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ANGULAR LEAF SPOT (PSEUDOMONAS) RESISTANCE IN CUCUMBER

The present invention relates to a cucumber plant (Cucumis sativus L.) that
1s resistant to Pseudomonas syringae pv. lachrymans, the pathogen that causes angular leat
spot  disease in cucumber. The invention further relates to markers linked to the resistance
and the use of markers to 1dentity and/or develop resistant plants. The invention also relates
to seed and progeny of such plants and to propagation material derived from such plants and
for obtaining such plants. Furthermore, the invention relates to methods tor producing,
identitying and selecting Pseudomonas resistant cucumber plants, and for producing hybrid
cucumber seed.

Cucumber plants (or also named cucumbers) of the species Cucumis sativis
belong to the cucurbit family, scientifically named the Cucurbitaceae. The species 1s part of the
genus Cucumis, which contains the important food crop cucumber, Cucumis sativus, and also a
variety of melon types mostly included in the species Cucumis melo, as well as several other,
less well-known species. Cucumber 1s an annual, herbaceous, tflowering plant species which 1s
thought to have originated in Asia.

Cucumber plants were domesticated early and have been cultivated tor
thousands of years in African and Asian countries. Cucumber 18 a diploid plant species with
seven pairs of chromosomes. Cultivated cucumber plants have male and female tlowers, which
can be present together 1n monoecious plants, but in present-day cultivars commonly gynoecious
(all female) plants are used. Cucumbers are easy cross-pollinators but can also selt-pollinate
when female and male tlowers are present in the same plant. Cucumbers are presently cultivated
worldwide 1n a large variety of types, which typically differ in size, color, and skin type.
Cucumber production 18 most successtul 1n a relatively warm climate and 1t preters temperatures
between about 18-257 C. Several pests and diseases can atfect cucumber production, including
several viruses that are often transterred by insects, but also bacterial and fungal diseases. One of
these major pests that can threaten cucumber harvest 1s angular leat spot.

Angular leat spot 1s a severe disease 1in Cucurbits and 1s caused by the
bacterium Pseudomonas syringae pv. lachrymans. The bacterial disease can occur on most
cucurbits, including cucumber, muskmelon, pumpkin, and winter squash. The disease has a
worldwide distribution and has been observed to emerge under humid and wet conditions.
Pseudomonas syringae pv. lachrymans 1s most active between 24° and 28°C and is favored by
high relative humidity (higher than 95%). As the name of the disease indicates, the leat spots
that are caused by the disease are angular because the surrounding leat veins limit the

enlargement of the spots. The 1nitial symptoms are brown water soaked spots, which may be
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surrounded by a yellow halo. Older spots become white, dry out and tear from the surrounding
healthy tissue, leaving irregular holes behind in the atfected leaves. In moist conditions, a white
milky exudate made of bacteria forms on the lesions and dries to a thin white crust. Heavily
infected leaves may turn yellow overall. Lesions with or without halos may also appear on
petioles and stems. On fruit, smaller circular spots may appear that often crack open and turn
white, allowing also other pathogens to contaminate fruit and cause fruit rot.Splashing rain
spreads bacteria from the soil to plant parts and from plant to plant. The bacteria can also be
casily spread 1n the tield through people, insects, cultivation equipment, and harvesters. The

bacteria can survive in contaminated seed, soil or debris from diseased plants.

In cucumber cultivation there 1s a need for resistance to Pseudomonas syringae pv.
lachrymans. It 18 therefore an object of the present invention to provide a cucumber plant with a
resistance to Pseudomonas syringae pv. lachrymans.

It 1s further an object of the present invention to provide molecular markers to
identity and/or assist in the development of cucumber plants carrying one or more genes or QTLs
causing resistance Pseudomonas syringae pv. lachrymans. The terms “Pseudomonas”, “‘angular
leatf spot™ and “Pseudomonas syringae pv. lachrymans™ as used in this patent application are
used interchangeably.

In the research that led to the current invention, angular leat spot (Pseudomonas
syringae pv. lachrymans) resistance in cucumber plants was 1dentified and characterized.
Cucumber plants with angular leat spot (Pseudomonas syringae pv. lachrymans) resistance can
be used 1n the development of commercial high-end cucumber varieties. Cucumber plants were
developed that are resistant against Pseudomonas syringae pv. lachrymans.

In the research leading to the invention, the resistance to Pseudomonas syringae
pv. lachrymans as present in cucumber plants belonging to an internal breeding line was
characterized. A QTL mapping study was done using these resistant plants to identity the
genetic regions that cause the resistance against Pseudomonas syringae pv. lachrymans. In this
study 1t was found that the resistance to Pseudomonas syringae pv. lachrymans 1s controlled by
a gene and optionally several minor QTLs (quantitative trait loci) located on different
chromosomes. A plant that has a mutant allele of the gene and optionally one or more minor
mutant alleles of the QTLs shows resistance to Pseudomonas syringae pv. lachrymans. The
mutant allele of the gene and the mutant alleles of the QTLs involved 1n the absence/presence of
Pseudomonas syringae pv. lachrymans resistance were turther characterised. The gene involved
in the presence of resistance to Pseudomonas syringae pv. lachrymans 1s the Gibberellin-20-
oxidase gene,

The invention relates to a cucumber plant that comprises a mutant allele of the

Gibberellin-20-oxidase gene, that confers resistance to Pseudomonas syringae pv. lachrymans
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to the plant. The mutant allele of the cucumber Gibberellin-20-oxi1dase gene 1s as found 1in a

cucumber plant, representative seed of which was deposited under deposit number NCIMB

425382.

The mutant allele of the Gibberellin-20-ox1dase gene referred to herein 1s a
dominant allele of the Gibberellin-20-oxidase gene, conterring resistance to Pseudomonas. The
plant of the invention, which 1s resistant to Pseudomonas syringae pv. lachrymans, can therefore
comprise the mutant allele of the Gibberellin-20-oxidase gene either homozygously or
heterozygously.

The plant of the invention comprises a mutant allele of the Gibberellin-20-oxidase
gene that has a Single Nucleotide Polymorphism (SNP) on a position that leads to a change in the
wild type amino acid sequence of the Gibberellin-20-oxidase protein. A Single Nucleotide
Polymorphism (SNP) 1s a single nucleotide variation in a DNA sequence among individual plants.
SNPs may occur within coding sequences of genes, non-coding regions of genes, or in the
intergenic regions. SNPs in the coding region can be synonymous and non-synonymous. The so-
called synonymous SNPs do not atfect the protein sequence, while non-synonymous SNPs change
the amino acid sequence of protein.

In an embodiment of the invention, the SNP 1n the Gibberelline-20-oxidase gene 1s found on
position 860 of the wild type nucleotide sequence of SEQ ID NO:1, leading to a change in the wild
type amino acid sequence of the Gibberellin-20-ox1dase protein.

In an embodiment of the invention, the change in the wild type amino acid
sequence of the Gibberellin-20-oxidase protein 1s an amino acid substitution on position 287 ot the
wild type amino acid sequence of SEQ ID NO:3. In an embodiment of the invention, the SNP
comprises a change from guanine to adenine. In an embodiment of the invention, the mutant allele
of the Gibberellin-20-oxidase gene comprises SEQ ID NO:2.

The wild type nucleotide sequence SEQ ID NO:1, the mutant nucleotide sequence
SEQ ID NO:2, the wild type amino acid sequence SEQ ID NO:3 and the mutant amino acid
sequence SEQ ID NO:4 can be found in Table 1.

Wild type refers generally to the phenotype and/or genotype of the typical form
of a species, genotype or gene as it occurs most commonly 1n nature, in contrast to a mutant or
moditied torm. In this context it reters to the nucleotide sequence ot the Gibberelline-20-ox1dase
gene, and the encoded amino acid sequence of the Gibberelline-20-oxidase protein that when
present in a cucumber plant do not result in resistance to Pseudomonas syringae pv. lachrymans.

The SNP in the Gibberellin-20-ox1dase gene sequence leads to an amino
acid substitution from cysteine (C) to tyrosine (Y), in the Gibberelline-20-oxidase protein.
The amino acid substitution caused by the nucleotide mutation of the current invention was tound

on position 287 of the cucumber amino acid sequence of SEQ 1D NO:3
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resulting in amino acid sequence SEQ ID NO:4. The amino acid sequence SEQ ID NO:3 and
SEQ ID NO:4 can be found in Table 1.

The nucleotide mutation 1s considered to be non-conservative, and the amino
acid change can be considered non-conservative. Amino acid changes 1n a protein occur when
the mutation of one or more base pairs in the coding DNA sequence result in an altered
codon triplet that encodes a ditfterent amino acid. Not all (point) mutations in coding DNA
sequence lead to amino acid changes. Mutations 1n the coding sequence that do not lead to
amino acid changes are called “silent mutations”. Other mutations are called “conservative™;
they lead to the replacement of one amino acid by another amino acid with comparable
properties, such that the mutations are unlikely to change the folding of the mature protein, or
intfluence 1ts tunction. Non-conservative mutations in a coding DNA sequence lead to change(s)
in the amino acid sequence, as 1n the current invention.

As used herein a “non-conservative amino acid change™ refers to an amino
acid that 1s replaced by another amino acid that has difterent chemical properties that may lead
to decreased stability, changed functionality and/or structural etfects of the encoded protein.

The plant of the invention may have the mutant allele of the Gibberellin-20-
oxidase gene 1in homozygous or heterozygous state. Both homozygous and heterozygous plants
can be used as a potential source of the mutant allele of the Gibberellin-20-oxidase gene. When a
plant having the mutant allele of the Gibberellin-20-oxidase gene heterozygously 1s crossed with
another plant that does not show the resistance, at least part ot the progeny of the cross shows the
trait of resistance to Pseudomonas syringae pv. lachrymans. When a non-resistant plant 1s crossed
with a plant that 1s homozygous for the mutant allele of the Gibberellin-20-oxidase gene the
complete progeny will be resistant.

It was furthermore found according to the invention, that in addition to the mutant
allele of the Gibberelline-20-oxidase gene located on chromosome 6, mutant alleles of four minor
QTLs contribute to cucumber plant resistance against Pseudomonas syringae pv. lachrymans.

A QTL, located on chromosome 2, was designated QTL2. In the seeds ot
deposit NCIMB 42582, QTL2 is located between flanking markers M5007 and MS35609. The
marker MS007 1s represented by sequences SEQ ID NO:5 and SEQ ID NO:6 and marker M5609
by SEQ ID NO:9 and SEQ ID NO:10. In the seeds of the deposit, the resistance conferring allele
of QTL2 1s linked to sequence SEQ ID NO:8 of marker M5009. The susceptible allele of QTL2
is linked to the SNP as present in the sequence SEQ ID NO:7. QTL2 1s located within 20 ¢cM or
10 ¢cM or 5 ¢cM of the markers.

A QTL, located on chromosome 5, was designated QTL3. In the seeds of deposit
NCIMB 423582, QTL3 is located between flanking markers M 1000 and M3418. The marker M 1000
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1s represented by SEQ ID NO:11 and SEQ ID NO:12 and marker M3418 is represented by
sequences SEQ ID NO:15 and SEQ ID NO:16. In the seeds of the deposit, the resistance conferring
allele of QTL3 1s linked to the SNP as present in the sequence SEQ ID NO:14 of marker M2071.
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The susceptible allele of QTL.3 1s linked to the SNP as present in the sequence SEQ ID NO:13.
QTL3 1s located within 20 cM or 10 ¢cM or 5 ¢cM of the markers.

A QTL, located on chromosome 7, was designated QTL4. In the seeds of
deposit NCIMB 42582, QTL4 is located between flanking markers M 1520 and M0459. The
marker M 1520 1s represented by sequences SEQ ID NO:23 and SEQ ID NO:24 and marker
MO0459 is represented by sequences SEQ ID NO:27 and SEQ ID NO:28. In the seeds of the
deposit, the resistance conferring allele of QTL4 1s linked to the SNP as present in the sequence
SEQ ID NO:26 of marker M5644. The susceptible allele of QTL4 is linked to the SNP as
present in the sequence SEQ ID NO:25. QTL4 1s located within 20 ¢M or 10 ¢cM or 5 ¢cM of the
markers.

A QTL, located on chromosome 7, was designated QTL3S. In the seeds of
deposit NCIMB 42582, QTLS is located between flanking markers M5843 and M0203. The
marker M5843 1s represented by sequences SEQ ID NO:29 and SEQ ID NO:30 and marker
MO205 1s represented by sequences SEQ ID NO:33 and SEQ ID NO:34. In the seeds of the
deposit, the resistance conterring allele of QTLS 1s linked to the SNP as present in the sequence
SEQ ID NO:32 of marker M5618. The susceptible allele of QTLS 1s linked to the SNP as
present in the SEQ ID NO:31. QTL)S 1s located within 20 ¢cM or 10 ¢cM or 5 ¢cM of the markers.

The QTL that 1s located on chromosome 7, designated as QTLS, 1s possibly

similar to the Ethylene-responsive transcription factor-like protein gene, abbreviated name

ERLEF1_ARATH (At4g13040).

