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The Ry-f,;, gene from Solanum stoloniferum for extreme resistant to Potato
virus Y maps to potato chromosome XII and is diagnosed by PCR marker
GP1224,5 in PVY resistant potato cultivars
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Abstract

A novel locus for extreme resistance to Potato virus Y (PVY), Ry-f..,, was identified on potato chromosome
XII. The gene Ry-f;;, has been introgressed from the wild potato species Solanum stoloniferum. Inheritance
of Ry-fy, in the tetraploid potato population Rysto was consistent with the model of a single, dominant
gene. Bulked segregant analysis identified an ISSR (inter-simple sequence repeat) marker UBC 8574,
linked to Ry-f;,,. This marker mapped to linkage group XII of a reference potato RFLP (restriction
fragment length polymorphism) map. Chromosome XII specific RFLP markers were converted into PCR-
based STS and CAPS markers and tested for linkage with Ry-f;,, in the population Rysto. CAPS marker
GP122,,4 was tightly linked to the resistance gene and was successfully used to identify Polish and German
cultivars expressing extreme resistance to PVY. This indicates that the source of Ry-f;,, has been widely
utilized in various potato breeding programs and can be monitored by a diagnostic marker in marker-
assisted selection.

Introduction

Potato virus Y (PVY) is the most important
member of the Potyvirus genus (Potyviridae fam-
ily) infecting potatoes. PVY is easily transmitted
mechanically and by many aphid species in a non-
persistent manner (Brunt 2001). Various PVY
strains can cause yield losses from 10 to 90% and
decrease plant productivity or tuber quality
(Brunt 2001; Novy et al. 2002). Breeding of
resistant cultivars is one of the most effective
strategy to achieve protection against PVY
(Swiezynski 1994). In potato, there are two main

types of resistance to PVY, the hypersensitive
(HR) and extreme (ER) resistance (Valkonen et al.
1996). The hypersensitive response to PVY is
strain specific and may result in a range of
necrotic reactions both in locally and systemati-
cally infected leaves (Valkonen et al. 1998). Genes
causing HR (Ny genes) are widely distributed in
potato cultivars (Ruiz de Galarreta et al. 1998). In
some cases, however, hypersensitivity may be
ineffective for restriction of PVY in plants (Vidal
et al. 2002). The first HR gene, Ny, from Sola-
num tuberosum has been mapped on potato
chromosome IV (Celebi-Toprak et al. 2002).
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Genes for extreme resistance to PVY (Ry genes)
confer extremely high level of protection against
all strains of PVY. Potato plants possessing Ry
remain symptomless, except for very limited sys-
temic necrosis which may develop after graft-
inoculation (Jones 1990; Valkonen et al. 1996;
Vidal et al. 2002). The gene Ry,q derived from
Solanum tuberosum ssp. andigena and Ry, from
S. chacoense were mapped on chromosome XI
(Hamalédinen et al. 1997) and IX (Hosaka et al.
2001), respectively. A second gene for extreme
resistance to PVY, Ry, from S. stoloniferum has
also been mapped to the same position as Ry,
on chromosome XI (Brigneti et al. 1997). How-
ever, pedigree information might not be reliable in
this case (Gebhardt and Valkonen 2001). The
genes Ry,q, Ryy, and Ry, are known to be
utilized in potato breeding programs as described
by Hdmaéldinen et al. (1997); Chrzanowska et al.
(1998) and Hosaka et al. (2001), respectively. A
range of molecular techniques has been applied
for the detection of DNA-based markers useful
for marker-assisted selection in crop plants.
However, only markers that are tightly linked
with a desired trait and are detected reproducibly,
easily and cost effectively, have the potential for
increasing selection efficiency in plant breeding
programs (Mohan et al. 1997). In this paper we
report a novel locus Ry-f;,, for extreme resistance
to PVY derived from S. stoloniferum on potato
chromosome XII. The tightly linked CAPS mar-
ker GP122,,5 was diagnostic for the Ry-f,, gene
in a range of potato cultivars having extreme
resistance to PVY derived from S. stoloniferum.

