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Genetically modified plants which synthesize a starch having increased
swelling power

The present invention relates to genetically modified plant cells and plants, and to
processes for the production of genetically modified plant cells and plants which have
an increased activity of a protein having the activity of a starch synthase Il and an
increased activity of a protein having the activity of a glucan-water dikinase. Plants of
this type synthesize starches having increased hot water swelling power. The present
invention likewise relates to starches having increased hot water swelling power, and
to processes for their preparation.

Beside oils, fats and proteins, polysaccharides are the main renewable raw materials
of plants. Starch, which is one of the most important reserve substances in higher
plants, beside cellulose, takes on a central role in the polysaccharides.

Furthermore, starch is an essential constituent of human and animal nutrition in
nutritional physiology terms. The structural features of theﬁarch contained in foods
can influence the functional (e.g. water-binding power, swelling power), nutritional
physiology (e.g. digestibility, influence of the food on the glycemic index) or structure-
imparting (e.g. cut resistance, texture, stickiness, processability) properties of all
sorts of foods. Food compositions therefore often contain a starch having certain
structural features which determine the desired properties of the food in question.
The properties of foods containing starch-storing plant tissue (e.g. grains, fruit, flours)
can also be influenced by the starch contained in the plant tissues.

The polysaccharide starch is a polymer of chemically homogeneous basic structural
units, the glucose molecules. What is involved here, however, is a very complex
mixture of different molecular forms, which differ with respect to their degree of
polymerization, the occurrence of branchings of the glucose chains and their chain
lengths, and which can moreover be modified, e.g. phosphorylated. Starch is
therefore not a homogeneous raw material. In particular, amylose, an essentially
unbranched polymer of alpha-1,4-glycosidically linked glucose molecules, is
distinguished from amylopectin, which is a complex mixture of differently branched
glucose chains. The branchings come about here as a result of the occurrence of
additional alpha-1,6-glycosidic linkages. In typical plants used for industrial starch
production or as foods, such as, for example, comn, rice, wheat or potatoes, the
synthesized starch consists to about 20% - 25% of amylose and to about 70% - 75%
of amylopectin.
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The functional, nutritional physiology or structure-imparting properties of the starch,
such as, for example, the solubility, the retrogradation behavior, the water-binding
capacity, the film formation properties, the viscosity, the gelatinization properties, the
freeze-thaw stability, the acid stability, the gel strength, the swelling power, the
digestibility and the starch granule size of starches are influenced, among other
things, by the structural features of the starch such as the amylose/amylopectin ratio,
the molecular weight of the glucose polymers, the pattern of side chain distribution,
the content of ions, the lipid and protein content and/or the starch granule
morphology etc.

By means of processes based on breeding, selected structural features of the starch
and thus also functional, nutritional physiology or structure-imparting properties of
starch in plant cells can be altered. However, this is only possible today for selected
structural features of starch (e.g. amylopectin/amylose content, US 5,300,145). At
present, for example, it is not possible to influence the content of phosphate in plant
starch alone by breeding measures.

An alternative to breeding processes consists in the selected modification of starch-
producing plants by genetic engineering methods. A prerequisite for this, however, is
the identification and characterization of the enzymes involved in starch synthesis
and/or starch modification and their subsequent functional analysis in transgenic
plants.

Various enzymes which catalyze different reactions are involved in starch synthesis
in plant cells. Starch synthases (EC2.4.1.21, ADP-glucose, 1,4-alpha-D-glucan 4-
alpha-D-glucosyltransferase) catalyze a polymerization reaction by transfer of a
glucosyl radical of ADP-glucose to alpha-1,4-glucans, the transferred glucosyl radical
being linked to the alpha-1,4-glucan by production of an alpha-1,4 bond. In almost all
plants investigated up to now, it was possible in each case to demonstrate a number
of isoforms of starch synthases. Starch synthases can be divided into two different
groups: granule-bound starch synthases (GBSS) and soluble starch synthases (also
abbreviated as "SS" in connection with the present invention). Granule-bound starch
synthases catalyze the synthesis of amylose, whereas soluble starch synthases are
involved in the synthesis of amylopectin (Ball and Morell, 2003, Annu. Rev, Plant
Biol. 54, 207-233; Teltow et al., 2004, J. Expt. Bot. 55(406), 2131-2145). The group
of soluble starch synthases has a number of isoforms which are designated in the
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technical literature as SSI, SSlI, SSlll, SSIV. The assignment of starch synthases to
the individual groups (SSI, SSII, SSIll, SSIV) is carried out by means of sequence
homologies of the protein sequences of the respective enzymes in question (Ball and
Morell, 2003, Annu. Rev, Plant Biol. 54, 207-233). Each individual isoform of the
soluble starch synthases is assigned a specific function in starch synthesis according
to current doctrine. In dicotyledonous plants, up to now it was only possible to
demonstrate one isoform of SSIlI proteins, whereas in many monocotyledonous
plants (e.g. corn) two different classes of SSIlI proteins were demonstrated, which are
designated by SSlla or SSlib. In monocotyledonous plants, SSlla is expressed
preferentially in the endosperm and SSlIb preferably in the leaf tissue (Teltow et al.,
2004, J. Expt. Bot. 55(406), 2131-2145). The specific function, in particular of the
individual soluble starch synthases in the synthesis of starch, is at present still not
finally clarified (Ball and Morell, 2003, Annu. Rev, Plant Biol. 54, 207-233).

The functional, nutritional physiology or structure-imparting properties of starch are
also influenced by the phosphate content, a non-carbon component of starch. A
distinction is to be made here between phosphate which is covalently bonded to the
glucose molecule of the starch in the form of monoesters (in connection with the
present invention designated as starch phosphate) and phosphate in the form of
phospholipids associated with the starch.

The content of starch phosphate varies depending on the type of plant. For instance,
certain corn mutants synthesize a starch having an increased content of starch
phosphate (waxy corn 0.002% and high amylose corn 0.013%), while conventional
types of corn only contain traces of starch phosphate. Likewise, small amounts of
starch phosphate are found in wheat (0.001%) while in oats and Sorghum it was not
possible to detect any starch phosphate. Less starch phosphate was likewise found
in rice mutants (waxy rice 0.003%) than in conventional types of rice (0.013%).
Significant amounts of starch phosphate were found in plants synthesizing tuber or
root store starch such as, for example, tapioca (0.008%), sweet potato (0.011%),
arrowroot (0.021%) or potato (0.089%). The percentage values for the starch
phosphate content cited in the preceding text in each case relate to the dry weight of
the starch and have been determined by Jane et al. (1996, Cereal Foods World 41
(11), 827-832).

Starch phosphate can be present in the form of monoesters in the C2, C3 or C6
position of the polymerized glucose monomers (Takeda and Hizukuri, 1971,
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Starch/Starke 23, 267-272). The phosphate distribution of the phosphate in starch
synthesized by plants is distinguished in general in that approximately 30% to 40% of
the phosphate radicals in the C3 position and approximately 60% to 70% of the
phosphate radicals in the C6 position of the glucose molecules are covalently bonded
(Blennow et al., 2000, Int. J. of Biological Macromolecules 27, 211-218). Blennow et
al. (2000, Carbohydrate Polymers 41, 163-174) determined a content of starch
phosphate which is bonded in the C6 position of the glucose molecules for various
starches, such as, for example, potato starch (between 7.8 and 33.5 nmol per mg of
starch, depending on cultivar), starch from various Curcuma species (between 1.8
and 63 nmol per mg, depending on cultivar), tapioca starch (2.5 nmol per mg of
starch), rice starch (1.0 nmol per mg of starch), mung bean starch (3.5 nmol per mg
of starch) and sorghum starch (0.9 nmol per mg of starch). In barley starch and
starch from various waxy mutants of corn, these authors were not able to detect any
starch phosphate bonded in the C6 position. Up to now, it has not been possible to
make any connection between the genotype of a plant and the content of starch
phosphate (Jane et al., 1996, Cereal Foods World 41 (11), 827-832). Therefore it is
not possible at present to influence the content of starch phosphate in plants by
breeding measures.