The resistance conterring alleles of the QTLs as defined herein are also referred to

as mutant alleles ot the QTLs of the invention. The cucumber plant of the invention preferably
comprises a combination of the mutant allele of the Gibberellin-20-oxidase gene and one or more
of the Pseudomonas syringae pv. lachrymans mutant alleles of a QTL of the invention.

A QTL (Quantitative Trait Locus) comprises the genetic information in the
genome of the plant that causes a trait of interest. A QTL can comprise a gene or can be
closely linked to a gene that controls the trait. The variation in the locus of the QTL 1s
correlated with the variation found in the phenotype, in this particular case the Pseudomonas
syringae pv. lachrymans resistance. When a plant shows the trait of the invention, its genome
comprises the mutant allele of the Gibberellin-20-oxidase gene and optionally one or more
mutant alleles of the QTLs contributing to the trait ot the invention.

Flanking markers mark the borders of a region where a gene or a QTL of

interest 1s situated. They are not necessarily linked to the trait caused by the gene/QTL.
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However, a skilled person can use the sequence information of the tflanking markers to
position these markers on a genetic map and thereby also determine the region/locus of interest
where the QTL/gene 1s situated on a genetic map. Linked markers are linked to the gene or
QTL of interest. This means that the DNA sequence of a linked marker 1s positioned close
enough to the causal gene of the trait to be inherited together. If a plant comprises the DNA
sequence of a linked marker of the invention, it 1s resistant to Pseudomonas syringae pv.
lachrymanes.

The term “allele” as used herein 1s a variant form of a gene or QTL. Mutations
(including SNPs) 1in the DNA sequence of genes or QTLs can lead to different forms, known as
alleles. Alleles may encode slightly ditferent versions ot a protein, which then can cause ditferent
phenotypic traits.

The word “trait” in the context of this application reters to the phenotype of the
plant. In particular, the word “‘trait” refers to the trait of the invention, more in particular to the
trait of resistance to Pseudomonas syringae pv. lachrymans.

The term “‘resistance to Pseudomonas syringae pv. lachrymans™ as used herein,
retfers to the phenotypic trait of resistance to Pseudomonas syringae pv. lachrymans. To determine
the presence of Pseudomonas syringae pv. lachrymans resistance, a bioassay can be performed.
Bioassays can be performed in several ways, as known by a person skilled in the art. Example 1
describes a suitable bioassay for determining if a plant shows Pseudomonas syringae pv.
lachrymans resistance. In this test, a plant with a Pseudomonas syringae pv. lachrymans
resistance score of, on average in order of increased preterence, at least 1.0 lower, at least 1.3

lower, at least

2.0 lower, at least 2.5 lower, at least 3.5 lower, at least 4.0 lower, at least 4.5 lower, on a scale of
1.0 to 5.0, than the Pseudomonas syringae pv. lachrymans resistance score of an 1sogenic
cucumber plant not having the mutant allele of the Gibberellin-20-oxidase gene and optionally one
or more of the mutant alleles of a QTL of the invention, 1s considered to show resistance to
Pseudomonas syringae pv. lachrymans and 1s thus considered a plant of the invention. An isogenic
cucumber plant 1s a cucumber plant that 1s genotypically the same but does not have the mutant
allele of the Gibberellin-20-oxidase gene and optionally one or more of the mutant alleles of a QTL

of the 1nvention.

In the above test, the average disease score of a cucumber plant not having the
mutant allele of the Gibberelline-20-oxidase gene or any of the mutant alleles of the QTLs of the
invention, was 5.0, set against a scale ot 1.0 to 5.0. A cucumber plant comprising the mutant allele
of the Gibberellin-20 oxidase gene of the invention showed an average Pseudomonas syringae pv.
lachrymans resistance score of 3.0. It aditionally one mutant allele of a QTL, selected trom the

QTLs of the invention, was present, the average resistance score of a cucumber plant was 2.5, It



10

15

20

25

30

35

CA 03059263 2015-10-07

WO 2018/185340 PCT/EP2018/059039

additionally two mutant alleles of a QTL, selected from the QTLs of the invention were present,
the average score was 2.0. It additionally three mutant alleles of a QTL selected from the QTLs of
the invention were present, the average score was 1.5. It additionally four mutant alleles ot a QTL,
selected from the QTLs of the invention, were present, the average Pseudomonas syringae pv.

lachrymans resistance score was 1.0,

The plant of the invention may be a plant of an inbred line, a hybrid, a doubled
haploid, or ot a segregating population. As used herein, a plant of an inbred line 1s a plant of a
population of plants that 1s the result of three or more rounds ot selting, or backcrossing; or
which plant is a double haploid. An inbred line may €.g. be a parent line used for the production
of a commercial hybrid.

According to an aspect of the invention, the plant 1s an agronomically elite
cucumber plant. The agronomically elite cucumber plant can be an inbred line or a hybrid. In the
context of this invention an agronomically elite cucumber plant 1s a plant having a genotype that
as a result of directed crossing and selection by human intervention results 1n an accumulation ot
distinguishable and desirable agronomic traits which allows a producer to harvest a product ot
commercial significance.

As used herein, a hybrid plant 1s a plant which 1s the result of a cross between two
ditferent plants having ditferent genotypes. More in particular, a hybrid plant 1s the result of a
cross between plants of two different inbred lines, such a hybrid plant may e.g. be a plant of a
commercial F1 hybrid variety.

The invention further relates to a cell ot a cucumber plant, which cell comprises
a mutant allele of the Gibberellin-20-oxidase gene, and optionally one or more mutant alleles of
a QTL selected from the group of QTL2, QTL3, QTL4, QTLS, as detined herein; wherein the
mutant allele of the Gibberellin-20-oxidase gene and the mutant alleles of said QTLs confer
resistance to Pseudomonas syringae pv. lachrymans, and are as found in a cucumber plant
grown from seed as deposited with NCIMB under accession number NCIMB 42582, The cell
comes from a cucumber plant obtainable by crossing a cucumber plant with a cucumber plant
grown from seed deposited under accession number NCIMB 42532, and selecting in the
obtained F1 and/or the 2 for a cucumber plant that shows resistance to Pseudomonas syringae
pv. lachrymanes.

Optionally, one may confirm that said cucumber plant, showing resistance to
Pseudomonas syringae pv. lachrymans, comprises the mutant allele of the Gibberellin-20-
oxidase gene and optionally a mutant allele of a QTL, as detined herein.

The cell may be either 1n 1solated form or may be part of the complete plant or parts

thereof.
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The cell of the invention may also be a regenerable cell that can be used to
regenerate a new plant of the invention. Each cell ot a plant of the invention carries the genetic
information that leads to resistance to Pseudomonas syringae pv. lachrymans. The presence of
genetic information as used herein 1s the presence of the mutant allele of the Gibberelline-20-
oxidase gene and optionally one or more mutant alleles of a QTL selected tfrom the group of QTL2,
QTL3, QTL4, and QTL5 as defined herein.

The invention further relates to the use of a cucumber plant which cucumber plant

shows resistance to Pseudomonas syringae pv. lachrymans as found in a cucumber plant grown

from seed as deposited with NCIMB under the accession number NCIMB 42582, as a crop, as
a source of seed, as a source of propagating material, or for consumption.

The 1invention also relates to a cucumber seed comprising a mutant allele of the
Gibberellin-20-ox1dase gene as detined herein, wherein the cucumber plant grown from the seed
shows resistance to Pseudomonas syringae pv. lachrymans. 'The cucumber seed may additionally
comprise one or more mutant alleles of a Q1L as defined herein, wherein the cucumber plant
grown from the seed shows resistance to Pseudomonas syringae pv. lachrymans. The seed
harbours the mutant allele ot the Gibberellin-20- oxidase gene and optionally one or more mutant
alleles of a Q1L as defined herein, which, when a plant 1s grown from the seeds, produces a plant
of the invention.

The 1nvention also relates to the use of seeds that were deposited with NCIMB
under the accession number NCIMB 42582, for transferring resistance to Pseudomonas syringae
pv. lachrymans into another cucumber plant.

The invention further relates to progeny of a cucumber plant or a cucumber seed of
the invention, wherein the progeny comprises a mutant allele of the Gibberelline-20-oxidase gene
and optionally one or more mutant alleles of QTL2, QTL3, QTL4, and QTLSJ as detined herein,
and wherein the progeny plant shows resistance to Pseudomonas syringae pv. lachrymans. Such
progeny can be plants, cells, tissues, or seeds. As used herein the term “progeny” 1s used for the
first and all turther descendants from a cross with a plant of the invention that comprises the mutant
allele of the Gibberellin-20-oxidase gene and optionally one or more mutant alleles of a QTL
selected trom the group of QTL2, QTL3, QTL4, and QTLS as defined herein. Progeny also
encompasses plants that comprise the mutant allele of the Gibberellin-20-oxidase gene and
optionally one or more mutant alleles of a QTL as defined herein, and are obtained trom other

plants or progeny of plants of the invention by vegetative propagation. Progeny of the invention

comprises the mutant allele of the Gibberellin-20-oxidase gene and optionally one or more mutant
alleles of a QTL selected trom the group of QTL2, QTL3, QTL4, and QTLS as detined herein and

shows resistance to Pseudomonas syringae pv. lachrymans.
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The invention further relates to propagation material capable of developing into
and/or being derived trom a cucumber plant of the invention, wherein the propagation material 18
suitable for sexual reproduction, for vegetative reproduction, or suitable tor tissue cultures ot
regenerable cells, wherein the propagation material 1s selected from a microspore, pollen, ovary,
ovule, embryo, embryo sac, egg cell, cutting, root, hypocotyl, cotyledon, stem, leat, flower, anther,
seed, meristematic cell, protoplast, cell, or tissue culture thereof, wherein the plant developing into
and/or produced trom the propagation material shows resistance to Pseudomonas syringae pv.
lachrymans.

The invention also relates to a tissue culture of a cucumber plant having
resistance to Pseudomonas syringae pv. lachrymans, which tissue culture comprises a
mutant allele of the Gibberellin-20-oxidase gene, comprising a SNP on position 860 of the
wild type nucleotide sequence of SEQ ID NO:1 and which tissue culture optionally
comprises one or more mutant alleles of selected from the group consisting of QTL2,

QTL3, QTL4, and QTLS5; wherein QTL?2 1s located on chromosome 2; QTL3 1s located on
chromosome 5, QTL4 1s located on chromosome 7, and QTL5 1s located on chromosome 7/,
which mutant alleles confer resistance to Pseudomonas syringae pv. lachrymans; and
wherein the mutant alleles of said QTLs are as found 1n a cucumber plant, representative
seed of which was deposited under deposit number NCIMB 42582; wherein in the seeds of
the deposit, QTL2 1s located between molecular markers M3007, represented by SEQ 1D
NO:5 and SEQ ID NO:6, and M5609, represented by SEQ ID NO:9 and SEQ ID NO:10,
and 1s linked to sequence SEQ ID NO:8 of marker M35009; wherein in the seeds of the
deposit QTL3 is located between molecular markers M 1000, represented by SEQ ID NO:11
and SEQ ID NO:12, and M3418, represented by SEQ ID NO:15 and SEQ ID NO:16, and is
linked to sequence SEQ ID NO:14 of marker M2071; wherein in the seeds of the deposit
QTL4 1s located between molecular markers M 1520, represented by SEQ ID NO:23 and
SEQ ID NO:24, and M04359 represented by SEQ ID NO:27 and SEQ ID NO:28, and 1s
linked to sequence SEQ ID NO:26 of marker M5644; wherein in the seeds of the deposit
QTLS 1s located between molecular markers M35843, represented by SEQ ID NO:29 and
SEQ ID NO:30, and M0203, represented by SEQ ID NO:33 and SEQ ID NO:34, and i1s
linked to sequence SEQ ID NO:32 of marker M5618.

The tissue culture can be made of unditferentiated or already ditterentiated
tissue. Unditferentiated tissues are tor example stem tips, anthers, petals, pollen, and can be used
in micropropagation to obtain new plantlets that are grown into new plants of the invention. The
tissue can also be grown from a cell of the invention.

The 1invention also relates to a mutant allele of the cucumber Gibberellin-20-

oxidase gene as defined herein. In particular, the mutant allele ot the Gibberellin-20-oxidase gene
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comprises a SNP on position 860 of the wild type nucleotide sequence of SEQ ID NO: 1. In one
embodiment of the invention, the SNP comprises a change from guanine to adenine. In one
embodiment of the invention, the nucleic acid sequence of the mutant allele of the Gibberellin-
20-oxi1dase gene comprises SEQ ID NO: 2.

The mutant allele of the Gibberellin-20-oxidase gene of the invention is not
known 1n the art to occur 1n nature. In one embodiment, the gene 1s an 1solated gene. The gene
can also be present in the genome of a cucumber plant to conter resistance against Pseudomonas
syringae pv. lachrymans to that plant.

The sequences of SEQ ID NO:1 and SEQ ID NO:2, as can be found in Table 1,
are both coding sequences of the cucumber Gibberellin-20-oxidase gene. The only ditference
between the two sequences is the SNP on position 860 of the SEQ ID NO:1. The sequence SEQ
ID NO:2 1s the mutant allele of the Gibberellin-20-oxidase gene.