Materials and methods
Plant material

A family of 169 tetraploid F; hybrids (population
Rysto) was obtained from a cross between potato
clone PW-363, which is extremely resistant to PVY
and the susceptible cv. Cicero. PW-363 was gener-
ated within the parental line breeding program at
the Plant Breeding and Acclimatization Institute
(IHAR), Mtochow. Seed parent of PW-363 was the
susceptible clone PW 82-568 and pollen parent was
the extremely resistant clone PW 83-241. PW 83-
241 originated from the male fertile, PVY resistant
clone PW-211. The ancestry of PW-211 contained a

S. stoloniferum accession from the collection of the
Vavilow Research Institute of Plant Industry
(VIR), St. Petersburg, Russia. Leaf tissue of Polish
and German potato cultivars was provided by M.
Chrzanowska (IHAR Mtochow field collection)
and K. Schiiler (IPK Genbank AuBenstelle Nord,
18190 GroB Liisewitz, Germany), respectively.

Evaluation of resistance

Resistance to PVY of F; hybrids and their parents
was evaluated by mechanical and graft inocula-
tions. Three plants of each clone were mechani-
cally inoculated with isolate PVY™ Wi, which
belongs to the tobacco necrosis strain group
(Chrzanowska 1991). The plants were tested
4 weeks after inoculation by ELISA using mono-
clonal antiserum obtained from Bioreba AG
(Reinach, Switzerland). Two tubers were collected
from each non-infected plant and subsequently
planted to examine PVY resistance of tuber
progeny plants. The tests for presence of PVY
were performed 5 weeks after planting the tubers.
F, individuals, which were free of PVY after
mechanical inoculation and the resistant parent
PW-363 were additionally tested by graft inocu-
lation. Four plants of each clone were grafted with
tobacco scions carrying PVY™N Wi. The experi-
ments were carried out in a greenhouse, under
natural daylight, at temperatures between 17 and
25 °C. Plants of extremely resistant cv. Bzura and
susceptible cv. Irys were used as controls.

DNA isolation, PCR, and electrophoresis

Genomic DNA was isolated from freeze-dried leaf
tissue using a GenElute Plant Genomic DNA
Miniprep kit (Sigma—Aldrich, St. Louis, MI, USA).
Equal DNA quantities from 8 resistant and 8 sus-
ceptible F; individuals were pooled to form a
resistant and a susceptible bulk, respectively. The
DNA concentration in the two bulks and the
parental DNAs were adjusted to 20 ng/ul. PCR
analyses for detection of inter-simple sequence re-
peat (ISSR) markers were performed in 20 ul of
20 mM Tris—HCI (pH 8.4), 50 mM KCI, 0.1%
Triton X-100, 1.5% formamide, 0.2 mM of each
deoxynucleotide, 2.5 mM MgCl, and 300 nM pri-
mer, adding 1 unit of Tag DNA polymerase (Invi-



trogen, Carlsbad, CA, USA) and 30 ng genomic
DNA. The PCR parameters were: 94 °C for 1 min
followed by 40 cycles of denaturation at 93 °C for
20 s, annealing at 42 °C for 25 s and extension at
72 °C for 75 s, with 5 min final extension at 72 °C.
A GeneAmp PCR System 9700 (Applied Biosys-
tems, Foster City, CA, USA) was used for DNA
amplification. PCR products were visualized by
electrophoresis in 1.4% agarose gels in 1 X tris—
borate—-EDTA (TBE) buffer and ethidium bromide
staining. One hundred ISSR primers (UBC
set # 9) were received from the Biotechnology
Laboratory, University of British Columbia, Van-
couver, British Columbia, Canada. PCR analyses
of potato markers GP269 (GenBank accession
CG783202), GP204 (CG783144), GP122
(AJ487339) and GP81 (AJ487376) were performed
in 20 pl of 20 mM Tris—HCI (pH 8.4), 50 mM KCI,
0.1 mM of each deoxynucleotide, 1.5 mM MgCl,
and 200 nM of each primer, adding 1 unit of Tag
DNA polymerase and 30 ng genomic DNA. The
primer sequences (Table 1) were designed accord-
ing to the Primer Select Program (DNA STAR.
Inc., Madison, WI, version for Windows, 3.10.
1998) based on the DNA sequences of the markers.
The PCR parameters for GP269 and GP122 were:
94 °C for 1 min followed by 40 cycles of denatur-
ation at 93 °C for 20 s, annealing at 53 °C for 25 s
and extension at 72 °C for 1 min, with 5 min final
extension at 72 °C. Annealing temperatures were
50 °C and 56 °C for the amplification of GP81 and
GP204, respectively.