Up to now, two proteins have been described which mediate the introduction of
covalent bonds of phosphate radicals into the glucose molecules of starch. The first
protein has the enzymatic activity of an alpha-glucan-water dikinase (GWD, E.C.:
2.7.9.4) (Ritte et al., 2002, PNAS 99, 7166-7171), is often called R1, in particular in
the older scientific literature, and is bonded to the starch granules of the reserve
starch in potato tubers (Lorberth et al., 1998, Nature Biotechnology 16, 473-477). The
second protein described in the literature, which catalyzes the introduction of starch
phosphate into starch, has the enzymatic activity of a phosphoglucan-water dikinase
(PWD, E.C.: 2.7.9.5) (Kétting et al., 2005, Plant Physiol. 137, 2424-252, Baunsgaard
et al., 2005, Plant Journal 41, 595-605).

A significant difference between GWD and PWD consists in the fact that GWD can
use unphosphorylated starch as a substrate, i.e. a de novo phosphorylation of
unphosphorylated starch can be catalyzed by GWD, whereas PWD needs already
phosphorylated starch as a substrate, i.e. additionally introduces phosphate into
already phosphorylated starch (Kotting et al., 2005, Plant Physiol. 137, 2424-252,
Baunsgaard et al., 2005, Plant Journal 41, 595-605). A further significant difference
between GWD and PWD consists in the fact that GWD introduces phosphate groups
exclusively into the C6 position of the glucose molecules of starch, whereas PWD
exclusively phosphorylates the C3 position of the glucose molecules of
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phosphorylated starch (Ritte et al., 2006, FEBS Letters 580, 4872-4876).

In the reaction catalyzed by GWD or PWD, the starting materials alpha-1,4-glucan
(for GWD) or phosphorylated alpha-1,4-glucan (for PWD), adenosine triphosphate
(ATP) and water are reacted to give the products glucan phosphate (starch
phosphate), monophosphate and adenosine monophosphate (Kétting et al., 2005,
Plant Physiol. 137, 2424-252, Ritte et al., 2002, PNAS 99, 7166-7171).

Wheat plants which have an increased activity of GWD proteins due to expression of
a GWD-encoding gene from potato are described in WO 02 34923. In comparison to
corresponding wild-type plants in which it was not possible to detect any starch
phosphate, these plants synthesize a starch containing significant amounts of starch
phosphate in the C6 position of the glucose molecules.

WO 05 2359 describes the overexpression of a GWD from potato in corn plants,
optimized with respect to codons used by corn plants. By means of 3P NMR, a total
phosphate content (bonded in the C6, C3 and C2 position of the glucose molecules)
of the corn starch in question of 0.0736% phosphate based on the amount of glucose
was determined. If a molecular weight of 98 is taken as a basis for phosphate, a total
phosphate content of about 7.5 nmol of phosphate per mg of starch results for the
total phosphate content determined in WO 05 2359 of 0.0736% for starch isolated
from transgenic corn plants.

Plants which have an increased activity of a PWD protein due to overexpression of a
PWD-encoding gene from Arabidopsis thaliana are described in WO 05 095617. In
comparison to corresponding untransformed wild-type plants, these plants have an
increased content of starch phosphate.

An important functional property, for example in the processing of starches in the
food industry, is the swelling power. Various structural properties of starches, such as
the amylose/amylopectin ratio, the side chain length, the molecular weight, the
number of branchings, have an influence on the swelling power of the starches in
question (Narayana and Moorthy, 2002, Starch/Starke 54, 5§59-592).

The advice can be taken from the scientific literature that, in addition to the
amylose/amylopectin ratio, the side chain distribution of the amylopectin and the
molecular weight distribution of the starch polymers, also the amount of starch
phosphate, has an influence on functional properties, in particular on the swelling
power of the starch (Narayana and Moorthy, 2002, Starch/Starke 54, 559-592).

It is to be emphasized that concerning the swelling power of starch a distinction is to
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be made between the swelling power in cold water (e.g. room temperature) and the
swelling power in warm or hot water. Native starches have a negligible swelling
power, if at all, in cold water, whereas physically modified (pregelatinized, dried)
starches are already able to swell in cold water. Production processes for starches
swelling in cold water are described, for example, in US 4, 280, 851. In connection
with the present invention, the term "swelling power" relates to the behavior of starch
in warm/hot aqueous suspensions. The swelling power is standardly determined by
warming starch granules in the presence of an excess of water, removing unbound
water after centrifugation of the suspension and forming the quotient of the weight of
the residue obtained and the weight of the amount of starch weighed in. When
carrying out this process, on warming the starch suspension crystalline areas of the
starch granules are dissolved and water molecules are intercalated in the starch
granules, but without the structure of the starch granules itself being destroyed here,
i.e. only a swelling of the individual starch granules, caused by the absorption of
water molecules, takes place.

In comparison to cereal starches, starches isolated from tubers or tuberous tissues
have a significantly higher hot water swelling power.

For potato starches isolated from various varieties, a maximum swelling power of
74.15 g/g (Kufri Jyoti variety) was determined at 85°C (Singh et al., 2002, Journal of
the Science of Food and Agriculture 82, 1376-1383) according to the method of
Leach et al. (1959, Cereal Chemistry 36, 534-544). Takizawa et al. (2004, Brazilian
Archives of Biology and Technology 47 (6), 921-931) determined a swelling power of
100g/g for potato starch (90°C, according to the method of Leach et al. (1959, Cereal
Chemistry 36, 534-544)). Wheat starch, isolated from various cultivars, has a swelling
power of 16.6g/g to 26.0 g/g (temperature: boiling aqueous 0.1% AgNO;3;
suspension) (Yamamori and Quynh, 2000, Theor Appl Genet 100, 23-28). Starch
isolated from various cultivars of hull-less barley has a swelling power of 16.5 g/g or
19.3 g/g and waxy or amylose-free starch of the various cultivars of said barley has a
swelling power of 36.0 g/g to 55.7 g/g (temperature: 70°C aqueous 0.1% AgNOs3,
Yasui et al., 2002, Starch/ Starke 54, 179-184). For corn starch, a swelling power of
22.3 g/g and for high amylose corn starches a swelling power of 9.6 g/g (Hylon V),
6.1 g/g (Hylon VII) or 3.9 g/g (LAPS = Low AmyloPectin Starch) was determined
(90°C, Shi et al., 1998, J. Cereal Sci. 27, 289-299). In US 6,290 9,907, a swelling
power of 35.4 g/g was indicated for waxy corn starch. For starch isolated from
various rice cultivars, a swelling power of 26.0 g/g to 33.2 g/g was determined (Sodhi
and Singh, 2003, Food Chemistry 80, 99-108) according to the method of Leach et
al. (1959, Cereal Chemistry 36, 534-544). Chen et al. (2003, Starch/Starke 55, 203-
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212) determined a swelling power of approximately 25 g/g to approximately 49 g/g
(95°C, aqueous suspension) for various mixtures of waxy rice starches with high-
amylose rice starches. Yasui et al. (2002, Starch/ Starke 54, 179-184) determined a
swelling power of 55.7 g/g (measured in boiling water in 0.1% aqueous silver nitrate
solution) for an amylose-free rice starch.

By the preparation of derivatives of native starches, functional properties of the
starches can be altered. "Cross-linked" wheat starches, depending on the degree of
cross-linking, have a swelling power of 6.8 g/g to 8.9 g/g, acetylated wheat starches
have a swelling power of at most 10.3 g/g and at the same time cross-linked and
acetylated wheat starches have a swelling power of 9.4 g/g, whereas the
corresponding underivatized starches had a swelling power of 8.8 g/g (measured at
90°C; Van Hung and Morita, 2005, Starch/Starke 57, 413-420).

For acetylated waxy rice starches, a swelling power of about 30 g/g and for cross-
linked waxy rice starch a swelling power of about 15 g/g was determined, whereas
corresponding underivatized waxy rice starch had a swelling power of about 41 g/g.
Acetylated rice starch had a swelling power of about 20 g/g and cross-linked rice
starch had a swelling power of about 13 g/g, whereas corresponding underivatized
rice starch had a swelling power of about 14 g/g (measured at 90° C, Liu et al., 1999,
Starch/Starke 52, 249-252). US 6, 299, 907 describes cross-linked starches, the
cross-linking reaction being carried out after pre-swelling of the starches in question
in a sodium hydroxide/sulfate solution. Depending on the degree of crosslinkage, for
wheat starch a swelling power of 6.8 g/g to 7.3 g/g (corresponding underivatized
wheat starch 14.7 g/g), for hydroxypropyl-wheat starch a swelling power of 9.7 g/g
(corresponding underivatized wheat starch 22.9 g/g), for cross-linked corn starch a
swelling power of 5.9 g/g (corresponding underivatized corn starch 16.7 g/g), for
cross-linked waxy corn starch a swelling power of 8.3 g/g (corresponding
underivatized waxy corn starch 35.4 g/g) and for cross-linked potato starch a swelling
power of 6.7 g/g (corresponding underivatized potato starch was not accurately
specified) was determined (measured at 95°C). It results from this that the swelling
power of starch cannot be increased significantly, if at all, by methods of
derivatization customary nowadays.

