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Description

FIELD OF THE INVENTION

[0001] The present invention relates to plant breeding
and molecular biology. More specifically, the present in-
vention relates to a closterovirus-resistant melon plant
comprising a quantitative trait locus (QTL) associated
with resistance to closterovirus in melon.

BACKGROUND OF THE INVENTION

[0002] Cucurbit yellow stunting disorder virus
(CYSDV) is a closterovirus transmitted in nature by the
whitefly Bernisia tabaci. CYSDV was first detected in
1982 in the United Arab Emirates, and since then, it has
been found in Spain, Portugal Morocco, Lebanon and
North America extensively affecting cucurbit crops.
CYSDV induces interveinal chlorotic spots in mature
leaves which may enlarge and eventually fuse together
producing yellowing of the entire leaf except for the veins
that remain green. Yellowing symptoms are accompa-
nied by substantial reduction in fruit yield and quality and,
therefore, the virus has a high economic importance.
[0003] The control of CYSDV is currently based on
chemical treatments against its vector and preventive
cultural practices, both with limited success. The use of
genetically resistant cultivars is a good option for CYSDV
control.
[0004] Resistant accessions of melon (Cucumis me-
lo), such as accession C-105 (TGR-1551), have recently
been found (López-Sesé et al., 2000). In principal, ge-
netic material from such accessions that comprises the
genetic information responsible for the CYSDV resist-
ance could be introgressed into commercial cultivars.
However these attempts have hitherto been unsuccess-
ful for unknown reasons. Therefore no resistant melon
cultivar is at present commercially available. It is believed
that the practical problem of developing resistant culti-
vars is hampered by two factors. Firstly, it is not known
whether such specific accession as C-105 provides the
best source of resistance. If the result is a cultivar exhib-
iting partial resistance, the result of the market introduc-
tion of such a cultivar may lead to the development of
resistance-breaking viral strains. Furthermore, the pos-
sibility of stably fixing the resistance trait in the genome
of the target plant remains to be determined. Thus,
choosing a particular source of resistance does not guar-
antee success and may even hold various risks. In ad-
dition, the introgression itself involves a substantial
breeding effort, and includes the development and per-
formance of bioassays to follow resistant offspring plants.
In effect, the development of a resistant cultivar is com-
mercially costly undertaking and any program may be
early abandoned when results fail to precipitate.
[0005] In order to reduce the uncertainties and work
involved in developing a resistant cultivar, it would be
beneficial to have a simple genomic marker for the re-

sistance trait. Such a marker could then be used in mark-
er assisted selection (MAS) procedures as part of a ded-
icated breeding program. Whether such a marker can be
found is partly determined by genomic structure of the
resistance trait. If the trait is multi-genic, it is not likely
that a single marker is found that may reliably be used
in MAS procedures. Moreover, the development of the
marker(s) themselves then mounts to a significant un-
dertaking, possibly overshadowing the costs and time
involved in a straightforward breeding program.
[0006] However, once a suitable resistance source is
identified and a marker is developed, the new resistant
plants can be easily traced, which increases their com-
mercial value.

SUMMARY OF THE INVENTION

[0007] The present invention now relates in a first as-
pect to a plant of the species Cucumis melo, said plant
comprising a genetic element derived from a plant of the
species Cucumis melo var. agrestis, which genetic ele-
ment comprises a closterovirus-resistance-conferring
QTL or a closterovirus-resistance-conferring part thereof
linked to at least one marker located on the chromosome
equivalent to linkage group (LG) 6 of melon accession
PI 313970, as further defined in the claim 8. Wild acces-
sions of Cucumis melo plants that are resistant to clos-
terovirus are known to occur in nature (e.g. melon ac-
cession C-105, see above). Melon plants of the species
Cucumis melo var. agrestis, e.g. such as accession
PI313970), however, were not previously associated with
closterovirus resistance. The present inventors have now
found that the resistance in this variety is linked to a de-
fined genetic region or QTL (hereinafter also indicated
as QTL-1). A melon plant of the invention comprises a
genetic element derived from a plant of the species Cu-
cumis melo var. agrestis, in particular from melon acces-
sion PI313970, which genetic element comprises the
closterovirus-resistance-conferring QTL as identified by
the present inventors.
[0008] A plant of the present invention is preferably a
Cucumis melo cultivar, but is not necessarily restricted
to a specific strain. A plant of the present invention is
preferably a Cucumis melo plant having commercially
valuable characteristics, including, but not limited to mel-
on plants having commercially valuable fruit or seed char-
acteristics.
[0009] Said plant of the invention comprises the re-
ferred QTL as defined in the claims in a form wherein the
resistance genes are present on both alleles. Thus, the
plants of the present invention are homozygous for the
resistance trait. It should be noted in this respect that
although heterozygous plants do not express a recessive
trait, new plants that comprise the QTL, or closterovirus-
resistance conferring genes comprised therein, in heter-
ozygous form constitute an important intermediate prod-
uct in a program to develop a resistant cultivar.
[0010] The closterovirus-resistance-conferring QTL of
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the present invention (QTL-1) is preferably associated
with a marker that is located on the chromosome equiv-
alent of linkage group (LG) 6 and stretches from position
25.5 cM to 29.1 cM, preferably at about position 28.6 cM
on the Map as presented in Fig. 1. The region where the
QTL is located is linked to marker E11/M49-239.
[0011] A closterovirus-resistant plant of the species
Cucumis melo may be any Cucumis melo species, with
the proviso that the plant is not melon accession
PI313970. Thus, in a plant of the invention, the closter-
avirus-resistance-conferring QTL as defined herein is not
in its natural genetic background of melon accession
PI313970. An another preferred embodiment, a plant of
the present invention is not a plant of the species Cucu-
mis melo var. agrestis, An another preferred embodi-
ment, a plant of the present invention is melon cultivar.
[0012] In another aspect, the present invention relates
to a part of a plant of the invention, such as a seed.
[0013] Described herein is a quantitative trait locus
(QTL) associated with resistance to closterovirus in a
plant of melon accession PI318970. The closterovirus-
resistance-conferring QTL-1 is associated with markers
E11/M54-156 (cis), E14/M54-152 (cis), E14/M51-210
(cis), EI4/M51-083 (trans), E11/M49-239 (cis),
E11/M64-169 (cis), E14/M60-262 (trans), E11/M67-278
(cis), E11/M64-163 (cis) and/or E11/M49-072 (trans),
more preferably to marker E11/M49-239, is located on
the chromosome equivalent of linkage group (LG) 6, and
stretches from position 25.5 cM to 29.1 cM. As a physical
entity, QTL-1 is part of a nucleic acid, either isolated or
in a genomic background, and is capable of conferring
closterovirus-resistance to a plant in the genome of which
it is introduced, preferably, in a location of the genome
that is homologous to the location in the genome of melon
accession PI313970 where it was first detected and as
specified herein.
[0014] The markers themselves may be used in as-
pects relating to marker-assiated-selection and methods
wherein plants having the QTL are traced. The markers
used in such aspects may either be trans, or cis markers.
A trans marker indicates a polymorphism resulting from
introgression of exogenous (donor) DNA into a recipient
plant’s genome, which polymorphism is linked in cis with
the recipient genome, i.e. linked with the opposite allele.
Thus, cis markers are linked with the allele of interest
(i.e. from the donor), while trans markers are linked with
the opposite allele (i.e. from the recipient). However, both
are predictive for the resistant allele encoded by the QTL
of interest.
[0015] Also described herein is a method for producing
a plant of the present invention comprising introducing
into a closterovirus-susceptible melon plant a genetic el-
ement derived from a plant of the species Cucumis melo
var. agrestis, more (preferably from melon accession
PI313970, which genetic element comprises the closter-
ovirus-resistance-conferring QTL as described in more
detail above.
[0016] The introduction of the QTL, or an isolated nu-