Mapping of the Ry-fy,, locus

DNA samples of parental clones P18 and P40 and
80 F; hybrids of the diploid mapping population

Table 1. Primer sequences used for PCR amplification of the
RFLP loci GP81, GP122, GP204 and GP269

Marker name Forward and reverse primer

sequences (5" to 3')

GP81 GCAGCGTTTCCTACAAT
AGAGACTAATGCTGAAAAT
GP122 TATTTTAGGGTACTTCTTTCTTA
GCACTCAATAGCCCTTCTT
GP204 CATAGATGGCTCAAACAACTC
GTGGAAACATGGCTTACC
GP269 TCGCAATGAAAGATAAGC

TGTGATAAAGAGTGTAGCAGTC

97

F1840 (Gebhardt et al. 1991, 2003; Leister et al.
1996) were used to map the ISSR marker UBC
857930. Segregation of UBC 85795y was scored as
presence or absence of the marker fragment. The
map position was identified relative to the RFLP
map existing for this population using the software
package MAPRF (E. Ritter, NEIKER, 01080
Victoria, Spain). The linkage group XII of parent
PW-363 was constructed by scoring markers
GPS81, GP122, GP204 and GP269 in the popula-
tion Rysto. Marker order was derived by mini-
mizing the number of double crossovers between
the markers. Genetic distance between marker loci
was calculated as fraction of recombinants.

Results
Segregation of extreme resistance to PVY

Of 169 F, individuals examined for resistance to
PVY, 87 were extreme resistant after mechanical
and graft-inoculations and 82 were susceptible.
The segregation ratio of 1:1 confirmed the pres-
ence of a single, dominant gene for extreme resis-
tance to PVY, in simplex state in the tetraploid
parental clone PW-363.

Identification of markers linked to Ry-f,

Of 100 ISSR primers tested, 78 primers gave 319
DNA fragments, ranging in size from 300 to
2000 bp. Sixty fragments were polymorphic be-
tween the parents of which 29 were observed in the
resistant parent PW-363. One primer, UBC 857
(5-ACACACACACACACAC(CT)G-3), ampli-
fied a 980 bp DNA fragment (UBC 857¢g,) that
was present in the resistant DNA bulk as a clear,
bright band and was not detectable in the sus-
ceptible bulk (Figure 1, lanes 1 and 2). The whole
Rysto population was scored for UBC 8579g. The
genetic distance between the Ry-fy,, locus and
marker UBC 857459 was estimated to be 13.7 cM.
Since UBC 857459 was amplified in the parent P18
of the F1840 mapping population (Gebhardt et al.
2003; Leister et al. 1996), 80 F; progeny were
scored for segregation of the marker UBC 857gy.
The 980 bp ISSR fragment mapped to linkage
group XII, close to the RFLP marker locus GP91-
¢. To confirm the position of UBC 85745, and
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Ry-f;,, on potato chromosome XII and to map the
resistance locus more precisely, RFLP markers
located in map segment GP99—GP229 on chro-
mosome XII (Gebhardt et al. 2001) were converted
into STS (sequence tagged site) or CAPS (cleaved
amplified polymorphic sequence) markers infor-
mative for the PVY resistant parent PW-363.
PCR-based assays for GP122, GP204 and GP269
revealed CAPS bands of 718, 800 and 650 bp in
PW-363 after digestion of the amplified products
with restriction enzymes EcoRV, Tagql and Ddel,
respectively. These markers segregated in popula-
tion Rysto. In the case of STS marker GP81, a
DNA fragment of 400 bp was amplified in PW-363
that segregated in the Rysto population. The
restriction patterns of the resistant and susceptible
parent after digestion of the GP122 amplicon with
EcoRV are shown in Figure 1 (lanes 3 and 4). The
order and distance of marker loci GP122, GP204,
GP81, GP269 and UBC 8574g relative to the Ry-
fs10 locus are shown in Figure 2.

Testing the CAPS marker GP122,;5 in
potato cultivars

Sixty nine cultivars bred in Poland, Germany or
The Netherlands were tested for the presence of
the CAPS marker GP122;;5. Among 28 cultivars

Figure 1. Patterns of amplified DNA of the resistant parent
PW-363 (lanes 1 and 3) and the susceptible parent Cicero (lanes
2 and 4), indicating the ISSR marker UBC 85745, (lane 1) and
the CAPS marker GP122;5 after digestion with EcoRV (lane
3). Arrows point to the marker products. Lane M contains the
100-bp DNA ladder as molecular size marker.
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12 |\ cp1x2
89
GP 204
12 2N L7 GP 81, GP 269
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Figure 2. Potato linkage group XII of the parent PW-363,
including the position of the Ry-f;,, locus for extreme resistance
to PVY. Map distances are given in centimorgans (cM).