The mutant allele ot the Gibberellin-20-oxidase gene of the invention can be
introduced into a plant by introgressing the mutant allele of the Gibberellin-20-oxidase gene from a
plant comprising the mutant allele of the Gibberellin-20-oxidase gene into another plant through
crossing and selecting. The mutant allele of the Gibberellin-20-oxidase gene of the invention can
also be introduced into a plant by means ot genetic modification, in particular by cis-genesis or
trans-genesis. Cis-genesis 18 genetic modification of plants with a natural gene, encoding an
(agricultural) trait from the crop plant itselt or from a sexually compatible donor plant. Trans-
genesis 18 genetic modification of a plant with a gene from a non-crossable species or with a
synthetic gene.

Techniques that can suitably be used for modification of a gene or a combination
of genes, comprise general plant transformation techniques, such as the use of an Agrobacterium-
mediated transformation method. Other genome editing methods such as the use of a CRISPR/Cas
system might also be employed. Methods of genetic moditication are well known to a person
skilled 1n the art.

The 1invention further relates to a mutant Gibberellin-20-oxidase protein,
comprising a substitution on position 2387 of the wild type amino acid sequence of SEQ ID
NO:3. In particular, the mutant Gibberellin-20-oxidase protein comprises SEQ ID NO:4.

The sequences SEQ ID NO:3 and SEQ ID No:4, as can be found in Table 1,
are both amino acid sequences of the cucumber Gibberellin-20-oxidase gene. The only
difference between the two sequences 18 the amino acid change on position 287 of the SEQ ID
NO:3. The sequence SEQ ID NO:4 1s the mutant amino acid sequence of the Gibberellin-20-
oxidase gene. The invention turther relates to nucleic acid sequences which can be used as

markers tor the identification of the resistance conterring alleles of the QTLs as detined herein.
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The marker for 1dentification of the mutant allele of QTL2 1s SEQ ID NO:&8.
The marker for identification of the mutant allele of QTL.3 1s SEQ ID NO:14. The marker for
identification of the mutant allele of QTL4 is SEQ ID NO:26. The marker for identification of
the mutant allele of QTLS 1s SEQ ID NO:32. Any sequence that 1s derived from said sequences
comprising the SNP that 1s correlated with the trait of resistance to Pseudomonas syringae pv.
lachrymans 18 also part ot the current invention.

The invention further relates to the use of the mutant allele of the Gibberellin-
20- oxidase gene and/or any of the above-mentioned markers, or a part thereof, for identifying
and/or developing a cucumber plant showing resistance to Pseudomonas syringae pv.
lachrymans. The sequences SEQ ID NO:8, SEQ ID NO:14, SEQ ID NO:26, and SEQ ID NO:32
are linked with the Pseudomonas syringae pv. lachrymans resistance conferring alleles of
QTL2, QTL3, QTL4, and QTLS respectively. The sequences SEQ ID NO:8, SEQ ID NO:14,
SEQ ID NO:26, and SEQ ID NO:32 only differ from their wild type sequence counterparts SEQ
ID NO:7, SEQ ID NO:13, SEQ ID NO:25, and SEQ ID NO:31, that are linked with the
susceptible alleles of the mentioned QTLs, by only one SNP each, as indicated in Table 2.

The mutant allele of the Gibberelline-20-oxi1dase gene and optionally one or more
mutant alleles of the QTLs as detined herein, as found 1n seeds that were deposited under
accession number NCIMB 42582, may be used for conferring resistance to Pseudomonas syringae
pv. lachrymans 1n a cucumber plant.

The invention also relates to a method tor identifying a cucumber plant showing
resistance to Pseudomonas syringae pv. lachrymans comprising:

a) detecting 1n a cucumber plant a SNP 1n the wild type nucleotide sequence of
SEQ ID NO:1, thereby identitying a cucumber plant showing resistance to Pseudomonas
syringae pv. lachrymans;

b) optionally performing a phenotypical assay tor Pseudomonas syringae pv.
lachrymans resistance, to contirm that the cucumber plant 1s resistant to Pseudomonas syringae
pv. lachrymans.

In particular, the SNP 1n the wild type nucleotide sequence of SEQ ID NO:1 1s
a change from guanine (G) to adenine (A) on position 860.

The method for identitying a cucumber plant showing resistance to
Pseudomonas syringae pv. lachrymans may turther comprise detecting one or more mutant
alleles of a QTL selected from the group consisting of QTL2, QTL3, QTL4, QTLS, as detined
herein.

Detecting plants having the trait of resistance to Pseudomonas syringae pv.
lachrymans 18 done by using the sequence SEQ ID NO:2 of the Gibberellin-20-oxidase gene

and optionally by using one or more ot the marker sequences selected trom the group
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consisting of marker M5009, represented by SEQ ID NO:8, marker M2071, represented by
SEQ ID NO:14,marker M5644, represented by SEQ ID NO:26, and marker M5618,
represented by SEQ

ID NO:32.

The 1invention relates to a method of selecting a cucumber plant for showing
resistance to Pseudomonas syringae pv. lachrymans comprising: a) assaying genomic nucleic
acids of a cucumber plant for the presence of a mutation in the allele of the Gibberellin-20-
oxidase gene, wherein the SNP in the Gibberelline-20-oxidase gene is located on position 860
of the wild type nucleotide sequence SEQ ID NO:1; b) determining whether said mutation 1s
homozygous or heterozygous; ¢) and selecting said cucumber plant based on said

determination.

The invention further relates to a method of selecting for a plant for showing
resistance to Pseudomonas syringae pv. lachrymans, comprising: a) assaying genomic nucleic
acids of a cucumber plant for the presence of a mutation in the allele of the Gibberellin-20-oxidase
gene, wherein the SNP in the Gibberelline- 20-oxidase gene is located on position 860 of the wild
type nucleotide sequence SEQ ID NO:1, and additionally tor the presence ot one or more mutant
alleles of a QTL selected from the group consisting of QTL2, QTL3, QTL4, and QTLS5; wherein
QTL?2 1s located on chromosome 2; QTL3 1s located on chromosome 5, QTL4 1s located on
chromosome 7, and QTL)5 1s located on chromosome 7, which mutant alleles confer resistance to
Pseudomonas syringae pv. lachrymans; and wherein the mutant alleles of said QTLs are as found
in a cucumber plant, representative seed of which was deposited under deposit number NCIMB
42582; wherein 1n the seeds of the deposit, QTL?2 1s located between molecular markers M5007,
represented by SEQ ID NO:5 and SEQ ID NO:6, and M5609, represented by SEQ ID NO:9 and
SEQ ID NO:10, and is linked to sequence SEQ ID NO:8 of marker M5009; wherein in the seeds of
the deposit QTL3 is located between molecular markers M 1000, represented by SEQ ID NO:11
and SEQ ID NO:12, and M3418, represented by SEQ ID NO:15 and SEQ ID NO:16, and is linked
to sequence SEQ ID NO:14 of marker M2071; wherein in the seeds of the deposit QTL4 1s located
between molecular markers M 1520, represented by SEQ ID NO:23 and SEQ ID NO:24, and
MO0459 represented by SEQ ID NO:27 and SEQ ID NO:28, and is linked to sequence SEQ ID
NO:26 of marker M5644; wherein in the seeds of the deposit QTLS is located between molecular
markers M35843, represented by SEQ ID NO:29 and SEQ ID NO:30, and M0205, represented by
SEQ ID NO:33 and SEQ ID NO:34, and is linked to sequence SEQ ID NO:32 of marker M5618; b)
determining whether said mutation and said mutant allele 1s homozygous or heterozygous; ¢) and
selecting said cucumber plant based on said determination.

The invention turther relates to a method for producing a hybrid cucumber seed,

wherein a plant grown from such seed shows resistance to Pseudomonas syringae pv.
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lachrymans,  said method comprising crossing a tirst parent plant with a second parent plant
and harvesting the resultant seed, wherein said tirst parent plant and/or said second parent plant
comprises a mutant allele ot the Gibberellin-20-oxi1dase gene as detined herein, wherein the
mutant allele of the Gibberellin-20-oxidase gene conters resistance to Pseudomonas syringae pv.
lachrymans 1n a plant grown from the seed.

It 1s clear that the parent plant comprising the mutant allele of the Gibberellin-20-
oxidase gene can be, but 1s not necessarily, a plant grown directly from the deposited seeds. The
parent plant can also be a progeny plant from the deposited seed, a progeny plant derived
therefrom, or a progeny plant from seeds that have obtained the mutant allele ot the Gibberellin-
20-ox1dase gene and optionally one or more mutant alleles of a QTL of the invention by other
means.

In an embodiment of the invention, said first parent plant and/or said second
parent plant additionally comprises one or more mutant alleles of a QTL as defined herein. The
resulting plant that comprises the mutant allele of the Gibberellin-20-oxidase and optionally one
or more mutant alleles of a QTL selected from the group consisting of QTL2, QTL3, QTL4, and
QTL)3S as defined herein, and which shows resistance to Pseudomonas syringae pv. lachrymans, 18
also a plant of the invention.

The 1invention further relates to a method for producing a hybrid cucumber plant
that comprises the mutant allele of the Gibberellin-20-ox1dase gene and optionally one or more
mutant alleles of a QTL as defined herein and wherein the hybrid cucumber plant shows
resistance to Pseudomonas syringae pv. lachrymans comprising crossing a first parent cucumber
plant with a second parent cucumber plant and harvesting the resultant hybrid seed, of which the
first parent plant and/or the second parent plant comprises the mutant allele ot the Gibberellin-20-
oxidase gene and optionally one or more mutant alleles of a QTL selected trom the group
consisting of QTL2, QTL3, QTL4, and QTLS as defined herein and shows resistance to
Pseudomonas syringae pv. lachrymans, and growing said hybrid seeds into hybrid plants that
comprise the mutant allele of the Gibberellin-20-oxidase gene and optionally one or more mutant
alleles of a QTL as defined herein, and show resistance to Pseudomonas syringae pv. lachrymans.

The invention also relates to a method for producing a cucumber plant
which shows resistance to Pseudomonas syringae pv. lachrymans, wherein the method
COMprises:

a) crossing a plant comprising a mutant allele of the Gibberelline-20-
oxidase gene and optionally one or more mutant alleles of a QTL selected from the group
consisting of QTL2, QTL3, QTL4 and QTL)JS, as defined herein, with another plant to obtain

an 1 population;
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b) optionally performing one or more rounds of selting and/or crossing a
plant from the F1 to obtain a further generation population;

¢) selecting from the population a plant that comprises a mutant allele of the
Gibberellin-20-oxi1dase gene and optionally one or more mutant alleles of a QTL selected trom
the group consisting of QTL2, QTL3, QTL4 and QTLS as defined herein, and wherein the
selected plant shows resistance to Pseudomonas syringae pv. lachrymans, and/or selecting tfrom
the population a plant showing resistance to Pseudomonas syringae pv. lachrymans in a
phenotypical assay. The method tor producing a cucumber plant which shows resistance to
Pseudomonas syringae pv. lachrymans may further comprise the step of crossing the selected
plant with a plant comprising a mutant allele of the Gibberelline-20-oxi1dase gene and optionally
one or more mutant alleles of a QTL as detined herein; and repeating said steps a) to ¢).

In the course of breeding a new cucumber plant carrying the mutant allele of the
Gibberellin-20-oxidase gene and optionally one or more mutant alleles ot a QTL of the invention
desirable agronomic traits may be introduced into said cucumber plant independently of the
mutant allele of the gene and the optionally one or more mutant alleles of a QTL of the invention.

As used herein, “desirable traits” include but are not limited to e.g. improved
yield, truit shape, fruit size, fruit colour, seed size, plant vigour, plant height, and resistance to
one or more diseases or disease causing organisms. Any one of these desirable traits may be
combined with the mutant allele ot the gene and optionally one or more mutant alleles of a QTL
of the invention.

A skilled person 1s tamiliar with introducing a new trait into a plant
already possessing other desired agricultural properties, tfor instance by means of
introgression.

Introgression can be done by means of standard breeding techniques,
wherein selection can be done either phenotypically or with the use of (imolecular) markers
or a combination thereotf.

The invention thus provides a method of introducing another desired trait into
a cucumber plant which has the trait of resistance to Pseudomonas syringae pv. lachrymans,
comprising: a) crossing a cucumber plant that has the trait of resistance to Pseudomonas
syringae pv. lachrymans, representative seed of which were deposited under deposit number
NCIMB 423582, with a second cucumber plant that comprises a desired trait to produce F1
progeny; b) selecting an F1 progeny that comprises the trait of resistance to Pseudomonas
syringae pv. lachrymans and the desired trait; ¢) crossing the selected F1 progeny with either
parent, to produce backcross progeny; d) selecting backcross progeny comprising the desired
trait and the trait of resistance to Pseudomonas syringae pv. lachrymans; and ¢) optionally

repeating steps ¢) and d) one or more times 1n succession to produce selected fourth or higher
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backcross progeny that comprises the desired trait and the trait of resistance to Pseudomonas
syringae pv. lachrymans. The invention also includes a cucumber plant produced by this
method.