cleic acid comprising the QTL described herein or a re-
sistance-conferring part thereof, into a melon plant may
be performed by any method known to the artisan. Pref-
erably the introduction is performed by introgression
(crossing). Such a method comprises the step of crossing
a plant of melon accession PI313970, or a closterovirus-
resistant derivative thereof, with a closterovirus-suscep-
tible melon plant; harvesting seed from the cross, grow-
ing said seed to produce F1 progeny plants; selfing or
backcrossing said F1 progeny plants with the donor or
recipient parent to produce F2 seeds; growing said F2
seeds to produce F2 progeny plants; determining the
presence in the genome of at least one of said F2 progeny
plants of a closterovirus-resistance-conferring QTL,
wherein said QTL is characterized as described in more
detail above, wherein the presence of said QTL is con-
firmed by detecting the presence in the DNA of said at
least one F2 progeny plants of a marker linked to said
QTL.

SHORT DESCRIPTION OF THE DRAWING

[0017] Fig. 1 represents a linkage map indicating the
relative position of the various markers as described
herein. Relative positions on linkage group 6 (LG-VI) are
provided in cM. Only markers with known positions are
indicated.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The term "melon" as used herein refers to the
species Cucumis melo L. (syn. Cucumis chito; Cucumis
dudaim aegyptiacus; Cucumis flexuosus; Cucumis melo
var. acidulus; Cucumis melo var. aegyptiacus; Cucumis
melo var. ameri; Cucumis melo var. duripulposus; Cu-
cumis melo var. hibernus; Cucumis melo var. makuwa;
Cucumis melo var. microspermus; Cucumis microsper-
mus; Cucumis momordica) and includes both wild ac-
cessions as well as cultivars. Cucumis melo is some-
times considered to consist of the subspecies Cucumis
melo subsp. agrestis and Cucumis melo subsp. melo.
The latter is then further sub-divided in the botanical va-
rieties var. cantalupensis (also known as cantaloupe;
muskmelon; netted melon; Persian melon; nutmeg mel-
on), var. chito, var. flexuosus, var. inodorus, var. momor-
dica (snap melon), var. reticulatis and var. texanus. Mel-
on accession PI313970 as referred to herein, corre-
sponds to Cucumis melo var. agrestis. This botanical
variety is growing as weed in several African and Asian
countries. This accession has the biological status "wild".
Its fruits are inedible.
[0019] The term "cultivar" is used herein to denote a
plant having a biological status other than a "wild" status,
which "wild" status indicates the original non-cultivated,
or natural state of a plant or accession. The term "cultivar"
(for cultivated variety) includes, but is not limited to, semi-
natural, semi-wild, weedy, traditional cultivar, landrace,
breeding material, research material, breeder’s line, syn-
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thetic population, hybrid, founder stock/base population,
inbred line (parent of hybrid cultivar), segregating popu-
lation, mutant/genetic stock, and advanced/improved
cultivar. Examples of cultivars include such cultivated va-
rieties that belong to the botanical groups Cucumis melo
var. cantalupensis (the Charantais and Italian canta-
loupe group), Cucumis melo var. reticulatis (the Galia
and Ananas group), and Cucumis melo var. inodorus
(including Piel de Sapo, Yellow Canary, Branco and Hon-
eydew types). Therefore, a plant of the present in inven-
tion is preferably a plant of the melon botanical varieties
cantalupensis, reticulatis or inodorus. The term "var." in-
dicates a varietas (a taxonomic level below that of the
species). A plant of the present invention is preferably
not a Cucumis melo var. agrestis plant.
[0020] The term "a plant of melon accession
PI313970" is used to indicate the source of the closter-
ovirus-resistance QTL identified herein, and includes the
accession as available from any of the public collections
or depository institutions well know to the skilled artisan,
as well as closterovirus-resistant derivatives thereof.
[0021] The term "closterovirus" as used herein refers
to a virus of the family of Closteriviridae including, but
not limited to, viruses commonly referred to as Cucurbit
yellow stunting disorder virus (CYSDV), Lettuce infec-
tious yellows virus (LIYV) and Beet pseudo-yellows virus
(BPYV; also known under its synonyms Melon chlorotic
spot virus (CCSV), Melon yellows virus, Muskmelon yel-
lows virus or Strawberry pallidosis virus), preferably
BPYV and CYSDV, most preferably CYSDV.
[0022] A "locus" is defined herein as the position that
a given gene occupies on a chromosome of a given spe-
cies.
[0023] As used herein, the term "heterozygous" means
a genetic condition existing when different alleles reside
at corresponding loci on homologous chromosomes.
[0024] As used herein, the term "homozygous" means
a genetic condition existing when identical alleles reside
at corresponding loci on homologous chromosomes.
[0025] As used herein, the term "hybrid" means any
offspring of a cross between two genetically unlike indi-
viduals, including but not limited to the cross between
two inbred lines.
[0026] As used herein, the term "inbred" means a sub-
stantially homozygous individual or line.
[0027] As used herein, the terms "introgression", "in-
trogressed" and "introgressing" refer to both a natural
and artificial process whereby genes of one species, va-
riety or cultivar are moved into the genome of another
species, variety or cultivar, by crossing those species.
The process may optionally be completed by backcross-
ing to the recurrent parent.
[0028] "Genetic engineering", "transformation" and
"genetic modification" are all used herein as synonyms
for the transfer of isolated and cloned genes into the DNA,
usually the chromosomal DNA or genome, of another
organism.
[0029] The terms "resistant" and "resistance" encom-

