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METHOD FOR GENERATING MAIZE PLANTS WITH AN INCREASED LEAF
STARCH CONTENT, AND THEIR USE FOR MAKING MAIZE SILAGE

The present invention relates to a method for generating transgenic maize plants
which are genetically modified, the genetic modification in the cells or plants
bringing about the reduced activity of an R1 protein in comparison to corresponding
wild-type plant cells or plants which have not been genetically modified. Maize
plants generated by this method synthesize a modified starch, the starch content in
the leaves of the plants being up to 1 000% higher than that of wild-type plants
which have not been genetically modified. This starch is furthermore preferably
characterized in that it has a reduced phosphate content. Furthermore, the present
invention relates to a method for making an improved maize silage in which the
maize plants generated by the method according to the invention are used, and to
the silage obtainable by the method.

The quality and composition of silage influence the consumption capacity, the
digestibility and the conversion rate in animal feeding, for example in beef
production and sheep fattening. The quality of each silage depends predominantly
on the ensiled plants. Depending on what the agricultural enterprise focuses on, a
variety of plants are suitable for ensiling. Conventionally used silage plants are
mainly maize (in the form of corn-cob mix (CCM) = dehusked maize ears which are
chopped and ensiled directly) or corn silage (CS = all of the plant is chopped) and
grasses (such as, for example, Lolium) and sugar beet (sliced or in the form of beet
tops). Only animals are capable of converting silage properly. The farmer expects
that an improved feed quality silage will lead to better conversion of the material fed
and that the energy requirements in livestock feeding will be met more specifically.
However, the differences between ruminants and non-ruminants must be taken into
consideration. In cattle, the supplementation with concentrates only meets part of
the energy requirements since the specific digestion processes in ruminants require
a minimum of structured roughage. Silage plants should therefore have a high
utilizable energy content and ensure very good consumption. High energy
requirement is in proportion to digestibility. Consumption depends on the rate of
passage through the gut. Not only the quality, but also the age of the ensiled plants
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has a pronounced impact on the utilization of the silage in the animal's digestion
process.

Fodder plants, such as fodder legumes and fodder grasses, are very high in protein,
but only contain a small amount of non-soluble carbohydrates. As a consequence,
most of the ammonium produced cannot be metabolized, but, in order to avoid

poisoning, is transported to the liver, converted into uric acid and then excreted.

This leads to nitrogen loss and simultaneously large amounts of excreted ammonia.

It is sought to avoid this by using silage plants with an improved carbon/nitrogen
ratio (C/N) and, as a consequence, better digestibility and energy intake and,
eventually, higher production of meat/milk in combination with less excreted
ammonia.

Besides individual amino acids, trace elements and the like, readily fermentable
carbohydrates are important for the microbial in-rumen protein synthesis and thus
for the protein supply of the animals. A higher percentage of readily digestible
carbohydrates results in more rapid degradation in the rumen. This brings about
lower pH values, smaller amounts of acetic acid and less digestion of dietary fibre,
plus a higher percentage of propionic acid and increasing microbial protein
synthesis. Since nutrient conversion in the small intestine exceeds that in the
rumen, but the small intestine only has a limited capacity for starch hydrolysis, the
absorption of glucose and the microbial fermentation of glucose (Lebzien et al.,,
Kraftfutter/Feed Magazine (2001), 356-366), improved in-rumen utilization of the
silage is of particular importance.

The present invention is based on the object of providing a method by means of
which plants which have a much higher utilizable energy content and which are thus
suitable for making a silage which is capable of better utilization by animals, in

particular ruminants, can be generated.
This object is achieved by providing the use forms specified in the patent claims.
The present invention thus relates to a method for generating transgenic maize

plants with an increased leaf starch content in comparison to corresponding wild-

type plants, where
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(@) acell of a maize is genetically modified by introducing a foreign nucleic acid
molecule whose presence or expression leads to a reduced activity of an R1
protein which occurs endogenously in the plant;

(b)  aplantis regenerated from the cell generated in step (a); and

(c)  if appropriate, further plants are generated starting from the plant generated
in step (b).

In the present context, the term “transgenic” means that the plants generated by the
method according to the invention differ, owing to a genetic modification, in
particular the introduction of a foreign nucleic acid molecule, with regard to their
genetic information from corresponding plant cells which have not been genetically
modified and can be distinguished from them. In particular, the term means that the
cells of these plants contain a foreign nucleic acid molecule which does not occur
naturally in corresponding wild-type plants which have not been genetically modified
or which occurs at a locus in the genome of the cells at which it does not occur
naturally. In this context, the term “wild-type plants” means a maize plant (Zea
mays) which, however, contains no corresponding genetic modification, in particular
no genetic modification in connection with the R1 gene. In this context, “foreign”
nucleic acid molecule means that the nucleic acid molecule is heterologous with
regard to maize, or that, if the nucleic acid molecule is homologous to maize, it
occurs in the genetically modified cell in a genetic context in which it does not occur
naturally in the plant cells. This means that it occurs at a different locus in the
genome of the plant cell and/or is linked to sequences to which it is not linked
naturally in the plant cells. Whether a plant or plant cell is transgenic can be verified
by methods with which the skilled worker is familiar, for example Southern blot

analysis.

The term “maize plant” is understood as meaning a maize plant which belongs to

the species Zea mays.

The term “increased starch content” refers to the fact that the amount of starch
formed in the leaves markedly exceeds the amount formed in the leaves of

corresponding wild-type plants. The starch content of the maize plants generated by
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the method according to the invention is increased by at least 10-50%, preferably by
at least 50-100%, in particular by 100-500% and very particularly preferably by at
least 500-1 000% in comparison with the starch content of corresponding wild-type
plants.

The starch content in the leaf is preferably measured in nmol/g dry matter. Methods
for determining the starch content are known to the skilled worker and described for

example in the examples which follow.

For the purposes of the present invention, the term “genetically modified” refers to
the fact that the genetic information of the plant cell is modified in comparison with
corresponding cells of a wild-type plant by the introduction of a foreign nucleic acid
molecule and that the presence and/or the expression of the foreign nucleic acid
molecule results in an altered phenotype of the maize plant regenerated from this
plant cell. In this context, altered phenotype preferably means a measurable
difference of one or more functions of the cells and/or the plant. By way of example,
in plant cells which have been genetically modified in accordance with the method of
the invention, the activity of an R1 protein which occurs endogenously in the plant
cell is reduced in comparison with corresponding plant cells of wild-type plants
which have not been genetically modified. |

For the purposes of the present invention, the term “reduced activity” refers to a
reduced expression of endogenous genes which encode R1 proteins, and/or to a
reduced amount of R1 protein in the cells and/or a reduced biological activity of the
R1 proteins in the cells.

In this context, “reduced expression” refers to the fact that the maize plants
generated by the method according to the invention, or the cells of these plants,
contain fewer transcripts which encode an R1 protein than corresponding wild-type
plant cells. “Reduced expression” can be determined for example by measuring the
amount of transcripts encoding R1 proteins, for example by Northern blot analysis or
RT-PCR. Reduction in this context preferably means a reduced amount of
transcripts by at least 50%, in particular by at least 70%, preferably by at least 85%
and especially preferably by at least 95% in comparison with corresponding cells
which have not been genetically modified. In a very especially preferred
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embodiment, the reduction amounts to 100%, i.e. the expression of R1 genes in the
plants (plant cells) is completely repressed, and no R1 protein whatsoever is
synthesized in the cells.

A “reduced amount” of R1 protein means that the content of R1 protein in the plants
or in the cells of the maize plants which are generated by the method according to
the invention is less than in corresponding wild-type plants or wild-type plant cells.
Methods for determining the R1 protein content are known to the skilled worker.
Thus, the reduced amount of R1 proteins can be determined for example by
Western blot analysis. In this context, reduction means a reduced amount of R1
proteins by at least 50%, in particular by at least 70%, preferably by at least 85%,
especially preferably by at least 95% and very especially preferably by 100% in
comparison with corresponding wild-type plants or cells which have not been

genetically modified.

For the purposes of the present invention, the term “R1 gene” is understood as
meaning a nucleic acid sequence (for example RNA or DNA, such as cDNA or

genomic DNA) which encodes an “R1 protein”.

For the purposes of the present invention, the term “R1 protein” is understood as

meaning proteins which have been described for example in Lorberth et al. (Nature

Biotech. 16 (1998), 473-477) and in the international Patent Applications

WO 98/27212, WO 00/77229 and WO 00/28052 and which have specific traits.

Important traits of R1 proteins are

(i) their localization in the plastids (such as chloroplasts, amyloplasts) of plant

 cells;

(i)  their property of occurring in the plastids, partly in free form and partly bound
to starch granules;

(i)  their ability of influencing the degree of starch phosphorylation in plants, in as
much as an increased activity of the R1 protein in plants leads to an
increased phosphate content of the starch synthesized in the plants, and a
reduced activity of the R1 protein in plants leads to a reduced phosphate
content of the starch synthesized in the plants. In this context, the phosphate

content relates to the C-6-phosphate content. It is preferably indicated as
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nmol/mg dry starch and can preferably be determined as described in the
examples; and

(iv)  their ability of, when expressed in E. coli cells, leading to phosphorylation of
the bacterial glycogen. This ability can be assayed for example as described
in WO 98/27212.

