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This application claims priority of applications with number EP 12163703.7 (filed April 11,
2012) and US 61/622538 (filed April 11, 2012), all of which are incorporated by reference in
their entirety.

Summary of the invention

The present invention relates to a method of increasing resistance against fungal patho-
gens, in particular, pathogens of the family Phacopsoraceae, for example soybean rust, in
plants, plant parts, and/or plant cells. This is achieved by increasing the expression and / or
activity of an OCP3 protein in a plant, plant part and / or plant cell in comparison to wild type
plants, wild type plant parts and / or wild type plant cells.

Furthermore, the invention relates to transgenic plants, plant parts, and/or plant cells having
an increased resistance against fungal pathogens, in particular, pathogens of the family
Phacopsoraceae, for example soybean rust, and to recombinant expression vectors com-

prising a sequence that is identical or homologous to a sequence encoding an OCP3 pro-
tein.

Background of the invention

The cultivation of agricultural crop plants serves mainly for the production of foodstuffs for
humans and animals. Monocultures in particular, which are the rule nowadays, are highly
susceptible to an epidemic-like spreading of diseases. The result is markedly reduced
vields. To date, the pathogenic organisms have been controlled mainly by using pesticides.
Nowadays, the possibility of directly modifying the genetic disposition of a plant or pathogen
IS also open to man.

Resistance generally describes the ability of a plant to prevent, or at least curtail the infesta-
tion and colonization by a harmful pathogen. Different mechanisms can be discerned in the
naturally occurring resistance, with which the plants fend off colonization by phytopathogen-
ic organisms. These specific interactions between the pathogen and the host determine the
course of infection (Schopfer and Brennicke (1999) Pflanzenphysiologie, Springer Verlag,
Berlin-Heidelberg, Germany).

With regard to the race specific resistance, also called host resistance, a differentiation is
made between compatible and incompatible interactions. In the compatible interaction, an
interaction occurs between a virulent pathogen and a susceptible plant. The pathogen sur-
vives, and may build up reproduction structures, while the host mostly dies off. An incom-
patible interaction occurs on the other hand when the pathogen infects the plant but is inhib-
ited in its growth before or after weak development of symptoms. In the latter case, the
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plant is resistant to the respective pathogen (Schopfer and Brennicke, vide supra). Howev-
er, this type of resistance is specific for a certain strain or pathogen.

In both compatible and incompatible interactions a defensive and specific reaction of the
host to the pathogen occurs. In nature, however, this resistance is often overcome because
of the rapid evolutionary development of new virulent races of the pathogens (Neu et al.
(2003) American Cytopathol. Society, MPMI 16 No. 7: 626-633).

Most pathogens are plant-species specific. This means that a pathogen can induce a dis-
ease in a certain plant species, but not in other plant species (Heath (2002) Can. J. Plant
Pathol. 24: 259-264). The resistance against a pathogen in certain plant species is called
non-host resistance. The non-host resistance offers strong, broad, and permanent protec-
tion from phytopathogens. Genes providing non-host resistance provide the opportunity of a
strong, broad and permanent protection against certain diseases in non-host plants. In par-
ticular, such a resistance works for different strains of the pathogen.

Fungi are distributed worldwide. Approximately 100 000 different fungal species are known
to date. Thereof rusts are of great importance. They can have a complicated development

cycle with up to five different spore stages (spermatium, aecidiospore, uredospore, teleuto-
spore and basidiospore).

During the infection of plants by pathogenic fungi, different phases are usually observed.
The first phases of the interaction between phytopathogenic fungi and their potential host
plants are decisive for the colonization of the plant by the fungus. During the first stage of
the infection, the spores become attached to the surface of the plants, germinate, and the
fungus penetrates the plant. Fungi may penetrate the plant via existing ports such as sto-
mata, lenticels, hydatodes and wounds, or else they penetrate the plant epidermis directly
as the result of the mechanical force and with the aid of cell-wall-digesting enzymes. Specif-
Ic infection structures are developed for penetration of the plant.

Immediately after recognition of a potential pathogen the plant starts to elicit defense reac-
tions. Mostly the presence of the pathogen is sensed via so called PAMP receptors, a class
of trans-membrane receptor like kinases recognizing conserved pathogen associated mole-
cules (e.qg. flagellin or chitin). Downstream of the PAMP receptors, the phytohormones sali-
cylic acid (SA), jasmonate (JA) and ethylene (ET) play a critical role in the regulation of the
different defense reactions. Depending on the ratio of the different phytohormones, different
defense reactions are elicited by the host cell. Generally SA dependent defense is linked
with resistance against biotrophic pathogens, whereas JA/ET dependent defense reactions
are active against necrotrophic pathogens (and insects). In most plant pathogen interac-
tions ET has been shown to act synergistic to JA and antagonistic to the “biotrophic” de-
fense of SA. For example the well-known JA marker protein PDF1.2 needs the activation of
both ET and JA to be up-regulated during defense against necrotrophic pathogens.



10

15

20

25

30

35

40

CA 02868216 2014-09-23

WO 2013/152917 3 PCT/EP2013/055319

A protein which was known to be involved in the regulation of JA dependent defense re-
sponses against necrotrophic pathogens in Arabidopsis thaliana is the homeobox transcrip-
tion factor Overexpressor of Cationic Peroxidase 3 (OCP3) (Coego A, Ramirez V, Gil MJ,
Flors V, Mauch-Mani B, Vera P: An Arabidopsis homeodomain transcription factor, Overex-

pressor Of Cationic Peroxidase 3, mediates resistance to infection by necrotrophic patho-
gens. Plant Cell 2005, 17(7):2123-2137).

The knock-out of OCP3 showed an enhanced resistance against necrotrophic pathogens,

but in contrast to most other JA-defense modulating proteins no impairment in the defense
against biotrophic pathogens. Therefore it was concluded that the expression of OCP3 in-

hibits a specific signaling cascade that is involved in JA mediated defense against necrot-

rophic fungi but not linked to SA mediated defenses against biotrophic fungi.

The soybean rust Phakopsora pachyrhizi directly penetrates the plant epidermis. After
crossing the epidermal cell, the fungus reaches the intercellular space of the mesophyll,
where the fungus starts to spread through the leaves. To acquire nutrients the fungus pene-
trates mesophyll cells and develops haustoria inside the mesophyl cell. During the penetra-
tion process the plasmamembrane of the penetrated mesophyll cell stays intact. Therefore
the soybean rust fungus establishes a biotrophic interaction with soybean.

The biotrophic phytopathogenic fungi, such as soybean rust and all other rust fungi, depend
for their nutrition on the metabolism of living cells of the plants. This type of fungi belong to
the group of biotrophic fungi, like other rust fungi, powdery mildew fungi or oomycete path-
ogens like the genus Phytophthora or Peronospora. The necrotrophic phytopathogenic fun-
gl depend for their nutrition on dead cells of the plants, e.q. species from the genus Fusari-
um, Rhizoctonia or Mycospaerella. Soybean rust has occupied an intermediate position,
since it penetrates the epidermis directly, whereupon the penetrated cell becomes necrotic.
After the penetration, the fungus changes over to an obligatory-biotrophic lifestyle. The
subgroup of the biotrophic fungal pathogens which follows essentially such an infection
strategy is heminecrotrohic. In contrast to a heminecrotrophic pathogen, a hemibiotrophic
pathogen lives for a short period of time in a biotrophic manner and subsequently starts
Killing the host cell and/or host organism, i.e., changes for the rest of its life-cycle to a ne-
crotrophic life-style.

Soybean rust has become increasingly important in recent times. The disease may be
caused by the biotrophic rusts Phakopsora pachyrhizi (Sydow) and Phakopsora meibomiae
(Arthur). They belong to the class Basidiomycota, order Uredinales, family Phakopsorace-
ae. Both rusts infect a wide spectrum of leguminosic host plants. P. pachyrhizi, also referred
to as Asian rust, is the more aggressive pathogen on soy (Glycine max), and is therefore, at
least currently, of great importance for agriculture. P. pachyrhizi can be found in nearly all
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tropical and subtropical soy growing regions of the world. P. pachyrhizi is capable of infect-
Ing 31 species from 17 families of the Leguminosae under natural conditions and is capable
of growing on further 60 species under controlled conditions (Sinclair et al. (eds.), Proceed-
ings of the rust workshop (1995), National SoyaResearch Laboratory, Publication No. 1
(19906); Rytter J.L. et al., Plant Dis. 87, 818 (1984)). P. meibomiae has been found in the
Caribbean Basin and in Puerto Rico, and has not caused substantial damage as yet.

P. pachyrhizi can currently be controlled in the field only by means of fungicides. Soy plants
with resistance to the entire spectrum of the isolates are not available. When searching for
resistant plants, six dominant genes Rpp1-5 and Rpp?(Hyuuga), which mediate resistance
of soy to P. pachyrhizi, were discovered. The resistance was lost rapidly, as P. pychyrhizi
develops new virulent races.

In recent years, fungal diseases, e.g. soybean rust, has gained in importance as pest in
agricultural production. There was therefore a demand in the prior art for developing meth-
ods to control fungi and to provide fungal resistant plants.