The present invention is based on the object of making available modified starches
having altered functional properties, and plant cells and plants which synthesize a
starch having altered functional properties, and processes and means for the
production of said plants and/or plant cells.
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The present invention thus relates to genetically modified plant cells and genetically
modified plants which have an increased activity of a protein having the activity of a
starch synthase Il and an increased activity of a protein having the activity of a
glucan-water dikinase, in comparison to corresponding genetically unmodified wild-
type plant cells or wild-type plants.

A first aspect of the present invention relates to a plant cell or a plant which is
genetically modified, the genetic modification leading to the increase in the activity of
at least one protein having the activity of a starch synthase Il and at the same time to
the increase in the activity of at least one protein having the activity of a glucan-water
dikinase, in comparison to corresponding wild-type plant cells or wild-type plants
which are not genetically modified.

The genetic modification can here be any genetic modification which leads to an
increase in the activity of at least one protein having the activity of a starch synthase
Il and (at the same time) at least one protein having the activity of a glucan-water
dikinase in genetically modified plant cells or genetically modified plants, in
comparison to corresponding wild-type plant cells or wild-type plants which are not
genetically modified.

The term "wild-type plant cell* means, in connection with the present invention, that
these are plant cells which served as a starting material for the production of the
plant cells according to the invention, i.e. their genetic information, apart from the
genetic modification introduced, corresponds to that of a plant cell according to the
invention.

In connection with the present invention, the term "wild-type plant" means that these
are plants which served as a starting material for the production of the plants
according to the invention, i.e. their genetic information, apart from the genetic
modification introduced, corresponds to that of a plant according to the invention.

The term "corresponding" means, in connection with the present invention, that on
comparison of a number of articles, the articles in question which are being
compared with one another were kept under identical conditions. In connection with
the present invention, the term "corresponding” in connection with a wild-type plant
cell or wild-type plant means that the plant cells or plants which are being compared
with one another were grown under identical culture conditions and that they have an
identical (cultivation) age.
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The term “increased activity of at least one protein having the activity of a starch
synthase |I" here means, in the context of the present invention, an increase in the
expression of endogenous genes which encode proteins having the activity of a
starch synthase Il and/or an increase in the amount of proteins having the activity of
a starch synthase |l in the cells and/or an increase in the enzymatic activity of
proteins having the activity of a starch synthase Il in the cells.

The term "increased activity of a protein having the activity of a glucan-water
dikinase" here means, in the context of the present invention, an increase in the
expression of endogenous genes which encode proteins having the activity of a
glucan-water dikinase and/or an increase in the amount of proteins having the activity
of a glucan-water dikinase in the cells and/or an increase in the enzymatic activity of
proteins having the activity of a glucan-water dikinase in the cells.

The increase in the expression can be determined, for example, by measurement of
the amount of transcripts which encode proteins having the activity of a starch
synthase |l or which encode proteins having the activity of a glucan-water dikinase.
This can be carried out, for example, by Northern blot analysis or RT-PCR. An
increase in the amount of transcripts which encode a protein having the activity of a
starch synthase Il here preferably means an increase in the amount of transcripts in
comparison to corresponding cells which are not genetically modified by at least
100%, in particular by at least 125%, preferably by at least 150% and particularly
preferably by at least 200%. An increase in the amount of transcripts encoding a
protein having the activity of a starch synthase Il also means that plants or plant cells
which contain no detectable amounts of transcripts encoding a protein having the
activity of a starch synthase |l contain, after genetic modification according to the
invention, detectable amounts of transcripts encoding a protein having the activity of
a starch synthase II.

An increase in the amount of transcripts which encode a protein having the activity of
a glucan-water dikinase here preferably means an increase in the amount of
transcripts in comparison to corresponding cells which are not genetically modified by
at least 50%, in particular by at least 70%, preferably by at least 85% and particularly
preferably by at least 100%.

An increase in the amount of transcripts encoding a protein having the activity of a
glucan-water dikinase also means that plants or plant cells which contain no
detectable amounts of transcripts encoding a protein having the activity of a glucan-
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water dikinase, after genetic modification according to the invention, contain
detectable amounts of transcripts encoding a protein having the activity of a glucan-
water dikinase.

The increase in the amount of protein having the activity of a starch synthase Il or
having the activity of a glucan-water dikinase which has an increased activity of these
proteins in the plant cells in question as a result, can be determined, for example, by
immunological methods such as Western blot analysis, ELISA (enzyme linked
immunosorbent assay) or RIA (radioimmunoassay). An increase in the amount of a
protein having the activity of a starch synthase Il here preferably means an increase
in the amount of protein in question in comparison to corresponding cells which are
not genetically modified by at least 100%, in particular by at least 125%, preferably
by at least 150% and particularly preferably by at least 200%. An increase in the
amount of proteins having the activity of a starch synthase Il also means that plants
or plant cells which contain no detectable amounts of protein having the activity of a
starch synthase Il contain, after genetic modification according to the invention, a
detectable amount of protein having the activity of a starch synthase II.

An increase in the amount of a protein having the activity of a glucan-water dikinase
here preferably means an increase in the amount of protein in question in
comparison to corresponding cells which are not genetically modified, by at least
50%, in particular by at least 70%, preferably by at least 85% and particularly
preferably by at least 100%.

An increase in the amount of protein having the activity of a glucan-water dikinase
also means that plants or plant cells which contain no detectable amounts of proteins
having the activity of a glucan-water dikinase contain, after genetic modification
according to the invention, a detectable amount of protein having the activity of a
glucan-water dikinase.

Methods for the production of antibodies which react specifically with a certain
protein, i.e. which specifically bind to said protein, are known to the person skilled in
the art (see, for example, Lottspeich and Zorbas (Eds.), 1998, Bioanalytik
[Bioanalytics], Spektrum akad. Velag, Heidelberg, Berlin, ISBN 3-8274-0041-4). The
production of antibodies of this type is offered as contract service by some firms (e.g.
Eurogentec, Belgium). Antibodies with which an increase in the amount of protein
having the activity of a glucan-water dikinase can be detected by means of
immunological methods are described in Lorberth et al. (1998, Nature Biotechnology
16, 473-477) and Ritte et al. (2000, Plant Journal 21, 387-391). Antibodies with which
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an increase in the amount of protein having the activity of a starch synthase Il can be
determined by means of immunological methods are described in Walter
("Untersuchungen der Expression und Funktion der Starkesynthase Il (SS Il) aus
Weizen (Triticum aestivum)" [Investigations of the expression and function of starch
synthase Il (SS IlI) from wheat (Triticum aestivum)], dissertation in the faculty of
Biology of the University of Hamburg, ISBN 3-8265-8212-8).

The amount of activity of a protein having the activity of a glucan-water dikinase can
be detected, for example, as described in the literature (Mikkelsen et al., 2004,
Biochemical Journal 377, 525-532; Ritte et al., 2002, PNAS 99, 7166-7171).

The amount of activity of a protein having the activity of a starch synthase Il can be
determined, for example, as described in the literature (Nishi et al., 2001, Plant
Physiology 127, 459-472). A preferred method for the determination of the amount of
activity of a protein having the activity of a starch synthase 1l is described under
general methods item 9.

Preferably, plant cells according to the invention or plants according to the invention
have an activity of a protein having the activity of a starch synthase Il, which is
increased at least 6-fold, preferably at least 7-fold, particularly preferably at least 8-
fold, especially preferably at least 9-fold, and very especially preferably at least 10-
fold, in comparison to corresponding wild-type plant cells or wild-type plants which
are not genetically modified.