For the purposes of the present invention, an R1 protein is preferably understood as
meaning a protein which has the abovementioned characteristics and which is
encoded by a nucleic acid molecule encompassing a nucleotide sequence which
hybridizes with the coding region of SEQ ID NO: 1 or its complementary strand. In
this context, the term “hybridization” refers to hybridization under conventional
hybridization conditions, preferably under stringent conditions as are described, for
example, in Sambrook et al. (1989, Molecular Cloning, A Laboratory Manual, 2nd
ed. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY). Such
hybridizing nucleic acid molecules can be isolated for example from genomic
libraries or from cDNA libraries of plants, in particular from maize plants.

Such nucleic acid molecules can be identified and isolated using the nucleic acid
molecules shown in SEQ ID NO: 1 or parts of these molecules or the reverse
complements of these molecules, for example by means of hybridization by
standard methods (see, for example, Sambrook and Russel, Molecular Cloning, A
Laboratory Manual, 3rd ed. Cold Spring Harbor Laboratory Press (2001), Cold
Spring Harbor, NY).

Examples of nucleic acid molecules which can be used as hybridization probe are
those with exactly or essentially the sequence shown under SEQ ID NO: 1 or parts
of this sequence. The DNA fragments used as hybridization probe may also take the
form of synthetic DNA fragments which have been generated with the aid of the
customary DNA synthesis techniques and whose sequence agrees essentially with
the nucleic acid sequence shown in SEQ ID NO: 1.

“Hybridization” preferably means that at least 60%, preferably at least 80%,
especially preferably at least 90% and very especially preferably at least 95%
homology, i.e. sequence identity, exists between the molecules in question.

The degree of homology is determined by comparing the nucleotide sequence in

question with the coding region shown in SEQ ID NO: 1. If the sequences to be
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compared differ in length, the degree of homology preferably relates to the
percentage of nucleotides in the shorter sequence which are identical to nucleotides
in the longer sequence. The homology can be determined by customary methods, in
particular using computer programs such as, for example, the DNASTAR program in
combination with Clustal W analysis. This program is obtainable from DNASTAR,
Inc. 1228 South Park Street, Madison, Wl 53715 or from DNASTAR, Ltd., Abacus
House, West Ealing, London W13 0AS UK (support@dnastar.com), and is
accessible via the EMBL server. '

If the Clustal analytical method is used for determining homology, in particular for
determining whether a sequence is identical, for example 80% identical, to a
reference sequence, the settings are preferably as follows: Matrix: blosum 30; Open
gap penalty: 10.0; Extend gap penalty: 5.0; Delay divergent: 40; Gap separation
distance 8. ‘

The generation of the plant cells with reduced R1 activity in accordance with the
method according to thve invention can be achieved by various methods with which
the skilled worker is familiar, for example by those which lead to inhibition of the
expression of endogenous genes which encode an R1 protein. These include, for
example, the expression of a corresponding antisense RNA, the provision of
molecules or vectors which confer a cosuppression effect, the expression of a
suitably constructed ribozyme which specifically cleaves transcripts encoding an R1
protein, or what is known as “in-vivo mutagenesis”.

Furthermore, reduced R1 activity in the plant cells can also be brought about by the
simultaneous expression of sense and antisense RNA molecules of the target gene
in question which is to be repressed, preferably of the R1 gene. Moreover, it is
known that the formaﬁon, in planta, of RNA duplexes of promoter sequences in
trans can lead to methylation and transcriptional inactivation of homologous copies
of this promoter (Mette et al., EMBO J. 19 (2000), 5194-5201).

Furthermore, the use of introns, i.e. of non-coding regions of genes which encode
R1 proteins, is also feasible for achieving an antisense or a cosuppression effect.
The use of intron sequences for inhibiting the gene expression of genes which
encode proteins of starch biosynthesis has been described for example in
international Patent Applications WO 97/04112, WO 97/04113, WO 98/37213 and
WO 98/37214.
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In a preferred embodiment of the method according to the invention, the said foreign

nucleic acid molecule is selected from the group consisting of

(a)

(b)

(c)

(d)

(e)

(f)

DNA molecules which encode at least one antisense RNA which brings about
reduced expression of endogenous genes which encode R1 proteins;

DNA molecules which, via a cosuppression effect, lead to reduced
expression of endogenous genes which encode R1 proteins;

DNA molecules which encode at least one ribozyme which specifically
cleaves transcripts of endogenous genes which encode R1 proteins;

nucleic acid molecules which, in the event of in vivo mutagenesis, lead to a
mutation or an insertion of a heterologous sequence in endogenous genes
which encode R1 proteins, the mutation or insertion leading to reduced
expression of genes encoding R1 proteins, or to a reduced synthesis of R1
proteins;

DNA molecules which simultaneously encode at least one antisense RNA
and at least one sense RNA, where the said antisense RNA and the said
sense RNA form an RNA duplex which brings about a reduced expression of
endogenous genes which encode R1 proteins; and

parts or fragments of the nucleic acid molecules or DNA molecules
mentioned under a) to d), selected from the group consisting of fragments
with at least 25, 50, 100 bp in length, preferably with at least 250 bp in length,
especially preferably with at least 500 bp in length.

The skilled worker knows how to achieve an antisense effect or a cosuppression

effect. The method of antisense inhibition is described, for example, in Krol et al.
(Nature 333 (1988), 866-869), Krol et al. (Gene 72 (1988), 45-50), Mol et al. (FEBS
Letters 268 (2), (1990), 427-430), Smith et al. (Plant Mol. Biol. 14 (1990), 369-379)
and Sheehy et al. (Proc. Natl. Acad. Sci. USA 85 (1988), 8805-8809). The method
of cosuppression inhibition has been described, for example, in Jorgensen (Trends
Biotechnol. 8 (1990), 340-344), de Carvalho Niebel et al. (Curr. Top. Microbiol.
Immunol. 197 (1995), 91-103), Flavell et al. (Curr. Top. Microbiol. Immunol. 197
(1995), 43-56), Palauqui and Vaucheret (Plant. Mol. Biol. 29 (1995), 149-159),
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Vaucheret et al. (Mol. Gen. Genet. 248 (1995), 311-317) and in de Borne et al. (Mol.
Gen. Genet. 243 (1994), 613-621).

The expression of ribozymes for reducing the activity of certain enzymes in cells is
likewise known to the skilled worker and described, for example, in EP-
B1 0321 201. The expression of ribozymes in plant cells has been described, for
example, in Feyter et al. (Mol. Gen. Genet. 250 (1996), 329-338).

Furthermore, the reduced R1 activity in the plant cells can also be achieved, as
mentioned above, by what is known as “in-vivo mutagenesis”, where a chimeric
RNA-DNA oligonucleotide (“chimeroplast”) is introduced into cells by cell
transformation (Beetham, Kipp et al., Poster Session at the “5th International
Congress of Plant Molecular Biology”, 21st-27th September 1997, Singapore; Dixon
and Amntzen, Meeting report on “Metabolic Engineering in Transgenic Plants”,
Keystone Symposia, Copper Mountain, CO, USA, TIBTECH 15 (1997), 441-447;
international Patent Application WO 95/1 5972; Kren et al., Hepatology 25 (1997),
1462-1468; Cole-Strauss et al., Science 273 (1996), 1386-1389).

Part of the DNA component of the RNA-DNA oligonucleotide is homologous to a
nucleic acid sequence of an endogenous R1 gene, but contains a mutation in
comparison with the nucleic acid of an endogenous R1 gene or contains a
heterologous region which is flanked by the homologous regions. Owing to base
pairing of the homologous regions of the RNA-DNA oligonucleotide and of the
endogenous nucleic acid molecule, followed by homologous recombination, the
heterologous region or the mutation contained in the DNA component of the RNA-
DNA oligonucleotide can be transferred into the genome of a plant cell. The
mutation is chosen in such a way that,' upon expression of the corresponding
sequence, it leads to a reduced activity of an R1 protein, i.e. preferably to a reduced
expression of the gene, to a reduced synthesis of an R1 protein or to a reduced
biological activity of an R1 protein, for example owing to the expression of inactive

proteins, in particular of dominant-negative mutants.

Furthermore, the reduced R1 activity in the plant cells may also be brought about by
the simultaneous expression of sense and antisense RNA molecules of the target

gene to be repressed, i.e. of the R1 gene. This can be achieved for example by
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using chimeric constructs which contain inverted repeats of the target gene to be
repressed, or of parts of the target gene. In this context, the chimeric constructs
encode sense and antisense RNA molecules of the target gene. Sense and
antisense RNA are synthesized simultaneously in planta as an RNA molecule, it
being possible for sense and antisense RNA to be separated from each other by a
spacer, forming an RNA duplex. It has been demonstrated that the introduction of
inverted-repeat DNA constructs into the genome of plants is a highly effective
method of repressing the genes which correspond with the inverted-repeat DNA
constructs (Waterhouse et al., Proc. Natl. Acad. Sci. USA 95 (1998), 13959-13964;
Wang and Waterhouse, Plant Mol. Biol. 43 (2000), 67-82; Singh et al., Biochemical
Society Transactions 28, part 6 (2000), 925-927; Liu et al., Biochemical Society
Transactions 28, part 6 (2000), 927-929); Smith et al., Nature 407 (2000), 319-320;
international Patent Application WO 99/53050). Sense and antisense sequences of
the target gene(s) may also be expressed separately from one another by means of
identical or different promoters (Nap et al., 6th International Congress of Plant
Molecular Biology, Quebec, 18th-24th June, 2000; Poster S7-27, paper Session
S7).