pass both partial and full resistance to infection. A
CYSDV-susceptible melon plant may either be non-re-
sistant or have low levels of resistance to infection by
CYSDV.
[0030] As used herein, the term "plant part" indicates
a part of the melon plant, including single cells and cell
tissues such as plant cells that are intact in plants, cell
clumps and tissue cultures from which melon plants can
be regenerated. Examples of plant parts include, but are
not limited to, single cells and tissues from pollen, ovules,
leaves, embryos, roots, root tips, anthers, flowers, fruits,
stems shoots, and seeds; as well as pollen, ovules,
leaves, embryos, roots, root tips, anthers, flowers, fruits,
stems, shoots, scions, rootstocks, seeds, protoplasts,
calli, and the like.
[0031] As used herein, the term "population" means a
genetically heterogeneous collection of plants sharing a
common genetic derivation.
[0032] As used herein, the term "cultivated variety" or
"cultivar" means a group of similar plants that by struc-
tural or genetic features and/or performance can be dis-
tinguished from other cultivated varieties within the same
species. The term "variety" without any specific indication
may refer to both a botanical and a cultivated variety, and
to either one depending on the context.
[0033] The term "QTL" is used herein in its art-recog-
nised meaning. The term "QTL associated with resist-
ance to CYSDV in melon" as well as the shorter term
"QTL for CYSDV-resistance" refer to a region located on
a particular chromosome of melon that is associated with
at least one gene that encodes for CYSDV-resistance or
at least a regulatory region, i.e. a region of a chromosome
that controls the expression of one or more genes in-
volved in CYSDV-resistance. The phenotypic expression
of that gene may for instance be observed as a reduced
rate of viral replication and/or as a reduced rate of viral
movement through the plant. A QTL may for instance
comprise one or more genes of which the products confer
the genetic resistance. Alternatively, a QTL may for in-
stance comprise regulatory genes or sequences of which
the products influence the expression of genes on other
loci in the genome of the plant thereby conferring the
CYSDV-resistance. The QTL as disclosed herein (QTL-
1) may be defined by indicating its genetic location in the
genome of the respective wild Cucumis accession using
one or more molecular genomic markers. One or more
markers, in turn, indicate a specific locus. Distances be-
tween loci are usually measured by frequency of cross-
ing-over between loci on the same chromosome and ex-
pressed as centimorgan. The further apart two loci are,
the more likely that a crossover will occur between them.
Conversely, if two loci are close together, a crossover is
less likely to occur between them. As a rule, one centi-
morgan (Kosambi map function (cM)) is approximately
equal to 1% recombination between loci (markers) (Lui,
1997). When a QTL can be indicated by multiple markers
the genetic distance between the end-point markers is
indicative of the size of the QTL.
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[0034] The term "CYSDV-susceptible recipient melon
plant" is used herein to indicate a melon plant that is to
receive DNA obtained from a donor melon plant that com-
prises a QTL for CYSDV-resistance. Said "CYSDV-sus-
ceptible recipient melon plant" may or may not already
comprise one or more QTLs for CYSDV-resistance, in
which case the term indicates a plant that is to receive
an additional QTL.
[0035] The term "natural genetic background" is used
herein to indicate the original genetic background of a
QTL. Such a background is the genome of melon acces-
sion PI313970. Thus, melon accession PI313970 repre-
sent the natural genetic background of the QTL of the
invention. Conversely, a method that involves the trans-
fer of DNA comprising the QTL, or a resistance-confer-
ring part thereof, from chromosome LG6 of melon acces-
sion PI313970 to the same position on the corresponding
chromosome of another melon species, will result in that
QTL, or said resistance-conferring part thereof, not being
in its natural genetic background.
[0036] As used herein, the term "linkage group" refers
to all of the genes or genetic traits that are located on the
same chromosome. Within the linkage group, those loci
that are close enough together will exhibit linkage in ge-
netic crosses. Since the probability of crossover increas-
es with the physical distance between genes on a chro-
mosome, genes whose locations are far removed from
each other within a linkage group may not exhibit any
detectable linkage in direct genetic tests. The term "link-
age group" is mostly used to refer to genetic loci that
exhibit linked behaviour in genetic systems where chro-
mosomal assignments have not yet been made. Thus,
in the present context, the term "linkage group" is syn-
onymous to (the physical entity of) chromosome.
[0037] As used herein, the term "molecular marker"
refers to an indicator that is used in methods for visual-
izing differences in characteristics of nucleic acid se-
quences. Examples of such indicators are restriction
fragment length polymorphism (RFLP) markers, ampli-
fied fragment length polymorphism (AFLP) markers, sin-
gle nucleotide polymorphisms (SNPs), insertion muta-
tions, microsatellite markers, sequence-characterized
amplified regions (SCARs), cleaved amplified polymor-
phic sequence (CAPS) markers or isozyme markers or
combinations of the markers described herein which de-
fines a specific genetic and chromosomal location. A
"molecular marker linked to a QTL" as defined herein
may thus refer to SNPs, insertion mutations as well as
more usual AFLP markers or any other type of marker
used in the field. In the context of AFLP markers named
herein the markers indicate a melon-specific DNA se-
quence flanked by two AFLP-primers, which primers con-
sist of "core primers" E and M, corresponding with the
restriction sites of the restriction enzymes EcoRI and
MseI, (Vos et al., 1995; Bai et al. 2003), each followed
by a two-digit code identifying the selective nucleotides
by which the "core primer" is extended (11: AA; 14: AT;
48: CAC; 49: CAG; 50: CAT; 51: CCA; 54: CCT; 57: CGG;

60: CTC). E11/M49-239 represents a marker obtained
by using amplification primers EcoRI + AA and MseI +
CAG to produce a fragment having a total length of 239
bp. which is the approximated size of the resulting poly-
morphic fragment (given size � 1-2 basepairs). The size
is normally rounded off but may also be given in decimals.
The length of the fragment may depend on the method
used to detect the fragment, and is an approximation of
its true length.
[0038] The term "melon-specific DNA sequence" indi-
cates a polynucleotide sequence having a nucleotide se-
quence homology of more than 80%, preferably more
than 85%, more preferably more than 90%, even more
preferably more than 95%, still more preferably more
than 97%, most preferably more than 99% with a se-
quence of the genome of the species Cucumis melo that
shows the greatest similarity to it, preferably in the case
of markers for the QTL of the present invention, the part
of the DNA sequence of melon accession PI313970
flanking the QTL-1 markers.
[0039] The term "nucleotide sequence homology" as
used herein denotes the presence of homology between
two polynucleotides. Polynucleotides have "homolo-
gous" sequences if the sequence of nucleotides in the
two sequences is the same when aligned for maximum
correspondence. Sequence comparison between two or
more polynucleotides is generally performed by compar-
ing portions of the two sequences over a comparison
window to identify and compare local regions of se-
quence similarity. The comparison window is generally
from about 20 to 200 contiguous nucleotides. The "per-
centage of sequence homology" for polynucleotides,
such as 50, 60, 70, 80, 90, 95, 98, 99 or 100 percent
sequence homology may be determined by comparing
two optimally aligned sequences over a comparison win-
dow, wherein the portion of the polynucleotide sequence
in the comparison window may include additions or de-
letions (i.e. gaps) as compared to the reference se-
quence (which does not comprise additions or deletions)
for optimal alignment of the two sequences. The percent-
age is calculated by: (a) determining the number of po-
sitions at which the identical nucleic acid base occurs in
both sequences to yield the number of matched posi-
tions; (b) dividing the number of matched positions by
the total number of positions in the window of compari-
son; and (c) multiplying the result by 100 to yield the
percentage of sequence homology. Optimal alignment
of sequences for comparison may be conducted by com-
puterized implementations of known algorithms, or by
visual inspection. Readily available sequence compari-
son and multiple sequence alignment algorithms are, re-
spectively, the Basic Local Alignment Search Tool
(BLAST) (Altschul et al., 1990, Altschul et al., 1997) and
ClustalW programs, both available on the internet. Other
suitable programs include, but are not limited to, GAP,
BestFit, PlotSimilarity, and FASTA in the Wisconsin Ge-
netics Software Package (Genetics Computer Group
(GCG), Madison, WI, USA) (Devereux et al., 1984).
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[0040] A quantitative trait locus (QTL) associated with
resistance to closterovirus as described herein was first
observed in a plant of melon accession PI313970. Upon
AFLP analysis, and interval mapping of a large number
of AFLP markers in the genome of crosses between
PI313970 and commercial melon cultivars, the clostero-
virus-resistance-conferring QTL was found to be associ-
ated with markers E11/M54-156, E14/M54-152, E14/
M51-210, E14/M51-083, E11/M49-239, E11/M54-169,
E14/M50-262, E11/M57-278, E11/M54-163 and/or E11/
M49-072,, and was found to be located on the chromo-
some equivalent of linkage group (LG) 6 on a region
spanning about 1.9 to about 17.2 cM.
[0041] The markers identified herein may be used is
various aspects as will now be illustrated. Aspects are
not be limited to the use of the markers identified herein.
It is stressed that the aspects may also make use of mark-
ers not explicitly disclosed herein or even yet to be iden-
tified. Other than the genetic unit "gene", on which the
phenotypic expression depends on a large number of
factors that cannot be predicted, the genetic unit "QTL"
denotes a region on the genome that is directly related
to a phenotypic quantifiable trait. Thus, while genes per
se bears little or no relation to plant breeding, a QTL is
directly applicable to plant breeding. Now that no QTLs
for closterovirus-resistance in melon were known prior
to the filing of the present application, it follows that there
was no industrial application of closterovirus-resistance
genes in methods for plant breeding. The present inven-
tors have now discovered a QTL for closterovirus-resist-
ance in melon that is carried into offspring plants. The
inventors made this discovery by observing that the pres-
ence of a string of contiguous genomic markers belong-
ing to linkage group 6, i.e. on a single chromosome in
the genome of melon correlated to the presence of a
particular phenotypic trait that affected the occurrence of
disease symptoms after exposure to an infectious
amount of closterovirus viral particles in those melons
and they showed that this genomic region was inherited
according to normal Mendelian laws of inheritance.
[0042] The QTL first described herein is located on
chromosome identified herein as linkage group 6 and its
location is best characterized by a number of otherwise
arbitrary markers. In the present investigations amplified
fragment length polymorphism (AFLP) markers were
used, although restriction fragment length polymorphism
(RFLP) markers, single nucleotide polymorphisms
(SNPs), microsatellite markers (e.g. SSRs), sequence-
characterized amplified region (SCAR) markers, cleaved
amplified polymorphic sequence (CAPS) markers or iso-
zyme markers or combinations of these markers might
also have been used. In general, a QTL may span a re-
gion of several million bases. Therefore, providing the
complete sequence information for the QTL is practically
unfeasible but also unnecessary, as the way in which the
QTL is first detected-through the observed correlation
between the presence of a string of contiguous genomic
markers and the presence of a particular phenotypic