The invention further provides a method for the production of a cucumber plant
having the trait of resistance to Pseudomonas syringae pv. lachrymans by using a doubled
haploid generation technique to generate a doubled haploid line comprising the said trait.

The invention also relates to a method tor the production ot a cucumber plant having
the trait of resistance to Pseudomonas syringae pv. lachrymans comprising using a seed that
comprises the mutant allele of the Gibberellin-20-oxidase gene and optionally one or more
mutant alleles of a QTL as detined herein in its genome that leads to the trait of resistance to
Pseudomonas syringae pv. lachrymans for growing the said cucumber plant. The seeds are

suitably seeds ot which a representative sample was deposited with the NCIMB under deposit
number NCIMB 42582.

The invention relates to a method tfor producing a cucumber plant having
resistance to Pseudomonas syringae pv. lachrymans comprising the steps of : a) introducing
mutations in a population of cucumber plants; b) selecting a cucumber plant showing resistance
to Pseudomonas syringae pv. lachrymans; c) veritying it the plant selected under step b) has a
mutation in a allele of the Gibberellin-20-oxidase gene, wherein the mutation 18 a SNP 1n the
Gibberelline- 20-oxidase gene and is located on position 860 of the wild type nucleotide
sequence SEQ ID NO:1, and selecting a plant comprising such a mutation; and d) growing the
plants obtained under step ¢). Mutations 1n plants can be induced by many ditferent methods
such as TILLING, EMS and ZFN. The skilled person knows how to and which method to
implement.

The invention also relates to a method for seed production comprising growing
cucumber plants from seeds of which a representative sample was deposited with the NCIMB
under deposit number NCIMB 42582, allowing the plants to produce seeds, and harvesting
those seeds. The seeds produced comprise the mutant allele of the Gibberellin-20-oxidase gene
and optionally one or more mutant alleles of a QTL as defined herein and a plant grown trom
the seed shows resistance to Pseudomonas syringae pv. lachrymans. Production of the seeds 1s

suitably done by crossing and/or selfing,

In an embodiment, the invention relates to a method tor the production of a cucumber

plant having the trait of resistance to Pseudomonas syringae pv. lachrymans by using tissue
culture.

The 1invention furthermore relates to a method for the production of a cucumber plant
having the trait of resistance to Pseudomonas syringae pv. lachrymans by using vegetative

reproduction.
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In a turther embodiment, the invention relates to a method for the production of a
cucumber plant having the trait of resistance to Pseudomonas syringae pv. lachrymans, wherein
progeny or propagation material of a plant comprising the mutant allele ot the Gibberellin-20-
oxidase gene and optionally one or more mutant alleles of a QTL as detined herein, causing the
trait of the invention, 1s used as a source to introgress the trait into another cucumber plant.

Representative seed of a plant comprising the mutant allele of the Gibberellin-20-
oxidase gene and the mutant alleles of a QTL as defined herein was deposited under deposit
number NCIMB 42582,

The invention also relates to a breeding method for the development of cucumber
plants comprising the mutant allele of the Gibberellin-20-oxidase gene and optionally one or more
mutant alleles of a QTL as detined herein, which cucumber plants have the trait of resistance to
Pseudomonas syringae pv. lachrymans, wherein germplasm comprising the mutant allele of the
Gibberellin-20-oxi1dase gene and optionally one or more mutant alleles ot a QTL as defined herein,
1s used.

The 1invention provides preterably a cucumber plant having the trait of resistance
to Pseudomonas syringae pv. lachrymans of the invention, which plant 1s obtainable by any of

the methods herein described and/or any method familiar to the skilled person.

MARKER INFORMATION
The sequences of SEQ ID NO:1 and SEQ ID NO:3 as shown in Table 1 represent

the wildtype allele ot the Gibberellin-20-oxi1dase gene and the wildtype sequence of the
Gibberellin-20-ox1dase protein respectively, as present in cucumber plants susceptible to
Pseudomonas syringae pv. lachrymans. The sequences of SEQ ID NO:2 and SEQ ID NO:4 as
shown 1n Table 1 represent the mutant allele of the Gibberellin-20-oxidase gene and the mutant
Gibberellin-20-ox1dase protein respectively, that in the genome of seeds of the deposit NCIMB
42582 are linked to resistance to Pseudomonas syringae pv. lachrymans.

In the Gibberellin-20-oxidase gene sequences, the nucleotide that 1s different between
the mutant allele (SEQ ID NO:2) conferring resistance to Pseudomonas syringae pv. lachrymans
and the wildtype allele (SEQ ID NO:1) 1s in bold and between square brackets. This nucleotide 1s a
SNP on position 860, wherein SEQ ID NO:1 has a G and SEQ ID NO:2 has an A.

In the Gibberellin-20-oxidase protein sequences, the amino acid that 1s ditferent
between the mutant protein (SEQ ID NO:4) conterring resistance to Pseudomonas syringae
pv. lachrymans and the wildtype protein (SEQ ID NO:3) 1s in bold and between square

brackets. This amino acid 1s polymorph on position 287, wherein SEQ ID NO:3 has a C and
SEQ ID NO:4 hasan Y.
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The SNPs indicated 1n these sequences (the nucleotides 1n bold and between square
brackets) may be used as molecular markers tor detecting the presence of the mutant allele ot
the Gibberellin-20-oxi1dase gene 1n the progeny of a cross between a plant not comprising the
resistance to Pseudomonas syringae pv. lachrymans and a plant comprising said resistance,
which plant may be a plant grown trom seeds of which a representative sample was under
NCIMB accession number 42582,

The sequences SEQ ID NO:8, SEQ ID NO:14, SEQ ID NO:26, SEQ ID NO:32, as
shown in Table 2, represent the sequences of markers M5009, M2071, M5644, and M5618
respectively, that are linked to the resistance conferring alleles of QTL2, QTL3, QTL4 and
QTLS respectively, as present in the genome of seeds of the deposit NCIMB 42532.

The sequences of SEQ ID NO:7, SEQ ID NO:13, SEQ ID NO:25, SEQ ID NO:31,
as shown in Table 2, represent the sequences of markers M5009, M2071, M5644 and M5618
respectively, that are linked to wildtype susceptible alleles of QTL2, QTL3, QTL4 and QTL3S
respectively, as present in cucumber plants susceptible to Pseudomonas syringae pv. lachrymans.

As shown 1n Table 2, the nucleotides that are ditterent between the two sequences
of each marker are in bold and between square brackets.

For the marker M5009 this 1s a SNP on position 101, wherein SEQ ID NO:7
on position 101 has a'T and SEQ ID NO:8 on position 101 has an C.

For the marker M2071 this 1s a SNP on position 101, wherein SEQ ID NO:13
on position 101 has a C and SEQ ID NO:14 on position 101 has an A.

For the marker M5644 this 1s a SNP on position 101, wherein SEQ ID NO:25
on position 101 has an A and SEQ ID NO:26 on position has a C.

For the marker M5618 this is a SNP on position 101, wherein SEQ ID NO:31 on
position 101 has a G and SEQ ID NO:32 on position 101 has an T.

The SNPs indicated in these sequences (the nucleotides in bold and between square
brackets) may be used as molecular markers for detecting the presence ot the resistance conferring
alleles of QTL2, QTL3, QTL4 and QTL)S respectively, in the progeny of a cross between a plant
not comprising the resistance to Pseudomonas syringae pv. lachrymans and a plant comprising said

resistance, which plant may be a plant grown from seeds of which a representative sample was

under NCIMB accession number 42582,
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DEPOSIT

Seeds of cucumber Cucumis sativus EXS010 that comprise the mutant allele of the
Gibberellin-20-ox1dase gene and the mutant alleles of QTL2, QTL3, QTL4, and QTLS homozygously
and have the phenotypic trait of the invention, were deposited with NCIMB Ltd, Ferguson Building,
Craibstone Estate, Bucksburn, Aberdeen AB21 9Y A, UK on 3 June 2016 under deposit accession
number NCIMB 42582,
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Table 1. The nucleotide sequences and amino acid sequences of the cucumber wild

type Gibberellin-20-oxidase (GAOX2) gene and the mutant, mutant allele of the Gibberellin-20-

oxidase (GAOX2) gene. The nucleotides and amino acids between brackets and 1n bold indicate

the SNPs.

oxi1dase (GAOX?2)

gene

Glbberelhn_zo_

Wild type

ATGGAATCGACGACGACGGTGGGGAGGGTGGCCGGA
ATAATATTGCCGACGATGGTAGACAAGAAGAAGAAA
CTACCAAGGGAATTCGTGTGGCCACGAGGGGAGTTG
GCAGGGGAGGAAAGAGGGGAGTTGAAAGAGCCGTT
GATAGACTTAGGGGGATTCAGGAGAGGGGAGGAAGA
GGCGACGGCGGAGGCGGCGGCGATGGTGAGGATGGC
ATGTATGAAACATGGGGTGTTTCAGGTGACGAATCAC
GGAGTGGAAGAGGAGCTGATAAAGGCGGCGTATGAA
GAAGGGGAGGGGATATTTAAGATGCCATTAGTGAAG
AAAATAAGCGTGGGGAAAAAACCGGGGAGAGTGTCG
GGATATTCAGGAGCTCATGCAGATAGATTCTCITCAA
AACTTCCATGGAAAGAGACCTTCTCTTTTGAGTATTC
TAATGATGATTCITCAACCTCTACATGTTCTTCATCACT
TTAAATCATTGTITCGGTTGCGACTTCGAGAATACTGG
ATGGGTATACCAAAGATACTGTGAAGAAATGACAAG
AACAGCATTAATGATAATGGAGCTTCTAGCAATAAGT
TTGGGAGTAGAGAGATATCATTACAGGAAGTTCTTTG
AAGATGGAAAGTCAATAATGAGATGCAATTACTATC
CACCATGTGAGAATGCAAGCCTGACTTTAGGCACAG
GCCCTCATTGTGACCCAACTTCACTCACTATICTCCAT
CAAGATCAAGTTGGTGGCCTTGAAGTITTTTGCTAACA
ACGCTTGGCTCTCTGTCAAACCTAGACCTGATGCTTT
GGTTATTAACATTGGTGACACTTTITATGGCACTGTCG
AATGGAGCGTACAAGAGCTIG]TCTGCATAGGGCAGT
GGTGAACAGGAAGAGAGAGAGAAGGTCATTGGTGTT
CITITGTGTGCCCAAAAGATGATAAAGTGGTGAGACCC
CCACAAGATTTGGTGGGCAGAGAAGGGCCAAGACAG
TACCCTGATTTCACATGGTCAGAGCTTTTGGAGTTTA
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CACAAAAACATTACAGAGCTGATGTTGCTACACTCCA
AAGCTTTGTCCACTGGCTTCAAGCTAAACCTCACCCT
CCAAAAATTCCATTITTAA

SEQ ID NO:2
Resistance

conterring

mutant

ATGGAATCGACGACGACGGTGGGGAGGGTGGCCGGA
ATAATATTGCCGACGATGGTAGACAAGAAGAAGAAA
CTACCAAGGGAATTCGTGTGGCCACGAGGGGAGTTG
GCAGGGGAGGAAAGAGGGGAGTTGAAAGAGCCGTT
GATAGACTTAGGGGGATTCAGGAGAGGGGAGGAAGA
GGCCACGGCGGAGGCGGCGGCGATGGTGAGGATGGC
ATGTATGAAACATGGGGTGTTTCAGGTGACGAATCAC
GGAGTGGAAGAGGAGCTGATAAAGGCGGCGTATGAA
GAAGGGGAGGGGATATTTAAGATGCCATTAGTGAAG
AAAATAAGCGTGGGGAAAAAACCGGGGAGAGTGTCG
GGATATTCAGGAGCTCATGCAGATAGATTCTCTTCAA
AACTTCCATGGAAAGAGACCTTCTCTTTTGAGTATTC
TAATGATGATTCTCAACCTCTACATGTTCTTCATCACT
TTAAATCATTGTTCGGTTGCGACTTCGAGAATACTGG
ATGGGTATACCAAAGATACTGTGAAGAAATGACAAG
AACAGCATTAATGATAATGGAGCTTCTAGCAATAAGT
TTGGGAGTAGAGAGATATCATTACAGGAAGTTCTTTG
AAGATGGAAAGTCAATAATGAGATGCAATTACTATC
CACCATGTGAGAATGCAAGCCTGACTTTAGGCACAG
GCCCTCATTGTGACCCAACTTCACTCACTATTCTCCAT
CAAGATCAAGTTGGTGGCCTTGAAGTTTTTGCTAACA
ACGCTTGGCTCTCTGTCAAACCTAGACCTGATGCTTT
GGTTATTAACATTGGTGACACTTTTATGGCACTGTCG
AATGGAGCGTACAAGAGCT[A]JTCTGCATAGGGCAGT
GGTGAACAGGAAGAGAGAGAGAAGGTCATTGGTGTT
CITTGTGTGCCCAAAAGATGATAAAGTGGTGAGACCC
CCACAAGATTTGGTGGGCAGAGAAGGGCCAAGACAG
TACCCTGATTTCACATGGTCAGAGCTTTTGGAGTTTA
CACAAAAACATTACAGAGCTGATGTTGCTACACTCCA
AAGCTTTGTCCACTGGCTTCAAGCTAAACCTCACCCT
CCAAAAATTCCATTITTAA
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(Gibberelline-20-
oxidase amino

acid sequence

SEQ ID NO:3 MESTTTVGRVAGILPTMVDKKKKLPREFVWPRGELAG
Wild type EERGELKEPLIDLGGFRRGEEEATAEAAAMVRMACMK

HGVFQVTNHGVEEELIKAAYEEGEGIFKMPLVKKISVG

KKPGRVSGYSGAHADRESSKLPWKETFSFEY SNDDSQP
LHVLHHFKSLFGCDFENTGWVYQRYCEEMTRTALMIM
ELLAISLGVERYHYRKFFEDGKSIMRCNYYPPCENASLT
LGTGPHCDPTSLTILHQDQVGGLEVFANNAWLSVKPRP
DALVINIGDTFMALSNGAYKS[C]LHRAVVNRKRERRSL
VFFVCPKDDKVVRPPQDLVGREGPRQYPDFTWSELLEF
TQKHYRADVATLQSFVHWLQAKPHPPKIPF