known to exhibit extreme resistant to PVY
(Stegemann and Schnick 1985; Ross 1986; Zag-
orska et al. 2000), the 718 bp PCR product of
GP122 was identified after EcoRV digestion in all
19 Polish and in 8 German cultivars tested, with
the exception of the Dutch cv. Santé (Table 2).
Cultivar Santé also lacked the marker allele
RYSC3 specific for Ry, on chromosome XI
(Kasai et al. 2000) (not shown). This indicates a
recombination event that has separated the marker
allele from the resistance gene or presence of an-
other gene conferring extreme resistance against
PVY in this cultivar. The Ry-f;,,-linked marker
GP122,53 was not identified in any of 41 cultivars,
which lack an Ry gene.

Discussion

Genetic mapping of a gene for extreme resistance
to PVY present in the breeding clone PW-363
identified a novel locus, Ry-f,, on potato chro-
mosome XII. The marker UBC 857959 used for
mapping Ry-f,, is the next inter-microsatellite se-
quence linked with the resistance gene for disease
described in potato. The other ISSR markers were
found to be linked with loci against Potato virus S
(Marczewski 2001; Marczewski et al. 2002b) and
Potato leafroll virus (Marczewski et al. 2002a),
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Table 2. Distribution of marker allele GP1227,5 in Polish, German and Dutch cultivars

Cultivars bred in Response Potato cultivars Presence of the
to PVY marker GP122g
Poland ER Anielka®, Barycz, Baszta, Beata, Bekas, Bzura, Dunajec, Fregata, +
Hinga, Klepa, Meduza, Nimfy, Omulew, Skawa, Umiak, Vistula, Ania,
Gabi, Maryna
HR/S Arkadia, Grot, Ikar, Koga, Korona, Neptun, Triada, Balbina, Cedron, -
Drop, Irga, Irys, Kolia, Lena, Mors, Oda, Ortan, Perkoz, Rybitwa,
Salto, Sokot, Wolfram, Zagiel
Germany ER Assia, Barbara, Esta, Fanal, Heidrun, Pirola, Ute, Wega +
HR/S Fortuna, Frithmolle, Granola, Hindenburg, Isola, Jubel, Karlena, -
Molli, Vineta, Nicola
The Netherlands ER Santé -
HR/S Accent, Bintje, Felsina, Fresco, Gloria, Latona, Timate, Vital -

# Boldface indicates origin of cultivar from parental lines bred at IHAR Mtochow; ER, extreme resistance; HR/S, hypersensitivity or

susceptibility; +, presence of marker; —, absence of marker.

mapped to potato chromosome-VIII and XI,
respectively. The position of Ry-f;,, is different
from the loci Ry,4 and Ry,, which both also
confer extreme resistance to PVY but co-localize
on potato chromosome XI (Brigneti et al. 1997,
Héamaéldinen et al. 1997). The source of extreme
resistance to PVY used in our mapping experiment
was therefore different from the sources used by
Brigneti et al. (1997) and Hdméldinen et al. (1997).
The Ry-f,,, resistance gene has been used in Polish
and German cultivar breeding programs. This was
shown by the closely linked CAPS marker allele
GP12254, which was diagnostic for all tested cul-
tivars known to carry extreme resistance to PVY,
with the exception of the Dutch cultivar Santé.
The PVY resistant and male fertile parent PW-363
of the mapping population Rysto had in its pedi-
gree S. stoloniferum from the VIR collection.
Pedigree information for Polish and German cul-
tivars with extreme resistance to PVY (Swieiyﬁski
et al. 1997; Stegemann and Schnick 1985) indicates
various other sources of S. stoloniferum and
breeding clones, for example clones Sto XII B
from the IHAR collection, C.854 from the Scottish
Crop Research Institute (Invergowrie, Scotland,
received from G. Cockerham), and MPI 55.957/
24, MPI 55.957/54, MPI 61.303/34, MPI 64.956/
68, MPI 65.346/19 from the Max-Planck Institute
for Plant Breeding Research (Cologne, Germany,
received from H. Ross). Ry genes have been dis-
covered in S. stoloniferum and other wild species
by Stelzner (1950) and were characterized in a
collection of S. stoloniferum clones (Ross 1958).
Despite the different sources of S. stoloniferum