traits-allows one to trace amongst offspring plants those
plants that have the genetic potential for exhibiting a par-
ticular phenotypic trait. The non-limiting list of markers
provides for the effective utility of the QTL in a breeding
program.
[0043] The QTL as described herein was found by
crossing C. melo var. agrestis (PI 319370) with C. melo
var. reticulatis (galia) and screening for resistance to
CYSDV using a conventional bioassay (field-test under
natural CYSDV pressure). LOD scores for AFLP markers
significantly higher than 3 were considered to indicate
the QTL.
[0044] A marker is specific for a particular line of breed.
Thus, a specific trait is associated with a particular mark-
er. The markers as indicated in the present application
do not only indicate the location of the QTL, they also
correlate to the presence of the specific phenotypic trait
in a plant. It is important to note that the contiguous ge-
nomic markers that indicate the location of the QTL on
the genome are in principal arbitrary or non-limiting. In
general, the location of a QTL is indicated by a contiguous
string of markers that exhibit statistical correlation to the
phenotypic trait. Once a marker is found outside that
string (i.e. one that has a LOD-score below a certain
threshold, indicating that the marker is so remote that
recombination in the region between that marker and the
QTL occurs so frequently that the presence of the marker
does not correlate in a statistically significant manner to
the presence of the phenotype) the boundaries of the
QTL are set. Thus, it is also possible to indicate the lo-
cation of the QTL by other markers located within that
specified region.
[0045] It is further important to note that the contiguous
genomic markers can also be used to indicate the pres-
ence of the QTL (and thus of the phenotype) in an indi-
vidual plant, i.e. they can be used in marker assisted
selection (MAS) procedures. In principle, the number of
potentially useful markers is limited but may be very large,
and the skilled person may easily identify additional
markers to those mentioned in the present application.
Any marker that is linked to the QTL, e.g. falling within
the physically boundaries of the genomic region spanned
by the markers having established LOD scores above a
certain threshold thereby indicating that no or very little
recombination between the marker and the QTL occurs
in crosses; as well as any marker in linkage disequilibrium
to the QTL; as well as markers that represent the actual
causal mutations within the QTL, may be used in MAS
procedures. This means that the markers identified in the
application as associated to the QTL, such as the AFLP
marker E11/M49-239, are mere examples of markers
suitable for use in MAS procedures. Moreover, when the
QTL, or the specific trait-conferring part thereof, is intro-
gressed into another genetic background (i.e. into the
genome of another plant species), then some markers
may no longer be found in the offspring although the trait
is present therein, indicating that such markers are out-
side the genomic region that represents the specific trait-
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conferring part of the QTL in the original parent line only
and that the new genetic background has a different ge-
nomic organisation.
[0046] Thus, a method for producing a plant as de-
scribed herein comprising introgressing into a clostero-
virus-susceptible melon plant the closterovirus-resist-
ance-conferring QTL from melon accession PI313970,
and involving MAS procedures, is not limited to the use
of markers that are provided herein for the sole purpose
of (roughly) indicated the location of the QTL in the chro-
mosome. The skilled person knows that other markers
may provide at least equal utility in such MAS procedures.
[0047] The causal mutation of the QTL, i.e. a mutation
in the DNA comprised in the QTL, which e.g. results in a
change in a protein-coding sequence or affects the ex-
pression of a gene in a manner that leads to the observed
phenotype, is not always identified. This in itself is, how-
ever, of no consequence to the invention as any of the
markers associated with the QTL and present in a
screened plant indicates the presence of the causal mu-
tation in that plant.
[0048] Because reliable and reproducible disease as-
says that would enable the identification and localization
of genetic material responsible for conferring closterovi-
rus-reistance are time consuming, the use of markers
linked to the QTL identified herein will aid in breeding for
closterovirua-reaistance in melon.
[0049] The nucleic acid sequence of a QTL described
herein may be determined by methods known to the
skilled person. For instance, a nucleic acid sequence
comprising said QTL or a resistance-conferring part
thereof may be isolated from a closterovirus-resistant do-
nor plant by fragmenting the genome of said plant and
selecting those fragment harboring one or more markers
indicative of said QTL. Subsequently, or alternatively, the
marker sequences (or parts thereof) indicative of said
QTL may be used as (PCR) amplification primers, in or-
der to amplify a nucleic acid sequence comprising said
QTL from a genomic nucleic acid sample or a genome
fragment obtained from said plant. The amplified se-
quence may then be purified in order to obtain the isolated
QTL. The nucleotide sequence of the QTL, and/or of any
additional markers comprised therein, may then be ob-
tained by standard sequencing methods.
[0050] Also described herein is an isolated nucleic acid
(preferably DNA) sequence that comprises a QTL de-
scribed herein, or a closterovirus-resistance-conferring
part thereof. Thus, the markers that pinpoint the various
QTLs described herein may be used for the identification,
isolation and purification of one or more genes from mel-
on that encode for closterovirus resistance.
[0051] The nucleotide sequence of a QTL described
herein may for instance also be resolved by determining
the nucleotide sequence of one or more markers asso-
ciated with said QTL and designing internal primers for
said marker sequences that may then be used to further
determine the sequence the QTL outside of said marker
sequences. For instance the nucleotide sequence of the