SEQ ID NO:4 | MESTTTVGRVAGIILPTMVDKKKKLPREFVWPRGELAG

Resistance EERGELKEPLIDLGGFRRGEEEATAEAAAMVRMACMK
conferring HGVFQVTNHGVEEELIKAAYEEGEGIFKMPLVKKISVG
mutant KKPGRVSGYSGAHADRFESSKLPWKETFSFEYSNDDSQP

LHVLHHFKSLFGCDFENTGWVYQRYCEEMTRTALMIM
ELLAISLGVERYHYRKFFEDGKSIMRCNY YPPCENASLT
LGTGPHCDPTSLTILHQDQVGGLEVFANNAWLSVKPRP
DALVINIGDTFMALSNGAYKS[Y]LHRAVVNRKRERRSL.
VFFVCPKDDKVVRPPQDLVGREGPRQYPDFTWSELLEF
TQKHYRADVATLQSFVHWILQAKPHPPKIPF

Table 2. Sequences of flanking markers indicating the location of the QTLs linked

to Pseudomonas syringae pv. lachrymans resistance and sequences of markers linked to the QTLs

linked to Pseudomonas syringae pv. lachrymans resistance. The nucleotides in bold and between

square brackets indicate the SNPs.

Marker
name

M5007

SEQ ID
Number
SEQ ID

NO:5

Sequence

TTGAAAAATTAAATCTTCISTATGATATTATCCGCTGTAAATCTAT
CCTTAATAAGCATTAGAACTGTATTTGITCITITATAAAAAAAAA
ATCTAACTCIT]ITITCCAATTTATTTAAAAAAAGTACATTCTICTATC

TACTATCATTTTGITIGTCTATCACCCACCCCTCCCTACCTTCATC
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M5009

CTCAGATAGCATCTTCTyGC

SEQ ID
NO: 6

SEQ ID
NQO:7

SEQ ID
NO:38

TTGAAAAATTAAATCTTCTSTATGATATTATCCGCTGTAAATCTAT
CCTTAATAAGCATTAGAACTGTATTTGTTCTTTTATAAAAAAAAA
ATCTAACTC[A]TTCCAATTTATTTAAAAAAAGTACATTCTCTATC
TACTATCATTTTGTTTGTCTATCACCCACCCCTCCCTACCTTCATC
CTCAGATAGCATCTTCTYGC
TTTATTTCATAATTTCTATCTATTTAGTTCACAAATTTTAATAAAT
TCTTTCAATTTTATCTAACTTATTCATGCATTAAAATAAACATTTA
ACGTTGAA[TICAATATAGAATAYAACAATTTGTTATAGAAAGCTT
TCAATATGTCAGTATTAGCTTTTAATTAATCGATTAGACTTGTAA
TTAGAAAAATAAAAAATCTT

TITTATTTCATAATTTICTATCTATTITAGTTCACAAATTTTAATAAAT
TCTTTCAATTTTATCTAACTTATTCATGCATTAAAATAAACATITA
ACGTTGAA[C]JCAATATAGAATAYyAACAATTTGTTATAGAAAGCT
TTCAATATGTCAGTATTAGCTTTTAATTAATCGATTAGACTTGTA
ATTAGAAAAATAAAAAATCTT

M5609

SEQ ID
NO:9

SEQ ID
NO:10

TTCTATTTTTAATATTATTITATTITATCGATATAGGTCATGAATGCG
ACCAAAATCTCACACTTGAGACTACATCICACTAAAAGACCGTA
GATAAAATAA[A]JGTATATGTGTAGTATTTCTCATTGGTAGAGAC
GTTTTTGACAAAACCAAAGGCAAAAGTCTACTACATCAATTTGA
CAATTTCTATCTAAAAGGAATAAT

TITCTATTTTTAATATTATTITATTITATCGATATAGGTCATGAATGCG
ACCAAAATCTCACACTTGAGACTACATCICACTAAAAGACCGTA
GATAAAATAA[G]GTATATGTGTAGTATTTCTCATTGGTAGAGAC
GTTTITTGACAAAACCAAAGGCAAAAGTICTACTACATCAATTTGA
CAATTITCTATCTAAAAGGAATAAT

M1000

SEQ ID
NO:11

TTAACCAAACCAGATTCTGTCICTCGTGACATAGAATTAGATCTT
CACCTCATTCAAAATGGTCTGCATCGGACATCACGTTTCGAGATT
GCAATGCAAGTGGTTCGGAACATGGTTGCTACTGTTGGTGACTC
GAATGICITGGTTAGCTGGCCATTCCCTTGGATCCGCCATGGCAAT
GCTTGCTGGAAGAACCATGGCAAGAACIAJGGCATTTTCCTCAAA
TCATACCTCTTCAATCCTCCATTCTTGGC

SEQ ID
NO:12

TTAACCAAACCAGATTCTGTCICTCGTGACATAGAATTAGATCTT
CACCTCATTCAAAATGGTCTGCATCGGACATCACGTTTCGAGATT
GCAATGCAAGTGGTTCGGAACATGGTTGCTACTGTTGGTGACTC
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GAATGTCTGGTTAGCTGGCCATTCCCTTGGATCCGCCATGGCAAT
GCTTGCTGGAAGAACCATGGCAAGAACIG]GGCATTTTCCTCAAA
TCATACCTCTTCAATCCTCCATTCTTGGC

M2071 SEQ ID AACCACCATTTGTCCCCATCTAGAGCTATTTACTCCGATAGATTC
NO:13 ATACCCAGTAGATCTGGTTCTAATTTTGCCCTTTTTGATATCTCCC
CTGTTTCCA[CITTCCCACTCTGATGGTCGTGAGGATACTTCTACT
GCTTACGCTACCCTTCTTCGTACTGCTTTGTTTGGTCCTGATTICTG
GTGTAATCCCICCTGCTACT
SEQ 1D AACCACCATTTGTCCCCATCTAGAGCTATTTACTCCGATAGATTC
NO:14 ATACCCAGTAGATCTGGTTCTAATTTTGCCCTTTTTGATATCTCCC
CTGTTTCCA[A]JTTCCCACTCTGATGGTCGTGAGGATACTTCTACT
GCTTACGCTACCCTTCTTCGTACTGCTTTGTTTGGTCCTGATTCTG
GTGTAATCCCICCTGCTACT
M3418 SEQ ID CAACAAAAAAGTGGACTTCATTTCTAAGCTAGGCATCGAATATA
NO:15 AAACAAGCACTAAACAAATTGATAGAATCACTAGATAATCAAGC
TAACTAAAATACGGGIA]JGAATACGTACCTTAATATGAGCCTATC
CCAGTCATAAAACCCTGCATTTATCAAATTCCGTGTTGTACATTC
CCITCTGCTTTTCGCTTCTTCCAGT
SEQ ID CAACAAAAAAGTGGACTTCATTTCTAAGCTAGGCATCGAATATA
NO:16 AAACAAGCACTAAACAAATTGATAGAATCACTAGATAATCAAGC
TAACTAAAATACGGGIG]GAATACGTACCTITAATATGAGCCTATC
CCAGTCATAAAACCCTGCATTTATCAAATTCCGTGTTGTACATTC
CCITCTGCTTTTCGCTTCTTCCAGT
M1520 SEQ ID ATCAGTAAGGTAAAGATTTGGTTAAAGTIGTTTATTITAACGCATTT
NO:23 GCAATCCATTTGAGTTGACATGGTCTGATGCAAAACATCTTGTGC

TCGAGCATATAAAAAAGAGAGGTAAATCTCACCTGCGACATCGA
CITGTTTGCTCGGGCTAGCCGAAACACATTTAACATACAATAAA
ACACAGAGTACACAATATGATTTCCAAAAGTATATATGCTAACT
TAAATATTATTTGACTCTGGTACATCACAATGTTGTCAAAGTTCA
TGAATGCACTTTCCACTGATGAAATCTATAACTTTTGTAACTGCT
TGATCCAGTGCAGCAGAGACTGTAGCTAGATTCTGCAAGAATTC
TTCIG]JGCAGTTGGTTTTTCGCCATCTACGATATCSGTTACAGCTTT
TAGAAATATGGCAGGAACTTTGAATATATCAGCCACATAGGCTA
CTGCTGCTCCCTCCATATCTTTAACTGTGGCATCATTAGCTACAA
TCGATGATTCATCTTGTGCAGACATGTCTAGTGAATCACCCGTTG
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SEQ ID
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ATAATTTGCCAACCTTTAGATCAAGTTCCTTATGGAGATTGGGCG
TTTTCCATGCTTGCTTCAATCCGACTCCATATAAATCAAAAACTG
GAATAGGTATACGTCTGTCATGGAAGGCACACTCGGGATACCGA
GAACACGTCG
ATCAGTAAGGTAAAGATTTGGTTAAAGTIGTTTATTITAACGCATTT
GCAATCCATTTGAGTTGACATGGTCTGATGCAAAACATCTTGTGC
TCGAGCATATAAAAAAGAGAGGTAAATCTCACCTGCGACATCGA
CITGTTTGCTCGGGCTAGCCGAAACACATTTAACATACAATAAA
ACACAGAGTACACAATATGATTTCCAAAAGTATATATGCTAACT
TAAATATTATTTGACTCTGGTACATCACAATGTTGTCAAAGTTCA
TGAATGCACTTTCCACTGATGAAATCTATAACTTTTGTAACTGCT
TGATCCAGTGCAGCAGAGACTGTAGCTAGATTCTGCAAGAATTC
TTCIA]JGCAGTTGGTTTTTCGCCATCTACGATATCSGTTACAGCTTT
TAGAAATATGGCAGGAACTTTGAATATATCAGCCACATAGGCTA
CTGCTGCTCCCTCCATATCTTTAACTGTGGCATCATTAGCTACAA
TCGATGATTCATCTTGTGCAGACATGTCTAGTGAATCACCCGTTG
ATAATTTGCCAACCTTTAGATCAAGTTCCTTATGGAGATTGGGCG
TITTICCATGCTTGCTTCAATCCGACTCCATATAAATCAAAAACTG
GAATAGGTATACGTCTGTCATGGAAGGCACACTCGGGATACCGA
GAACACGTCG
CIGTAAACCTTGAGAGGAGGTAAAAAAGATAAGTCAATTTTTICA
TTTITCAAAACAACTTTCGTTGAGAAAAAATGAAAGAATAGAGC
ATACAAAGGGAGIA]TCAGCTAAAATTAGGGGCTCCAACTATACA
AGACAAAAAGTCAAATTCAGGTCACAGAAATACGCAAAGAAGA
AAACATGTCCTCAATGCCAAATACATC

SEQ ID
NQO:26

SEQ ID
NQO:27

CIGTAAACCTTGAGAGGAGGTAAAAAAGATAAGTCAATTTTTICA
TTTTTCAAAACAACTTTCGTTGAGAAAAAATGAAAGAATAGAGC
ATACAAAGGGAG[C]TCAGCTAAAATTAGGGGCTCCAACTATACA
AGACAAAAAGTCAAATTCAGGTCACAGAAATACGCAAAGAAGA
AAACATGTCCTCAATGCCAAATACATC
AAGCTTCAACTTTTTTCITTTTTTTTITTIGTTTICATTTTCGCTCITAA
ATTATGCTTCACAAAATGGAAAATACTTTATGAATGGGAAGGTA
AAAGAAGAA[CIAATCTTGAGACATGAACTATGTGAAAATAATTT
TITTTAAAAAAATGGTATTTCTTTTCITAATAAACCATTACTTTCCA
CICTGGATAGCAGTGTACTT
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AAGCTTCAACTTTTTTCITTTTTTTTTTGTTTCATTTTCGCTCITAA
ATTATGCTTCACAAAATGGAAAATACTTTATGAATGGGAAGGTA
AAAGAAGAAIG]JAATCTTGAGACATGAACTATGTGAAAATAATTT
TTTTAAAAAAATGGTATTTCITTTCITAATAAACCATTACTTTCCA
CITCTGGATAGCAGTGTACTT