Proteins having the activity of a starch synthase Il (ADP-glucose-1,4-alpha-D-glucan-
4-alpha-D-glucosyl transferase; EC 2.4.1.21) have a sequence of certain domains in
their structure. At the N terminus, they have a signal peptide for transport in plastids.
In the direction from the N-terminus to the C-terminus follow an N-terminal region and
a catalytic domain. (Li et al., 2003, Funct Integr Genomics 3, 76-85). Further
analyses, based on amino acid sequence comparisons (http:/hits.isb-sib.ch/cgi-
bin/PFSCAN) of various proteins having the activity of a starch synthase |l showed
that these proteins have three specific domains. In the amino acid sequence shown
under SEQ ID NO 6, the amino acids 322 to 351 represent domain 1, the amino
acids 423 to 462 represent domain 2 and in the amino acids 641 to 705 represent
domain 3. Domain 1 is encoded by the nucleotides 1190 to 1279, domain 2 is
encoded by the nucleotides 1493 to 1612 and domain 3 is encoded by the
nucleotides 2147 to 2350 of the nucleic acid sequence shown under SEQ ID NO 5.
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In connection with the present invention, the term "protein having the activity of a
starch synthase II" should be understood as meaning a protein that catalyzes a
glycosylation reaction in which glucose molecules of the substrate ADP-glucose are
transferred to alpha-1,4-linked glucan chains with formation of an alpha-1,4-linkage
(ADP-glucose + {(1,4)-alpha-D-glucosyl} (N) <=> ADP + {(1,4)-alpha-D-glucosyl} (N+
1)), where the amino acid sequence of the protein having the activity of a protein of a
starch synthase |l has an identity of at least 86%, preferably at least 93%, particularly
preferably at least 95% with the amino acids 322 to 351 (domain 1) of the amino acid
sequence shown under SEQ ID NO 6 and has an identity of at least 83%, preferably
at least 86%, particularly preferably at least 95% with the amino acids 423 to 462
(domain 2) of the amino acid sequence shown under SEQ ID NO 6 and has an
identity of at least 70%, preferably at least 82%, preferably 86%, particularly
preferably 98%, in particular preferably of at least 95% with the amino acids 641 to
705 (domain 3) of the amino acid sequence shown under SEQ ID NO 6.

Nucleic acid sequences and the amino acid sequences corresponding thereto, which
have said identity with the domains 1, 2 and 3 and encode a protein having the
activity of a starch synthase Il, are known to the person skilled in the art and are
published, for example, under Accession No AY133249 (Hordeum vulgare),
Accession No AY133248 (Aegilops tauschii), Accession Nos XP467757, AAK64284
(Oryza sativa), AAK81729 (Oryza sativa), Accession Nos AAD13341, AAS77569, No
AAD13342 (Zea Mays), Accession No AAF13168 (Manihot eculenta), Accession No
BAD18846 (Phaseolus vulgaris), Accession No CAA61241 (Solanum tuberosum),
Accession No CAA61269 (Pisum sativum), Accession No AAC19119 (/pomea
batatas), Accession No AAF26156 (Arabidopsis thaliana), Accession No AAP41030
(Colocasia esculenta), Accession No AAS 88880 (Ostraeococcus tauri), or Accession
No AAC17970 (Chlamydomonas reinhardii). The nucleic acid sequences and amino
acid sequences mentioned encoding a protein having the activity of a starch
synthase Il are accessible by means of NCBI (http://www.ncbi.nlm.nih.gov/entrez/)
and are expressly included in the description of the present application by mention of
the references.

In the context of the present invention, the term "protein having the activity of a
glucan-water dikinase" should be understood as meaning a protein which transfers a
beta-phosphate residue from ATP to starch. Starches isolated from leaves of an
Arabidopsis thaliana sex1-3 mutant have no detectable amounts of covalently
bonded phosphate radicals, but are phosphorylated by a protein having the activity of
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a glucan-water dikinase. |.e. unphosphorylated starch, e.g. isolated from leaves of an
Arabidopsis thaliana sex1-3 mutant, is used as a substrate in a phosphorylation
reaction catalyzed by a protein having the activity of a glucan-water dikinase.

The beta-phosphate radical of the ATP is transferred from a protein having the
activity of a glucan-water dikinase to the starch and the gamma-phosphate radical of
the ATP is transferred to water. AMP (adenosine monophosphate) results as a
further reaction product. A protein having the activity of a glucan-water dikinase is
therefore also designated as [alpha-1,4-glucan]-water dikinase or as a starch-water
dikinase (EC: 2.7.9.4; Ritte et al., 2002, PNAS 99, 7166-7171). In the
phosphorylation of starch catalyzed by a protein having the activity of a glucan-water
dikinase, additional phosphate monoester bonds result exclusively in the C6 position
of the glucose molecules (Ritte et al., 2006, FEBS Letters 580, 4872-4876). In the
catalysis of the phosphorylation reaction of a starch by a protein having the activity of
a glucan-water dikinase, a phosphorylated protein in which the beta-phosphate
radical of the ATP is bonded covalently to an amino acid of the protein having the
activity of a glucan-water dikinase results as an intermediate (Ritte et al., 2002,
PNAS 99, 7166-7171). The intermediate results by autophosphorylation of the protein
having the activity of a glucan-water dikinase, i.e. the protein having the activity of a
glucan-water dikinase itself catalyzes the reaction which leads to the intermediate.
Amino acid sequences which encode proteins having the activity of a glucan-water
dikinase contain a phosphohistidine domain. Phosphohistidine domains are
described, for example, in Tien-Shin Yu et al. (2001, Plant Cell 13, 1907-1918). In the
autophosphorylation of a protein having the activity of a glucan-water dikinase, a
histidine radical in the phosphohistidine domain of the amino acid sequence encoding
a protein having the activity of a glucan-water dikinase is phosphorylated (Mikkelsen
et al., 2004, Biochemical Journal 377, 525-532). In the protein sequence of a protein
having the activity of a glucan-water dikinase from Solanum tuberosum shown under
SEQ ID NO 2, the amino acids 1064 to 1075 are the phosphohistidine domains. If the
conserved histidine radical (in the protein sequence of amino acid 1069 shown, for
example, under SEQ ID NO 2) of the phosphohistidine domains is replaced by
another amino acid, autophosphorylation and thus also phosphorylation of glucans by
the mutagenized protein no longer takes place (Mikkelsen et al., 2004, Biochemical
Journal 377, 525-532). Furthermore, a protein having the activity of a glucan-water
dikinase is distinguished in that it has a C-terminal nucleotide binding domain which
is included in the amino acid sequence of the amino acids 1121 to 1464 shown, for
example, under SEQ ID NO 2. A deletion of the nucleotide binding domain leads to
the inactivation of a protein having the activity of a glucan-water dikinase (Mikkelsen
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and Blennow, 2005, Biochemical Journal 385, 355-361). On the N-terminus, proteins
having the activity of a glucan-water dikinase contain a carbohydrate-binding domain
(CBM) which is included in the amino acid sequence of the amino acids 78 to 362
shown under SEQ ID NO 2. Carbohydrate binding domains are distinguished, inter
alia, in that their amino acid sequence contains conserved tryptophan residues. If
these conserved amino acid residues are replaced by another amino acid, the
carbohydrate binding domains lose their ability to bind glucans. For instance,
replacement of the amino acids W139 or W194 in the amino acid sequence shown
under SEQ ID NO 2 leads to a loss of the function of this carbohydrate binding
domain. If the carbohydrate binding domain of a glucan-water dikinase is deleted (for
example a deletion of the amino acids 1 to 362, where the amino acids 1 to 77 in the
amino acid sequence shown under SEQ ID NO 2 are a plastidic signal peptide), this
does not lead, however, to the inactivation of the phosphorylating activity of the
enzyme (Mikkelsen et al., 2006, Biochemistry 45, 4674-4682).

Nucleic acid sequences and amino acid sequences corresponding to these, encoding
a protein having the activity of a glucan-water dikinase, are described of different
species, such as, for example, potato (WO 97 11188, GenBank Acc.: AY027522,
Y09533), wheat (WO 00 77229, US 6,462, 256, GenBank Acc.:AAN93923, GenBank
Acc.: AR236165), rice (GenBank Acc.: AAR61445, GenBank Acc.: AR400814), corn
(GenBank Acc.: AAR61444, GenBank Acc.: AR400813), soybean (GenBank Acc.:
AAR61446, GenBank Acc.: AR400815), Curcuma longa (SEQ ID NO 3), citrus
(GenBank Acc.: AY094062), Arabidopsis (GenBank Acc.: AF312027) and the green
alga Ostreococcus tauri (GenBank Acc.: AY570720.1). The nucleic acid sequences
and amino acid sequences mentioned encoding a protein having the activity of a
glucan-water  dikinase are published, inter alia, by the NCBI
(http://www.ncbi.nim.nih.gov/entrez/) and are expressly included in the description of
the present application by mention of the references.