Much research has been performed on the field of powdery and downy mildew infecting the
epidermal layer of plants. However, the problem to cope with soybean rust which infects the
mesophyll remains unsolved.

The object of the present invention is inter alia to provide a method of increasing resistance
against fungal pathogens, preferably rust pathogens (i.e., fungal pathogens of the order
Pucciniales), preferably against fungal pathogens of the family Phacopsoraceae, more
preferably against fungal pathogens of the genus Phacopsora, most preferably against
Phakopsora pachyrhizi (Sydow) and Phakopsora meibomiae (Arthur), also known as soy-
bean rust.

Surprisingly, we found that fungal pathogens, in particular rust pathogens (i.e., fungal path-
ogens of the order Pucciniales), preferably fungal pathogens of the family Phacopsoraceae,
for example soybean rust, can be controlled by overexpression of an OCP3 protein. Thus,
without being limited by theory, we found that fungal resistance can be achieved by expres-
sion of OCPJ3 and therefore enhancing the defense signaling towards resistance against
biotrophic fungi.

The present invention therefore provides a method of increasing resistance against fungal
pathogens, preferably rust pathogens (i.e., fungal pathogens of the order Pucciniales), pref-
erably against fungal pathogens of the family Phacopsoraceae, more preferably against
fungal pathogens of the genus Phacopsora, most preferably against Phakopsora pachyrhizi
(Sydow) and Phakopsora meibomiae (Arthur), also known as soybean rust, in transgenic

plants, transgenic plant parts, or transgenic plant cells by overexpressing one or more
OCP3 nucleic acids.
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A further object is to provide transgenic plants resistant against fungal pathogens, prefera-
bly rust pathogens (i.e., fungal pathogens of the order Pucciniales), preferably against fun-
gal pathogens of the family Phacopsoraceae, more preferably against fungal pathogens of
the genus Phacopsora, most preferably against Phakopsora pachyrhizi (Sydow) and
Phakopsora meibomiae (Arthur), also known as soybean rust, a method for producing such
plants as well as a vector construct useful for the above methods.

Therefore, the present invention also refers to a recombinant vector construct and a trans-
genic plant, transgenic plant part, or transgenic plant cell comprising an exogenous OCP3
nucleic acid. Furthermore, a method for the production of a transgenic plant, transgenic
plant part or transgenic plant cell using the nucleic acid of the present invention is claimed
herein. In addition, the use of a nucleic acid or the recombinant vector of the present inven-
tion for the transformation of a plant, plant part, or plant cell is claimed herein.

The objects of the present invention, as outlined above, are achieved by the subject-matter
of the main claims. Preferred embodiments of the invention are defined by the subject mat-
ter of the dependent claims.

Brief summary of the invention

The object of the present invention is inter alia to provide a method of increasing resistance
against fungal pathogens, preferably against fungal pathogens of the family Phacopsorace-
ae, more preferably against fungal pathogens of the genus Phacopsora, most preferably
against Phakopsora pachyrhizi (Sydow) and Phakopsora meibomiae (Arthur), also known
as soybean rust.

Surprisingly, we found that fungal pathogens, in particular of the family Phacopsoraceae, for
example soybean rust, can be controlled by overexpression of an OCP3 protein. Thus,
without being limited by theory, we found that fungal resistance can be achieved by overex-
pression of OCPJ3 and therefore inhibiting the defense signaling towards resistance against
necrotrophic fungi and / or enhancing the defense signaling towards resistance against bio-
trophic fungi.

The present invention therefore provides a method of increasing resistance against fungal
pathogens, preferably against fungal pathogens of the family Phacopsoraceae, more pref-
erably against fungal pathogens of the genus Phacopsora, most preferably against
Phakopsora pachyrhizi (Sydow) and Phakopsora meibomiae (Arthur), also known as soy-
bean rust, in transgenic plants, transgenic plant parts, or transgenic plant cells by overex-
pressing one or more OCP3J3 nucleic acids.

A further object is to provide transgenic plants resistant against fungal pathogens, prefera-
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bly of the family Phacopsoraceae, more preferably against fungal pathogens of the genus
Phacopsora, most preferably against Phakopsora pachyrhizi (Sydow) and Phakopsora mei-
bomiae (Arthur), also known as soybean rust, a method for producing such plants as well
as a vector construct useful for the above methods.

Therefore, the present invention also refers to a recombinant vector construct and a trans-
genic plant, transgenic plant part, or transgenic plant cell comprising an exogenous OCP3
nucleic acid. Furthermore, a method for the production of a transgenic plant, transgenic
plant part or transgenic plant cell using the nucleic acid of the present invention is claimed
herein. In addition, the use of a nucleic acid or the recombinant vector of the present inven-
tion for the transformation of a plant, plant part, or plant cell is claimed herein.

The objects of the present invention, as outlined above, are achieved by the subject-matter
of the main claims. Preferred embodiments of the invention are defined by the subject mat-
ter of the dependent claims.

Brief description of the several views of the drawings

Figure 1 shows the scoring system used to determine the level of diseased leaf area of
wildtype and transgenic soy plants against the rust fungus P. pachyrhizi.

Figure 2 shows the schematic illustration of the plant transformation vector harbouring the
OCP3 cDNA under control of the epidermis specific promoter “GmEpidermis-specific pro-
motor 670" as used in this invention.

Figure 3 shows the full-length-sequence of the OCP3-gene from Arabidopsis thaliana as
used in the present invention and having SEQ ID NO: 1.

Figure 4 shows the sequence of the OCP3 protein (SEQ ID NO: 2).

Figure 5 shows the sequence of the GmEpidermis-specific promotor 670 (derived from
Glyma02g47670) as used in this invention (SEQ ID NO: 3).

Figure 6 shows the result of the scoring of 33 transgenic soy plants expressing the OCP3
overexpression vector construct. To soybean plants expressing OCPJ3 protein were inocu-
lated with spores of Phakopsora pachyrhizi. The evaluation of the diseased leaf area on all
leaves was performed 14 days after inoculation. The average of the percentage of the leaf
area showing fungal colonies or strong yellowing/browning on all leaves was considered as
diseased leaf area. At all 33 soybean To plants expressing OCP3 (expression checked by
RT-PCR) were evaluated in parallel to non-transgenic control plants. The average of the
diseased leaf area is shown in Fig 6. Overexpression of OCP3 significantly (** : p<0.01)
reduces the diseased leaf area in comparison to non-transgenic control plants by 30.2%.



10

15

20

25

30

35

40

CA 02868216 2014-09-23

WO 2013/152917 7 PCT/EP2013/055319

Figure 7 contains a brief description of the sequences of the sequence listing.

Detailed description of the invention

The present invention may be understood more readily by reference to the following de-
tailed description of the preferred embodiments of the invention and the examples included

herein.

Definitions

Unless otherwise noted, the terms used herein are to be understood according to conven-
tional usage by those of ordinary skill in the relevant art. In addition to the definitions of
terms provided herein, definitions of common terms in molecular biology may also be found
in Rieger et al., 1991 Glossary of genetics: classical and molecular, 5th Ed., Berlin: Spring-
er-Verlag; and in Current Protocols in Molecular Biology, F.M. Ausubel et al., Eds., Current
Protocols, a joint venture between Greene Publishing Associates, Inc. and John Wiley &
Sons, Inc., (1998 Supplement).

It is to be understood that as used in the specification and in the claims, “a” or “an” can
mean one or more, depending upon the context in which it is used. Thus, for example, ref-
erence to “a cell” can mean that at least one cell can be utilized. It is to be understood that
the terminology used herein is for the purpose of describing specific embodiments only and
IS not Intended to be limiting.

Throughout this application, various publications are referenced. The disclosures of all of
these publications and those references cited within those publications in their entireties are
hereby incorporated by reference into this application in order to more fully describe the
state of the art to which this invention pertains. Standard techniques for cloning, DNA isola-
tion, amplification and purification, for enzymatic reactions involving DNA ligase, DNA pol-
ymerase, restriction endonucleases and the like, and various separation techniques are
those known and commonly employed by those skilled in the art. A number of standard
techniques are described in Sambrook et al., 1989 Molecular Cloning, Second Edition, Cold
Spring Harbor Laboratory, Plainview, N.Y.; Maniatis et al., 1982 Molecular Cloning, Cold
Spring Harbor Laboratory, Plainview, N.Y.; Wu (Ed.) 1993 Meth. Enzymol. 218, Part |; Wu
(Ed.) 1979 Meth Enzymol. 68; Wu et al., (Eds.) 1983 Meth. Enzymol. 100 and 101; Gross-
man and Moldave (Eds.) 1980 Meth. Enzymol. 65; Miller (Ed.) 1972 Experiments in Molecu-
lar Genetics, Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.; Old and Primrose,
1981 Principles of Gene Manipulation, University of California Press, Berkeley; Schleif and
Wensink, 1982 Practical Methods in Molecular Biology; Glover (Ed.) 1985 DNA Cloning Vol.
| and Il, IRL Press, Oxford, UK; Hames and Higgins (Eds.) 1985 Nucleic Acid Hybridization,
IRL Press, Oxford, UK; and Setlow and Hollaender 1979 Genetic Engineering: Principles
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and Methods, Vols. 1-4, Plenum Press, New York. Abbreviations and nomenclature, where
employed, are deemed standard in the field and commonly used in professional journals
such as those cited herelin.