used in the past for introgressing extreme resis-
tance to PVY into S. tuberosum breeding clones, in
most cases the same gene seems to have been
transferred into cultivated potato.
Marker-assisted selection (MAS) is one of the
most important applications of DNA-based
markers in plant improvement programs. Using
molecular markers in breeding may reduce costs
and increase precision and efficiency of selection
(Peleman and van der Voort 2003; Barone 2004).
The essential requirement for MAS is cosegrega-
tion or tight linkage of a marker allele with a
targeted trait allele. Moreover, the linkage should
be stable across subsequent generations and in
wide gene pools (Gebhardt and Valkonen 2001)
and the marker assay should be easy to perform
and cost effective. In potato, very few DNA-based
markers are available to date, which fulfill these
requirements. The sequence-characterized ampli-
fied region (SCAR) marker RYSC3 having
sequence similarity to known plant genes for
pathogen resistance, co-segregates with Ry,q4, and
is diagnostic in diploid and tetraploid potatoes for
extreme resistance to PVY, which originates from
S. tuberosum ssp. andigena (Sorri et al. 1999; Kasai
et al. 2000). The genetic distance of 3.2 cM be-
tween the Ns locus and the dominant marker SCG
175, was sufficient for selection resistant to Potato
virus S diploid potatoes (Marczewski et al. 2001).
PCR-based markers for the R/ gene for resistance
to late blight (Phytophthora infestans) and mark-
ers tightly linked to R/ (within 0.3 cM) are asso-
ciated with quantitative resistance to late blight in
a large collection of potato cultivars (Gebhardt
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et al. 2004). An SSR (simple sequence repeat)
marker was found indicative for quantitative
resistance to Verticillium dahliae in a collection of
American potato cultivars (Simko et al. 2004). In
other cases, marker alleles linked to a particular
resistance allele were diagnostic only in progeny of
a specific cross combination. For example, allele
specific PCR assays for marker CP113, which is
closely linked to the H/ locus for resistance to the
root cyst nematode Globodera rostochiensis, were
indicative for resistance in only four of 136 culti-
vars tested. This limited predictive value might
result either from using various sources of nema-
tode resistance alleles in the particular breeding
programs or from a recombination event that oc-
curred early in the breeding history (Niewdhner
et al. 1995). The CAPS marker GP122,5 described
in this paper represents a new example for an easy
to use marker that is diagnostic for a specific
resistance distributed in a wide gene pool.

Acknowledgements

The research was supported by the State Com-
mittee for Scientific Research in Poland, project
PBZ/KBN/029/PO6/2000/05.

References

Barone A. 2004. Molecular marker-assisted selection for potato
breeding. Am. J. Potato Res. 81: 111-117.

Brigneti G., Garcia-Mas J. and Baulcombe D.C. 1997. Molec-
ular maping of the potato virus Y resistance gene Ry, in
potato. Theor. Appl. Genet. 94: 198-203.

Brunt A.A. 2001. Potyviruses. In: Loebenstein G., Berger P.H.,
Brunt A.A. and Lawson R.H. (eds), Virus and Virus-like
Diseases of Potatoes and Production of Seed-potatoes. Klu-
wer Academic Publishers, Dordrecht/Boston/London,
pp. 77-84.

Celebi-Toprak F., Slack S.A. and Jahn M.M. 2002. A new
gene, Ny,,, for hypersensitivity to Potato virus Y from
Solanum tuberosum maps to chromosome IV. Theor. Appl.
Genet. 104: 669-674.

Chrzanowska M. 1991. New isolates of the necrotic strain of
potato virus Y (PVY™) found recently in Poland. Potato Res.
34: 179-182.

Chrzanowska M., Kerlan C. and Zagorska H. 1998. Resistance
of Polish potato cultivars to PVY™ strains. In: Proceedings of
the 10th EAPR Virology Section Meeting, Baden, Austria,
5-10 July 1998, pp. 56-57.

Gebhardt C. and Valkonen J.P.T. 2001. Organization of genes
controlling disease resistance in the potato genome. Ann.
Rev. Phytopathol. 39: 79-102.

Gebhardt C., Ballvora A., Walkemeier B., Oberhagemann P.
and Schiiler K. 2004. Assessing genetic potential in germ-
plasm collections of crop plants by marker-trait association:
a case study for potatoes with quantitative variation of
resistance to late blight and maturity type. Mol. Breed. 13:
93-102.

Gebhardt C., Ritter E., Barone A., Debener T., Walkemeier B.,
Schachtschabel U., Kaufmann H., Thompson R.D., Bonier-
bale M.W., Ganal M.W., Tanksley S.D. and Salamini F. 1991.
RFLP maps of potato and their alignment with the homo-
eologous tomato genome. Theor. Appl. Genet. 83: 49-57.