Thus, reduced R1 activity in the plant cells can also be achieved by generating RNA
duplexes of R1 genes. For this purpose, it is preferred to introduce, into the genome
of plants, inverted repeats of DNA molecules of R1 genes or R1 cDNAs, the DNA
molecules to be transcribed (R1 gene or R1 cDNA or fragments thereof) being
under the control of a promoter which governs the expression of the said DNA

molecules.

Moreover, it is known that the formation of RNA duplexes of promoter DNA
molecules in plants in trans can lead to methylation and a transcriptional inactivation
of homologous copies of these promoters, which are hereinbelow referred to as
target promoters (Mette et al., EMBO J. 19 (2000), 5194-5201). Thus, it is possible,
via the inactivation of the target promoter, to reduce the gene expression of a
particular target gene (for example of the R1 gene) which is naturally under the
control of this target promoter. This means that the DNA molecules which comprise
the target promoters of the genes to be repressed (target genes) are now not used

as control elements for expressing genes or cDNAs, but as transcribable DNA



10

15

20

25

30

WO 03/071860 PCT/EP03/01764
11

molecules themselves, which is in contrast to the original function of promoters in
plants.

Constructs which are used for generating the target promoter RNA duplexes in
planta, where they may exist in the form of RNA hairpin molecules, are preferably
those comprising inverted repeats of the target promoter DNA molecules, the target
promoter DNA molecules being under the control of a promoter which governs the
gene expression of the said target promoter DNA molecules. These constructs are
subsequently introduced into the genome of plants. /In planta, the expression of the
inverted repeats of the said target promoter DNA molecules leads to the formation
of target promoter RNA duplexes (Mette et al., EMBO J. 19 (2000), 5194-5201), by
which the target promoter can be inactivated.

The promoter regions of the R1 genes from the plant species in question can be
isolated and characterized by screening suitable genomic DNA libraries. Known
cDNA or genomic fragments of the R1 genes can be used as homologous probes in
this context. The generation and screening of genomic DNA libraries is known to the
skilled worker and described in Sambrook and Russell (Molecular Cloning, 3rd
edition (2001), Cold Spring Harbor Laboratory Press, NY).

Furthermore, the skilled worker knows that the reduced activity of one or more R1
proteins can be achieved by the expression of non-functional derivatives, in
particular trans-dominant mutants of such proteins, and/or by the expression of
antagonists/inhibitors of those proteins. Antagonists/inhibitors of those proteins
encompass for example antibodies, antibody fragments or molecules with similar
binding properties. For example, a cytoplasmic scFv antibody was employed for
modulating the activity of the phytochrome A protein in genetically modified tobacco
plants (Owen, Bio/Technology 10 (1992), 790-794; Review: Franken et al., Current
Opinion in Biotechnology 8 (1997), 411-416; Whitelam, Trends Plant Sci. 1 (1996),
268-272).

In an especially preferred embodiment of the method according to the invention, the
gene which occurs endogenously in the fodder plant and which encodes an R1

protein is selected from the group consisting of:
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(@) nucleic acid molecules which encompass the coding region of the nucleotide
sequence shown in SEQ ID NO: 1,

(b)  nucleic acid molecules which encode a protein encompassing the amino acid
sequence shown in SEQ ID NO: 2;

(¢)  nucleic acid molecules whose sequence has at least 80% homology with the
nucleic acid molecules mentioned under (a) or (b); and

(d)  nucleic acid molecules whose sequence is degenerated in comparison with
the sequences of the nucleic acid molecules mentioned under (a), (b) or (c)

owing to the genetic code.

A multiplicity of techniques is available for introducing the foreign nucleic acid
molecule into a plant host cell in accordance with step (a) of the method according
to the invention. These techniques encompass the transformation of plant cells with
T-DNA using Agrobacterium tumefaciens or Agrobacterium rhizogenes as
transformation agent, protoplast fusion, injection, the electroporation .of DNA, the
introduction of the DNA by means of the biolistic approach, and other possibilities.
The use of the agrobacteria-mediated transformation of plant cells has been studied
intensively and described sufficiently, for example in EP 120 516; Hoekema, in: The
Binary Plant Vector System, Offsetdrukkerij Kanters B.V., Alblasserdam (1985),
chapter V, 63-71; Fraley et al., Crit. Rev. Plant Sci. 4, 1-46 and in An et al., EMBO J.
4 (2), (1985), 277-284. As regards the transformation of potato, see, for example,
Rocha-Sosa et al., EMBO J. 8 (1), (1989), 23-29.

The transformation of monocotyledonous plants by means of vectors based on
Agrobacterium has also been described (Chan et al., Plant Mol. Biol. 22 (1993),
491-506; Hiei et al., Plant J. 6 (1994) 271-282; Deng et al., Science in China 33
(1990), 28-34; Wilmink et al., Plant Cell Reports 11 (1992), 76-80; May et al.,
Bio/Technology 13 (1995), 486-492; Conner and Domisse, Int. J. Plant Sci. 153
(1992), 550-555; Ritchie et al., Transgenic Res. 2 (1993), 252-265). An alternative
system for the transformation of monocotyledonous plants is the transformation by
means of the biolistic approach (Wan and Lemaux, Plant Physiol. 104 (1994), 37-
48; Vasil et al., Bio/Technology 11 (1993), 1553-1558; Ritala et al., Plant Mol. Biol.
24 (1994), 317-325; Spencer et al., Theor. Appl. Genet. 79 (1990), 625-631),
protoplast transformation, the electroporation of partially permeabilized cells, or the
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introduction of DNA by means of glass fibres. In particular the transformation of
maize is described repeatedly in the literature (cf., for example, WO 95/06128, EP O
513 849, EP 0 465 875, EP 0 292 435; Fromm et al., Biotechnology 8 (1990), 833-
839; Gordon-Kamm et al., Plant Cell 2 (1990), 603-618; Koziel et al., Biotechnology
11 (1993), 194-200; Mérocz et al., Theor. Appl. Genet. 80 (1990), 721-726).

The successful transformation of other cereal species has also been described, for
example for barley (Wan and Lemaux, above; Ritala et al., above; Krens et al.,
Nature 296 (1982), 72-74) and for wheat (Nehra et al., Plant J. 5 (2), (1994), 285-
297; Altpeter et al., Mol. Breeding 6 (2000), 519-528).

The genetically modified cell is regenerated into a plant in accordance with step (b)
of the method according to the invention by prior-art methods with which the skilled

worker is familiar.

If the expression of the foreign nucleic acid molecule in the plant cells is required 'for
achieving the desired effect, i.e. the reduced activity of the R1 protein, any promoter
which is active in plant cells is suitable for this purpose. The promoter can be
chosen in such a way that expression in the plants is constitutive or only takes place
in a particular tissue, at a particular point in time of plant development or at a point
in time determined by external factors. With regard to the plant, the promoter can be
homologous or heterologous. Useful promoters are, for example, the cauliflower
mosaic virus 35S RNA promoter, the maize ubiquitin promoter and the actin
promoter for constitutive expression, or a promoter which ensures expression only
in photosynthetically active tissues, for example the ST-LS1 promoter (Stockhaus et
al., Proc. Natl. Acad. Sci. USA 84 (1987), 7943-7947; Stockhaus et al., EMBO J.8
(9), (1989), 2445-2451), the Ca/b promoter (see, for example, US 5656496; US
5639952; Bansal et al., Proc. Natl. Acad. Sci. USA 89 (1992), 3654-3658) and the
Rubisco SSU promoter (see, for example, US 5034322 or US 4962028), and
inducible promoters.

Furthermore, the foreign nucleic acid molecule may contain a termination sequence
which serves for the correct termination of transcription and to the addition of a poly-

A tail to the transcript, which is thought to have a function in stabilizing the
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transcripts. Such elements are described in the literature (cf., for example, Gielen et
al., EMBO J. 8 (1), (1989), 23-29) and can be exchanged as desired.

The generation of further plants in accordance with step (c) of the method according
to the invention can be carried out by any suitable method, for example by
vegetative propagation (for example via cuttings, tubers or via callus culture and
regeneration of intact plants) or by sexual propagation. Sexual propagation
preferably takes place under controlled circumstances, i.e. selected plants which
have specific characteristics are hybridized with each other and propagated. The
present invention also relates to the plants which can be obtaihed by this type of

propagation

Methods and processes for the generation of transgenic maize plants with a
reduced R1 protein activity have already been described in WO 98/27212. In
addition to the abovementioned possibilities, the skilled worker can therefore also
generate transgenic maize plants with a reduced R1 protein activity as described in
WO 98/27212.