“Homologues” of a protein encompass peptides, oligopeptides, polypeptides, proteins
and/or enzymes having amino acid substitutions, deletions and/or insertions relative to the
unmodified protein in question and having similar functional activity as the unmodified pro-
tein from which they are derived.

“Homologues” of a nucleic acid encompass nucleotides and/or polynucleotides having nu-
cleic acid substitutions, deletions and/or insertions relative to the unmodified nucleic acid in
guestion, wherein the protein coded by such nucleic acids has similar or higher functional
activity as the unmodified protein coded by the unmodified nucleic acid from which they are
derived. In particular, homologues of a nucleic acid may encompass substitutions on the
basis of the degenerative amino acid code.

A “deletion” refers to removal of one or more amino acids from a protein or to the removal of
one or more nucleic acids from DNA, ssRNA and/or dsRNA.

An “insertion” refers to one or more amino acid residues or nucleic acid residues being in-
troduced into a predetermined site in a protein or the nucleic acid.

A “substitution” refers to replacement of amino acids of the protein with other amino acids
having similar properties (such as similar hydrophobicity, hydrophilicity, antigenicity, pro-
pensity to form or break a-helical structures or beta-sheet structures).

On the nucleic acid level a substitution refers to a replacement of nucleic acid with other
nucleic acids, wherein the protein coded by the modified nucleic acid has a similar function.
In particular homologues of a nucleic acid encompass substitutions on the basis of the de-
generative amino acid code.

Amino acid substitutions are typically of single residues, but may be clustered depending
upon functional constraints placed upon the protein and may range from 1 to 10 amino ac-
ids; insertions or deletion will usually be of the order of about 1 to 10 amino acid residues.
The amino acid substitutions are preferably conservative amino acid substitutions. Con-
servative substitution tables are well known in the art (see for example Creighton (1984)
Proteins. W.H. Freeman and Company (Eds) and Table 1 below; or Taylor W.R. (1986) The
classification of amino acid conservation J Theor Biol., 119:205-18).

Table 1: Examples of conserved amino acid substitutions

Residue | Conservative Substitutions Residue Conservative Substitutions
Ala Ser Leu lle; Val
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Residue | Conservative Substitutions | Residue Conservative Substitutions
Arg Lys Lys Arg; GIn

Asn GIn; His Met Leu; lle

Asp Glu Phe Met; Leu; Tyr

GlIn Asn Ser Thr; Gly

Cys Ser Thr Ser; Val

Glu Asp Trp Tyr

Gly Pro Tyr Trp; Phe

His Asn; GIn Val lle; Leu

lle Leu, Val

Amino acid substitutions, deletions and/or insertions may readily be made using peptide
synthetic technigues well known In the art, such as solid phase peptide synthesis and the
like, or by recombinant DNA manipulation.

Methods for the manipulation of DNA sequences to produce substitution, insertion or dele-
tion variants of a protein are well known in the art. For example, techniques for making
substitution mutations at predetermined sites in DNA are well known to those skilled in the
art and include M13 mutagenesis, T7-Gene in vitro mutagenesis (USB, Cleveland, OH),
QuickChange Site Directed mutagenesis (Stratagene, San Diego, CA), PCR-mediated site-
directed mutagenesis or other site-directed mutagenesis protocols.

Orthologues and paralogues encompass evolutionary concepts used to describe the ances-
tral relationships of genes. Paralogues are genes within the same species that have origi-
nated through duplication of an ancestral gene; orthologues are genes from different organ-
isms that have originated through speciation, and are also derived from a common ances-
tral gene.

The term "domain" refers to a set of amino acids conserved at specific positions along an
alignment of sequences of evolutionarily related proteins. While amino acids at other posi-
tions can vary between homologues, amino acids that are highly conserved at specific posi-
tions indicate amino acids that are likely essential in the structure, stability or function of a
protein.

Specialist databases exist for the identification of domains, for example, SMART (Schultz et
al. (1998) Proc. Natl. Acad. Sci. USA 95, 5857-5864; Letunic et al. (2002) Nucleic Acids
Res 30, 242-244), InterPro (Mulder et al., (2003) Nucl. Acids. Res. 31, 315-318), Prosite
(Bucher and Bairoch (1994), A generalized profile syntax for biomolecular sequences motifs
and its function in automatic sequence interpretation. (In) ISMB-94; Proceedings 2nd Inter-
national Conference on Intelligent Systems for Molecular Biology. Altman R., Brutlag D.,
Karp P., Lathrop R., Searls D., Eds., pp53-61, AAAI Press, Menlo Park; Hulo et al., Nucl.
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Acids. Res. 32:D134-D137, (2004)), or Pfam (Bateman et al., Nucleic Acids Research
30(1): 276-280 (2002)). A set of tools for in silico analysis of protein sequences is available
on the EXPASY proteomics server (Swiss Institute of Bioinformatics (Gasteiger et al.,
EXPASYy: the proteomics server for in-depth protein knowledge and analysis, Nucleic Acids
Res. 31:3784-3788(2003)). Domains or motifs may also be identified using routine tech-
niques, such as by sequence alignment.

Methods for the alignment of sequences for comparison are well known in the art, such
methods include GAP, BESTFIT, BLAST, FASTA and TFASTA. GAP uses the algorithm of
Needleman and Wunsch ((1970) J Mol Biol 48: 443-453) to find the global (i.e. spanning the
complete sequences) alignment of two sequences that maximizes the number of matches
and minimizes the number of gaps. The BLAST algorithm (Altschul et al. (1990) J Mol Biol
215: 403-10) calculates percent sequence identity or similarity or homology and performs a
statistical analysis of the identity or similarity or homology between the two sequences. The
software for performing BLAST analysis is publicly available through the National Centre for
Biotechnology Information (NCBI). Homologues may readily be identified using, for exam-
ple, the ClustalW multiple sequence alignment algorithm (version 1.83), with the default
pairwise alignment parameters, and a scoring method in percentage. Global percentages of
similarity/homology/identity may also be determined using one of the methods available in
the MatGAT software package (Campanella et al., BMC Bioinformatics. 2003 Jul 10;4:29.
MatGAT: an application that generates similarity/homology/identity matrices using protein or
DNA sequences.). Minor manual editing may be performed to optimise alignment between
conserved motifs, as would be apparent to a person skilled in the art. Furthermore, instead
of using full-length sequences for the identification of homologues, specific domains may
also be used. The seguence identity values may be determined over the entire nucleic acid
or amino acid sequence or over selected domains or conserved motif(s), using the pro-
grams mentioned above using the default parameters. For local alignments, the Smith-
Waterman algorithm is particularly useful (Smith TF, Waterman MS (1981) J. Mol. Biol
147(1);195-7).

As used herein the terms “fungal-resistance”, “resistant to a fungus” and/or “fungal-
resistant” mean reducing, preventing, or delaying an infection by fungi. The term “re-
sistance” refers to fungal resistance. Resistance does not imply that the plant necessarily
has 100% resistance to infection. In preferred embodiments, enhancing or increasing fungal
resistance means that resistance in a resistant plant is greater than 10%, greater than 20%,
greater than 30%, greater than 40%, greater than 50%, greater than 60%, greater than
70%, greater than 80%, greater than 90%, or greater than 95% in comparison to a wild type
plant.

7 14 7 1

As used herein the terms “soybean rust-resistance”, “resistant to a soybean rust”, “soybean

7 1 7 1

rust-resistant”, “rust-resistance”, “resistant to a rust”, or “rust-resistant” mean reducing or
preventing or delaying an infection of a plant, plant part, or plant cell by Phacopsoracea, in
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particular Phakopsora pachyrhizi (Sydow) and Phakopsora meibomiae (Arthur) - also
known as soybean rust or Asian Soybean Rust (ASR), as compared to a wild type plant,
wild type plant part, or wild type plant cell. Resistance does not imply that the plant neces-
sarily has 100% resistance to infection. In preferred embodiments, enhancing or increasing
rust resistance means that rust resistance in a resistant plant is greater than 10%, greater
than 20%, greater than 30%, greater than 40%, greater than 50%, greater than 60%, great-
er than 70%, greater than 80%, greater than 90%, or greater than 95% in comparison to a
wild type plant that is not resistant to soybean rust. Preferably the wild type plant is a plant
of a similar, more preferably identical, genotype as the plant having increased resistance to
the soybean rust, but does not comprise an exogenous OCPJ3 nucleic acid, functional frag-
ments thereof and/or an exogenous nucleic acid capable of hybridizing with an OCP3 nu-
cleic acid.