AFLP markers identified herein may be obtained by iso-
lating said markers from the electrophoresis gel used in
the determination of the presence of said markers in the
genome of a subject plant, and determining the nucle-
otide sequence of said markers by for instance dideoxy
chain terminating methods, well known in the art.
[0052] In such methods for detecting the presence of
a QTL in a suspected closterovirus-resistant melon plant,
the method may also comprise the steps of providing a
oligonucleotide or polynucleotide capable of hybridizing
under stringent hybridization conditions to a nucleic acid
sequence of a marker linked to said QTL, preferably se-
lected from the markers identified herein as being linked
to said QTL, contacting said oligonucleotide or polynu-
cleotide with a genomic nucleic acid of a suspected clos-
terovirus-resistant melon plant, and determining the
presence of specific hybridization of said oligonucleotide
or polynucleotide to said genomic nucleic acid. Prefera-
bly said method is performed on a nucleic acid sample
obtained from said suspected closterovirus-resistant
melon plant, although in situ hybridization methods may
also be employed. Alternatively, and in a more preferred
embodiment, the skilled person may, once the nucleotide
sequence of the QTL has been determined, design spe-
cific hybridization probes or oligonucleotides capable of
hybridizing under stringent hybridization conditions to the
nucleic acid sequence of said QTL and may use such
hybridization probes in methods for detecting the pres-
ence of a QTL described herein in a suspected closter-
ovirus-resistant melon plant.
[0053] The phrase "stringent hybridization conditions"
refers to conditions under which a probe or polynucle-
otide will hybridize to its target subsequence, typically in
a complex mixture of nucleic acids, but to essentially no
other sequences. Stringent conditions are sequence-de-
pendent and will be different in different circumstances.
Longer sequences hybridize specifically at higher tem-
peratures. An extensive guide to the hybridization of nu-
cleic acids is found in Tijssen (Tijssen, 1993). Generally,
stringent conditions are selected to be about 5-10°C low-
er than the thermal melting point (Tm) for the specific
sequence at a defined ionic strength pH. The Tm is the
temperature (under defined ionic strength, pH, and nu-
cleic acid concentration) at which 50% of the probes com-
plementary to the target hybridize to the target sequence
at equilibrium (as the target sequences are present in
excess, at Tm, 50% of the probes are occupied at equi-
librium). Stringent conditions will be those in which the
salt concentration is less than about 1.0 M sodium ion,
typically about 0.01 to 1.0 M sodium ion concentration
(or other salts) at pH 7.0 to 8.3 and the temperature is at
least about 30°C for short probes (e.g., 10 to 50 nucle-
otides) and at least about 60°C for long probes (e.g.,
greater than 50 nucleotides). Stringent conditions may
also be achieved with the addition of destabilizing agents
such as formamide. For selective or specific hybridiza-
tion, a positive signal is at least two times background,
preferably 10 times background hybridization. Exempla-
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ry stringent hybridization conditions are often: 50% for-
mamide, 5xSSC, and 1% SDS, incubating at 42°C, or,
5xSSC, 1% SDS, incubating at 65°C, with wash in
0.2xSSC, and 0.1% SDS at 65°C. For PCR, a tempera-
ture of about 36°C is typical for low stringency amplifica-
tion, although annealing temperatures may vary between
about 32°C and 48°C depending on primer length. Addi-
tional guidelines for determining hybridization parame-
ters are provided in numerous references, e.g. Current
Protocols in Molecular Biology, eds. Ausubel, et al.
1995).
[0054] "Nucleic acid" or "oligonucleotide" or "polynu-
cleotide" or grammatical equivalents used herein means
at least two nucleotides covalently linked together. Oli-
gonucleotides are typically from about 7, 8, 9, 10, 12, 15,
18 20 25, 30, 40, 50 or up to about 100 nucleotides in
length. Nucleic acids and polynucleotides are a polymers
of any length, including longer lengths, e.g., 200, 300,
500, 1000, 2000, 3000, 5000, 7000, 10.000, etc. A nucleic
acid as disclosed herein will generally contain phosphodi-
ester bonds, although in some cases, nucleic acid ana-
logs are included that may have alternate backbones,
comprising, e.g., phosphoramidate, phosphorothioate,
phosphorodithioate, or O-methylphophoroamidite link-
ages (see Eckstein, 1991), and peptide nucleic acid
backbones and linkages. Mixtures of naturally occurring
nucleic acids and analogs can be used. Particularly pre-
ferred analogs for oligonucleotides are peptide nucleic
acids (PNA).

Production of closterovirus-resistant melon plants by 
transgenic methods

[0055] A closterovirus-resistant melon plant, or part
thereof, according to the present invention comprises
within its genome a QTL associated with closterovirus-
resistance, or a closterovirus-resistance-conferring part
thereof, as defined herein above and derived from melon
accession PI313970 wherein said QTL or said clostero-
virus-resistance-conferring part thereof is not in its nat-
ural genetic background. Such a plant may be obtained
by using various methods well known in the art, either
transgenic or non-transgenic.
[0056] A nucleic acid (preferably DNA) sequence com-
prising the QTL as disclosed herein or a closterovirus-
resistance-conferring part thereof, may be used for the
production of a closterovirus-resistant melon plant. Here-
in is described the use of a QTL as described herein or
closterovirus-resistance-conferring parts thereof, for pro-
ducing a closterovirus-resistant melon plant, which use
involves the introduction of a nucleic acid sequence com-
prising said QTL in a closterovirus-susceptible recipient
melon plant. As stated, said nucleic acid sequence may
be derived from a suitable closterovirue-resistant donor
melon plant. A suitable closterovirus-resistant donor mel-
on plant capable of providing a nucleic acid sequence
comprising the hereinbefore-described QTL, or closter-
ovirus-resistance-conferring part thereof, is Cucumis

