tccaatcgcece
gttagtccag
ttggctaact
gaaagaattg
tcttattaac
ttccacatgce
atgccatttc
tgaaattcgg
aatgccattt
tccaagagtg
tggcaaagga
gccccagcaa
gcatagctcc
ggcactaatt
caagaagctt
cagaatctct
gctgctaaaa
taaaaatggt
tgtggggatt
acgacatggg
aaagatatgc
atttactact
aacggtcctg
accgtgctac
ccttggttgt
cgccgtegece
catcccggtg

gtcgccgagce
gacggcaacc
caggccgtgg
ttctecgetgt
ggcatcgacc
gcgctggacg
aaggcggggt

Description of Artificial Sequence: El promoter-

tatctggaat
gacaatacca
aactatattg
ctgcaattca
cacaatcctt
gtagcaaagg
aatgtcgtaa
tctgaaggca
aaacagttag
ctgtaagctg
gtgcggcecatt
gcggaattat
ggacccccgce
caacaatgaa
ctgaataatt
gtggatcgac
cggaaaatga
ctttgtgttt
agtataatct
gagccgttga
caacgtcatt
tagaggcttt
atttgccata
ttctggccaa
tgctacatcc
tgcagtcact
ggcgcctaca
tccagcaaga
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acaccgctge
cggccacggt
tcggcaagga
atgcgcagca
cggccaccgce
tgggcctgeg
ga

acctaccaat
atagagatcc
agtagtgaac
atattctgat
ggacaatgtt
agtagattat
agaacagata
tgttcagaga
ttgagtttta
agttttctac
tgaccaaatg
attgtattct
agataagttc
atccaaaacc
tcctagaaag
ttgtgcccat
ggaggcatag
ctgatcgatc
ctcaaggagc
agggaacaaa
gctagaccaa
ccagaatatg
cattaaccac
cggtgagaat
tgtagacggt
tgcgcacgcet
aaagccacac
gatccatcaa

2580
2640
2700
2760
2820
2880
2932

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1687
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