The level of fungal resistance of a plant can be determined in various ways, e.g. by scor-
ing/measuring the infected leaf area in relation to the overall leaf area. Another possibility to
determine the level of resistance is to count the number of soybean rust colonies on the
plant or to measure the amount of spores produced by these colonies. Another way to re-
solve the degree of fungal infestation is to specifically measure the amount of rust DNA by
quantitative (q) PCR. Specific probes and primer sequences for most fungal pathogens are
available in the literature (Frederick RD, Snyder CL, Peterson GL, et al. 2002 Polymerase
chain reaction assays for the detection and discrimination of the rust pathogens Phakopso-
ra pachyrhizi and P. meibomiae, Phytopathology 92(2) 217-227).

The term "hybridization"” as used herein includes "any process by which a strand of nucleic
acid molecule joins with a complementary strand through base pairing" (J. Coombs (1994)
Dictionary of Biotechnology, Stockton Press, New York). Hybridization and the strength of
hybridization (i.e., the strength of the association between the nucleic acid molecules) is
impacted by such factors as the degree of complementarity between the nucleic acid mole-
cules, stringency of the conditions involved, the Tm of the formed hybrid, and the G:C ratio
within the nucleic acid molecules.

As used herein, the term "Tm" is used in reference to the "melting temperature." The melt-
ing temperature is the temperature at which a population of double-stranded nucleic acid
molecules becomes half dissociated into single strands. The equation for calculating the Tm
of nucleic acid molecules is well known in the art. As indicated by standard references, a
simple estimate of the Tm value may be calculated by the equation: Tm=81.5+0.41(%
G+C), when a nucleic acid molecule is in aqueous solution at 1 M NaCl (see e.g., Anderson
and Young, Quantitative Filter Hybridization, in Nucleic Acid Hybridization (1985). Other
references include more sophisticated computations, which take structural as well as se-
guence characteristics into account for the calculation of Tm. Stringent conditions, are

known to those skilled in the art and can be found in Current Protocols in Molecular Biology,
John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6.
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In particular, the term “stringency conditions” refers to conditions, wherein 100 contigous
nucleotides or more, 150 contigous nucleotides or more, 200 contigous nucleotides or more
or 250 contigous nucleotides or more which are a fragment or identical to the complemen-
tary nucleic acid molecule (DNA, RNA, ssDNA or ssRNA) hybridizes under conditions
equivalent to hybridization in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA
at 50°C with washing in 2 X SSC, 0.1% SDS at 50°C or 65°C, preferably at 65°C, with a
specific nucleic acid molecule (DNA; RNA, ssDNA or ss RNA). Preferably, the hybridizing
conditions are equivalent to hybridization in 7% sodium dodecyl sulfate (SDS), 0.5 M Na-
PO4, 1 mM EDTA at 50°C with washing in 1 X SSC, 0.1% SDS at 50°C or 65°C, preferably
65°C, more preferably the hybridizing conditions are equivalent to hybridization in 7% sodi-
um dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50°C with washing in 0,1 X SSC,
0.1% SDS at 50°C or 65°C, preferably 65°C. Preferably, the complementary nucleotides
hybridize with a fragment or the whole OCP3 nucleic acids. Alternatively, preferred hybridi-
zation conditions encompass hybridisation at 65°C in 1x SSC or at 42°C in 1x SSC and
50% formamide, followed by washing at 65°C in 0.3x SSC or hybridisation at 50°C in 4x
SSC or at 40°C in 6x SSC and 50% formamide, followed by washing at 50°C in 2x SSC.
Further preferred hybridization conditions are 0.1 % SDS, 0.1 SSD and 65°C.

"ldentity” or "homology” or “similarity” between two nucleic acids sequences or amino acid
sequences refers in each case over the entire length of the OCP3 nucleic acid sequences

or OCP3 amino acid sequences. The terms “identity”, “homology” and “similarity” are used
herein interchangeably.

For example the identity may be calculated by means of the Vector NTI Suite 7.1 program
of the company Informax (USA) employing the Clustal Method (Higgins DG, Sharp PM.
Fast and sensitive multiple sequence alignments on a microcomputer. Comput Appl. Biosci.
1989 Apr; 5(2):151-1) with the following settings:

Multiple alignment parameter:

Gap opening penalty 10

Gap extension penalty 10

Gap separation penalty range 8
Gap separation penalty off

% identity for alignment delay 40
Residue specific gaps off
Hydrophilic residue gap off
Transition weighing 0

Pairwise alignment parameter:
FAST algorithm on
K-tuple size 1
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Gap penalty 3
Window size 5
Number of best diagonals 5

Alternatively the identity may be determined according to Chenna, Ramu, Sugawara,
Hideaki, Koike, Tadashi, Lopez, Rodrigo, Gibson, Toby J, Higgins, Desmond G, Thompson,
Julie D. Multiple sequence alignment with the Clustal series of programs. (2003) Nucleic
Acids Res 31 (13):3497-500, the web page: http://www.ebi.ac.uk/Tools/clustalw/index.html#

and the following settings

DNA Gap Open Penalty  15.0

DNA Gap Extension Penalty 6.66
DNA Matrix ldentity

Protein Gap Open Penalty 10.0
Protein Gap Extension Penalty 0.2
Protein matrix Gonnet
Protein/DNA ENDGAP -1
Protein/DNA GAPDIST 4

All the nucleic acid sequences mentioned herein (single-stranded and double-stranded
DNA and RNA sequences, for example cDNA and mRNA) can be produced in a known way
by chemical synthesis from the nucleotide building blocks, e.g. by fragment condensation of
individual overlapping, complementary nucleic acid building blocks of the double helix.
Chemical synthesis of oligonucleotides can, for example, be performed in a known way, by
the phosphoamidite method (Voet, Voet, 2nd edition, Wiley Press, New York, pages 8906-
897). The accumulation of synthetic oligonucleotides and filling of gaps by means of the
Klenow fragment of DNA polymerase and ligation reactions as well as general cloning tech-
nigues are described in Sambrook et al. (1989), see below.

Sequence identity between the nucleic acid or protein useful according to the present inven-
tion and the OCP3J3 nucleic acids or OCPJ3 proteins may be optimized by sequence compari-
son and alignment algorithms known in the art (see Gribskov and Devereux, Sequence
Analysis Primer, Stockton Press, 1991, and references cited therein) and calculating the
percent difference between the nucleotide or protein sequences by, for example, the Smith-
Waterman algorithm as implemented in the BESTFIT software program using default pa-
rameters (e.g., University of Wisconsin Genetic Computing Group).

The term “plant” is intended to encompass plants at any stage of maturity or development,
as well as any tissues or organs (plant parts) taken or derived from any such plant unless
otherwise clearly indicated by context. Plant parts include, but are not limited to, plant cells,
stems, roots, flowers, ovules, stamens, seeds, leaves, embryos, meristematic regions, cal-
lus tissue, anther cultures, gametophytes, sporophytes, pollen, microspores, protoplasts,
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hairy root cultures, and/or the like. The present invention also includes seeds produced by
the plants of the present invention. Preferably, the seeds comprise the exogenous OCP3
nucleic acids. In one embodiment, the seeds can develop into plants with increased re-
sistance to fungal infection as compared to a wild-type variety of the plant seed. As used
herein, a “plant cell” includes, but is not limited to, a protoplast, gamete producing cell, and
a cell that regenerates into a whole plant. Tissue culture of various tissues of plants and
regeneration of plants therefrom is well known in the art and is widely published.

Reference herein to an “endogenous” nucleic acid and / or protein refers to the nucleic acid
and / or protein in question as found in a plant in its natural form (i.e., without there being
any human intervention).

The term “exogenous” nucleic acid refers to a nucleic acid that has been introduced in a
plant by means of genetechnology. An “exogenous” nucleic acid can either not occurin a
plant in its natural form, be different from the nucleic acid in question as found in a plant in
its natural form, or can be identical to a nucleic acid found in a plant in its natural form, but
integrated not within their natural genetic environment. The corresponding meaning of “ex-
ogenous” is applied in the context of protein expression. For example, a transgenic plant
containing a transgene, I.e., an exogenous nucleic acid, may, when compared to the ex-
pression of the endogenous gene, encounter a substantial increase of the expression of the
respective gene or protein in total. A transgenic plant according to the present invention
includes an exogenous OCP3J3 nucleic acid integrated at any genetic loci and optionally the
plant may also include the endogenous gene within the natural genetic background.

For the purposes of the invention, "recombinant” means with regard to, for example, a nu-

cleic acid sequence, a nucleic acid molecule, an expression cassette or a vector construct

comprising any one or more OCP3 nucleic acids, all those constructions brought about by

man by gentechnological methods in which either

(a) the sequences of the OCP3 nucleic acids or a part thereof, or

(b) genetic control sequence(s) which is operably linked with the OCP3 nucleic acid se-
quence according to the invention, for example a promoter, or

(c) a)andDb)

are not located in their natural genetic environment or have been modified by man by gen-

technological methods. The modification may take the form of, for example, a substitution,

addition, deletion, inversion or insertion of one or more nucleotide residues. The natural

genetic environment is understood as meaning the natural genomic or chromosomal locus

In the original plant or the presence in a genomic library or the combination with the natural

promoter.

A recombinant nucleic acid may also refer to a nucleic acid in an isolated form. A recombi-
nant nucleic acid, expression cassette or vector construct preferably comprises a natural
gene and a natural promoter, a natural gene and a non-natural promoter, a non-natural
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gene and a natural promoter, or a non-natural gene and a non-natural promoter.