While WO 98/27212 describes the generation of transgenic maize plants with a
reduced activity of an R1 protein, it does not describe that such transgenic maize
plants have an increased leaf starch content. Thus, this publication does not
disclose methods for generating maize plants with an increased leaf starch content.
Surprisingly, it has now been found that a reduced activity of an R1 protein in maize
plants leads to a dramatically increased leaf starch content in the maize plants.
Furthermore, such plants surprisingly display the advantage of an improved
digestibility of the ensiled material of these plants. This was demonstrated in an
artificial system developed for the simulation and study of digestive processes in the
rumen of ruminants (Cone et al., Animal Feed Science Technology 61 (1996), 113 -
128). This system reflects an improved digestibility by an increase in fermentation
which, in turn, is reflected in increased gas production. Surprisingly, digestion
measurements in such a system which involve the ensiled material of transgenic
maize plants with reduced R1 activity reveal a higher total gas production and more
rapid gas production rate. This suggests that these plants contain substantially more

degradable starch and/or cell-wall material and that, when they are fermented, more
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of the organic material is broken down. This furthermore allows the conclusion that
more starch is broken down in the rumen of ruminants and less starch is transported
into the small intestine. Since the total starch intake is limited (approx. 2 kg/day) it is
particularly advantageous in feeding if this starch supply is not brought about by
increased amounts of feed, but by better conversion of the feed. This constitutes an
advantage particularly for example for cattle fattening and for feeding dairy cows
late in the lactation period (approx. 10 weeks after calving).

Moreover, the invention encompasses a method for making a maize silage
encompassing the step of ensiling transgenic maize plants with a reduced activity of an

R1 protein which occurs endogenously in the maize plant.

The present invention thus also relates to a method for making a maize silage in
which transgenic maize plants with a reduced activity of an R1 protein are
employed. Such plants can be generated for example by the above-described
method according to the invention. As regards the definition of the terms and the
preferred embodiments, what has already been said in connection with the above-

described method according to the invention also applies here.

Silage making is understood as a method for preserving the feed and retaining the
feed value characteristics. As a rule, this is done with the exclusion of oxygen.

When making silage starting from maize plants, it is preferred first to comminute the
maize plants (chopping to a length of, for example, < 10 mm). Moreover, the
material to be ensiled may, if appropriate, be bruised or after-treated by means of
grating devices in order to ensure high digestibility of the kernels. As a rule, the
material to be ensiled is compacted in a clamp without prolonged intermediate
storage and the clamp is provided with an essentially air-tight seal. Then,
fermentation commences (glucose is broken down into lactic acid and alcohol). The
aerobic degradation terminates under anaerobic conditions. The anaerobic
degradation is stopped by lowering the pH to underneath the activity limit of the
anaerobic microorganisms which are present in the material being ensiled (lactic
acid bacteria). As a rule, this is done with the aid of acids which are formed as

metabolites of the microorganisms. Silage-making can be done by customary
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methods with which the skilled worker is familiar, for example as a horizontal

arrangement (for example concrete clamps, buried clamps or open clamps), upright,

for example in steel or concrete silos, or in the form of big-bale silage (for example

film-wrapped bales or silo bags).

An additional possibility is the addition of ensiling agents (for example sugars, lactic
acid inoculants), in order to bring about improved stability and/or digestibility of the

ensiled material and, if appropriate, prevent mould development.

The present invention furthermore relates to the use of transgenic maize plants with
a reduced activity of an R1 protein which occurs endogenously in maize plants for
making a maize silage‘. The important advantage of such a maize silagé is the fact
that, owing to the increased leaf starch content of the transgenic maize plants, the
resulting silage can be utilized considerably better by animals, in particular by
ruminants. The efficacy with which such a silage is utilized in the rumen of
ruminants is substantially higher. This silage is characterized in particular by the fact
that it is utilized better in the rumen of ruminants, preferably of cattle or sheep. The
term “utilized better” means that more of the organic material is broken down. By
preference, this means that a higher percentage of the starch is broken down in the
rumen and less starch is transported into the small intestine.

The better utilization can be determined by first ensiling the plant material in
question and subsequently studying the ensiled material in an artificial system which
permits the fermentation of feedstuffs in rumen liquid to be studied. In this context,
ensiling is preferably carried out as described in the appended Example 5.

The fermentation can preferably be determined as described in Example 6. In such
a system, a silage according to the invention displays the characteristic of leading to
an increased total gas production in comparison with a silage of corresponding
control plants (i.e. corresponding wild-type plants whose R1 protein activity is not
reduced). In this context, gas production is preferably increased by at least 10%,
preferably by at least 20% and especially preferably by at least 30% in comparison
with the gas production of ensiled material of corresponding control plants in the
same system. The increase is preferably observed in the second measuring phase
(readings A2 to C2).
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Moreover, a silage according to the invention has the characteristic of showing a
higher gas production rate in a system described in Example 6 in comparison with
ensiled material of correspohding control plants, i.e. a greater amount of gas
produced per unit time. In preference, the gas production rate is increased by at
least 20%, preferably by at least 30% and especially preferably by at least 40%. The
increase is preferably observed in the second measurement phase (readings A2 to
C2).

Moreover, the present invention relates to a silage which can be obtained by
ensiling transgenic maize plants with a reduced activity of an R1 protein which
occurs endogenously in the maize plants, or which can be obtained by the method
according to the invention for making a maize silage. This maize silage has the

above-described characteristics.

The present invention also relates to the use of nucleic acid molecules which
encode an R1 protein, or of parts of such nucleic acid molecules, for generating
transgenic maize plants with an increased leaf starch content.

The “parts” of such nucleic acid molecules may be, for example, sequence
segments which can be employed in connection with the above-described method
according to the invention, for example as component of antisense constructs, of
ribozymes, of cosuppression constructs, of constructs for in vivo mutagenesis or of
constructs for the simultaneous expression of an antisense RNA and a sense RNA
which form an RNA duplex, where the constructs in question lead to a reduced
activity of an R1 protein in maize plants which have been subjected to relevant
genetic modification.

As regards the definitions of the terms and the preferred embodiments, what has
been said above in connection with the method according to the invention for

generating maize plants with an increased leaf starch content also applies here.

Figure 1 shows the gas production curve of the breakdown of the organic
material (ml/g OMD) as measured over a period of 72 hours of the
controls (S) and of the R1 samples (R) (Example 7).
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Figure 2 shows the gas production rate per hour of the curves shown in Figure
1.

The examples which follow illustrate the invention.

ExAMPLE 1 .
GENERATION OF TRANSGENIC MAIZE PLANTS

~ The material used for the transformation was maize protoplasts isolated from highly

embryogenic suspension cultures by the method of Mérocz et al. (TAG 80 (1990),
721-726). The transgenic maize plants were generated by destabilizing the
membranes by means of polyethylene glycol (PEG) and direct uptake of the DNA
fragments into the embryogenic protoplasts via "membrane breakages" (Golovkin et
al., Plant Science 90 (1993), 41-52; Omirulleh et al., Plant Mol. Biol. 21 (1993), 415-
428). The plasmid employed for the transformation contains the transgene between
the T-DNA border sequences. The sequences of the bacterial resistance gene were
removed before the transformation by restriction digestion.

The plasmid used for the transformation (IR 23/56) is derived from the cloning
vector pUC19 (Yanisch-Peron, Gene 33 (1985), 103-119). To introduce herbicide
tolerance to glufosinate ammonium, a pat cassette, which contains the cauliflower
mosaic virus CaMV35S promoter sequence for initiating transcription (Franck et al.,
Cell 21 (1980), 285-294), a synthetic pat gene and the 3' end signals of the 35S
cauliflower mosaic virus (Franck et al., loc. cit.) was cloned. The pat gene ehcodes a
synthetic gene version of the phosphinothricin acetyltransferase enzyme (PAT),
which was originally isolated from Streptomyces viridochromogenes.

Thereafter, the 2.2 kb Xhol fragment of the maize R1 cDNA (corresponds to position
2125-4324 of the sequence shown in SEQ ID NO: 1) was inserted in sense
orientation into the Xhol restriction site of the vector. The maize ubiquitin promoter
(Christensen et al., Plant Mol. Biol. 18 (1992), 675-689) was employed for
constitutive expression; to increase gene expression, it was cloned upstream. The
signals for transcriptional termination and for polyadenylation were amplified from
the pTiT37 T-DNA (Depicker et al., Journal of Molecular and Applied Genetics 1
(1982), 561-573) and cloned downstream of the partial R1 cDNA.
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To transform maize, the plasmid IR23/56 was digested with the restriction enzyme

- ApaLl in combination with Fsel, Swal or Ascl. The fragment with a length of over

5700 bp, which contains the relevant segments, was used for the transformation.

Intact plants were regenerated from transformed cells.

(a)

(b)

EXAMPLE 2
DETERMINATION OF THE STARCH CONTENT OF LEAF MATERIAL

Sample preparation:

The material used for determining the starch content was fully-grown leaves
of 8-10-week-old plants which had been grown under constant light
conditions (400 pE).

The leaves were harvested at midday.

Removal of the soluble sugars by extraction with ethanol:

Approx. 1 g of fresh leaf material from the transgenic plants generated as
described in Example 1 was freeze-dried, weighed and subsequently
homogenized to a fine powder using a Retsch ball mill. Approx. 50 mg of
powdered leaf material (determination in duplicate) were weighed, 1 ml of
80% strength ethanol was added, the mixture was shaken vigorously, and the
homogeneous dispersion was incubated for 1 h in a water bath at 80°C. After
the dispersion had cooled to approx. 40°C, it was centrifuged for 5§ min at
3 000 rpm (Minifuge RF, Heraeus). The supernatant was discarded. The leaf
material was treated twice more with in each case 1 ml of 80% strength
ethanol and incubated for in each case 20 min in a water bath at 80°C. After

cooling and centrifuging (see above), all the supernatants were discarded.