A further embodiment of the present invention relates to a genetically modified plant
cell according to the invention or a genetically modified plant according to the
invention, where the genetic modification consists in the introduction of at least one
foreign nucleic acid molecule into the genome of the plant cell or into the genome of
the plant.

In this connection, the term "genetic modification" means the introduction of
homologous and/or heterologous foreign nucleic acid molecules into the genome of a
plant cell or into the genome of a plant, where said introduction of these molecules
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leads to the increase in the activity of a protein having the activity of a glucan-water
dikinase and to the increase in the activity of a protein having the activity of a starch
synthase |l

By introduction of a foreign nucleic acid molecule, the plant cells according to the
invention or plants according to the invention are altered in their genetic information.
The presence or the expression of at least one foreign nucleic acid molecule leads to
a phenotypic alteration. "Phenotypic" alteration here preferably means a measurable
alteration of one or more functions of the cells. For example, the genetically modified
plant cells according to the invention and the genetically modified plants according to
the invention, on account of the presence or in the case of expression of introduced
foreign nucleic acid molecules, show an increase in the activity of a protein having
the activity of a glucan-water dikinase and an increase in the activity of a protein
having the activity of a starch synthase Il.

The term "foreign nucleic acid molecule" is understood in connection with the present
invention as meaning a molecule of the type which either does not occur naturally in
corresponding wild-type plant cells, or which does not occur naturally in wild-type
plant cells in the actual spatial arrangement or which is located in a site in the
genome of the wild-type plant cell in which it does not naturally occur. Preferably, the
foreign nucleic acid molecule is a recombinant molecule which consists of various
elements whose combination or specific spatial arrangement does not occur naturally
in plant cells.

In principle, a foreign nucleic acid molecule can be any desired nucleic acid molecule
which brings about an increase in the activity of a protein having the activity of a
glucan-water dikinase and of a protein having the activity of a starch synthase Il in
the plant cell or plant.

The term "recombinant nucleic acid molecule" should be understood in connection
with the present invention as meaning a nucleic acid molecule which contains
different nucleic acid molecules which are not naturally present in a combination as is
present in a recombinant nucleic acid molecule. Thus recombinant nucleic acid
molecules, for example, in addition to nucleic acid molecules which encode a protein
having the activity of a glucan-water dikinase and/or a protein having the activity of a
starch synthase Il, can contain additional nucleic acid sequences which are not
naturally present in combination with the nucleic acid molecules mentioned. The
additional nucleic acid sequences mentioned, which are present in a recombinant
nucleic acid molecule in combination with a nucleic acid molecule encoding protein
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having the activity of a glucan-water dikinase or a protein having the activity of a
starch synthase |l, can here be any desired sequences. They can be, for example,
genomic and/or plant nucleic acid sequences. Preferably, additional nucleic acid
sequences mentioned are regulatory sequences (promoters, termination signals,
enhancers), particularly preferably regulatory sequences which are active in plant
tissue, in particular preferably tissue-specific regulatory sequences which are active
in plant tissue. Methods for the production of recombinant nucleic acid molecules are
known to the person skilled in the art and comprise genetic engineering methods,
such as, for example, the connection of nucleic acid molecules by ligation, genetic
recombination or the de novo synthesis of nucleic acid molecules (see, for example,
Sambrook et al., Molecular Cloning, a Laboratory Manual, 3rd edition (2001) Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY. ISBN: 0879695773,
Ausubel et al., Short Protocols in Molecular Biology, John Wiley & Sons; 5th edition
(2002), ISBN: 0471250929).

The term "genome" should be understood in connection with the present invention as
meaning the totality of the hereditary material present in a plant cell. It is known to the
person skilled in the art that in addition to the cell nucleus other compartments (e.g.
plastids, mitochondria) also contain hereditary material.

In a further embodiment, the plant cells according to the invention and the plants
according to the invention are characterized in that at least one foreign nucleic acid
molecule encodes a protein having the activity of a glucan-water dikinase. Preferably,
the foreign nucleic acid molecules encoding a protein having the activity of a glucan-
water dikinase are the nucleic acid molecules already mentioned and known to the
person skilled in the art from the various plant species, particularly preferably nucleic
acid molecules encoding a protein having the activity of a glucan-water dikinase from
potato or Curcuma longa, in particular preferably a protein having the activity of a
glucan-water dikinase which has the amino acid sequence shown under SEQ ID NO
2 or which is encoded by the nucleic acid sequence shown in SEQ ID NO 1.

The sequences shown under SEQ ID NO 3 and SEQ ID NO 4 are hitherto
unpublished. Plant cells or plants, in particular rice plant cells or rice plants, which
contain a foreign nucleic acid molecule encoding a protein having the activity of a
glucan-water dikinase from Curcuma longa, are distinguished in that they synthesize
a starch which has a higher starch phosphate content than plant cells or plants which
contain a foreign nucleic acid molecule encoding a protein having the activity of a
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glucan-water dikinase from other species (e.g. potato).

The present invention therefore also relates to nucleic acid molecules encoding a
protein having the activity of a glucan-water dikinase, chosen from the group
consisting of

a)

b)

f)

9)

h)

nucleic acid molecules which encode a protein having the amino acid
sequence shown under SEQ ID NO 4;

nucleic acid molecules which encode a protein whose amino acid sequence
contains at least 90%, preferentially of at least 93%, preferably of at least 96%
and in particular preferably of at least 99% to the amino acid sequence shown
under SEQ ID NO 4;

nucleic acid molecules which comprise the nucleic acid sequence shown
under SEQ ID NO 3 or a complementary sequence;

nucleic acid molecules which have an identity with the nucleic acid sequence
shown under SEQ ID NO 3 of at least 90%, preferentially of at least 93%,
preferably of at least 96% and in particular preferably of at least 99%,

nucleic acid molecules which hybridize under stringent conditions with at least
one strand of the nucleic acid molecules described under a) or c);

nucleic acid molecules whose nucleotide sequence, on account of the
degeneracy of the genetic code, differs from the sequence of the nucleic acid
molecules mentioned under a), or c);

nucleic acid molecules which are fragments, allelic variants and/or derivatives
of the nucleic acid molecules mentioned under a), b), ¢), d), e) or f),

nucleic acid molecules according to a), b), c), d), e), f) or g), which are linked
to regulatory elements (promoters) which initiate the transcription in plant cells
or

nucleic acid molecules, according to h), where the promoters are tissue-
specific promoters, particularly preferably promoters which initiate
transcription, specifically in plant endosperm cells.

Furthermore, the present invention relates to plasmids, vectors and plant cells or
plants which contain a foreign nucleic acid molecule according to the invention.

In a further embodiment, the plant cells according to the invention and the plants
according to the invention are characterized in that at least one foreign nucleic acid
molecule encodes a protein having the activity of a starch synthase Il. Preferably, the
foreign nucleic acid molecules encoding a protein having the activity of a starch
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synthase |l are the already mentioned nucleic acid molecules known to the person
skilled in the art from the various plant species, particularly preferably nucleic acid
molecules encoding a protein having the activity of a starch synthase Il from wheat,
in particular preferably a protein having the activity of a starch synthase Il which has
the amino acid sequence shown under SEQ ID NO 6 or which is encoded by the
nucleic acid sequence shown in SEQ ID NO 5.

In a further embodiment, the plant cells according to the invention and the plants
according to the invention are characterized in that a first foreign nucleic acid
molecule encodes a protein having the activity of a glucan-water dikinase and a
second foreign nucleic acid molecule encodes a protein having the activity of a starch
synthase Il.