In the case of a genomic library, the natural genetic environment of the nucleic acid se-
quence is preferably retained, at least in part. The environment flanks the nucleic acid se-
quence at least on one side and has a sequence length of at least 50 bp, preferably at least
500 bp, especially preferably at least 1000 bp, most preferably at least 5000 bp.

A naturally occurring expression cassette — for example the naturally occurring combination
of the natural promoter of the nucleic acid sequences with the corresponding nucleic acid
sequence encoding a protein useful in the methods of the present invention, as defined
above — becomes a recombinant expression cassette when this expression cassette is
modified by man by non-natural, synthetic ("artificial") methods such as, for example, muta-
genic treatment. Suitable methods are described, for example, in US 5,565,350, WO
00/15815 or US200405323. Furthermore, a naturally occurring expression cassette — for
example the naturally occurring combination of the natural promoter of the nucleic acid se-
quences with the corresponding nucleic acid sequence encoding a protein useful in the
methods of the present invention, as defined above — becomes a recombinant expression
cassette when this expression cassette is not integrated in the natural genetic environment
but in a different genetic environment.

It shall further be noted that in the context of the present invention, the term “isolated nucle-
ic acid” or “isolated protein” may in some instances be considered as a synonym for a “re-
combinant nucleic acid” or a “recombinant protein”, respectively and refers to a nucleic acid
or protein that is not located in its natural genetic environment and/or that has been modi-
fied by genetechnical methods. The isolated gene may be isolated from an organism or
may be manmade, for example by chemical synthesis.

As used herein, the term “transgenic” refers to an organism, e.g., a plant, plant cell, callus,
plant tissue, or plant part that exogenously contains the nucleic acid, recombinant construct,
vector or expression cassette described herein or a part thereof which is preferably intro-
duced by non-essentially biological processes, preferably by Agrobacteria transformation.
The recombinant construct or a part thereof is stably integrated into a chromosome, so that
it iIs passed on to successive generations by clonal propagation, vegetative propagation or
sexual propagation. Preferred successive generations are transgenic too. Essentially bio-
logical processes may be crossing of plants and/or natural recombination.

A transgenic plant, plants cell or tissue for the purposes of the invention is thus understood
as meaning that an exogenous OCP3J nucleic acid, recombinant construct, vector or ex-
pression cassette including one or more OCPJ3 nucleic acids is integrated into the genome
by means of genetechnology.

Preferably, constructs or vectors or expression cassettes are not present in the genome of
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the original plant or are present in the genome of the transgenic plant not at their natural
locus of the genome of the original plant.

A “wild type” plant, “wild type” plant part, or “wild type” plant cell means that said plant, plant
part, or plant cell does not express exogenous OCP3 nucleic acid or exogenous OCP3 pro-
tein.

Natural locus means the location on a specific chromosome, preferably the location be-
tween certain genes, more preferably the same sequence background as in the original
plant which is transformed.

Preferably, the transgenic plant, plant cell or tissue thereof expresses the OCP3 nucleic
acids, OCP3 constructs or OCPJ3 expression cassettes described herein.

The term “expression” or “gene expression” means the transcription of a specific gene or
specific genes or specific genetic vector construct. The term “expression” or “gene expres-
sion” in particular means the transcription of a gene or genes or genetic vector construct
into structural RNA (rRNA, tRNA), or mRNA with or without subsequent translation of the
latter into a protein. The process includes transcription of DNA and processing of the result-
ing RNA product. The term “expression” or “gene expression” can also include the transla-
tion of the mMRNA and therewith the synthesis of the encoded protein, i.e., protein expres-
sion.

The term “increased expression” or “enhanced expression” or “overexpression” or “increase
of content” as used herein means any form of expression that is additional to the original
wild-type expression level. For the purposes of this invention, the original wild-type expres-
sion level might also be zero (absence of expression).

Methods for increasing expression of genes or gene products are well documented in the
art and include, for example, overexpression driven by appropriate promoters, the use of
transcription enhancers or translation enhancers. Isolated nucleic acids which serve as
promoter or enhancer elements may be introduced in an appropriate position (typically up-
stream) of a non-heterologous form of a polynucleotide so as to upregulate expression of a
nucleic acid encoding the protein of interest. For example, endogenous promoters may be
altered in vivo by mutation, deletion, and/or substitution (see, Kmiec, US 5,565,350; Zarling
et al., W0O9322443), or isolated promoters may be introduced into a plant cell in the proper
orientation and distance from a gene of the present invention so as to control the expres-
sion of the gene.

If protein expression is desired, it is generally desirable to include a polyadenylation region
at the 3'-end of a polynucleotide coding region. The polyadenylation region can be derived
from the natural gene, from a variety of other plant genes, or from T-DNA. The 3' end se-
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guence to be added may be derived from, for example, the nopaline synthase or octopine
synthase genes, or alternatively from another plant gene, or less preferably from any other
eukaryotic gene.

An intron sequence may also be added to the 5" untranslated region (UTR) and/or the cod-
iINng sequence of the partial coding sequence to increase the amount of the mature message
that accumulates in the cytosol. Inclusion of a spliceable intron in the transcription unit in
both plant and animal expression constructs has been shown to increase gene expression
at both the mRNA and protein levels up to 1000-fold (Buchman and Berg (19838) Mol. Cell
biol. 8: 4395-4405; Callis et al. (1987) Genes Dev 1:1183-1200). Such intron enhancement
of gene expression is typically greatest when placed near the 5' end of the transcription unit.
Use of the maize introns Adh1-S intron 1, 2, and 6, the Bronze-1 intron are known in the art.
For general information see: The Maize Handbook, Chapter 116, Freeling and Walbot,
Eds., Springer, N.Y. (1994).

The term “functional fragment” refers to any nucleic acid or protein which comprises merely
a part of the fulllength nucleic acid or fulllength protein, respectively, but still provides the
same function, e.g., fungal resistance, when expressed or repressed in a plant, respective-
ly. Preferably, the fragment comprises at least 50%, at least 60%, at least 70%, at least 80
%, at least 90 % at least 95%, at least 98 %, at least 99% of the original sequence. Prefer-
ably, the functional fragment comprises contiguous nucleic acids or amino acids as in the
original nucleic acid or original protein, respectively. In one embodiment the fragment of any
of the OCP3J3 nucleic acids has an identity as defined above over a length of at least 20%, at
least 30%, at least 50%, at least 75%, at least 90% of the nucleotides of the respective
OCP3 nucleic acid.

In cases where overexpression of nucleic acid is desired, the term “similar functional activi-
ty” or “similar function” means that any homologue and/or fragment provide fungal re-
sistance when expressed in a plant. Preferably similar functional activity means at least
50%, at least 60%, at least 70%, at least 80 %, at least 90 %, at least 95%, at least 98 %, at
least 99% or 100% or higher fungal resistance compared with functional activity provided by
the exogenous expression of the OCPJ3 nucleotide sequence as defined by SEQ ID NO: 1
or the OCP3 protein sequence as defined by SEQ ID NO: 2.

The term “increased activity” or “enhanced activity” as used herein means any protein hav-
Ing increased activity and which provides an increased fungal resistance compared with the
wildtype plant merely expressing the respective endogenous OCP3 nucleic acid. As far as
overexpression is concerned, for the purposes of this invention, the original wild-type ex-
pression level might also be zero (absence of expression).

With respect to a vector construct and/or the recombinant nucleic acid molecules, the term
“operatively linked” is intended to mean that the nucleic acid to be expressed is linked to the
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regulatory sequence, including promoters, terminators, enhancers and/or other expression
control elements (e.g., polyadenylation signals), in a manner which allows for expression of
the nucleic acid (e.g., in a host plant cell when the vector is introduced into the host plant
cell). Such regulatory sequences are described, for example, in Goeddel, Gene Expression
Technology: Methods in Enzymology 185, Academic Press, San Diego, CA (1990) and
Gruber and Crosby, in: Methods in Plant Molecular Biology and Biotechnology, Eds. Glick
and Thompson, Chapter 7, 89-108, CRC Press: Boca Raton, Florida, including the refer-
ences therein. Regulatory sequences include those that direct constitutive expression of a
nucleotide sequence in many types of host cells and those that direct expression of the nu-
cleotide sequence only in certain host cells or under certain conditions. It will be appreciat-
ed by those skilled in the art that the design of the vector can depend on such factors as the
choice of the host cell to be transformed, the level of expression of nucleic acid desired, and
the like.