Starch determination in a microtitre plate/Spectramax at 340 nm:
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Starke Lebensmittelanalytik UV-Test, Boehringer Mannheim, Catalogue No.:
207748 (amyloglucosidase, starch determination buffer, glucose-6-phosphate
dehydrogenase)

The sugar-free leaf material is treated with 400 microlitres 0.2 N KOH and
homogenized by shaking vigorously. The homogenate is incubated for 1 h at
95°C in a water bath. After cooling, 75 ul 1M acetic acid are added and the
reaction mixture is mixed thoroughly. The mixture is centrifuged for 10 min at
4 000 rpm. 25 and 50 pl supernatant are introduced into a microtitre plate
containing 50 pl amyloglucosidase (Boehringer Mannheim) and 25 or 50 pl,
respectively, of Millipore water and digested for 1 h at 56°C. 196 pl starch
determination buffer (Boehringer Mannheim) are introduced into another
microtitre plate. To this there are added 4 (to 20) pl of the cooled starch
digest. The ratio can be raised to up to 40 pl digest + 160 pl starch
determination buffer, depending on the glucose concentration.

Measurement: shake, pre-read
+ 2 pl glucose-6-phosphate dehydrogenase
(Boehringer Mannheim)

incubation: 30 min at 37°C, measure

The starch content was calculated as follows:

Measuring volume (200 pl) x extraction volume (4 750 pl) x amyloglucosidase
digest volume (200 pl) x A OD/e x 1000 x sample measurement volume
(4 ul...40 pl) x sample digest volume (50 pl) x weight (g) x d(1) = concentration
(umol/g DW)

£ = 6.3 1 x mmol” x cm™ (molar extinction coefficient of NADH at 340 nm)

DW = dry weight

The concentration in mg glucose/g fresh weight was calculated from the
determined weights before and after freeze-drying and the molecular weight
of glucose (162.1 g/mol — anhydride).

ExAMPLE 3
LEAF STARCH EXTRACTION
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Reagents .
Extraction buffer pH 7.3: 50 mM Na-MOPS
MOPS = (3-[N-morpholino]propanesulphonic acid)
2mM EDTA
0.5 mM beta-mercaptoethanol
SDS 2% (Serva)
ethanol 80%
acetone

Starch extraction

Using a Waring blender, the leaves of the plants were comminuted for approx. three
minutes at the highest speed, using extraction buffer (8 ml per gram fresh weight).
The mixture is subsequently filtered first through a kitchen strainer and then through
125 p filter. The solids are again homogenized in the Waring blender using
extraction buffer (2 ml per gram fresh weight) and again filtered. After the second
extraction, the solids are discarded. The filtrates are combined in a centrifuge bottle
and centrifuged for 15 min at 5 500 x g. The supernatant is discarded and the pellet
is taken up in 2% SDS (8 ml per gram fresh weight). The suspension is filtered
through a 30 p filter with gentle stirring (starch passes through the filter) and then
centrifuged for 15 min at 5 500 x g. The supernatant is discarded and the pellet is
washed three times with water (8 ml per gram fresh weight; resuspended and
centrifuged as described above), and all the supernatants are discarded. Again, the
pellet is taken up in water (8 ml per gram fresh weight) and the mixture is again
filtered through a 30 p filter, if possible without stirring.

The filtrate is subsequently centrifuged for 15 min at 5500 x g and the pellet is
washed twice with 80% ethanol and once with acetone (in each case 0.5 ml per
gram fresh weight; resuspended and centrifuged as described above).

After a final wash with water (0.5 ml per gram fresh weight), the pellet (leaf starch) is
dried for at least 24 h in a lyophylizer.

Phosphate determination

Reagents:
0.7 N HCI: 2.9 ml 37% strength HCI / 50 ml
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Buffer : 9ml 1 M imidazole solution pH 7.2
225 ul 1 M MgCl;
60 pl 0.5MEDTA
150 pl 80 mM NADP
20.565 ml  Millipore water
30.0 mi
Enzyme: Glucose-6-phosphate dehydrogenase (from Leuconostoc

mesenteroides) Roche, Catalogue No.: 165875, 1 000 U/ 1 ml,
dilute 1:4 with buffer

Sample preparation:

100 mg leaf starch (weighed accurately) are weighed into a 2 ml Safe-Look
Eppendorf tube and treated with 500 pl of 0.7 N HCI. During weighing, the water
content of a further 100 mg of leaf starch is determined by means of a temperature-
controlled balance.

The mixture is vortexed vigorously; this is followed by acid hydrolysis for 4 hours at
95°C with shaking. After cooling, the mixture is centrifuged for 20 min at 13 000 rpm.
All of the supernatant is transferred into a Spin Module Size 100 (Q.BIOgene) and
filtered by briefly centrifuging.

140 pi of hydrolysate are mixed with 1 260 pl of buffer in the Eppendorf tube, and
two 700 pl aliquots are transferred into two quartz cuvettes (reference cuvette and
sample cuvette). Enzymatic determination of glucose-6-phosphate is started by
addition of 6 pl of enzyme to the sample cuvette. The measurement (increase in
NADPH) is carried out at 340 nm using a UVIKON apparatus (Kontron).

Calculation:
Measuring volume (700 pl) x extraction volume (500 pl) x deltaOD

= C6P concentrétion
per dry leaf starch in

€ x sample volume (70 pl) x weight* (mg) x d (=1) , nmol / mg

e=6.31xmmol™ x cm™ (molar extinction coefficient of NADPH at 340 nm)
d = path length of the cuvette
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EXAMPLE 4
RESULT OF THE LEAF STARCH CONTENT DETERMINATION

The leaf starch content determination of the plants generated as described in Example 1
gave the following results.

Table 1

Leaf starch contents of the plants employed (R1 plants or controls, averaged)

Material |Leaf FW |Water content | Starch/mg | mg starch/g |Starch |mg starch
Ig of starch leaf FW (DW)/g |(DW)/g
Leaf FW
R1 plants | 182 8.81% 1189.5 6.54 1084.71 | 5.96
Controls | 154 19.70% 49.00 0.32 39.35 |0.26
FW = Fresh weight :
DW = Dry weight
EXAMPLE 5

WORK-UP OF THE PLANT MATERIAL AND SILAGE MAKING

The maize plants used were isogenic material originating from the same cross.
Crosses were performed between Event, which is transgenic, and an old land race
(= wild type). The Basta-resistant (= R1) plants and the Basta-sensitive plants (=
controls, referred to as "SiC") were selected. The genetic background was thus
identical, with the exception of the transgene.

In one set-up, two isogenic comparable sets of Basta-resistant maize lines (increased
leaf starch content) and sensitive maize lines (F74T46) with adjusted ratios between cob
biomass (see tables - FW = fresh weight/cob FW = cob fresh weight) to total plant
biomass were shredded with the aid of an all-purpose garden shredder Natura 2800 L
(Gloria).

For setting up the experimental silage, tubular, hermetically sealable minisilos were
used. The material used was grey HD plastic tubes with a length of 45 cm and a
diameter of 15 cm. They were sealed with plastic lids on either end and, after filling,
stored horizontally. Each silo was filled stepwise in portions of approximately 1/4 of
the filling volume and the filling material was compressed using a weight. After filling
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of the silos had ended, they were sealed hermetically and stored in the sealed state
for 15 weeks at room temperature (T = 15° — 20°C).
In total, 6 minisilos were studied, viz. three controls (Basta-sensitive maize) and

three R1 samples (Basta-resistant maize with increased leaf starch content).

Material Sample name Weight (FW) in kg |of which cob
material in kg
(= %)
Control 130 S1C 3.79 1.23 (30%)
121 S2C 4.1 1.28 (32%)
101 S3C 1.8 0.56 (32%)
R1 plants 120 R1 3.79 1.19 (29%)
110 R2 4.10 1.28 (32%)
98 R3 1.8 0.56 (32%)
EXAMPLE 6

SILAGE GAS MEASUREMENTS

A representative sample was taken from each of the six minisilos, dried at 70°C and
screened through a 1 mm screen. The dried samples were analysed for dry matter
and ash content. 0.5 gram of the air-dried material was incubated in the gas
production analyser. The gas production was measured over 72 h in a buffer
containing 32% rumen fluid from 2 cows (Cone et al., Animal Feed Science
Technology 61 (1996), 113-128). This techniques enables the fully automated
measurement of the gas production; it involves the use of a transducer and electric
micro-valves.

This system makes it possible to measure the fermentation kinetics of animal food in
an in vitro system using rumen microorganisms by incubating the feedstuffs in a
buffered rumen liquid. The feedstuff is incubated in sealed vessels which are
connected to the gas production plant. During the incubation, the pressure in the
vessel rises as a function of gas formation. The gas production system records any
change in pressure, and a certain degree of superatmospheric pressure triggers a

signal which allows one of the valves to open. When a defined amount of gas has
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escaped, the valves shut again. The duration during which the valves are open is
recorded by the analytical unit. The stored data can be fed into a PC, with which
further subsequent calculations can be carried out.

Each unit is capable of measuring 12 incubations simultaneously; moreover, 10
units can be connected to one PC.