melo accession PI313970. Other related melon plants
that exhibit resistance to closterovirus and comprise one
or more genes that encode for closterovirus resistance
may also be utilized as closterovirus-resistance donor
plants as the present invention describes how this ma-
terial may be identified. Other accessions of Cucumis
melo can be examines for closterovirus-resistance either
by using bioassay screens or by using MAS procedures
with a marker specific for the QTL described herein.
[0057] A QTL as described herein was first discovered
in Cucumis melo accession PI313970, however, also
other melon accession may be screened for the presence
of this QTL. Once identified in a suitable donor melon
plant, the nucleic acid sequence that comprises a QTL
for closterovirus-resistance as described herein or a clos-
terovirus-resistance-conferring part thereof, may be
transferred to a suitable recipient plant by any method
available. For instance, the said nucleic acid sequence
may be transferred by crossing a closterovirus-resist-
ance donor melon plant with a susceptible recipient mel-
on plant, or even a plant of another genus, (i.e. by Intro-
gression), by transformation, by protoplast fusion, by a
doubled haploid technique or by embryo rescue or by
any other nucleic acid transfer system, optionally fol-
lowed by selection of offspring plants comprising the QTL
and exhibiting closterovirus-resistance. For transgenic
methods of transfers nucleic acid sequence comprising
a QTL for closterovirus-resistance as described herein
or a closterovirus-resistance-conferring part thereof, may
be isolated from said donor plant by using methods
known in the art and the thus isolated nucleic acid se-
quence may be transferred to the recipient plant by trans-
genic methods, for instance by means of a vector, in a
gamete, or in any other suitable transfer element, such
as a ballistic particle coated with said nucleic acid se-
quence.
[0058] Plant transformation generally involves the con-
struction of an expression vector that will function in plant
cells. As envisioned herein, such a vector comprises a
nucleic acid sequence that comprises a QTL for closter-
ovirus-resistance as described herein, or a closterovirus-
resistance-conferring part thereof, which vector may
comprise a closterovirus-resistance-conferring gene that
is under control of or operatively linked to a regulatory
element, such as a promoter. The expression vector may
contain one or more such operably linked gene/regula-
tory element combinations, provided that at least one of
the genes contained in the combinations encodes for
closterovirus-resietance. The vector(s) may be in the
form of a plasmid, and can be used, alone or in combi-
nation with other plasmids, in a method for producing
transgenic plants that are resistant to closterovirus, using
transformation methods known in the art, such as the
Agrobacterium transformation system.
[0059] Expression vectors can include at least one
marker (reporter) gene, operably linked to a regulatory
element (such as a promoter) that allows transformed
cells containing the marker to be either recovered by neg-
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ative selection (by inhibiting the growth of cells that do
not contain the selectable marker gene), or by positive
selection (by screening for the product encoded by the
markers gene). Many commonly used selectable marker
genes for plant transformation are known in the art, and
include, for example, genes that code for enzymes that
metabolically detoxify a selective chemical agent which
may be an antibiotic or a herbicide, or genes that encode
an altered target which is insensitive to the inhibitor. Sev-
eral positive selection methods are known in the art, such
as mannose selection. Alternatively, marker-less trans-
formation can be used to obtain plants without mentioned
marker genes, the techniques for which are known in the
art.
[0060] One method for introducing an expression vec-
tor into a plant is based on the natural transformation
system of Agrobacterium (see e.g. Horsch et al., 1985).
A. tumefaciens and A. rhizogenes are plant pathogenic
soil bacteria that genetically transform plant cells. The Ti
and Ri plasmids of A. tumefaciens and A. rhizogenes,
respectively, carry genes responsible for genetic trans-
formation of the plant (see e.g. Kado, 1991). Methods of
introducing expression vectors into plant tissue include
the direct infection or co-cultivation of plant cells with
Agrobacterium tumefaciens (Horsch et al., 1985). De-
scriptions of Agrobacterium vectors systems and meth-
ods for Agrobacterium-mediated gene transfer provided
by Gruber and Crosby, 1993 and Moloney et al., 1989.
See also, U. S. Pat. No. 5,591,616. General descriptions
of plant expression vectors and reporter genes and trans-
formation protocols and descriptions of Agrobacterium
vector systems and methods for Agrobacterium-mediat-
ed gene transfer can be found in Gruber and Crosby,
1993. General methods of culturing plant tissues are pro-
vided for example by Miki et al., 1993 and by Phillips, et
al., 1988. A proper reference handbook for molecular
cloning techniques and suitable expression vectors is
Sambrook and Russell (2001).
[0061] Another method for introducing an expression
vector into a plant is based on microprojectile-mediated
transformation wherein DNA is carried on the surface of
microprojectiles. The expression vector is introduced into
plant tissues with a biolistic device that accelerates the
microprojectiles to speeds of 300 to 600 m/s which is
sufficient to penetrate plant cell walls and membranes
(See, Sanford et al., 1987, 1993; Sanford, 1988, 1990;
Klein et al., 1988, 1992). Another method for introducing
DNA to plants is via the sonication of target cells (see
Zhang et al., 1991). Alternatively, liposome or sphero-
plast fusion has been used to introduce expression vec-
tors into plants (see e.g. Deshayes et al., 1985 and Chris-
tou et al., 1987). Direct uptake of DNA into protoplasts
using CaCl2 precipitation, polyvinyl alcohol or poly-L-or-
nithine has also been reported (see e.g., Hain et al. 1985
and Draper et al., 1982). Electroporation of protoplasts
and whole cells and tissues has also been described
(D’Halluin et al., 1992 and Laursen et al., 1994).
[0062] Following transformation of melon target tis-

sues, expression of the above described selectable
marker genes allows for preferential selection of trans-
formed cells, tissues and/or plants, using regeneration
and selection methods now well known in the art. The
AFLP markers as identified herein may also be used for
that purpose.