The term “introduction” or “transformation” as referred to herein encompass the transfer of
an exogenous polynucleotide into a host cell, irrespective of the method used for transfer.
Plant tissue capable of subsequent clonal propagation, whether by organogenesis or em-
bryogenesis, may be transformed with a vector construct of the present invention and a
whole plant regenerated there from. The particular tissue chosen will vary depending on the
clonal propagation systems available for, and best suited to, the particular species being
transformed. Exemplary tissue targets include leaf disks, pollen, embryos, cotyledons, hy-
pocotyls, megagametophytes, callus tissue, existing meristematic tissue (e.g., apical meri-
stem, axillary buds, and root meristems), and induced meristem tissue (e.g., cotyledon me-
ristem and hypocotyl meristem). The polynucleotide may be transiently or stably introduced
into a host cell and may be maintained non-integrated, for example, as a plasmid. Alterna-
tively, it may be integrated into the host genome. The host genome includes the nucleic
acld contained in the nucleus as well as the nucleic acid contained in the plastids, e.qg.,
chloroplasts, and / or mitochondria. The resulting transformed plant cell may then be used
to regenerate a transformed plant in a manner known to persons skilled in the art.

The term “terminator” encompasses a control sequence which is a DNA sequence at the
end of a transcriptional unit which signals 3’ processing and polyadenylation of a primary
transcript and termination of transcription. The terminator can be derived from the natural
gene, from a variety of other plant genes, or from T-DNA. The terminator to be added may
be derived from, for example, the nopaline synthase or octopine synthase genes, or alterna-
tively from another plant gene, or less preferably from any other eukaryotic gene.

Detailed description

OCP3 nucleic acids

The OCP3 nucleic acid to be overexpressed in order to achieve increased resistance to
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fungal pathogens, e.g., of the family Phacopsoraceae, for example soybean rust, is prefer-
ably a nucleic acid coding for an OCP3 protein, and is preferably as defined by SEQ ID NO:
1,4-11, 12, 14, 16, 18, 20, 22, 24, or 26, or a fragment, homolog, derivative, orthologue or
paralogue thereof. Preferably, the nucleic acid coding for an OCPJ3 protein of the present
invention has at least 60% identity, preferably at least 70% sequence identity, at least 80 %,
at least 90%, at least 95 %, at least 98%, at least 99% sequence identity, or even 100%
sequence identity with SEQ ID NO: 1, 4-11, 12, 14, 16, 18, 20, 22, 24, or 26 or is a func-
tional fragment thereof. Most preferred is at least 95 % identity, more preferred is at least
98% or at least 99% identity with SEQ ID NO: 1, 4-11, 12, 14, 16, 18, 20, 22, 24, or 26.

The OCP3 nucleic acid to be overexpressed in order to achieve increased resistance to
fungal pathogens, e.g., of the family Phacopsoraceae, for example soybean rust, is prefer-
ably a nucleic acid coding for an OCP3J3 protein, and is preferably as defined by SEQ ID NO:
1, or a fragment, homolog, derivative, orthologue or paralogue thereof. Preferably, the nu-
cleic acid coding for an OCPJ3 protein of the present invention has at least 60% identity,
preferably at least 70% sequence identity, at least 80 %, at least 90%, at least 95 %, at
least 98%, at least 99% sequence identity, or even 100% sequence identity with SEQ ID
NO: 1 or is a functional fragment thereof. Most preferred is at least 95 % identity, more pre-
ferred is at least 98% or at least 99% identity with SEQ ID NO: 1.

Preferably the OCPJ3 nucleic acid is an isolated nucleic acid molecule comprising a nucleic

acid selected from the group consisting of:

()  a nucleic acid having in increasing order of preference at least 60%, at least 61%, at
least 62%, at least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at
least 68%, at least 69%, at least 70%, at least 71%, at least 72%, at least 73%, at
least 74%, at least 75%, at least 76%, at least 77%, at least 78%, at least 79%, at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to the nucleic acid sequence rep-
resented by SEQ ID NO: 1, 4-11, 12, 14, 16, 18, 20, 22, 24, or 26, or a functional
fragment, derivative, orthologue, or paralogue thereof;

(i) the complementary sequence of anyone of the nucleic acids of (i);

(ili) a nucleic acid encoding a OCP3J3 protein having in increasing order of preference at
least 60%, at least 61%, at least 62%, at least 63%, at least 64%, at least 65%, at
least 66%, at least 67%, at least 68%, at least 69%, at least 70%, at least 71%, at
least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at
least 78%, at least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at
least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the
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amino acid sequence represented by SEQ ID NO: 2, 13, 15, 17, 19, 21, 23, 25, or 27,
or a functional fragment, derivative, orthologue, or paralogue thereof; preferably the
OCP3 protein has essentially the same biological activity as an OCP3 protein encod-
ed by SEQ ID NO: 2; preferably the OCP3 protein confers enhanced fungal resistance
relative to control plants; and

a nucleic acid molecule which hybridizes with a nucleic acid molecule of (i) to (iii) un-
der high stringency hybridization conditions; and which preferably encodes a OCP3
protein that has essentially the same biological activity as an OCP3 protein encoded
by SEQ ID NO: 2; preferably the encoded OCP3 protein confers enhanced fungal re-
sistance relative to control plants;

a nucleic acid encoding the same OCPJ3 protein as the OCPJ3 nucleic acids of (i) to (iv)
above, but differing from the OCPJ3 nucleic acids of (i) to (iv) above due to the degen-
eracy of the genetic code.

Preferably the OCPJ3 nucleic acid is an isolated nucleic acid molecule comprising a nucleic

acid selected from the group consisting of:

(1)

(V)

a nucleic acid having in increasing order of preference at least 60%, at least 61%, at
least 62%, at least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at
least 68%, at least 69%, at least 70%, at least 71%, at least 72%, at least 73%, at
least 74%, at least 75%, at least 76%, at least 77%, at least 78%, at least 79%, at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to the nucleic acid sequence rep-
resented by SEQ ID NO: 1, or a functional fragment, derivative, orthologue, or pa-
ralogue thereof;

the complementary sequence of anyone of the nucleic acids of (i);

a nucleic acid encoding a OCP3J3 protein having in increasing order of preference at
least 60%, at least 61%, at least 62%, at least 63%, at least 64%, at least 65%, at
least 66%, at least 67%, at least 68%, at least 69%, at least 70%, at least 71%, at
least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at
least 78%, at least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at
least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the
amino acid sequence represented by SEQ ID NO: 2, or a functional fragment, deriva-
tive, orthologue, or paralogue thereof; preferably the OCPJ3 protein has essentially the
same biological activity as an OCP3 protein encoded by SEQ ID NO: 2; preferably the
OCP3 protein confers enhanced fungal resistance relative to control plants; and

a nucleic acid molecule which hybridizes with a nucleic acid molecule of (i) to (iii) un-
der high stringency hybridization conditions; and which preferably encodes a OCP3
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protein that has essentially the same biological activity as an OCP3 protein encoded
by SEQ ID NO: 2; preferably the encoded OCP3 protein confers enhanced fungal re-
sistance relative to control plants;

(v) a nucleic acid encoding the same OCP3 protein as the OCP3 nucleic acids of (i) to (iv)
above, but differing from the OCP3 nucleic acids of (i) to (iv) above due to the degen-
eracy of the genetic code.

Percentages of identity of a nucleic acid are indicated with reference to the entire nucleotide
region given in a sequence specifically disclosed herein.

Preferably, the OCPJ3 nucleic acid comprises at least about 100, at least about 200, at least
about 300, at least about 400, at least about 500, at least about 600, at least about 700, at
least about 800, at least about 850, at least about 900, at least about 950, at least about
975, at least about 990, at least about 1000, at least about 1025 or at least about 1050 nu-
cleotides, preferably continuous nucleotides, preferably counted from the 5" or 3’ end of the

nucleic acid or up to the full length of the nucleic acid sequence set out in SEQ ID NO: 1, 4-
11, 12, 14, 16, 18, 20, 22, 24, or 20.

Preferably the portion of the OCP3 nucleic acid is about 400-425, about 425-450, about
450-475, about 475-500, about 500-525, about 525-550, about 550-575, about 575-600,
about 625-650, about 650-675, about 675-700, about 700-725, about 725-750, about 750-
775, about 775-800, about 800-825, about 825-850, about 850-875, about 875-900, about
925-950, about 950-975, about 975-1000, about 1000-1025, or about 1025-1051 nucleo-
tides, preferably consecutive nucleotides, preferably counted from the 5’ or 3’ end of the

nucleic acid, in length, of the nucleic acid sequences given in SEQ ID NO: 1, 4-11, 12, 14,
10, 18, 20, 22, 24, or 26.

Preferably, the OCPJ3 nucleic acid comprises at least about 100, at least about 200, at least
about 300, at least about 400, at least about 500, at least about 600, at least about 700, at
least about 800, at least about 850, at least about 900, at least about 950, at least about
9795, at least about 990, at least about 1000, at least about 1025 or at least about 1050 nu-
cleotides, preferably continuous nucleotides, preferably counted from the 5" or 3’ end of the
nucleic acid or up to the full length of the nucleic acid sequence set out in SEQ ID NO: 1.

Preferably the portion of the OCP3 nucleic acid is about 400-425, about 425-450, about
450-475, about 475-500, about 500-525, about 525-550, about 550-575, about 575-600,
about 625-650, about 650-675, about 675-700, about 700-725, about 725-750, about 750-
775, about 775-800, about 800-825, about 825-850, about 850-875, about 875-900, about
925-950, about 950-975, about 975-1000, about 1000-1025, or about 1025-1051 nucleo-
tides, preferably consecutive nucleotides, preferably counted from the 5’ or 3’ end of the
nucleic acid, in length, of the nucleic acid sequences given in SEQ ID NO: 1.
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The OCP3 nucleic acids described herein are useful in the constructs, methods, plants,

harvestable parts and products of the invention.