M5843

M5618

MO0205

SEQ ID
NO:29

SEQ ID
NO:30

SEQ ID
NO:31

AATCTATCACTTTGTCACCTGTTTTTGTGAAGCCTGATTGTATTTT
GTTGATATCIGCTTTTCGTTAGGTTTITTITAAGATCAAGTAAAAT
TGTACCATTAAACTGCTTGCATCTCTCATCTGTAG[G]JCAGCAGAA
GATTTTTTGGTTCACCTATTTGAAGATACCATGCTGTGTGCTATT
CATGCCAAACGTGTAACTATCAGTAAGTCAATCTTCACATATITTG
AGTTTTGTTCCAATTTTGATTATGGTAGCTATTT

AATCTATCACTTTGTCACCTGTTTTTGTGAAGCCTGATTGTATTTT
GTTGATATCIGCTTTTCGTTAGGTTTTTITAAGATCAAGTAAAAT
TGTACCATTAAACTGCTTGCATCTCTCATCTGTAGIA]JCAGCAGAA
GATTTTTTGGTTCACCTATTTGAAGATACCATGCTGTGTGCTATT
CATGCCAAACGTGTAACTATCAGTAAGTCAATCTTCACATATITTG
AGTTTTGTTCCAATTTTGATTATGGTAGCTATTT
TCTATTTTTTAAAAAATTGAAGTAAAATCCAAATTCATGTCATAC
AGTTCAATCTCAAATTATGAAAATTTGTTGTATTAGTTTTGAGTT
CAATATCAAA[G]TTAAGTAAATTTGAAAAGTAAAAGGTATTTGA
AAYAAAAATTGTTATTGAAATATAGCTGGATGGATATAGTACAT
AAACTAAATTGGCAAGAAAGGGAA

SEQ ID
NQO:32

SEQ ID
NO:33

SEQ ID
NQO:34

TCTATTTTTTAAAAAATTGAAGTAAAATCCAAATTCATGTCATAC
AGTTCAATCTCAAATTATGAAAATTTGTTGTATTAGTTTTGAGTT
CAATATCAAA[TITTAAGTAAATTTGAAAAGTAAAAGGTATTTGA
AAYAAAAATTGTTATTGAAATATAGCTGGATGGATATAGTACAT
AAACrAAATTGGCAAGAAAGGGAA
TTAAATCTAGAGTATTCAAGTTCGCAAAAGAAAAATACACCITIA
ACTTACAGAAAAGAACAGTGAAATCCGGCGAGGCGCGGCAAAG
GCAGCTGGCAGACCCTGCAG
TTAAATCTAGAGTATTCAAGTTCGCAAAAGAAAAATACACCIA]A
ACTTACAGAAAAGAACAGTGAAATCCGGCGAGGCGCGGCAAAG
GCAGCTGGCAGACCCTGCAG
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EXAMPLES

EXAMPLE 1
Resistance assay Pseudomonas syringae pv. lachrymans

A cucumber population was phenotyped for the presence ot Pseudomonas syringae pv.
lachrymans resistance. Plants were sown in May and planted 5 days after sowing in a field trial in
north-west Germany. For each plant number 12 plants were used in the trial. Two weeks after
planting, a natural infection became visible and plants were assessed. At that moment the trial was
also 1inoculated with a Pseudomonas syringae pv. lachrymans 1solate named psl 814/9%, as
described 1n the publications of Slomnicka et al., 2015 and Olczak-Woltman et al., 2007. The
inoculum, that was kept at minus 80°C, was prepared by multiplying it in KB medium. Plants
were 1noculated by spraying. From two weeks after planting until six weeks after planting, whole
cucumber plants were visually assessed tor Pseudomonas syringae pv. lachrymans symptoms
once a week using the following scale:
1: no symptoms
: no symptoms to some chlorotic lesions
. some chlorotic lesions

. chlorotic lesion with minor holes

LR~ RS B\

: many chlorotic lesions, many and big holes
All assessments and replications were collected and averaged tor each plant

number.

EXAMPLE 2

Identification of QTLs for Pseudomonas syringae pv. lachrymans resistance in a cucumber plant
(Cucumis sativus)

In Example 1, a cucumber plant was identified with resistance to Pseudomonas.
Using this plant as a parent, a crossing population was made for the identitication ot QTLs and
the creation of a genetic map. In total, marker data were derived from 268 individual cucumber
plants, using 98 markers. A QTL analysis performed on these crossing populations revealed one
major Q1L and four minor QTLs that are linked to Pseudomonas syringae pv. lachrymans
resistance. The major QTL 1s found on chromosome 6, and the minor QTLs are found on
chromosome 2, chromosome 5, and two on chromosome 7. Sequencing of markers linked to the
QTLs revealed the presence of SNPs in the marker sequences. The marker sequences of the QTLs

are linked to the
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trait in the crossing population. The nucleotide sequence of the major QTL on chromosome 6
was 1dentified by means of BLAST. The best BLAST hits for the sequence all resembled the

sequence of the Gibberelline-20-ox1dase gene.

EXAMPLE 3
Validation of individual QTLs and combination of QTLs

To validate the effect that the Gibberelline-20-oxi1dase gene and optionally the
other QTLs have on the resistance against Pseudomonas syringae pv. lachrymans in cucumber
plants as described in Example 1 and Example 2, crossings were made between cucumber
plant lines comprising a mutant allele of the Gibberelline-20-oxidase gene and optionally one
or more mutant alleles of a QTL selected trom the group of QTL2, QTL3, QTL4, QTLS and a
cucumber plant line not containing the mutant allele of the Gibberelline-20-oxidase gene
and/or mutant alleles of one or more of the QTLs. Plants from the F6 population that
originated from this cross were tested for the presence of the mutant allele of the Gibberelline-
20-ox1dase gene and/or the presence of one or more mutant alleles of a QTL selected from the
group consisting of QTL2, QTL3, QTL4, QTLS with markers sequences SEQ ID NO:1 and 2
for the mutant allele of the Gibberelline-20-oxidase gene, SEQ ID NO:7 and 8 for the mutant
allele of QTL2, SEQ ID NO:13 and 14 for the mutant allele of QTL3, SEQ ID NO:25 and 26
tor the mutant allele of QTL4, and SEQ ID NO:31 and 32 for the mutant allele of QTLS, as
shown in Table 1 and Table 2. The average disease score of a cucumber plant having none of
the mutant alleles 1s 5.0. A cucumber plant comprising the mutant allele of the Gibberelline-
20-ox1dase gene shows an average disease resistance score of 3.0. It one of the mentioned
mutant alleles of a QTLs of the invention 1s present 1in addition to the presence of the mutant
allele of the Gibberelline-20-ox1dase gene, the average disease resistance score 18 2.5. It two
mutant alleles of the QTLs of the invention are present in addition to the presence of the
mutant allele of the Gibberelline-20-0x1dase gene, the average disease resistance score 18 2.0.
If three mutant alleles of the other QTLs of the invention are present, the average disease
score 18 1.5. A plant comprising the mutant allele of the Gibberelline-20-oxi1dase gene and all
of the mutant alleles of the QTLs of the invention (QTL2, QTL3, QTL4 and QTL3S) scores on

average 1.0 on a scale of 1.0 to 5.0 as defined in Example 1
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CLAIMS

1. A cucumber plant that comprises a mutant allele of the Gibberellin-20-oxidase
gene, that confers resistance to Pseudomonas syringae pv. lachrymans to the plant.

2. The cucumber plant as claimed in claim 1, wherein the mutant allele of the
Gibberellin-20-oxi1dase gene comprises a SNP on a position that leads to a change 1n the wild type
amino acid sequence of the Gibberellin-20-oxidase protein.

3. The cucumber plant as claimed in claim 2, wherein the SNP in the Gibberelline-
20-ox1dase gene is located on position 860 of the wild type nucleotide sequence SEQ ID NO:1,
leading to a change 1n the wild type amino acid sequence of the Gibberellin-20-oxidase protein.

4. The cucumber plant as claimed 1in claim 2 or 3, wherein the change in the wild
type amino acid sequence of the Gibberellin-20-oxidase protein 1s an amino acid substitution
located on position 287 of the wild type amino acid sequence SEQ ID NO:3.

5. The cucumber plant as claimed in any of the claims 2-4, wherein the SNP
comprises a change from guanine to adenine.,

0. The cucumber plant as claimed in any of the claims 1-5 wherein the mutant
allele of the Gibberellin-20-oxidase gene comprises SEQ ID NO:2.

7. The cucumber plant as claimed in any of the claims 1-6, wherein the cucumber
plant additionally comprises one or more mutant alleles of a QTL selected trom the group
consisting of QTL2, QTL3, QTL4, and QTLS; wherein QTL2 1s located on chromosome 2;
QTL3 18 located on chromosome 5, QTL4 1s located on chromosome 7, and QTLS 1s located on
chromosome 7, which mutant alleles conter resistance to Pseudomonas syringae pv. lachrymans;,
and wherein the mutant alleles of said QTLs are as found 1n a cucumber plant, representative
seed of which was deposited under deposit number NCIMB 42382; wherein in the seeds of the
deposit, QTL2 is located between molecular markers M5007, represented by SEQ ID NO:5 and
SEQ ID NO:6, and M5609, represented by SEQ ID NO:9 and SEQ ID NO:10, and is linked to
sequence SEQ ID NO:8 of marker M3S009; wherein in the seeds of the deposit QTL3 is located
between molecular markers M 1000, represented by SEQ ID NO:11 and SEQ ID NO:12, and
M3418, represented by SEQ ID NO:15 and SEQ ID NO:16, and is linked to sequence SEQ ID
NO:14 of marker M2071; wherein in the seeds of the deposit QTL4 1s located between molecular
markers M 1520, represented by SEQ ID NO:23 and SEQ ID NO:24, and M04359 represented by
SEQ ID NO:27 and SEQ ID NO:28, and is linked to sequence SEQ ID NO:26 of marker M5644;
wherein 1n the seeds of the deposit QTLS 1s located between molecular markers M35843,
represented by SEQ ID NO:29 and SEQ ID NO:30, and M02035, represented by SEQ ID NO:33
and SEQ ID NO:34, and is linked to sequence SEQ ID NO:32 of marker M5618.
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3. A cucumber seed comprising a mutant allele of the Gibberellin-20-oxidase
gene, as defined in any of the claims 1-3, 5 or 6, wherein the cucumber plant grown from the seed
shows resistance to Pseudomonas syringae pv. lachrymans.

9. The cucumber seed as claimed in claim &, additionally comprising one or more
mutant alleles of a QTL, as defined in claim 7, wherein the cucumber plant grown from the seed
shows resistance to Pseudomonas syringae pv. lachrymans.

10. Progeny of a cucumber plant as claimed in any one of the claims 1-7, or of
cucumber seed as claimed 1in claim 8 or 9, comprising a mutant allele of the Gibberelline-20-
oxidase gene as defined in any of the claims 1-3, 5 or 6, and optionally comprising one or
more mutant alleles of a QTL as defined in claim 7, and wherein the progeny plant shows
resistance to Pseudomonas syringae pv. lachrymans.

11. Propagation material capable of developing into and/or being derived from
a cucumber plant as claimed 1n any one of the claims 1-7, wherein the propagation material 1s
suitable tor sexual reproduction, for vegetative reproduction, or suitable for tissue cultures ot
regenerable cells, wherein the propagation material 1s selected from a microspore, pollen,
ovary, ovule, embryo, embryo sac, egg cell, cutting, root, hypocotyl, cotyledon, stem, leat,
tlower, anther, seed, meristematic cell, protoplast, cell, or tissue culture thereof, wherein the
plant developing into and/or produced from the propagation material comprises a mutant allele
of the Gibberelline-20- oxidase gene as defined in any of the claims 1-3, 5 or 6, and optionally
one or more mutant alleles of a QTL as defined 1n claim 7 and shows resistance to
Pseudomonas syringae pv. lachrymans.

12. A mutant allele of the Gibberellin-20-oxidase gene, comprising a SNP on
position 860 of the wild type nucleotide sequence of SEQ ID NO:1.

13. The mutant allele of the Gibberellin-20-ox1dase gene as claimed in claim
12, wherein the SNP comprises a change tfrom guanine to adenine.

14. The mutant allele of the Gibberellin-20-ox1dase gene as claimed in claim 12
or 13, wherein the nucleic acid sequence of the mutant allele of the Gibberellin-20-ox1dase gene
comprises SEQ ID NO:2.

15. A mutant Gibberellin-20-oxidase protein, comprising a substitution on position
287 of the wild type amino acid sequence of SEQ ID NO:3.

16. The mutant Gibberellin-20-oxidase protein as claimed in claim 15, wherein the
amino acid sequence of the mutant Gibberellin-20-oxidase protein comprises SEQ ID NO:4.

17. A marker tor identification of a mutant allele of the Gibberellin-20-ox1dase

gene as defined in claim 12,
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18. A marker for 1dentification of a mutant allele of QTL2 as defined 1n claim
7, which marker is selected from the group consisting of SEQ ID No. 7 and SEQ ID No. 8.

19. A marker for identification of a mutant allele of QTL3 as defined 1n claim
7, which marker 1s selected from the group consisting of SEQ ID No. 13 and SEQ ID No. 14.