This gas production technique makes possible the combination of a plurality of
measurement opportunities during incubation and thus the recording of minute
differences in the fermentation characteristic. '

The gas production curves were represented as described by Cone et al. (1996, loc.
cit.), by Cone et al. (Anim. Sci. Feed Technol. 66 (1997), 31-45) and Groot et al. -
(Anim. Feed Sci. Technol. 64 (1996), 77-89). In this model, several phases can be
distinguished in a gas production curve. Each phase in turn can be described by
three parameters. Frequently, gas production is divided into three phases, so that

an overall curve can be described by nine parameters.
(1) GP (t) = ay/(1+(b1/)°") + ax/(1+(b2/t)*?) + as/(1+(ba/t)*®)

In this formula,

GP(t) = gas production at time t (ml/g biomass),

a = maximum gas production of phase i (ml),

o] = time in which half of the gas production a; is reached (in hours), and
Ci = shape parameter (a higher value indicates a steeper slope)

Phase 1 describes the breakdown of the rapidly fermentable, soluble material during
the first hours of incubation. Phase 2 describes the breakdown of NDF and starch, if
present, over a period of up to 20 hours. Gas production after over 20 hours is
referred to as Phase 3. This phase is brought about by the fermentation of material
which is digested very slowly and by microbial decomposition in the in vitro system
(Cone et al., (1997), loc. cit.). The third phase is of less importance for evaluating
feedstuffs. A fractional substrate digestion can be calculated in each phase using
the above-described model. This value (R) climbs to a maximum after a specific
time tRmax (hours), as described by Groot et al. (loc. cit.).
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In silage samples, most of the gas production is coupled with the breakdown of cell
wall material and of starch, which makes the second phase the most important
phase for evaluating feedstuffs. A change in the gas production profile can be seen
most clearly in the amount of ml (a2) and the half life (b2), but also in the shape
(c2). Both the value tRmax of the second phase, calculated from b2 and c2, and the
value R, likewise calculated from b2 and c2 and tRmax of the same phase, are
readily distinguishable characteristics for the breakdown of a sample. A higher value
R, frequently in combination with an earlier tRmax value, represents a sample which
is broken down more readily.

In addition to the gas production profile, the breakdown rate of organic material
(OMD = organic matter disappearance, g/kg OM) after 72 hours’ incubation was
measured. This value is frequently closely related to the total gas production after
72 hours (GP72, mi/g organic material).

EXAMPLE 7
RESULTS OBTAINED WITH THE SILAGE SAMPLES

Table 2 shows the dry matter (g/kg fresh weight) and the ash content (g/kg dry matter)

of the test samples.

Table 2: Dry matter (DM; g/kg fresh weight) and ash content (g/kg dry matter)

Sample DM Ash
130 S1C 199 65
121 52C 196 59
101 53C 152 74
120 R1 189 66
110 R2 201 63
98 R3 180 69

It can be seen from the table that the dry matter and the ash content differ somewhat
between different silage samples (even though the samples are two triplicates).
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Table 3 shows the results of the gas production parameter measurements. Table 3
encompasses the total gas production after 72 hours’ incubation and the OMD value
after 72 hours’ incubation. Likewise, the calculated maximum relative breakdown rate of
the second phase (Rmax2) and the point in time at which it took place (tRmax2) were

calculated.

Table 3: Gas production parameter measurements, means of the S and R samples, and

P values for the differences between the means of the S and R samples.
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Sample |A1 B1 C1 A2 B2 C2 A3 B3 C3
130 S1C {29 1.6 094 |174 8.9 269 |87 304 |29
121 S2C |36 1.5 125 [160 9.6 246 |83 2911 125
101 S3C |26 1.7 1.33 [150 10.1 263 (81 299 |25
120R1 |15 2.0 1.61 181 9.2 3.06 (85 315 (33
110R2 |29 1.5 097 |[187 8.6 285 |77 300 (3.1
98 R3 31 1.7 082 |188 8.3 285 |79 295 |31
S 30 1.6 1.17 |16 9.5 259 |84 208 |26
R 25 1.7 113 |185 8.7 292 (80 303 |32
P value |[0.41 044 089 |0.03 [0.13 |0.03 (033 |0.50 |0.02

The data shown here show the three breakdown phases 1-3. The gas production of

the R1 silage samples is 13% higher in only 97% of the time, in comparison with the

controls, in particular during the second phase (values A2, B2 and C2), during which

the starch and the NDF (neutral detergent fibres) are broken down (up to approx.

20 h post-incubation).

Table 4: Measured breakdown of the organic material (OMD, g/kg), total gas production

after 72 hours’ incubation (GP72, ml/g organic material), maximum relative breakdown

rate of the second phase (Rmax2), point in time at which it took place (tRmax2, hours),

means of the S and R samples, and P values for the differences between the means of

the S and R samples.

Sample ([OMD |GP72 |[Rmax2|TRmax2
130 S1C | 789 282 0.156 [10.8
121 S2C | 784 271 0.130 [11.2
101 S3C | 732 249 0.135 |12.1
120R1 |772 271 0.178 |11.6
110 R2 |802 289 0.173 |[10.7
98R3 [813 292 0.179 |10.3
S 768 267 0.140 |114
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R 796 284 0.177 (109
Pvalue |0.28 0.23 0.01 0.41

Over the entire 72 hour period, the R1 silage samples revealed not only a 3.6%

higher breakdown rate of the organic material (OMD = 796 g/kg in comparison with
768 g/kg of the control), but also a 6% higher gas production (GP72 = 284 ml/g in
comparison with 267 ml/g organic material in the controls). In the second phase, in
particular, the maximum relative breakdown rate (Rmax2) of the R1 silage markedly
(= 26%) outperforms that of the control and took place within less time, i.e. 96% of
the time.

Based on a higher gas production after 72 hours’ incubation and a higher
breakdown rate of organic material, the digestibility of the R1 silage can be
considered to be better. The transgenic R1 silage shows a significantly higher

amount of broken down starch and cell wall material.

The curves of the means are shown in Figure 1 (= gas formation test 1). Figure 2

shows the gas production rate per hour of the same curves (= gas formation test 2).
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Patent claims

1. Method for generating a transgenic maize plant with an increased starch

content in comparison to corresponding wild-type plants, where

(a)

(b)
()

a cell of a maize plant is genetically modified by introducing a foreign
nucleic acid molecule whose presence or expression leads to a
reduced activity of an R1 protein which occurs endogenously in the
plant cell;

a plant is regenerated from the cell generated in step (a); and

if appropriate, further plants are generated starting from the plant
generated in step (b).

Method according to Claim 1, where the foreign nucleic acid molecule is

selected from the group consisting of

(@)

(b)

()

(d)

()

DNA molecules which encode at least one antisense RNA Which
brings about reduced expression of endogenous genes which encode
R1 proteins;

DNA molecules which, via a cosuppression effect, lead to reduced
expression of endogenous genes which encode R1 proteins;

DNA molecules which encode at least one ribozyme which specifically
cleaves transcripts of endogenous genes which encode R1 proteins;
nucleic acid molecules which, in the event of in vivo mutagenesis, lead
to a mutation or an insertion of a heterologous sequence in
endogenous genes which encode R1 proteins, the mutation or
insertion leading to. reduced expression of genes encoding R1
proteins, or to a reduced synthesis of active R1 proteins; and

DNA molecules which simultaneously encode at least one antisense
RNA and at least one sense RNA, where the said antisense RNA and
the said sense RNA form an RNA duplex which brings about a
reduced expression of endogenous genes which encode R1 proteins.

3. Method according to Claim 1 or 2, where the reduced activity of the R1

protein means an amount of R1 protein which is reduced by at least 50% in
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comparison with corresponding cells which have not been genetically

modified.

Method for making a silage, comprising the step of ensiling transgenic maize
plants with a reduced activity of an R1 protein which occurs endogenously in

the maize plant.

Method according to Claim 4, where the transgenic maize plants were

generated by a method according to one of Claims 1 to 3.

Use of transgenic maize plants with a reduced activity of an R1 protein which

occurs endogenously in the maize plant for making a silage.

Silage obtainable by ensiling transgenic maize plants with a reduced activity
of an R1 protein which occurs endogenously in the maize plants, or

obtainable by a method according to Claim 4 or 5.