The foreign nucleic acid molecules introduced for the genetic modification in the plant
cells or plants can be an individual nucleic acid molecule or a number of nucleic acid
molecules. They can therefore be both nucleic acid molecules which contain nucleic
acid sequences coding for a protein having the activity of a glucan-water dikinase
and nucleic acid sequences coding for a protein having the activity of a starch
synthase Il, and they can be nucleic acid molecules in which the nucleic acid
sequences coding for a protein having the activity of a glucan-water dikinase and the
nucleic acid sequences coding for a protein having the activity of a starch synthase Il
are present in different nucleic acid molecules. The nucleic acid sequences coding
for a protein having the activity of a glucan-water dikinase and the nucleic acid
sequences coding for a protein having the activity of a starch synthase Il can be
simultaneously contained, for example, in a vector, plasmid or nucleic acid molecules
present in linear form, or else constituents of two vectors, plasmids or linear nucleic
acid molecules in each case separate from one another.

If the nucleic acid sequences coding for a protein having the activity of a glucan-
water dikinase and the nucleic acid sequences coding for a protein having the activity
of a starch synthase Il are present in two nucleic acid molecules which are separate
from one another, they can either be introduced into the genome of the plant cell or
plant at the same time ("cotransformation") or else in succession, i.e. following one
another chronologically ("supertransformation”). The nucleic acid molecules separate
from one another can also be introduced into different individual plant cells or plants
of a species. Plant cells or plants can thereby be produced in which the activity of
either at least one protein having the activity of a glucan-water dikinase or else at
least one protein having the activity of a starch synthase Il is increased. Plants
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according to the invention can then be produced by subsequent crossing of the
plants, in which the activity of a protein having the activity of a glucan-water dikinase
is increased, with those in which the activity of a protein having the activity of a starch
synthase Il is increased.

Furthermore, for the introduction of a foreign nucleic acid molecule instead of a wild-
type plant cell or wild-type plant, a mutant cell or a mutant which is distinguished in
that it already has an increased activity of a protein having the activity of a glucan-
water dikinase or an increased activity of a protein having the activity of a starch
synthase Il is used. The mutants can be both spontaneously (naturally) occurring
mutants, and those which have been produced by the selective use of mutagens
(such as, for example, chemical agents, ionizing radiation) or genetic engineering
processes (e.g. T-DNA activation tagging, transposon activation tagging, in situ
activation, in vivo mutagenesis).

Plant cells according to the invention or plants according to the invention can
therefore also be produced by introduction of a foreign nucleic acid molecule which
leads to the increase in the activity of a protein having the activity of a glucan-water
dikinase in a mutant cell or a mutant which already has an increased activity of a
protein having the activity of a starch synthase Il. Plant cells according to the
invention or plants according to the invention can also be produced by introduction of
a foreign nucleic acid molecule which leads to the increase in the activity of a protein
having the activity of a starch synthase Il into a mutant cell or a mutant which already
has an increased activity of a protein having the activity of a glucan-water dikinase.
Plant cells according to the invention or plants according to the invention can also be
produced by crossing a mutant, in which the activity of a protein having the activity of
a glucan-water dikinase is increased, with a plant which on account of the
introduction of a foreign nucleic acid molecule has an increased activity of a protein
having the activity of a starch synthase Il. Likewise, it is possible to produce plant
cells according to the invention or plants according to the invention by crossing a
mutant, in which the activity of a protein having the activity of a starch synthase Il is
increased, with a plant which on account of the introduction of a foreign nucleic acid
molecule has an increased activity of a protein having the activity of a glucan-water
dikinase.

Plants according to the invention can also be produced by crossing a mutant, in
which the activity of a protein having the activity of a starch synthase |l is increased,
with a mutant in which the activity of a protein having the activity of a glucan-water
dikinase is increased.
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A large number of techniques are available for the introduction of DNA into a plant
host cell. These techniques include the transformation of plant cells with T-DNA using
Agrobacterium tumefaciens or Agrobacterium rhizogenes as transformation agents,
the fusion of protoplasts, injection, the electroporation of DNA, the introduction of the
DNA by means of the biolistic approach, and further possibilities.

The use of agrobacteria-mediated transformation of plant cells has been intensively
investigated and described, inter alia, in EP 120516; Hoekema, (In: The Binary Plant
Vector System Offsetdruckkerij Kanters B.V. Alblasserdam (1985), Chapter V; Fraley
et al., Crit. Rev. Plant Sci. 4, 1-46) and in An et al. (1985, EMBO J. 4, 277-287). For
the transformation of potato, see, for example, Rocha-Sosa et al. (1989, EMBO J. 29-
33).

The transformation of monocotyledonous plants by means of vectors based on
Agrobacterium transformation has also been described (1993, Chan et al., Plant Mol.
Biol. 22, 491-506; Hiei et al., 1994, Plant J. 6, 271-282; Deng et al., 1990, Science in
China 33, 28-34; Wilmink et al., 1992, Plant Cell Reports 11, 76-80; May et al., 1995,
Bio/Technology 13, 486-492; Conner and Domisse, 1992, Int. J. Plant Sci. 153, 5§50-
555; Ritchie et al., 1993, Transgenic Res. 2, 252-265). Alternative methods for the
transformation of monocotyledonous plants are transformation by means of the
biolistic approach (Wan and Lemaux, 1994, Plant Physiol. 104, 37-48; Vasil et al.,
1993, Bio/Technology 11, 1553-1558; Ritala et al., 1994, Plant Mol. Biol. 24, 317-
325; Spencer et al, 1990, Theor. Appl. Genet. 79, 625-631), protoplast
transformation, the electroporation of partially permeabilized cells or the incorporation
of the DNA by means of glass fibers. The transformation of corn, in particular, is
repeatedly described in the literature (cf., for example, W095/06128, EP0513849,
EP0465875, EP0292435; Fromm et al., 1990, Biotechnology 8, 833-844; Gordon-
Kamm et al., 1990, Plant Cell 2, 603-618; Koziel et al., 1993, Biotechnology 11, 194-
200; Moroc et al., 1990, Theor. Appl. Genet. 80, 721-726).

The successful transformation of other cereal species has also already been
described, e.g. for barley (Wan and Lemaux, see above; Ritala et al., see above;
Krens et al., 1982, Nature 296, 72-74) and for wheat (Nehra et al., 1994, Plant J. 5,
285-297; Becker et al., 1994, Plant Journal 5, 299-307). All above methods are
suitable in the context of the present invention.

Plant cells and plants which are genetically modified by introduction of a protein
having the activity of a glucan-water dikinase and/or of a protein having the activity of
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a starch synthase Il can be distinguished from wild-type plant cells or wild-type
plants, inter alia, by virtue of the fact that they have at least one foreign nucleic acid
molecule which naturally does not occur in wild-type plant cells or wild-type plants or
by virtue in the fact that a molecule of this type is present integrated at a site in the
genome of the plant cell according to the invention or in the genome of the plant
according to the invention, in which it does not occur in wild-type plant cells or wild-
type plants, i.e. in another genomic environment. Furthermore, such plant cells
according to the invention and plants according to the invention can be distinguished
from wild-type plant cells or wild-type plants by virtue of the fact that they contain at
least one copy of the foreign nucleic acid molecule stably integrated into their
genome, optionally additionally to naturally occurring copies of a molecule of this type
in the wild-type plant cells or wild-type plants. If the foreign nucleic acid molecule(s)
introduced into the plant cells according to the invention or plants according to the
invention is (are) additional copies to molecules already occurring naturally in the
wild-type plant cells or wild-type plants, the plant cells according to the invention and
the plants according to the invention can be distinguished from wild-type plant cells or
wild-type plants in particular by virtue of the fact that this (these) additional copy
(copies) is (are) located at sites in the genome at which they do not occur in wild-type
plant cells or wild-type plants. This can be verified, for example, with the aid of a
Southern blot analysis.

Furthermore, the plant cells according to the invention and the plants according to the
invention can be distinguished from wild-type plant cells or wild-type plants preferably
by at least one of the following features: if an introduced foreign nucleic acid
molecule is heterologous with respect to the plant cell or plants, the plant cells
according to the invention or plants according to the invention contain transcripts of
the nucleic acid molecules introduced. These can be detected, for example, by
means of Northern blot analysis or by RT-PCR (Reverse Transcription Polymerase
Chain Reaction). Preferably, the plant cells according to the invention and the plants
according to the invention contain a protein which is encoded by an introduced
nucleic acid molecule. This can be detected, for example, by immunological methods,
in particular by a Western blot analysis.