20. A marker for 1dentification of a mutant allele of QTL4 as detined 1n claim 7,
which marker is selected from the group of consisting of SEQ ID NO:25 and SEQ ID No. 26.

21. A marker for 1dentification of a mutant allele of QTLS5 as deftined 1n claim
7, which marker 1s selected from the group consisting of SEQ ID No. 31 and SEQ ID No. 32.

22. Use of the mutant allele of the Gibberellin-20-ox1dase gene as claimed 1n
any of the claims 12-14, or any of the markers as claimed in any of the claims 17-21, or a part
thereot, for 1dentifying and/or developing a cucumber plant showing resistance to
Pseudomonas syringae pv. lachrymans.

23. A method for identitying a cucumber plant showing resistance to Pseudomonas
syringae pv. lachrymans comprising:

a) detecting in a cucumber plant a SNP in the wild type nucleotide sequence of
SEQ ID NO:1, thereby identifying a cucumber plant showing resistance to Pseudomonas
syringae pv. lachrymans;

b) optionally pertorming a phenotypical assay tor Pseudomonas syringae
pv.lachrymans resistance, to contirm that the cucumber plant 1s resistant to Pseudomonas syringae
pv. lachrymans.

24. The method as claimed 1n claim 23, wherein the SNP 1n the wild type
nucleotide sequence of SEQ ID NO:1 1s a change tfrom guanine to adenine on position
360.

25. The method as claimed in claim 23 or 24, further comprising detecting
one or more mutant alleles of a QTL as defined 1n claim 7.

26. The method as claimed in any of the claims 23-25, further comprising (c)
selecting a cucumber plant that comprises the mutant allele of the Gibberellin-20-oxi1dase gene
as defined in any of the claims 1-3, 5 or 6 and optionally one or more mutant alleles of a QTL as
detined in claim 7.

2'7. A method tfor producing a hybrid cucumber seed, wherein a plant grown
trom such seed shows resistance to Pseudomonas syringae pv. lachrymans, wherein the method
comprises crossing a first parent plant with a second parent plant and harvesting the resultant
seed, wherein the first parent plant and/or the second parent plant comprises a mutant allele ot
the Gibberellin-20-oxidase gene, wherein the mutant allele of the Gibberellin-20-oxidase gene

conters resistance to Pseudomonas syringae pv. lachrymans in a plant grown from the seed.
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28. The method as claimed 1n claim 27, wherein the mutant allele of the
Gibberellin-20-oxidase gene comprises a SNP on position 860 of the cucumber wild type
nucleotide sequence of SEQ ID NO:1, which SNP 1s in particular a change from guanine (G) to
adenine (A).

29. The method as claimed in claim 27 or claim 28, wherein the first parent plant
and/or the second parent plant additionally comprises one or more mutant alleles of a QTL as
detined in claim 7.

30. A method for producing a cucumber plant which shows resistance to
Pseudomonas syringae pv. lachrymans, wherein the method comprises:

a) crossing a plant as claimed 1n any one of the claims 1-7 with another plant to
obtain an F1 population;

b) optionally performing one or more rounds of selting and/or crossing a plant
trom the F1 to obtain a turther generation population;

¢) selecting trom the population a plant that comprises a mutant allele of the
Gibberellin-20-oxidase gene and/or selecting from the population a plant showing resistance to
Pseudomonas syringae pv. lachrymans by means of a phenotypical assay.

31. The method as claimed 1n claim 30, wherein the method in step (¢) also
comprises selecting from the population a plant that additionally comprises one or more mutant
alleles of a QTL as defined 1n claim 7.

32. The method as claimed 1n claim 30 or 31, wherein the mutant allele of the
Gibberellin-20-oxidase gene comprises a SNP on position 860 of the cucumber wild type
nucleotide sequence of SEQ ID NO:1, which SNP 1s in particular a change from guanine (G) to
adenine (A).

33. The method as claimed in any one of the claims 30-32, wherein the
cucumber plant 1s a plant of an inbred line, a hybrid, a doubled haploid, or of a segregating
population.

34. A cell of a Pseudomonas syringae pv. lachrymans resistant cucumber
plant, which cell comprises a mutant allele ot the Gibberellin-20-oxidase gene, comprising a
SNP on position 860 of the wild type nucleotide sequence of SEQ ID NO:1.

35. A cell as claimed 1n claim 34, furthermore comprising one or more mutant
alleles selected from the group consisting of QTL2, QTL3, QTL4, and QTLS; wherein QTL2 1s
located on chromosome 2; QTL3 18 located on chromosome 5, QTL4 1s located on chromosome
7, and QTLS5 1s located on chromosome 7, which mutant alleles confer resistance to
Pseudomonas syringae pv. lachrymans; and wherein the mutant alleles of said QTLs are as
found 1n a cucumber plant, representative seed of which was deposited under deposit number

NCIMB 42582; wherein 1n the seeds of the deposit, QTL?2 is located between molecular markers
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M5007, represented by SEQ ID NO:5 and SEQ ID NO:6, and M5609, represented by SEQ 1D
NO:9 and SEQ ID NO:10, and is linked to sequence SEQ ID NO:8 of marker M5009; wherein in
the seeds of the deposit QTL3 1s located between molecular markers M 1000, represented by SEQ
ID NO:11 and SEQ ID NO:12, and M3418, represented by SEQ ID NO:15 and SEQ ID NO:16,
and 1s linked to sequence SEQ ID NO:14 of marker M2071; wherein in the seeds of the deposit
QTLA4 1s located between molecular markers M 13520, represented by SEQ ID NO:23 and SEQ ID
NO:24, and M0459 represented by SEQ ID NO:27 and SEQ ID NO:28, and 1s linked to sequence
SEQ ID NO:26 of marker M5644; wherein in the seeds of the deposit QTLS is located between
molecular markers M5843, represented by SEQ ID NO:29 and SEQ ID NO:30, and M0205,
represented by SEQ ID NO:33 and SEQ ID NO:34, and 1s linked to sequence SEQ ID NO:32 of
marker M5618.

30. A tissue culture of a cucumber plant having resistance to Pseudomonas
syringae pv. lachrymans, which tissue culture comprises a mutant allele of the Gibberellin-
20-oxi1dase gene, comprising a SNP on position 860 of the wild type nucleotide sequence of
SEQ ID NO:1.

37. A tissue culture as claimed in claim 36, furthermore comprising one or more
mutant alleles selected from the group consisting of QTL2, QTL3, QTL4, and QTLSJ; wherein
QTL2 1s located on chromosome 2; QTL3 1s located on chromosome 5, QTL4 1s located on
chromosome 7, and QTL)5 1s located on chromosome 7, which mutant alleles confter resistance to
Pseudomonas syringae pv. lachrymans; and wherein the mutant alleles of said QTLs are as
found 1n a cucumber plant, representative seed of which was deposited under deposit number
NCIMB 42582; wherein in the seeds of the deposit, QTL2 is located between molecular markers
MS5007, represented by SEQ ID NO:5 and SEQ ID NO:6, and M5609, represented by SEQ ID
NO:9 and SEQ ID NO:10, and 1s linked to sequence SEQ ID NO:8 of marker M5009; wherein in
the seeds of the deposit QTL3 is located between molecular markers M 1000, represented by SEQ
ID NO:11 and SEQ ID NO:12, and M3418, represented by SEQ ID NO:15 and SEQ ID NO:16,
and 1s linked to sequence SEQ ID NO:14 of marker M2071; wherein in the seeds of the deposit
QTLA4 1s located between molecular markers M 13520, represented by SEQ ID NO:23 and SEQ ID
NO:24, and M0459 represented by SEQ ID NO:27 and SEQ ID NO:28, and 1s linked to sequence
SEQ ID NO:26 of marker M5644; wherein in the seeds of the deposit QTLS is located between
molecular markers M5843, represented by SEQ ID NO:29 and SEQ ID NO:30, and M0205,
represented by SEQ ID NO:33 and SEQ ID NO:34, and 1s linked to sequence SEQ ID NO:32 of
marker M5618.

38. A method for producing a cucumber plant having resistance to Pseudomonas
syringae pv. lachrymans comprising the steps of :

a) introducing mutations in a population ot cucumber plants;
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b) selecting a cucumber plant showing resistance to Pseudomonas syringae pv.
lachrymans;

¢) verifying it the plant selected under step b) has a mutation in the Gibberellin-20-
oxidase gene, wherein the mutation 1s a SNP 1n the Gibberelline- 20-oxidase gene represented by
the wild type nucleotide sequence SEQ ID NO:1, and selecting a plant comprising such a mutation.

d) growing the plants obtained under step ¢)

39. A method for producing a cucumber plant showing resistance to
Pseudomonas syringae pv. lachrymans comprising growing a plant from seed which was
deposited under deposit number NCIMB 42532 or growing a plant from seed derived thereot.

40. A method of selecting a cucumber plant for showing resistance to

Pseudomonas syringae pv. lachrymans comprising:

a) assaying genomic nucleic acids of a cucumber plant for the presence of a

mutation in the wild type Gibberellin-20-oxidase gene nucleotide sequence of SEQ ID NO:1; and
b) selecting the cucumber plant if said mutation 18 present.

41. The method of claim 40, wherein the selected cucumber plant shows resistance

to Pseudomonas syringae pv. lachrymans.

42. The method of claim 40 or 41, wherein the mutation in the wild type

Gibberellin-20-ox1dase gene nucleotide sequence of SEQ ID NO:1 constitutes a SNP on position
860 of the wild type nucleotide sequence SEQ ID NO:1.

43. A method of selecting a cucumber plant for showing resistance to

Pseudomonas syringae pv. lachrymans comprising:

a) assaying genomic nucleic acids of a cucumber plant for the presence of a
mutation in the wild type Gibberellin-20-oxidase gene nucleotide sequence of SEQ ID NO:1 and
for the presence of a genomic Pseudomonas syringae pv. lachrymans resistance marker genetically
linked to a QTL as detined 1n claim 7, wherein said QTL 1s associated with Pseudomonas syringae
pv. lachrymans resistance, wherein said QTL 1s within 20 ¢cM or 10 ¢cM or 5 ¢cM of any one of the

genomic Pseudomonas syringae pv. lachrymans resistance markers M5007, MS5609, M5009,
M1000, M3418, M2071, M1520, M0459, M5644, M5843, M0205 and M5618;

b) selecting the cucumber plant if said mutation and any of said genomic

Pseudomonas syringae pv. lachrymans resistance marker are present.

44, The method as claimed in claim 43, wherein the selected cucumber plant

shows resistance to Pseudomonas syringae pv. Lachrymans.
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AMENDED CLAIMS

1. A cucumber plant that comprises a mutant allele of the Gibberellin-20-oxidase gene,
that confers resistance to Pseudomonas syringae pv. lachrymans to the plant, wherein the mutant allele
of the Gibberellin-20-oxidase gene comprises a SNP on a position that leads to a change in the wild
type amino acid sequence of the Gibberellin-20-oxidase protein, and wherein the wild type Gibberellin-
20-oxidase gene nucleotide sequence 1s represented by SEQ ID NO: 1.

2. The cucumber plant as claaimed in claim 1, wherein the SNP in the Gibberelline-
20-oxidase gene 1s located on position 860 of the wild type nucleotide sequence SEQ ID NQO:1, leading to
a change in the wild type amino acid sequence of the Gibberellin-20-oxidase protein.

3. The cucumber plant as claimed in claim 1 or 2, wherein the change 1n the wild type
anuno acid sequence of the Gibberellin-20-oxidase protein 1s an amino acid substitution located on
position 287 of the wild type amino acid sequence SEQ ID NQO:3.

4. The cucumber plant as claimed 1n any of the claims 1-3, wherein the SNP comprises a

change from guanine to adenine.

5. The cucumber plant as claimed in any of the claims 1-4 wherein the mutant allele
of the Gibberellin-20-oxidase gene comprises SEQ ID NO:2.

6. The cucumber plant as claimed in any of the claims 1-5, wherein the cucumber plant
additionally comprises one or more mutant alleles of a QTL selected from the group consisting of
QTL2, QTL3, QTLA4, and QTLS; wherein QTL2 1s located on chromosome 2; QTL3 is located on
chromosome 5, QTLA4 1s located on chromosome 7, and QTLS is located on chromosome 7, which
mutant alleles confer resistance to Pseudomonas syringae pv. lachrymans; and wherein the mutant
alleles of said QTLs are as found 1n a cucumber plant, representative seed of which was deposited under
deposit number NCIMB 42582; wherein 1n the seeds of the deposit, QTL?2 is located between molecular
markers M5007, represented by SEQ ID NO:5 and SEQ ID NO:6, and M5609, represented by SEQ ID
NO:9 and SEQ ID NO:10, and is linked to sequence SEQ ID NO:8 of marker M5009; wherein in the
seeds of the deposit QT3 is located between molecular markers M 1000, represented by SEQ 1D
NO:11 and SEQ ID NO:12, and M3418, represented by SEQ ID NO:15 and SEQ ID NO:16, and is
linked to sequence SEQ ID NO:14 of marker M2071; wherein in the seeds of the deposit QTLA4 1s
located between molecular markers M 1520, represented by SEQ ID NO:23 and SEQ ID NO:24, and
M0459 represented by SEQ ID NO:27 and SEQ ID NQO:28, and is linked to sequence SEQ ID NO:26 of

marker M5644; wherein in the seeds of the deposit QTLS is located between molecular markers M5843,
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represented by SEQ ID NO:29 and SEQ 1D NO:30, and M02035, represented by SEQ ID NO:33 and
SEQ ID NO:34, and 1s linked to sequence SEQ ID NO:32 of marker M5618.