OCP3 proteins

The OCP3J3 protein is preferably defined by SEQ ID NO: 2, 13, 15, 17, 19, 21, 23, 25, or 27,
or a fragment, homolog, derivative, orthologue or paralogue thereof. Preferably, the OCP3
protein of the present invention is encoded by a nucleic acid, which has at least 60% identi-
ty, preferably at least 70% sequence identity, at least 80 %, at least 90%, at least 95 %, at
least 98%, at least 99% sequence identity, or even 100% sequence identity with SEQ ID
NO: 1 or a functional fragment thereof. More preferably, the OCP3 protein of the present
invention has at least 60%, preferably at least 70% sequence identity, at least 80 %, at least
90%, at least 95 %, at least 98%, at least 99% sequence identity, or even 100% sequence
identity with SEQ ID NO: 2, 13, 15, 17, 19, 21, 23, 25, or 27, or is a functional fragment
thereof, an orthologue or a paralogue thereof. Most preferred is at least 95 % identity, more
preferred is at least 98% or at least 99% identity with SEQ ID NO: 2, 13, 15, 17, 19, 21, 23,
25, or 27.

The OCP3 protein is preferably defined by SEQ ID NO: 2, or a fragment, homolog, deriva-
tive, orthologue or paralogue thereof. Preferably, the OCP3 protein of the present invention
IS encoded by a nucleic acid, which has at least 60% identity, preferably at least 70% se-
qguence identity, at least 80 %, at least 90%, at least 95 %, at least 98%, at least 99% se-
quence identity, or even 100% sequence identity with SEQ ID NO: 1 or a functional frag-
ment thereof. More preferably, the OCP3 protein of the present invention has at least 60%,
preferably at least 70% sequence identity, at least 80 %, at least 90%, at least 95 %, at
least 98%, at least 99% sequence identity, or even 100% sequence identity with SEQ ID
NO: 2, oris a functional fragment thereof, an orthologue or a paralogue thereof. Most pre-

ferred is at least 95 % identity, more preferred is at least 98% or at least 99% identity with
SEQ ID NO: 2.

Preferably, the OCP3 protein is a protein comprising an amino acid sequence selected from

the group consisting of:

(i) an amino acid sequence having in increasing order of preference at least 60%, at
least 61%, at least 62%, at least 63%, at least 64%, at least 65%, at least 66%, at
least 67%, at least 68%, at least 69%, at least 70%, at least 71%, at least 72%, at
least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at least 78%, at
least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
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least 97%, at least 98%, at least 99% or 100% sequence identity to the amino acid
sequence represented by SEQ ID NO: 2, 13, 15, 17, 19, 21, 23, 25, or 27, or a func-
tional fragment, derivative, orthologue, or paralogue thereof; preferably the OCP3 pro-
tein has essentially the same biological acitivity as an OCPJ3 protein encoded by SEQ
5 ID NO: 2; preferably the OCPJ3 protein confers enhanced fungal resistance relative to

control plants; or

(i)  an amino acid sequence encoded by a nucleic acid having in increasing order of pretf-

erence at least 60%, at least 61%, at least 62%, at least 63%, at least 64%, at least
65%, at least 66%, at least 67%, at least 68%, at least 69%, at least 70%, at least

10 1%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least
[7%, at least 78%, at least 79%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identi-

15 ty to the nucleic acid sequence represented by SEQ ID NO: 1, 4-11, 12, 14, 16, 18,
20, 22, 24, or 20, or a functional fragment, derivative, orthologue, or paralogue there-
of; preferably the OCPJ3 protein confers enhanced fungal resistance relative to control
plants.

20 Preferably, the OCP3 protein is a protein comprising an amino acid sequence selected from
the group consisting of:

(i) an amino acid sequence having in increasing order of preference at least 60%, at
least 61%, at least 62%, at least 63%, at least 64%, at least 65%, at least 66%, at
least 67%, at least 68%, at least 69%, at least 70%, at least 71%, at least 72%, at

25 least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at least 78%, at
least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% or 100% sequence identity to the amino acid

30 sequence represented by SEQ ID NO: 2, or a functional fragment, derivative,
orthologue, or paralogue thereof; preferably the OCPJ3 protein has essentially the
same biological activity as an OCP3 protein encoded by SEQ ID NO: 2; preferably the

OCP3 protein confers enhanced fungal resistance relative to control plants; or

(i)  an amino acid sequence encoded by a nucleic acid having in increasing order of pref-
35 erence at least 60%, at least 61%, at least 62%, at least 63%, at least 64%, at least
65%, at least 66%, at least 67%, at least 68%, at least 69%, at least 70%, at least
1%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least
/7%, at least 78%, at least 79%, at least 80%, at least 81%, at least 82%, at least
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83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identi-
ty to the nucleic acid sequence represented by SEQ ID NO: 1, or a functional frag-
ment, derivative, orthologue, or paralogue thereof; preferably the OCP3 protein con-
fers enhanced fungal resistance relative to control plants.

Percentages of identity of a polypeptide or protein are indicated with reference to the entire
amino acid sequence specifically disclosed herein.

Preferably, the OCPJ3 protein comprises at least about 50, at least about 795, at least about
100, at least about 125, at least about 150, at least about 175, at least about 200, at least
about 225, at least about 250, at least about 275, at least about 300, at least about 310, at
least about 320, at least about 325, at least about 330, at least about 335, at least about
340, at least about 345, or at least about 350 amino acid residues, preferably continuous
amino acid residues, preferably counted from the N-terminus or the C-terminus of the amino

acid sequence, or up to the full length of the amino acid sequence set out in SEQ ID NO: 2,
13, 15, 17,19, 21, 23, 25, or 27.

Preferably, the OCPJ3 polypeptide comprises about 125-150, about 150-175, about 175-

200, about 200-225, about 225-250, about 250-275, about 275-300, about 300-325, about
325-335, about 335-345, or about 345-354 amino acids, preferably consecutive amino ac-
ids, preferably counted from the N-terminus or C-terminus of the amino acid sequence, or

up to the full length of any of the amino acid sequences encoded by the nucleic acid se-
quences set outin SEQ ID NO: 2, 13, 15, 17, 19, 21, 23, 25, or 27.

Preferably, the OCPJ3 protein comprises at least about 50, at least about 795, at least about
100, at least about 125, at least about 150, at least about 175, at least about 200, at least
about 225, at least about 250, at least about 275, at least about 300, at least about 310, at
least about 320, at least about 325, at least about 330, at least about 335, at least about
340, at least about 345, or at least about 350 amino acid residues, preferably continuous
amino acid residues, preferably counted from the N-terminus or the C-terminus of the amino
acid sequence, or up to the full length of the amino acid sequence set out in SEQ ID NO: 2.

Preferably, the OCPJ3 polypeptide comprises about 125-150, about 150-175, about 175-

200, about 200-225, about 225-250, about 250-275, about 275-300, about 300-325, about
325-335, about 335-345, or about 345-354 amino acids, preferably consecutive amino ac-
ids, preferably counted from the N-terminus or C-terminus of the amino acid sequence, or

up to the full length of any of the amino acid sequences encoded by the nucleic acid se-
quences set out in SEQ ID NO: 2.
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The OCP3 proteins described herein are useful in the constructs, methods, plants, harvest-

able parts and products of the invention.

Methods for increasing fungal resistance; methods for modulating gene expression

One embodiment of the invention is a method for increasing fungal resistance, preferably
resistance to Phacopsoracea, for example soy bean rust, in a plant, plant part, or plant cell
by increasing the expression of an OCPJ3 protein or a functional fragment, orthologue, pa-
ralogue or homologue thereof in comparison to wild-type plants, wild-type plant parts or
wild-type plant cells.

The present invention also provides a method for increasing resistance to fungal patho-
gens, in particular fungal pathogens of the family Phacopsoraceae, preferably against fun-
gal pathogens of the genus Phacopsora, most preferably against Phakopsora pachyrhizi
(Sydow) and Phakopsora meibomiae (Arthur), also known as soy bean rust in plants or
plant cells, wherein in comparison to wild type plants, wild type plant parts, or wild type
plant cells an OCP3J3 protein is overexpressed.

The present invention further provides a method for increasing resistance to fungal patho-
gens of the genus Phacopsora, most preferably against Phakopsora pachyrhizi (Sydow)
and Phakopsora meibomiae (Arthur), also known as soy bean rust in plants or plant cells by
overexpression of an OCP3 protein.

In preferred embodiments, the protein amount and / or function of the OCP3 protein in the
plant is increased by at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%, or at least 95% or more in comparison
to a wild type plant that is not transformed with the OCP3 nucleic acid.