If an introduced foreign nucleic acid molecule is homologous with respect to the plant
cell or plants, the plant cells according to the invention and the plants according to
the invention can be distinguished from wild-type plant cells or wild-type plants, for
example, on account of the additional expression of the introduced foreign nucleic
acid molecules. The plant cells according to the invention and the plants according to
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the invention preferably contain transcripts of the foreign nucleic acid molecules. This
can be detected, for example, by Northern blot analysis or with the aid of the
"quantitative" RT-PCR.

The plants according to the invention can in principle be plants of any desired plant
species, i.e. both monocotyledonous and dicotyledonous plants. Preferably, they are
useful plants, i.e. plants which are cultivated by humans for purposes of nutrition or
for technical, in particular industrial, purposes.

In a further embodiment, the plant according to the invention is a starch-storing plant.

The term "starch-storing plant” in connection with the present invention means all
plants having plant parts which contain a storage starch, such as, for example, corn,
rice, wheat, rye, oats, barley, manioc, potato, sago, taro, mung bean, peas, sorghum,
sweet potato.

In a preferred embodiment, the present invention relates to starch-storing
monocotyledonous plants according to the invention, in particular preferably plants of
the (systematic) family Poaceae. Particularly preferably, these are rice, corn or wheat
plants.

The term "wheat plant” in connection with the present invention means plant species
of the genus Triticum or plants which are produced from crossings with plants of the
genus Triticum, particularly plant species of the genus Triticum cultivated for
commercial purposes in agriculture, or plants which are produced from crossings with
plants of the genus Triticum; Triticum aestivum is preferred in particular.

The term "corn plant” in connection with the present invention means plant species of
the genus Zea, particularly plant species of the genus Zea cultivated for commercial
purposes in agriculture, particularly preferably Zea mais.

The term "rice plants” in connection with the present invention means plant species
of the genus Oryza, particularly plant species of the genus Oryza cultivated for
commercial purposes in agriculture, particularly preferably Oryza sativa.

In a further embodiment, the plant cells according to the invention and the plants
according to the invention are transgenic plant cells or transgenic plants.
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Plant cells according to the invention and plants according to the invention synthesize
a modified starch in comparison to starch isolated from wild-type plant cells or wild-
type plants which are not genetically modified.

A further subject of the present invention therefore relates to plant cells according to
the invention or plants according to the invention which synthesize a modified starch
in comparison to starch isolated from the corresponding wild-type plant cells which
are not genetically modified or isolated from corresponding wild-type plants which are
not genetically modified.

The invention further relates to genetically modified plants which contain plant cells
according to the invention. Such plants can be produced from plant cells according to
the invention by regeneration.

The present invention also relates to propagative material of plants according to the
invention, comprising a plant cell according to the invention.

The term “"propagative material" here comprises any constituents of the plants which
are suitable for the production of descendants in a vegetative or sexual manner. For
vegetative propagation, for example, cuttings, callus cultures, rhizomes or tubers are
suitable. Other propagative material comprises, for example, fruit, seeds, seedlings,
protoplasts, cell cultures, etc. Particularly preferably, the propagative material is
endosperm-containing seeds (grains).

In a further embodiment, the present invention relates to harvestable plant parts of
plants according to the invention, such as fruit, storage roots, roots, flowers, buds,
shoots or stems, preferably seeds, granules or tubers, these harvestable parts
containing plant cells according to the invention.

Starch which is synthesized from plant cells according to the invention or from plants
according to the invention is distinguished, in comparison to starch isolated from
corresponding wild-type plant cells which are not genetically modified or in
comparison to starch isolated from corresponding wild-type plants which are not
genetically modified, in particular in that it has an increased hot water swelling power.

Furthermore, the present invention also relates to a process for the production of a
genetically modified plant, wherein
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a plant cell is genetically modified, the genetic modification comprising the
following steps i and ii in any desired sequence, individually or simultaneously

i)

introduction of a genetic modification into the plant cell, the genetic
modification leading to the increase in the activity of a protein having
the activity of a starch synthase Il, in comparison to corresponding wild-
type plant cells which are not genetically modified,

introduction of a genetic modification into the plant cell, the genetic
modification leading to the increase in the activity of a protein having
the activity of a glucan-water dikinase, in comparison to corresponding
wild-type plant cells which are not genetically modified

a plant is regenerated from plant cells of step a);

optionally further plants are produced with the aid of the plants according to
step b)

where plant cells are optionally isolated from plants according to step b) or ¢) and
process steps a) to c) are repeated until a plant has been produced which contains a
foreign nucleic acid molecule encoding a protein having the activity of a starch
synthase |l and a foreign nucleic acid molecule encoding a protein having the activity
of a glucan-water dikinase.

In a preferred embodiment, the process according to the invention for the preparation
of a genetically modified plant comprises the following steps:

a plant cell is genetically modified, the genetic modification comprising the
following steps i and ii in any desired sequence or any desired combinations of
the following steps i and ii being carried out individually or simultaneously

a)

b)

i)

introduction of a genetic modification into the plant cell, the genetic
modification leading to the increase in the activity of a protein having
the activity of a starch synthase Il, in comparison to corresponding wild-
type plant cells which are not genetically modified

introduction of a genetic modification into the plant cell, the genetic
modification leading to the increase in the activity of a protein having
the activity of a glucan-water dikinase, in comparison to corresponding
wild-type plant cells which are not genetically modified

a plant is regenerated from plant cells comprising the genetic modification
according to the steps

i)
i)

ii)

a)i
a) ii
a)iand a)ii,
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c) in plant cells of plants according to step
i) b) i a genetic modification according to step a) ii,

ii) b) ii a genetic modification according to step a) i,

is introduced and a plant is regenerated

d) optionally further plants are produced with the aid of the plants obtained
according to one of steps b) iii or c) i or ¢) ii.

It applies for the genetic modifications introduced into the plant cell according to step
a) that they are in principle any type of modification which leads to the increase in the
activity of a protein having the enzymatic activity of a starch synthase Il and/or which
leads to the increase in the activity of a protein having the enzymatic activity of a
glucan-water dikinase.

The regeneration of the plants according to step B) and optionally step c) of the
process according to the invention can be carried out according to the methods
known to the person skilled in the art (described, for example, in "Plant Cell Culture
Protocols", 1999, edt. by R. D. Hall, Humana Press, ISBN 0-89603-549-2).

The production of further plants (depending on processes according to step c) or step
d)) of the process according to the invention can be carried out, for example, by
vegetative propagation (for example by means of seedlings, tubers or by means of
callus culture and regeneration of whole plants) or by sexual propagation. Sexual
propagation preferably takes place here in a controlled manner, i.e. selected plants
having certain properties are crossed with one another and propagated. The choice
preferably takes place here in such a way that the further plants (which are produced
according to processes according to step c) or step d) comprise the modifications
introduced in the preceding steps.

In processes according to the invention for the production of genetically modified
plants, the genetic modifications for the production of the genetically modified plant
cells according to the invention can be carried out simultaneously or in steps
following one another. It is unimportant here whether, for successive genetic
modifications which lead to an increased activity of a protein having the enzymatic
activity of a starch synthase IlI, the same method is used as for the genetic
modification which leads to an increased activity of a protein having the enzymatic
activity of a glucan-water dikinase.
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In a preferred embodiment of the process according to the invention for the
production of a genetically modified plant, a process step b)-1 follows step b) in which
plants are selected which have an increased activity of a protein having the activity of
a starch synthase Il according to step a) i and/or which have an increased activity of
a protein having the activity of a glucan water dikinase according to step a) ii. The
selected plants are then used for the further process steps.

Preferably, plants are selected here which contain the genetic modification according
to step a) i and have an increase in the activity of a protein having the activity of a
starch synthase Il, which is increased at least 6-fold, preferably at least 7-fold,
particularly preferably at least 8-fold, in particular preferably at least 9-fold and very
particularly preferably at least 10-fold, in comparison to corresponding genetically
unmodified wild-type plants.

Preferably, plants are selected here which contain the genetic modification according
to step a) ii and which synthesize a starch which has a starch phosphate content
which is increased at least 4-fold, particularly preferably at least 5-fold, in particular
preferably at least 6-fold, in comparison to corresponding genetically unmodified wild-
type plants.