Use of nucleic acid molecules which encode an R1 protein, or of parts

thereof, for generating transgenic maize plants with an increased leaf starch

content, where the nucleic acid molecule is selected from the group

consisting of: ,

(@) nucleic acid molecules which encompass the coding region of the
nucleotide sequence shown in SEQ ID NO: 1;

(b) nucleic acid molecules which encode a protein encompassing the
amino acid sequence shown in SEQ ID NO: 2;

(¢)  nucleic acid molecules whose sequence has at least 80% homology
with the nucleic acid molecules mentioned under (a) or (b); and

(d) nucleic acid molecules whose sequence is degenerate in comparison
with the seduences of the nucleic acid molecules mentioned under (a),

(b) or (c) owing to the genetic code.
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SEQUENCE LISTING
<110> PlanTec Biotechnologie GmbH Forschung & Entwicklung

<120> Method for generating maize plants with an increased leaf starch content,
and their use for making maize silage

<130> G 1134 Us

<150> DE 102 08132.8
<151> 2002-02-26

<160> 2

<170> PatentIn version 3.1

<210> 1
<211> 4329
<212> DNA

<213> Zea mays

<220>

<221> CDS

<222> (2)..(4009)
<223>

<400> 1

c cca gat ggc acg aca gtg tac aag aac agg gct ctc agg aca cct ttt 49
Pro Asp Gly Thr Thr Val Tyr Lys Asn Arg Ala Leu Arg Thr Pro Phe
1 5 10 15

gta aag tca ggt gat aac tcc act cta agg att gag ata gat gat cct 97
vVal Lys Ser Gly Asp Asn Ser Thr Leu Arg Ile Glu Ile Asp Asp Pro
20 25 30

ggg gtg cac gcc att gag ttc ctc atc ttt gac gag aca cag aac aaa 145
Gly val His Ala Ile Glu Phe Leu Ile Phe Asp Glu Thr Gln Asn Lys
35 40 45

tgg ttt aaa aac aat ggc cag aat ttt cag gtt cag ttc cag tcg agc 193
Trp Phe Lys Asn Asn Gly Gln Asn Phe Gln Val Gln Phe Gln Ser Ser
50 55 60

cgc cat cag ggt act ggt gca tct ggt gcc tcc tct tct get act tet 241
Arg His Gln Gly Thr Gly Ala Ser Gly Ala Ser Ser Ser Ala Thr Ser
65 70 75 80

acc ttg gtg cca gag gat ctt gtg cag atc caa gct tac ctt cgg tgg 289
Thr Leu Val Pro Glu Asp Leu Val Gln Ile Gln Ala Tyr Leu Arg Trp
85 90 95

gaa aga agg gga aag cag tca tac aca cca gag caa gaa aag gag gag - 337
Glu Arg Arg Gly Lys Gln Ser Tyr Thr Pro Glu Gln Glu Lys Glu Glu
100 105 110

tat gaa gct gca cga gct gag tta ata gag gaa gta aac aga ggt gtt 385
Tyr Glu Ala Ala Arg Ala Glu Leu Ile Glu Glu Val Asn Arg Gly Val
115 120 125



tct
Serxr

gag
Glu
145

ctt
Leu

gcg
Ala

gaa
Glu

gat
Asp

tece
Sexr
225

cgc
Arg

gtt
val

gat
Asp

agce
Ser

acc
Thr
305

gac
Asp

aag
Lys

aag
Lys

WO 03/071860

tta
Leu
130

tcg
Ser

cca
Pro

ggc
Gly

gca
Ala

cag
Gln
210

aag
Lys

aaa
Lys

atg
Met

ctc
Leu

aga
Arg
290

aag

Lys

cca
Pro

gca
Ala

gcg
Ala

gag
Glu

gat
ASp

gag
Glu

aaa
Lys

agg
Arg
195

ttg
Leu

cag
Gln

aag
Lys

gaa
Glu

tte
Phe
275

aag
Lys

gtt
Val

ctt
Leu

cct
Pro

tgt
Cys
355

aag
Lys

gaa
Glu

gat
Asp

cca
Pro
180

aag
Lys

agg
Arg

ctg
Leu

aga
Arg

gat
Asp
260

acc
Thr

cte
Leu

caa
Gln

att
Ile

tct
Ser
340

gaa
Glu

ctt
Leu

agt
Ser

ctt
Leu
165

aac
Asn

gaa
Glu

cag
Gln

aag
Lys

gat
Asp
245

aaa
Lys

aag
Lys

ttce
Phe

aat
Asn

ctt
Leu
325

cca
Pro

act
Thr

cga
Arg

aaa
Lys
150

gta
Val

tat
Tyr

ctg
Leu

aaa
Lys

aac
Asn
230

atc
Ile

gta
Val

tct
Ser

aag
Lys

aaa
Lys
310

cac

His

aat
Asn

gaa
Glu

gct
Ala
135

tct
Ser

cag
Gln

cct
Pro

cag
Gln

att
Ile
215

aag
Lys

aca
Thr

gag
Glu

tta
Leu

ttc
Phe
295

aca

Thr

tgg
Trp

ata
Ile

ttt
Phe

aaa
Lys

tct
Ser

gtg
val

cct
Pro

gct
Ala
200

ttg
Leu

aag
Lys

caa
Gln

gtt
Val

cat
His
280

ggc
Gly

gaa
Glu

tct
Ser

ttg
Leu

act
Thr
360

ttg
Leu

gca
Ala

cag
Gln

gag
Glu
185

gag
Glu

aaa
Lys

tac
Tyr

ctt
Leu

gta
val
265

gag
Glu

gat
Asp

gtt
vVal

ttg
Leu

cca
Pro
345

aaa
Lys

aca
Thr

tct
Ser

gct
Ala
170

aag
Lys

gtg
val

gga
Gly

ttc
Phe

ctc
Leu
250

cca
Pro

aag
Lys

aaa
Lys

cac
His

gca
Ala
330

tct

Ser

tct
Ser

aaa
Lys

cga
Arg
155

tat
Tyr

caa
Gln

gac
Asp

aac
Asn

tct
Ser
235

agt
Ser

aaa
Lys

gat
Asp

gag
Glu

ttg
Leu
315

aaa

Lys

ggt
Gly

gaa
Glu

gca
Ala
140

gtg
Val

ata
Ile

ctg
Leu

aag
Lys

att
Ile
220

gta
val

aaa
Lys

caa
Gln

ggc
Gly

ata
Ile
300

gca

Ala

aat
Asn

tce
Ser

ttg
Leu

cct
Pro

ccce
Pro

agg
Arg

gta
Val

gga
Gly
205

gag
Glu

gaa
Glu

cat
His

cca
Pro

tgt
Cys
285

ctg
Leu

aca
Thr

gct
Ala

aca
Thr

gat
Asp
365

gaa
Glu

atc
Ile

tgg
Trp

gaa
Glu
190

atc
Ile

agt
Ser

agg
Arg

aag
Lys

act
Thr
270

gaa
Glu

gca
Ala

aac
Asn

gga
Gly

ttg
Leu
350

ggt
Gly

gca
Ala

ggt
Gly

gag
Glu
175

ttt
Phe

tct
Ser

aaa
Lys

att
Ile

cat
His
255

gtt
val

gtt
Val

att
Ile

cat
His

gaa
Glu
335

ctg

Leu

ttg
Leu

cce
Pro

aaa
Lys
160

caa
Gln

gag
Glu

att
Ile

gtt
vVal

cag
Gln
240

aca
Thr

ctt
Leu

cta
Leu

tct
Ser

acg
Thr
320

tgg
Trp

gac
Asp

cat
His
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481

529

577

625

673

721

769
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961
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1057
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tac
Tyx