7. A cucumber seed comprising a mutant allele ot the Gibberellin-20-oxidase gene, as
defined in any of the claims 1-2, 4 or 5, wherein the cucumber plant grown from the seed shows
resistance to Pseudomonas syringae pv. lachrymans.

8. The cucumber seed as claimed 1n claim 7, additionally comprising one or more
mutant alleles of a QTL, as defined in claim 6 wherein the cucumber plant grown from the seed shows
resistance to Pseudomonas syringae pv. lachrymans.

9. Progeny of a cucumber plant as claimed in any one of the claims 1-6, or of
cucumber seed as claimed in claim 7 or 8, comprising a mutant allele of the Gibberelline-20- oxidase
gene as defined 1n any of the claims 1-2, 4 or 5, and optionally comprising one or more mutant alleles
of a QTL as defined in claim 6, and wherein the progeny plant shows resistance to Pseudomonas
syringae pv. lachrymans.

10. Propagation material capable of developing into and/or being derived from a
cucumber plant as claimed 1n any one of the claims 1-6, wherein the propagation material is suitable
for sexual reproduction, for vegetative reproduction, or suitable for tissue cultures of regenerable cells,
wherein the propagation matenal 1s selected from a microspore, pollen, ovary, ovule, embryo, embryo
sac, egg cell, cutting, root, hypocotyl, cotyledon, stem, leaf, flower, anther, seed, meristematic cell,
protoplast, cell, or tissue culture thereot, wherein the plant developing into and/or produced from the
propagation material comprises a mutant allele of the Gibberelline-20- oxidase gene as defined in any
of the claims 1-2, 4 or 5, and optionally one or more mutant alleles of a QTL as defined 1n claim 6 and
shows resistance to Pseudomonas syringae pv. lachrymans.

11. A mutant allele of the Gibberellin-20-oxidase gene, comprising a SNP on position
860 of the wild type nucleotide sequence of SEQ ID NO:1.

12. The mutant allele of the Gibberellin-2(0-oxidase gene as claimed in claim 11,
wherein the SNP comprises a change from guanine to adenine.

13. The mutant allele of the Gibberellin-20-ox1dase gene as claimed in claim 11 or 13,

wherein the nucleic acid sequence of the mutant allele of the Gibberellin-20-oxidase gene comprises

SEQ ID NO:2.

14. A mutant Gibberellin-20-oxidase protein, comprising a substitution on position 287 of

the wild type amino acid sequence of SEQ ID NO:3.

15. The mutant Gibberellin-20-oxidase protein as claimed in claim 14, wherein the amino

acid sequence of the mutant Gibberellin-20-oxidase protein comprises SEQ ID NO:4.
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16. A marker tor 1dentification of a mutant allele of the Gibberellin-20-oxidase gene as

defined in claim 11.

17. Use of the mutant allele of the Gibberellin-20-oxidase gene as claimed in any of
the claims 11-13, or a part thereof, for identitying and/or developing a cucumber plant showing
resistance to Pseudomonas syringae pv. lachrymans.

18. A method for identifying a cucumber plant showing resistance to Pseudomonas
syringae pv. lachrymans comprising:

a) detecting 1n a cucumber plant a SNP in the wild type nucleotide sequence of SEQ ID
NO:1, thereby 1dentifying a cucumber plant showing resistance to Pseudomonas syringae pv.
lachrymans;

b) optionally performing a phenotypical assay for Pseudomonas syringae pv.lachrymans
resistance, to confirm that the cucumber plant is resistant to Pseudomonas syringae pv. lachrymans.

19. The method as claimed 1n claim 18, wherein the SNP in the wild type
nucleotide sequence of SEQ ID NO:1 is a change from guanine to adenine on position 860.

20. The method as claimed in claim 18 or 19, further comprising detecting one or
more mutant alleles of a QTL as defined in claim 6.

21. The method as claimed i1n any of the claims 18-20, further comprising (c) selecting
a cucumber plant that comprises the mutant allele of the Gibberellin-20-oxidase gene as defined in any
of the claims 1-2, 4 or 5 and optionally one or more mutant alleles of a QTL as defined in claim 6.

22. A method for producing a hybrid cucumber seed, wherein a plant grown from such
seed shows resistance to Pseudomonas syringae pv. lachrymans, wherein the method comprises
crossing a first parent plant with a second parent plant and harvesting the resultant seed, wherein the
first parent plant and/or the second parent plant comprises a mutant allele of the Gibberellin-20-oxidase
gene, wherein the mutant allele of the Gibberellin-20-oxidase gene confers resistance to Pseudomonas
syringae pv. lachrymans in a plant grown from the seed.

23. The method as claimed in claim 22, wherein the mutant allele of the Gibberellin-20-
oxidase gene comprises a SNP on position 860 of the cucumber wild type nucleotide sequence of SEQ ID
NO:1, which SNP is in particular a change from guanine (G) to adenine (A).

24. The method as claimed 1n claim 22or claim 23, wherein the first parent plant and/or
the second parent plant additionally comprises one or more mutant alleles of a QTL as defined in claim
6.

25. A method for producing a cucumber plant which shows resistance to Pseudomonas

syringae pv. lachrymans, wherein the method comprises:
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a) crossing a plant as claimed 1n any one of the claims 1-6 with another plant to obtain an
F1 population;

b) optionally performing one or more rounds of selfing and/or crossing a plant from
the F1 to obtain a further generation population;

c) selecting from the population a plant that comprises a mutant allele of the
Gibberellin-20-oxidase gene and/or selecting from the population a plant showing resistance to
Pseudomonas syringae pv. lachrymans by means of a phenotypical assay.

26. The method as claimed 1n claim 25, wherein the method in step (¢) also comprises
selecting from the population a plant that additionally comprises one or more mutant alleles of a QTL
as defined in claim 6.

2'7. The method as claimed 1n claim 25 or 26, wherein the mutant allele of the
Gibberellin-20-oxidase gene comprises a SNP on position 860 of the cucumber wild type nucleotide
sequence of SEQ ID NO:1, which SNP is in particular a change from guanine (G) to adenine (A).

28. The method as claimed 1n any one of the claims 25-27, wherein the cucumber plant
1s a plant of an inbred line, a hybrid, a doubled haploid, or of a segregating population.

29. A cell of a Pseudomonas syringae pv. lachrymans resistant cucumber plant,
which cell comprises a mutant allele of the Gibberellin-20-oxidase gene, comprising a SNP on
position 860 of the wild type nucleotide sequence of SEQ ID NO:1.

30. A cell as claimed in claim 29, furthermore comprising one or more mutant alleles
selected from the group consisting of QTL2, QTL3, QTLA4, and QTLS5; wherein QTL2 is located on
chromosome 2; QTIL.3 1s located on chromosome 5, QT4 is located on chromosome 7, and QTLS 1s
located on chromosome 7, which mutant alleles confer resistance to Pseudomonas syringae pv.
lachrymans; and wherein the mutant alleles of said QTLs are as found in a cucumber plant,
representative seed of which was deposited under deposit number NCIMB 42582; wherein in the seeds
of the deposit, QTL2 1s located between molecular markers MS5007, represented by SEQ ID NO:5 and
SEQ ID NO:6, and M5609, represented by SEQ ID NO:9 and SEQ 1D NO:10, and is linked to sequence
SEQ ID NO:8 of marker M5009; wherein in the seeds of the deposit QTL3 is located between
molecular markers M 1000, represented by SEQ ID NO:11 and SEQ ID NO:12, and M3418, represented
by SEQ IID NO:15 and SEQ ID NO:16, and is linked to sequence SEQ ID NO:14 of marker M2(071;
wherein in the seeds of the deposit QTLA4 is located between molecular markers M1520, represented by
SEQ ID NO:23 and SEQ ID NO:24, and M0459 represented by SEQ IID NO:27 and SEQ IID NO:28,
and 1s linked to sequence SEQ ID NO:26 of marker M5644; wherein in the seeds of the deposit QTL.5 1s
located between molecular markers M5843, represented by SEQ ID NO:29 and SEQ ID NO:30, and
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MO02035, represented by SEQ IID NO:33 and SEQ ID NO:34, and is linked to sequence SEQ ID NO:32
of marker M5618.

31. A tissue culture of a cucumber plant having resistance to Pseudomonas
syringae pv. lachrymans, which tissue culture comprises a mutant allele of the Gibberellin-2(-
oxidase gene, comprising a SNP on position 860 of the wild type nucleotide sequence of SEQ ID
NO:1.

32. A tissue culture as claimed in claim 31, furthermore comprising one or more
mutant alleles selected from the group consisting of QTL2, QTL3, QTLA4, and QTLS; wherein QTL?2 is
located on chromosome 2; QTL3 1s located on chromosome 5, QTLA4 is located on chromosome 7, and
QTLS 1s located on chromosome 7, which mutant alleles confer resistance to Pseudomonas syringae pv.
lachrymans; and wherein the mutant alleles of said QTLs are as found in a cucumber plant,
representative seed of which was deposited under deposit number NCIMB 42582; wherein in the seeds
of the deposit, QTL2 is located between molecular markers M5007, represented by SEQ ID NO:5 and
SEQ ID NO:6, and M5609, represented by SEQ ID NO:9 and SEQ ID NO:10, and is linked to sequence
SEQ ID NO:8 of marker M5009; wherein in the seeds of the deposit QTL3 is located between
molecular markers M 1000, represented by SEQ ID NO:11 and SEQ ID NO:12, and M3418, represented
by SEQ ID NO:15 and SEQ ID NO:16, and 1s linked to sequence SEQ ID NO:14 of marker M2071;
wherein 1n the seeds of the deposit QTL4 1s located between molecular markers M1520, represented by
SEQ ID NO:23 and SEQ ID NO:24, and M0459 represented by SEQ ID NO:27 and SEQ ID NO:28,
and 1S linked to sequence SEQ 1D NQO:26 of marker M5644; wherein in the seeds of the deposit QTLS is
located between molecular markers M5843, represented by SEQ ID NO:29 and SEQ ID NO:30, and
MO02035, represented by SEQ 1D NO:33 and SEQ ID NO:34, and is linked to sequence SEQ ID NO:32
of marker M5618.

33. A method for producing a cucumber plant having resistance to Pseudomonas
syringae pv. lachrymans comprising the steps of :

a) introducing mutations 1n a population of cucumber plants;

b) selecting a cucumber plant showing resistance to Pseudomonas syringae pv.
lachrymans;

c¢) verifying if the plant selected under step b) has a mutation in the Gibberellin-20-

oxidase gene, wherein the mutation is a SNP 1n the Gibberelline- 20-oxidase gene represented by the wild

type nucleotide sequence SEQ ID NO:1, and selecting a plant comprising such a mutation.

d) growing the plants obtained under step c¢)
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34. A method for producing a cucumber plant showing resistance to Pseudomonas
syringae pv. lachrymans comprising growing a plant from seed which was deposited under deposit
number NCIMB 42582 or growing a plant from seed derived thereof.

35. A method of selecting a cucumber plant for showing resistance to Pseudomonas

syringae pv. lachrymans comprising:

a) assaying genomic nucleic acids of a cucumber plant for the presence of a mutation in

the wild type Gibberellin-20-oxidase gene nucleotide sequence of SEQ ID NO:1; and
b) selecting the cucumber plant if said mutation 1s present.

36. The method of claim 35, wherein the selected cucumber plant shows resistance to

Pseudomonas syringae pv. lachrymans.

37. The method of claim 35 or 36, wherein the mutation in the wild type Gibberellin-20-
oxidase gene nucleotide sequence of SEQ ID NO:1 constitutes a SNP on position 860 of the wild type
nucleotide sequence SEQ ID NO:1.

38. A method of selecting a cucumber plant for showing resistance to Pseudomonas

syringae pv. lachrymans comprising;:

a) assaying genonuc nucleic acids of a cucumber plant for the presence of a mutation in
the wild type Gibberellin-20-oxidase gene nucleotide sequence of SEQ ID NO:1 and for the presence of a
genomic Pseudomonas syringae pv. lachrymans resistance marker genetically linked to a QTL as defined
in claim 6, wherein said QTL 1s associated with Pseudomonas syringae pv. lachrymans resistance,
wherein said QTL 1s within 20 cM or 10 cM or 5 cM of any one of the genomic Pseudomonas syringae
pv. lachrymans resistance markers M5007, M5609, M5009, M1000, M3418, M2071, M1520, M0459,
M5644, M5843, M0205 and M5618;

b) selecting the cucumber plant it said mutation and any of said genomic Pseudomonas

syringae pv. lachrymans resistance marker are present.

39. The method as claimed in claim 38, wherein the selected cucumber plant shows

resistance to Pseudomonas syringae pv. Lachrymans.
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