In a further embodiment of the process according to the invention for the production
of a genetically modified plant, the genetic modification consists in the introduction of
at least one foreign nucleic acid molecule into the genome of the plant cell, the
presence or the expression of the foreign nucleic acid molecule/nucleic acid
molecules leading to an increased activity of a protein having the enzymatic activity
of a starch synthase Il and/or to an increased activity of a protein having the
enzymatic activity of a glucan-water dikinase in the cell.

In a further embodiment of the process according to the invention for the production
of a genetically modified plant, the genetic modification consists in the introduction of
at least one foreign nucleic acid molecule into the genome of the plant cell, the
foreign nucleic acid molecule/nucleic acid molecules comprising a sequence
encoding a protein having the enzymatic activity of a starch synthase Il and/or a
protein having the enzymatic activity of a glucan-water dikinase.

In a further embodiment of the process according to the invention for the production
of a genetically modified plant according to the invention, at least one foreign nucleic
acid molecule encodes a protein having the enzymatic activity of a glucan-water
dikinase from potato, wheat, rice, corn, soybean, citrus, Curcuma or Arabidopsis.
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Preferably, at least one foreign nucleic acid molecule encodes a protein having the
enzymatic activity of a glucan-water dikinase from Curcuma longa or potato,
particularly preferably from potato and in particular preferably a protein which has the
amino acid sequence shown under SEQ ID NO 6 or is encoded by the nucleic acid
sequence shown under SEQ ID NO 5. References for proteins encoding nucleic acid
sequences and having the enzymatic activity of a glucan-water dikinase from the
plants mentioned are already indicated further above.

In a further embodiment of the process according to the invention for the production
of a genetically modified plant according to the invention, at least one foreign nucleic
acid molecule encodes a protein having the enzymatic activity of a starch synthase Il
from barley, Aegilops, rice, corn, manioc, bean, potato, pea, sweet potato,
Arabidopsis, taro, Ostreococcus or Chlamydomonas. Preferably, at least one foreign
nucleic acid molecule encodes a protein having the enzymatic activity of a starch
synthase Il from wheat. References for the proteins encoding the nucleic acid
sequences mentioned having the enzymatic activity of a starch synthase Il from the
plants mentioned are already indicated further above.

As already described above for foreign nucleic acid molecules incorporated into a
plant cell or plant for genetic modification, step a) of the process according to the
invention for the production of a genetically modified plant can involve an individual
nucleic acid molecule or a number of nucleic acid molecules. The foreign nucleic acid
molecules encoding a protein having the enzymatic activity of a starch synthase Il or
encoding a protein having the enzymatic activity of a glucan-water dikinase can thus
be present together on a single nucleic acid molecule or they can be present on
separate nucleic acid molecules. If the nucleic acid molecules encoding a protein
having the enzymatic activity of a starch synthase Il and encoding a protein having
the activity of a glucan-water dikinase are present on separate nucleic acid
molecules, these nucleic acid molecules can be introduced into a plant cell
simultaneously or in successive steps.

Furthermore, for the introduction of a foreign nucleic acid molecule during the
implementation of processes according to the invention, instead of a wild-type plant
cell or wild-type plant, a mutant cell or a mutant which is distinguished in that it
already has an increased activity of a protein having the enzymatic activity of a starch
synthase Il or an increased activity of a protein having the enzymatic activity of a
glucan-water dikinase can be used. The statements made further above on the use
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of mutants for the production of plant cells or plants according to the invention are to
be used correspondingly here.

In a preferred embodiment, the present invention relates to processes according to
the invention for the production of a genetically modified plant, in which the nucleic
acid molecule encoding a protein having the enzymatic activity of a starch synthase |l
is selected from the group consisting of

a)

b)

f)

g)

h)

nucleic acid molecules which encode a protein having the amino acid
sequence under SEQ ID NO 6;

nucleic acid molecules which encode a protein having the activity of a starch
synthase Il, the amino acid sequence of which has at least 70%, preferentially
at least 80%, preferably at least 90%, particularly preferably at least 95% and
most preferably of at least 98% to the amino acid sequence shown under SEQ
ID NO 6;

nucleic acid molecules which comprise the nucleic acid sequence shown
under SEQ ID NO 5 or a complementary sequence;

nucleic acid molecules which have an identity of at least 70%, preferentially of
at least 80%, preferably of at least 90%, in particular preferably of at least 95%
and most preferably of at least 98% to the nucleic acid sequences described
under c),

nucleic acid molecules which hybridize under stringent conditions with at least
one strand of the nucleic acid molecules described under a) or c);

nucleic acid molecules whose nucleotide sequence differs from the sequence
of the nucleic acid molecules mentioned under a) or c) on account of the
degeneracy of the genetic code;

nucleic acid molecules which are fragments, allelic variants and/or derivatives
of the nucleic acid molecules mentioned under a), b), c), d), e) orf),

nucleic acid molecules encoding a protein having the activity of a starch
synthase |l, where the nucleic acid sequences encoding a protein having the
activity of a starch synthase Il are linked to regulatory elements (promoters)
which initiate transcription in plant cells or

nucleic acid molecules, according to h), where the promoters are tissue-
specific promoters, particularly preferably promoters which initiate
transcription, specifically in plant endosperm cells.

In a further preferred embodiment, the present invention relates to processes
according to the invention for the production of a genetically modified plant, in which
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the nucleic acid molecule encoding a protein having the enzymatic activity of a
glucan-water dikinase is selected from the group consisting of

a)

b)

nucleic acid molecules which encode a protein having the amino acid
sequence shown under SEQ ID NO 2 or SEQ ID NO 4;

nucleic acid molecules which encode a protein which has the activity of a
glucan-water dikinase and whose sequence has an identity of at least 70%,
preferentially of at least 80%, preferably of at least 90%, in particular
preferably of at least 95% and most preferably of at least 98% to the amino
acid sequence shown under SEQ ID NO 2 or SEQ ID NO 4;

nucleic acid molecules which comprise the nucleic acid sequence shown
under SEQ ID NO 1 or SEQ ID NO 3 or a complementary sequence;

nucleic acid molecules which have an identity of at least 70%, preferentially of
at least 80%, preferably of at least 90%, in particular preferably of at least 95%
and most preferably of at least 98% to the nucleic acid sequences described
under c),

nucleic acid molecules which hybridize under stringent conditions with at least
one strand of the nucleic acid molecules described under a) or c);

nucleic acid molecules whose nucleotide sequence differs from the sequence
of the nucleic acid molecules mentioned under a) or c) on account of the
degeneracy of the genetic code;

nucleic acid molecules which are fragments, allelic variants and/or derivatives
of the nucleic acid molecules mentioned under a), b), c), d), e) or f),

nucleic acid molecules encoding a protein having the activity of a glucan-water
dikinase, where the nucleic acid sequences encoding a protein having the
activity of a glucan-water dikinase are linked to regulatory elements
(promoters) which initiate transcription in plant cells or

nucleic acid molecules, according to h), where the promoters are tissue-
specific promoters, particularly preferably promoters which initiate
transcription, specifically in plant endosperm cells.

The term "identity" should be understood in connection with the present invention as
meaning the number of identical amino acids/nucleotides (identity) with other
proteins/nucleic acids, expressed in percent. Preferably, the identity concerning a
protein having the activity of a starch synthase Il is determined by comparisons of the
amino acid sequence indicated under SEQ ID NO 6 and the identity concerning a
nucleic acid molecule encoding a protein having the activity of a starch synthase Il is
determined by comparisons of the nucleic acid sequence indicated under SEQ ID NO
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5 and the identity concerning a protein having the activity of a glucan-water dikinase
is determined by comparisons of the amino acid sequence indicated under SEQ ID
NO 2 or SEQ ID NO 4 or the identity concerning a nucleic acid molecule encoding a
protein having the activity of a glucan-water dikinase is determined by comparisons
of the nucleic acid sequence indicated under SEQ ID NO 1 or SEQ ID NO 3 to other
proteins/nucleic acids with the aid of computer programs. If sequences which are
being compared to one another have different lengths, the identity is to be
determined such that the number of amino acids/nucleotides which the shorter
sequence has in common with the longer sequence determines the percentage
proportion of the identity. Preferably, the identity is determined by means of the
computer program ClustalW which is known and available to the public (Thompson et
al., Nucleic Acids Research 22 (1994), 4673-4680). ClustalW is made publ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>