cca
Pro
385

gat
Asp

att
Ile

ctg
Leu

cac
His

gga
Gly
465

acc
Thr

ata
Ile

aaa
Lys

gtt
val

ata
Ile
545

gaa

Glu

ata
Ile

gtt
val

WO 03/071860

cag
Gln
370

ttt
Phe

ttt
Phe

tta
Leu

gag
Glu

aga
Arg
450

ctt
Leu

agg
Arg

agce
Ser

act
Thr

ggt
Gly
530

tta
Leu

tgg
Trp

tgc
Cys

tac
TyYx

gtt
val

gtt
val

ttc
Phe

aag
Lys

aga
Arg
435

ttc
Phe

ttg
Leu

caa
Gln

aaa
Lys

tat
Tyr
515

cgce
Arg

gta
Val

cac
His

cag
Gln

tgg
Trp
595

gtt
val

ctt
Leu

cta
Leu

gac
Asp
420

ata
Ile

aat
Asn

ggt
Gly

cta
Leu

gca
Ala
500

cca
Pro

gga
Gly

ata
Ile

cag
Gln

gce
Ala
580

gac
Asp

gag
Glu

cgg
Arg

gat
Asp
405

aat
Asn

gca
Ala

att
Ile

att
Ile

aca
Thr
485

cag
Gln

cag
Gln

ggt
Gly

cag
Gln

aaa
Lys
565

tta

Leu

acc
Thr

ata
Ile

tct
Ser
390

ttce
Phe

ggc
Gly

gat
AsSp

gca
Ala

gtt
val
470

tgg
Trp

gat
Asp

tac
TyYr

gaa
Glu

aga
Arg
550

ttg

Leu

att
Ile

ttg
Leu

gag
Glu
375

ggt
Gly

agc
Ser

gat
Asp

ctg
Leu

gca
Ala
455

ggg
Gly

aat
Asn

agg
Arg

aga
Arg

ggt
Gly
535

aat

Asn

cac
His

gat
Asp

aac
Asn

ctt
Leu

gaa
Glu

acc
Thr

gct
Ala

gag
Glu
440

gat
Asp

ctt
Leu

aag
Lys

ttt
Phe

gag
Glu
520

gat
Asp

aat
Asn

aac
Asn

tat
TyY

aaa
Lys
600

gat
Asp

aca
Thr

cat
His

ggt
Gly
425

gaa
Glu

cta
Leu

ttt
Phe

aac
Asn

aca
Thr
505

ata
Ile

gtt
Val

gac
Asp

aat
Asn

atc
Ile
585

aat
Asn

gac
Asp

tgg
Trp

gat
Asp
410

aaa
Lys

gat
Asp

gct
Ala

gtt
Val

tat
TYYr
490

gat
Asp

tta
Leu

ggt
Gly

tgc
Cys

aca
Thr
570

aag

Lys

ggc
Gly

gga
Gly

ata
Ile
395

gtc
val

ggt
Gly

gce
Ala

gac
Asp

tgg
Trp
475

aat
Asn

gat
Asp

aga
Arg

caa
Gln

aaa
Lys
555

agc

Ser

agt
Ser

ata
Ile

gga
Gly
380

aaa
Lys

aga
Arg

act
Thr

cag
Gln

caa
Gln
460

att
Ile

gtg
val

ctt
Leu

atg
Met

cgce
Arg
540

ggt
Gly

cca
Pro

gac
Asp

acc
Thr

tac
Tyr

aat
Asn

aat
Asn

tct
Ser

cga
Arg
445

gcc
Ala

aga
Arg

aag
Lys

gag
Glu

ata
Ile
525

att
Ile

gga
Gly

gat
Asp

ttt
Phe

aaa
Lys
605

aaa
Lys

aat
Asn

att
Ile

aag
Lys
430

tct
Ser

aga
Arg

ttc
Phe

cca
Pro

aat
Asn
510

atg
Met

cgt
Arg

atg
Met

gat
Asp

gat
Asp
590

gag
Glu

gga
Gly

ggt
Gly

aag
Lys
415

gcg
Ala

Leu

gat
Asp

atg
Met

cgt
Arg
495

atg
Met

gct
Ala

gat
Asp

atg
Met

gta
Val
575

ata
Ile

cgt
Arg

atg
Met

tct
Ser
400

gca
Ala

ttg
Leu

atg
Met

gct
Ala

gct
Ala
480

gag
Glu

tac
Tyr

gct
Ala

gag
Glu

gaa
Glu
560

gtg
val

agc
Ser

ctc
Leu
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ttg
Leu

cag
Gln
625

aag
Lys

atg
Met

aat
Asn

gtg
val

cta
Leu
705

gaa
Glu

ttc
Phe

cca
Pro

ctt
Leu

aac
Asn
785

tat
Tyr

gga
Gly

tcg
Ser
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agc
Ser
610

aag
Lys

gct
Ala

gga
Gly

cca
Pro

ctt
Leu
690

ttg
Leu

cgc
Arg

agg
Arg

gag
Glu

tca
Ser
770

Ccaa

Gln

gct
Ala

gaa
Glu

tta
Leu

tat
Tyr

gcg
Ala

gtg
Val

tac
TYyx

gtg
val
675

gaa
Glu

gaa
Glu

atg
Met

aca
Thr

aaa
Lys
755

att
Ile

gce
Ala

aaa
Lys

caa
Gln

ctc
Leu
835

gat
Asp

ggt
Gly

cat
His

aaa
Lys
660

aag
Lys

cat
His

gct
Ala

aaa
Lys

gca
Ala
740

ata
Ile

gac
Asp

ttg
Leu

gca
Ala

tac
Tyxr
820

agc
Ser

cgt
Arg

tta
Leu

tct

Ser
645

tca
ser

ggt
Gly

gtt
val

cga
Arg

gat
Asp
725

att
Ile

atg
Met

gac
Asp

gaa
Glu

ttt
Phe
805

cat

His

ata
Ile

gct
Ala

ctc
Leu
630

ggt
Gly

gag
Glu

tta
Leu

gag
Glu

gtt
val
710

ctt
Leu

gaa
Glu

tac
Tyr

aat
Asn

atg
Met
790

ctt

Leu

aat
Asn

gac
Asp

att
Ile
615

cgt
Arg

gct
Ala

ggt
Gly

cca
Pro

gat
Asp
695

gaa
Glu

ata
Ile

agg
Arg

tte
Phe

gaa
Glu
775

gct
Ala

gac
Asp

atg
Met

caa
Gln

cat
His

gac
Asp

gat
Asp

gaa
Glu

tct
Ser
680

aaa
Lys

ctg
Leu

ttt
Phe

tca
Ser

atc
Ile
760

gac
Asp

aag
Lys

aga
Arg

atg
Met

tgg
Trp
840

tca
Ser

ctg
Leu

ctt
Leu

ggt
Gly
665

gga
Gly

tca
Ser

cgce
Arg

ttg
Leu

tat
Tyxr
745

agt
Ser

atc
Ile

caa
Gln

aac
Asn

cag
Gln
825

gca
Ala

gaa
Glu

gga
Gly

gaa
Glu
650

ttc
Phe

ttt
Phe

gcg
Ala

cct
Pro

gac
AsSp
730

gag
Glu

ctt
Leu

ctg
Leu

aaa
Lys

aga
Arg
810

ccce

Pro

gtc
vVal

cca
Pro

aat
Asn
635

tct
Ser

atg
Met

ccg
Pro

gaa
Glu

ttg
Leu
715

att
Ile

gag
Glu

gtc
Val

tat
Tyr

gac
Asp
795

ctt

Leu

tct
Ser

aat
Asn

aat
Asn
620

tac
Tyr

gct
Ala

gtt
Val

gag
Glu

cca
Pro
700

ctt
Leu

gct
Ala

ctg
Leu

ctt
Leu

tgt
Cys
780

gac

Asp

gcc
Ala

gct
Ala

atc
Ile

ttc
Phe

atg
Met

ata
Ile

ggt
Gly

ttg
Leu
685

ctt
Leu

ctt
Leu

ctt
Leu

aat
Asn

gaa
Glu
765

tta
Leu

caa
Gln

ctt
Leu

gag
Glu

ttc
Phe
845

aga
Arg

aga
Arg

gca
Ala

gtt
Val
670

ctt
Leu

cct
Pro

gat
Asp

gat
AsSp

gat
Asp
750

aat
Asn

aag
Lys

tgg
Trp

gcg
Ala

tat
Tyr
830

aca
Thr

agt
Ser

agc
Ser

agt
Ser
655

cag
Gln

gaa
Glu

gag
Glu

tcg
Ser

tct
Ser
735

gca
Ala

ctt
Leu

gga
Gly

gcg
Ala

agc
Ser
815

ctt

Leu

gaa
Glu

gaa
Glu

cta
Leu
640

tgt
Cys

atc
Ile

ttt
Phe

ggg
Gly

cgt
Arg
720

acc
Thr

gcc
Ala

gcg
Ala

tgg
Trp

ctc
Leu
800

aag

Lys

ggc
Gly

gaa
Glu
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att
Ile

ttt
Phe
865

ata
Ile

ctt
Leu

aag
Lys

att
Ile

agg
Arg
945

tct

Ser

tct
Ser

tca
Ser

ttg
Leu

gaa
Glu

tac
Tyr

gtt
Val

ctt
Leu
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ata
Ile
850

gat
Asp

agc
Ser

gct
Ala

agt
Ser

aca
Thr
930

aat
Asn

gaa
Glu

gca
Ala

agt
Ser

gcce
Ala
1010

tte
Phe
1025

ctce
Leu
1040

gcg
Ala
1055

aat
Asn
1070

cgc
Arg

cct
Pro

ccg
Pro

gtc
val

gte
val
915

cct
Pro

agc
Sex

ctt
Leu

gat
ASp

tct
Ser
995

aag
Lys

tct
Serxr

aaa
Lys

ata
Ile

aag
Lys

ggt
Gly

gtt
val

gtt
val

cag
Gln
900

aag
Lys

gat
Asp

aag
Lys

gaa
Glu

ata
Ile
980

cca
Pro

aag
Lys

gag
Glu

gga
Gly

cca
Pro

gaa
Glu

gga
Gly

tta
Leu

gaa
Glu
885

aac
Asn

gga
Gly

atg
Met

gta
val

gga
Gly
965

acc

Thr

aat
Asn

aaa
Lys

gaa
Glu

aaa
Lys

ttt
Phe

gta
Val

tca
Ser

agg
Arg
870

gta
val

aaa
Lys

gag
Glu

cca
Pro

ctg
Leu
950

tat

Tyr

tat
Tyr

gca
Ala

ttte

gct gct act ctg
Ala Ala Thr Leu

855

aat gtt gct cac
Asn Val Ala His

tca ggt tat gtg
Ser Gly Tyr Val

tct tat gat aaa
Ser Tyr Asp Lys

gaa gaa ata cca
Glu Glu Ile Pro

tct
Ser

ctc
Leu

gct ctt
Ala Leu Leu

860

875

890

905

920

gat gtt ctg tct
Asp Val Leu Ser

935

ttt gcg acc tgt
Phe Ala Thr Cys

gat cag aaa ctg
Asp Gln Lys Leu

agg gag atc aca
Arg Glu Ile Thr

gaa gtt
Glu val

gtt
Val

cca
Pro

gat
Asp

cat
His

ttt
Phe

gga agt
Gly Ser

gtg gtt
val val

acc atc
Thr Ile

gga gta
Gly Vval

925

gtg tca
Val Ser

940

955

970

985

1000

ctt

Phe Leu

1015

atg gtt

Met

val
1030

gta cct

vVal

Pro
1045

ggc act
Gly Thr

gca

1060

cag

Ala Gln

1075

gga aaa
Gly Lys

ggg gcc
Gly Ala

tca tgg
Ser Trp

ttt gag
Phe Glu

agc
Ser

ata
Ile

tat
Tyr

aag
Lys

gtc
val

aag
Lys

gag
Glu

ttt
Phe

gag
Glu

gca
Ala

tet
Ser

ggt
Gly

gtt
Val

aag
Lys

gac cac
Asp His

tce ttce
Ser Phe

agt gaa
Ser Glu

ggc cat gca gta cca
Gly His Ala Val Pro

10

ata
Ile
1020

cgg
Arg
1035

gtc
vVal
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