In one embodiment of the invention, the OCP3 protein is encoded by

() an exogenous nucleic acid having at least 60%, preferably at least 70%, for example
at least 75%, more preferably at least 80%, for example at least 85%, even more
preferably at least 90%, for example at least 95% or at least 96% or at least 97% or at
least 98% most preferably 99% identity with SEQ ID NO: 1, a functional fragment
thereof, or an orthologue or a paralogue thereof; or by

(i) an exogenous nucleic acid encoding a protein having at least 60% identity, preferably
at least 70%, for example at least 75%, more preferably at least 80%, for example at
least 85%, even more preferably at least 90%, for example at least 95% or at least
96% or at least 97% or at least 98% most preferably 99% homology with SEQ ID NO:
2, a functional fragment thereof, an orthologue or a paralogue thereof, preferably the
encoded protein confers enhanced fungal resistance relative to control plants;

(ili) an exogenous nucleic acid capable of hybridizing under stringent conditions with any
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of the nucleic acids according to (i) or (ii) or a complementary sequence (complement)
thereof, and which preferably encodes a OCPJ3 protein that has essentially the same
biological activity as an OCP3J3 protein encoded by SEQ ID NO: 2; preferably the en-
coded OCP3 protein confers enhanced fungal resistance relative to control plants, and
[ or by

an exogenous nucleic acid encoding the same OCP3J3 protein as the nucleic acids of (i)
to (iii) above, but differing from the nucleic acids of (i) to (iii) above due to the degen-
eracy of the genetic code.

A method for increasing fungal resistance, preferably resistance to Phacopsoracea, for ex-
ample soy bean rust, in a plant, plant part, or plant cell, by increasing the expression of an
OCP3 protein or a functional fragment, orthologue, paralogue or homologue thereof where-
in the OCP3J3 protein is encoded by

(1)

(V)

an exogenous nucleic acid having at least 60% identity, preferably at least 70% se-
qguence identity, at least 80 %, at least 90%, at least 95 %, at least 98%, at least 99%
sequence identity, or even 100% sequence identity with SEQ ID NO: 1, 4-11, 12, 14,
10, 18, 20, 22, 24, or 26 or a functional fragment thereof, an orthologue or a paralogue
thereof:

an exogenous nucleic acid encoding a protein having at least 60%, preferably at least
/0% sequence identity, at least 80 %, at least 90%, at least 95 %, at least 98%, at
least 99% sequence identity, or even 100% sequence identity with SEQ ID NO: 2, 13,
15,17, 19, 21, 23, 25, or 27, a functional fragment thereof, an orthologue or a pa-
ralogue thereof; preferably the encoded protein confers enhanced fungal resistance
relative to control plants;

an exogenous nucleic acid capable of hybridizing under stringent conditions with any
of the nucleic acids according to (i) or (ii) or a complement thereof, and which prefera-
bly encodes a OCP3J3 protein that has essentially the same biological activity as an
OCP3 protein encoded by SEQ ID NO: 2; preferably the encoded OCP3 protein con-
fers enhanced fungal resistance relative to control plants; and / or by

an exogenous nucleic acid encoding the same OCP3 protein as the nucleic acids of (i)
to (iii) above, but differing from the nucleic acids of (i) to (iii) above due to the degen-
eracy of the genetic code,

IS a further embodiment of the invention.

A method for increasing fungal resistance, preferably resistance to Phacopsoracea, for ex-
ample soy bean rust, in a plant, plant part, or plant cell, by increasing the expression of an
OCP3 protein or a functional fragment, orthologue, paralogue or homologue thereof where-
in the OCP3J3 protein is encoded by

(1)

an exogenous nucleic acid having at least 60% identity, preferably at least 70% se-
guence identity, at least 80 %, at least 90%, at least 95 %, at least 98%, at least 99%
sequence identity, or even 100% sequence identity with SEQ ID NO: 1 or a functional
fragment thereof, an orthologue or a paralogue thereof;
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(i) an exogenous nucleic acid encoding a protein having at least 60%, preferably at least
/0% sequence identity, at least 80 %, at least 90%, at least 95 %, at least 98%, at
least 99% sequence identity, or even 100% sequence identity with SEQ ID NO: 2, a
functional fragment thereof, an orthologue or a paralogue thereof; preferably the en-
coded protein confers enhanced fungal resistance relative to control plants;

(ill) an exogenous nucleic acid capable of hybridizing under stringent conditions with any
of the nucleic acids according to (i) or (ii) or a complement thereof, and which prefera-
bly encodes a OCP3J3 protein that has essentially the same biological activity as an
OCP3 protein encoded by SEQ ID NO: 2; preferably the encoded OCP3 protein con-
fers enhanced fungal resistance relative to control plants; and / or by

(iv) an exogenous nucleic acid encoding the same OCP3 protein as the nucleic acids of (i)
to (iii) above, but differing from the nucleic acids of (i) to (iii)) above due to the degen-
eracy of the genetic code,

IS a further embodiment of the invention.

In a further method of the invention, the method comprises the steps of
(a) stably transforming a plant cell with a recombinant expression cassette comprising

() a nucleic acid having at least 60% identity, preferably at least 70% sequence
identity, at least 80 %, at least 90%, at least 95 %, at least 98%, at least 99%
sequence identity, or even 100% sequence identity with SEQ ID NO: 1, 4-11, 12,
14, 16, 18, 20, 22, 24, or 26 or a functional fragment thereof, or an orthologue or
a paralogue thereof;

(i) a nucleic acid coding for a protein having at least 60% identity, preferably at least
/0% sequence identity, at least 80 %, at least 90%, at least 95 %, at least 98%,
at least 99% sequence identity, or even 100% sequence identity with SEQ ID
NO: 2, a functional fragment thereof, an orthologue or a paralogue thereof; pref-
erably the encoded protein confers enhanced fungal resistance relative to control
plants;

(i) a nucleic acid capable of hybridizing under stringent conditions with any of the
nucleic acids according to (i) or (ii) or a complement thereof, and which prefera-
bly encodes a OCP3 protein that has essentially the same biological activity as
an OCP3 protein encoded by SEQ ID NO: 2, 13, 15, 17, 19, 21, 23, 25, or 27;
preferably the encoded OCP3J3 protein confers enhanced fungal resistance rela-
tive to control plants; and / or

(iv) an exogenous nucleic acid encoding the same OCPJ3 polypeptide as the nucleic
acids of (i) to (iii) above, but differing from the nucleic acids of (i) to (iii) above
due to the degeneracy of the genetic code,

in functional linkage with a promoter;
(b) regenerating the plant from the plant cell; and
(c) expressing said nucleic acid, optionally wherein the nucleic acid which codes for an

OCP3 protein is expressed in an amount and for a period sufficient to generate or to

iIncrease soybean rust resistance in said plant.
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In a further method of the invention, the method comprises the steps of
(a) stably transforming a plant cell with a recombinant expression cassette comprising

(i) a nucleic acid having at least 60% identity, preferably at least 70% sequence
identity, at least 80 %, at least 90%, at least 95 %, at least 98%, at least 99%
sequence identity, or even 100% sequence identity with SEQ ID NO: 1 or a func-
tional fragment thereof, or an orthologue or a paralogue thereof;

(i) a nucleic acid coding for a protein having at least 60% identity, preferably at least
/0% sequence identity, at least 80 %, at least 90%, at least 95 %, at least 98%,
at least 99% sequence identity, or even 100% sequence identity with SEQ ID
NO: 2, a functional fragment thereof, an orthologue or a paralogue thereof; pref-
erably the encoded protein confers enhanced fungal resistance relative to control
plants;

(i) a nucleic acid capable of hybridizing under stringent conditions with any of the
nucleic acids according to (i) or (ii) or a complement thereof, and which prefera-
bly encodes a OCP3 protein that has essentially the same biological activity as
an OCP3 protein encoded by SEQ ID NO: 2; preferably the encoded OCP3 pro-
tein confers enhanced fungal resistance relative to control plants; and / or

(iv) an exogenous nucleic acid encoding the same OCPJ3 polypeptide as the nucleic
acids of (i) to (iii) above, but differing from the nucleic acids of (i) to (iii)) above
due to the degeneracy of the genetic code,

in functional linkage with a promoter;
(b) regenerating the plant from the plant cell; and
(c) expressing said nucleic acid, optionally wherein the nucleic acid which codes for an

OCP3 protein is expressed in an amount and for a period sufficient to generate or to

iIncrease soybean rust resistance in said plant.

A preferred embodiment is a method for increasing resistance to soy bean rust in a soy
bean plant, soy bean plant part, or soy bean plant cell, by increasing the expression of an
OCP3 protein, wherein the OCP3 protein is encoded by

(i) an exogenous nucleic acid having at least 95 %, at least 98%, at least 99% sequence
identity, or even 100% sequence identity with SEQ ID NO: 1;

(i) an exogenous nucleic acid encoding a protein having at least 95 %, at least 98%, at
least 99% sequence identity, or even 100% sequence identity with SEQ ID NO: 2;
preferably the encoded protein confers enhanced fungal resistance relative to control
plants;

(ili) an exogenous nucleic acid capable of hybridizing under stringent conditions with any
of the nucleic acids according to (i) or (ii) or a complement thereof, and which prefera-
bly encodes a OCP3J3 protein that has essentially the same biological activity as an<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>