Production of closterovirus-resistant melon plants by 
non-transgenic methods

[0063] In an alternative embodiment for producing a
closterovirus-resistant melon plant, protoplast fusion can
be used for the transfer of nucleic acids from a donor
plant to a recipient plant. Protoplast fusion is an induced
or spontaneous union, such as a somatic hybridization,
between two or more protoplasts (cells of which the cell
walls are removed by enzymatic treatment) to produce
a single bi- or multi-nucleate cell. The fused cell, that may
even be obtained with plant species that cannot be inter-
breeded in nature, is tissue cultured into a hybrid plant
exhibiting the desirable combination of traits. More spe-
cifically, a first protoplast can be obtained from a melon
plant or other plant line that exhibits resistance to infec-
tion by closterovirus. A second protoplast can be ob-
tained from a second melon or other plant line, preferably
a melon line that comprises commercially valuable char-
acteristics, such as, but not limited to disease resistance,
insect resistance, valuable fruit characteristics, etc. The
protoplasts are then fused using traditional protoplast fu-
sion procedures, which are known in the art.
[0064] Alternatively, embryo rescue may be employed
in the transfer of a nucleic acid comprising one or more
QTLs as described herein from a donor plant to a recip-
ient plant. Embryo rescue can be used as a procedure
to isolate embryo’s from crosses wherein plants fail to
produce viable seed. In this process, the fertilized ovary
or immature seed of a plant is tissue cultured to create
new plants (Pierik, 1999).
[0065] Also described herein is a method of producing
a closterovirus resistant melon plant comprising the steps
of performing a method for detecting the presence of a
quantitative resistance locus (QTL) associated with re-
sistance to closterovirus in a donor melon plant as de-
scribed above, and transferring a nucleic acid sequence
comprising at least one QTL thus detected, or a closter-
ovirus-resistance-conferring part thereof, from said do-
nor plant to a closterovirus-suaceptible recipient melon
plant, The transfer of said nucleic acid sequence may be
performed by any of the methods previously described
herein.
[0066] A preferred embodiment of such a method com-
prises the transfer by introgression of said nucleic acid
sequence from a closterovirus-resistant donor melon
plant into a closterovirus-susceptible recipient melon
plant by crossing said plants. This transfer may thus suit-
ably be accomplished by using traditional breeding tech-
niques. QTLs are preferably introgressed into commer-
cial melon lines by using marker-assisted breeding
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(MAS). Marker-assisted breeding or marker-assisted se-
lection involves the use of one or more of the molecular
markers for the identification and selection of those off-
spring plants that contain one or more of the genes that
encode for the desired trait. In the present instance, such
identification and selection is based on selection of QTLs
described herein or markers associated therewith. MAS
can also be used to develop near-isogenic lines (NIL)
harboring the QTL of interest, allowing a more detailed
study of each QTL effect and is also an effective method
for development of backcross inbred line (BIL) popula-
tions (see e.g. Nesbitt et al., 2001; van Berloo et al.,
2001). Melon plants developed according to this embod-
iment can advantageously derive a majority of their traits
from the recipient plant, and derive closterovirus-resist-
ance from the donor plant.
[0067] As discussed briefly above, traditional breeding
techniques can be used to introgress a nucleic acid se-
quence encoding for clostarovirus-resistance into a clos-
terovirus-susceptible recipient melon plant. In one meth-
od, which is referred to as pedigree breeding, a donor
melon plant that exhibits resistance to closterovirus and
comprising a nucleic acid sequence encoding for clos-
terovirus-resistance is crossed with a closterovirus-sus-
ceptible recipient melon plant that preferably exhibits
commercially desirable characteristics, such as, but not
limited to, disease resistance, insect resistance, valuable
fruit characteristics, etc. The resulting plant population
(representing the F1 hybrids) is then self-pollinated and
set seeds (F2 seeds). The F2 plants grown from the F2
seeds are then screened for resistance to closterovirus.
The population can be screened in a number of different
ways.
[0068] First, the population can be screened using a
traditional disease screen. Such disease screens are
known in the art. Preferably a quantitative bioassay is
used. Second, marker-assisted selection can be per-
formed using one or more of the hereinbefore-described
molecular markers to identify those progeny that com-
prise a nucleic acid sequence encoding for closterovirus-
resistance. Other methods, referred to hereinabove by
methods for detecting the presence of a QTL may be
used. Also, marker-assisted selection can be used to
confirm the results obtained from the quantitative bio-
assays, and therefore, several methods may also be
used in combination.
[0069] Inbred closterovirus-resistant melon plant lines
can be developed using the techniques of recurrent se-
lection and backcrossing, selfing and/or dihaploids or any
other technique used to make parental lines. In a method
of recurrent selection and backcrossing, closterovirus-
resistance can be introgressed into a target recipient
plant (the recurrent parent) by crossing the recurrent par-
ent with a first donor plant, which differs from the recurrent
parent and is referred to herein as the "non-recurrent
parent". The recurrent parent is a plant that is non-resist-
ant or has a low level of resistance to closterovirus and
possesses commercially desirable characteristics, such

as, but not limited to (additional) disease resistance, in-
sect resistance, valuable fruit characteristics, etc. The
non-recurrent parent exhibits closterovirus resistance
and comprises a nucleic acid sequence that encodes for
closterovirus-resistance. The non-recurrent parent can
be any plant variety or inbred line that is cross-fertile with
the recurrent parent. The progeny resulting from a cross
between the recurrent parent and non-recurrent parent
are backcrossed to the recurrent parent. The resulting
plant population is then screened for the desired charac-
teristics, which screening may occur in a number of dif-
ferent ways. For instance, the population can be
screened using phenotypic pathology screens or quan-
titative bioassays as known in the art. Alternatively, in
stead of using bioassays, marker-assisted selection
(MAS) can be performed using one or more of the here-
inbefore described molecular markers, hybridization
probes or polynucleotides to identify those progeny that
comprise a nucleic acid sequence encoding for closter-
ovirus-resistance. Also, MAS can be used to confirm the
results obtained from the quantitative bioassays. In case
the QTL is located on a recessive locus, this means that
the resistance gene cannot be screened in an F1 or BC1
population by using phenotypic screens such as resist-
ance bioassays. The markers defined herein are there-
fore ultimately suitable to select proper offspring plants
by genotypic screening.
[0070] Following screening, the F1 hybrid plants that
exhibit a closterovirus-resistant phenotype or, more pref-
erably, genotype and thus comprise the requisite nucleic
acid sequence encoding for closterovirus-resistance are
then selected and backcrossed to the recurrent parent
for a number of generations in order to allow for the melon
plant to become increasingly inbred. This process can
be performed for two to five or more generations. In prin-
ciple the progeny resulting from the process of crossing
the recurrent parent with the closterovirus-resistance
non-recurrent parent are heterozygous for one or more
genes that encode for closterovirus-resistance.
[0071] It should be brought into mind that, for instance
when introgressing a recessive locus the resistant phe-
notype will only occur in offspring plants under conditions
wherein homozygous plants can be formed.
[0072] In general, a method of introducing a desired
trait into a hybrid melon variety comprises the steps of:

(a) crossing an inbred melon parent with another
melon plant that comprises one or more desired
traits, to produce F1 progeny plants, wherein the de-
sired trait is selected from the group consisting of
closterovirus resistance-resistance;
(b) selecting said F1 progeny plants that have the
desired trait to produce selected F1 progeny plants,
preferably using molecular markers as defined here-
in;
(c) backcrossing the selected progeny plants with
said inbred melon parent plant to produce backcross
progeny plants;
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(d) selecting for backcross progeny plants that have
the desired trait and morphological and physiological
characteristics of said inbred melon parent plant,
wherein said selection comprises the isolation of ge-
nomic DNA and testing said DNA for the presence
of at least one molecular marker for QTL-1, prefer-
ably as described herein;
(e) repeating steps (c) and (d) two or more times in
succession to produce selected third or higher back-
cross progeny plants;
(f) optionally selfing selected backcross progeny in
order to identify homozygous plants
(g) crossing at least one of said backcross progeny
or selfed plants with another inbred melon parent
plant to generate a hybrid melon variety with the de-
sired trait and all of the morphological and physio-
logical characteristics of hybrid melon variety when
grown in the same environmental conditions.

[0073] As indicated, the last backcross generation may
be selfed in order to provide for homozygous pure breed-
ing (inbred) progeny for closterovirus-resistance. Thus,
the result of recurrent selection, backcrossing and selfing
is the production of lines that are genetically homogenous
for the genes associated with closterovirus-resistance as
well as other genes associated with traits of commercial
interest.

Closterovirus-resistant melon plants and seeds

[0074] The goal of plant breeding is to combine in a
single variety or hybrid various desirable traits. For com-
mercial crops, these traits may include resistance to dis-
eases and insects, tolerance to heat and drought, reduc-
ing the time to crop maturity, greater yield, and better
agronomic quality. Uniformity of plant characteristics
such as germination and stand establishment, growth
rate, maturity, and plant height may also be of impor-
tance.
[0075] Commercial crops are bred through techniques
that take advantage of the plant’s method of pollination.
A plant is self-pollinated if pollen from one flower is trans-
ferred to the same or another flower of the same plant.
A plant is sib pollinated when individuals within the same
family or line are used for pollination. A plant is cross-
pollinated if the pollen comes from a flower on a different
plant from a different family or line.
[0076] Plants that have been self-pollinated and se-
lected for type for many generations become ho-
mozygous at almost all gene loci and produce a uniform
population of true breeding progeny. A cross between
two different homozygous lines produces a uniform pop-
ulation of hybrid plants that may be heterozygous for
many gene loci. A cross of two plants each heterozygous
at a number of gene loci will produce a population of
heterogeneous plants that differ genetically and will not
be uniform.
[0077] The development of a hybrid melon variety in a

melon plant breeding program involves three steps: (1)
the selection of plants from various germplasm pools for
initial breeding crosses; (2) the selfing of the selected
plants from the breeding crosses for several generations
to produce a series of inbred lines, which, individually
breed true and are highly uniform; and (3) crossing a
selected inbred line with an unrelated inbred line to pro-
duce the hybrid progeny (F1). After a sufficient amount
of inbreeding successive filial generations will merely
serve to increase seed of the developed inbred. Prefer-
ably, an inbred line should comprise homozygous alleles
at about 95% or more of its loci.
[0078] An important consequence of the homozygosity
and homogeneity of the inbred lines is that the hybrid
created by crossing a defined pair of inbreds will always
be the same. Once the inbreds that create a superior
hybrid have been identified, a continual supply of the hy-
brid seed can be produced using these inbred parents
and the hybrid melon plants can then be generated from
this hybrid seed supply.
[0079] Another aspect of the present invention relates
to a closterovirus-resistant melon plant, or part thereof,
comprising the QTLs in any configuration as described
in detail above wherein at least one of said QTLs is not
in its natural genetic background. The closterovirus-re-
sistant melon plants of the present invention can be of
any genetic type such as inbred, hybrid, haploid, dihap-
loid or transgenic. Further, the plants of the present in-
vention are homozygous for the resistance trait. Although
the QTLs as described herein as well as resistance-con-
ferring parts thereof may be transferred to any plant in
order to provide for a closterovirus-resistant plant, the
methods and plants of the invention are related to plants
of the species Cucumis melo.
[0080] The closterovirus-resistant inbred melon lines
described herein can be used in additional crossings to
create closterovirus-resistant hybrid plants. For example,
a first closterovirus-resistant inbred melon plant of the
invention can be crossed with a second inbred melon
plant possessing commercially desirable traits such as,
but not limited to, disease resistance, insect resistance,
desirable fruit characteristics, etc. This second inbred
melon line may or may not be closterovirus-resistant.
[0081] Another aspect relates to a method of producing
seeds that can be grown into closterovirus-resistant mel-
on plants. In one embodiment, the method comprises the
steps of providing a closterovirus-resistant melon plant
of the invention, crossing said closterovirus-resistant
plant with another melon plant, and collecting seeds re-
sulting from said cross, which when planted, produce
closterovirus-resistant melon plants.
[0082] In another embodiment, the method comprises
the steps of providing a closterovirus-resistant melon
plant of the invention, crossing said closterovirus-resist-
ant plant with a melon plant, collecting seeds resulting
from said cross, regenerating said seeds into plants, se-
lecting closterovirus-resistant plants by any of the meth-
ods described herein, self-pollinating the selected plants

19 20 



EP 1 962 578 B1

13

5

10

15

20

25

30

35

40

45

50

55

for a sufficient number of generations to obtain plants
that are fixed for an allele that confers closterovirus-re-
sistance in the plants, backcrossing the plants thus pro-
duced with melon plants having desirable phenotypic
traits for a sufficient number of generations to obtain mel-
on plants that are closterovirus-resistant and have desir-
able phenotypic traits, and collecting the seeds produced
from the plants resulting from the last backcross, which
when planted, produce melon plants which are closter-
ovirus-resistant.
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Claims

1. A CYSDV-resistant plant of the species Cucumis
melo, said plant comprising an introgression from a
plant of melon accession PI 313970, which introgres-
sion comprises a CYSDV-resistance -conferring
QTL or a CYSDV-resistance-conferring part thereof
linked to at least one marker located on the chromo-
some equivalent to linkage group (LG) 6 of melon
accession PI 313970, wherein said marker is
E11/M49-239, and wherein said QTL or said part
thereof is present in homozygous form.

2. Plant according to claim 1, wherein said plant of the
species Cucumis melo is a melon cultivar and/or a
plant of the group consisting of botanical varieties
Cucumis melon var cantalupensis, Cucumis melo
var. reticulatis or Cucumis melo var. inodorus.

3. Plant according to any one of the preceding claims,
wherein said plant is an inbred plant or hybrid plant.

4. A part of a plant as defined in any one of the preced-
ing claims.

5. Plant part according to claim 4, wherein said plant
is an inbred plant or hybrid plant and said plant part
is a seed or fruit.

Patentansprüche

1. CYSDV-resistente Pflanze der Pflanzenart Cucumis
melo, umfassend eine Introgression von einer Pflan-
ze der Melonen-Akzession PI 313970, wobei die In-
trogression einen CYSDV-Resistenz verleihenden
QTL oder einen CYSDV-Resistenz verleihenden
Teil davon aufweist, der mit wenigstens einem Mar-
ker verknüpft ist, der auf einem Chromosom ange-
ordnet ist, das äquivalent zur Verknüpfungsgruppe
(LG) 6 der Melonen-Akzession PI 313970 ist, wobei
der Marker E11/M49-239 ist und wobei die QTL oder
der Teil davon in homozygoter Form vorliegt.

2. Pflanze nach Anspruch 1, wobei die Pflanze der
Pflanzenart Cucumis melo ein Melonen-Cultivar
und/oder eine Pflanze aus der Gruppe bestehend
aus den botanischen Sorten Cucumis melo var. can-
talupensis, Cucumis melo var. reticulatis oder Cucu-
mis melo var. inodorus ist.

3. Pflanze nach einem der vorhergehenden Ansprü-
che, wobei die Pflanze eine Inzuchtpflanze oder eine
Hybridpflanze ist.

4. Ein Teil einer Pflanze nach einem der vorhergehen-
den Ansprüche.

5. Pflanze nach Anspruch 4, wobei die Pflanze eine
Inzuchtpflanze oder eine Hybridpflanze ist und der
Teil der Pflanze ein Samen oder eine Frucht ist.

Revendications

1. Une plante de l’espèce Cucumis melo résistante au
CYSDV , ladite plante comprenant une introgression
à partir d’une plante de melon de numéro d’accès
PI 313970, cette introgression comprenant un QTL
conférant une résistance au CYSDV ou une partie
de celui-ci conférant une résistance au CYSDV lié à
au moins un marqueur situé sur le chromosome
équivalent au groupe de liaison (LG) 6 du melon de
numéro d’accès PI 313970, dans lequel ledit mar-
queur est E11/M49-239, et dans lequel ledit QTL ou
ladite partie de celui-ci est présent sous forme ho-
mozygote.

2. Plante selon la revendication 1, dans laquelle ladite
plante de l’espèce Cucumis melo est un melon cul-
tivar et / ou une plante du groupe composé des va-
riétés botaniques Cucumis melo var. cantalupensis,
Cucumis melo var. reticulatis ou Cucumis melo var.
inodorus.

3. Plante selon l’une quelconque des revendications
précédentes, dans laquelle ladite plante est une
plante consanguine ou une plante hybride.

4. Une partie d’une plante telle que définie selon l’une
quelconque des revendications précédentes.

5. Partie de plante selon la revendication 4, dans la-
quelle ladite plante est une plante consanguine ou
une plante hybride et ladite partie de plante est une
graine ou un fruit.
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