Gebhardt C., Walkemeier B., Henselewski H., Barakat A.,
Delseny M. and Stiiber K. 2003. Comparative mapping be-
tween potato (Solanum tuberosum) and Arabidopsis thaliana
reveals structurally conserved domains and ancient duplica-
tions in the potato genome. Plant J. 34: 529-541.

Gebhardt C., Ritter E. and Salamini F. 2001. RFLP map of the
potato. In: Phillips R.L. and Vasil LK. (eds), DNA-based
Markers in Plants, 2nd edn., Advances in Cellular and
Molecular Biology of Plants, Vol. 6. Kluwer Academic
Publishers, Dordrecht/Boston/London, pp. 319-336.

Héimildinen J.H., Watanabe K.N., Valkonen J.P.T., Arihara
A., Plaisted R.L., Pehu E., Miller L. and Slack S.A.
1997. Mapping and marker-assisted selection for a gene for
extreme resistance to potato virus Y. Theor. Appl. Genet. 94:
192-197.

Hosaka K., Hosaka Y., Mori M., Maida T. and Matsunaga H.
2001. Detection of a simplex RAPD marker linked to resis-
tance to potato virus Y in a tetraploid potato. Am. J. Potato
Res. 78: 191-196.

Jones R.A.C. 1990. Strain group specific and virus specific
hypersensitive reactions to infection with potyviruses in
potato cultivars. Ann. Appl. Biol. 117: 93-105.

Kasai K., Morikawa Y., Sorri V.A., Valkonen J.P.T., Gebhardt
C. and Watanabe K.N. 2000. Development of SCAR mark-
ers to the PVY resistance gene Ry,q based on a common
feature of plant disease resistance genes. Genome 43: 1-8.

Leister D., Ballvora A., Salamini F. and Gebhardt C. 1996. A
PCR based approach for isolating pathogen resistance genes
from potato with potential for wide application in plants.
Nat. Genet. 14: 421-429.

Novy R.G., Nasruddin A., Ragsdale D.W. and Radcliffe E.B.
2002. Genetic resistances to potato leafroll virus, potato virus
Y, and green peach aphid in progeny of Solanum etuberosum.
Am. J. Potato Res. 79: 9-18.

Niewohner J., Salamini F. and Gebhardt C. 1995. Development
of PCR assays diagnostic for RFLP marker alleles closely
linked to alleles Grol and HI, conferring resistance to the
root cyst nematode Globodera rostochiensis in potato. Mol.
Breed. 1: 57-78.

Marczewski W. 2001. Inter-simple sequence repeat (ISSR)
markers for the Ns resistance gene in potato (Solanum tu-
berosum L.). J. Appl. Genet. 42: 139-144.

Marczewski W., Flis B., Strzelczyk-Zyta D., Schifer-Pregl R.
and Gebhardt C. 2002a. Mapping of DNA markers and
QTLs for resistance against PLRV in potato. In: Abstracts of
the 15th Triennial Conference of the EAPR, Hamburg,
Germany, 14-19 July 2002, 156pp.

Marczewski W., Hennig J. and Gebhardt C. 2002b. The Potato
virus S resistance gene Ns maps to potato chromosome VIII.
Theor. Appl. Genet. 105: 564-567.



Marczewski W., Talarczyk A. and Hennig J. 2001. Develop-
ment of SCAR markers linker to the Ns locus in potato. Plant
Breed. 120: 88-90.

Mohan M., Nair S., Bhagwat A., Krishna T.G., Yano M.,
Bhatia C.R. and Sasaki T. 1997. Genome mapping, molec-
ular markers and marker-assisted selection in crop plants.
Mol. Breed. 3: 87-103.

Peleman J.D. and der Voort J.R. 2003. Breeding by design.
Trends Plant Sci. 8: 330-334.

Ross H. 1986. Potato Breeding — Problems and Perspectives,
Viruses. Advances in Plant Breeding, Supplement 13. Paul
Parey, Berlin und Hamburg, pp. 66-75.

Ross H. 1958. Resistenzziichtung gegen die Mosaik- und andere
Viren der Kartoffel. In: Kappert H. and Rudorf W. (eds),
Handbuch der Pflanzenziichtung, 2nd edn., Vol. III. Paul
Parey, Berlin und Hamburg, pp. 106-125.

Ruiz de Galarreta J.I., Carrasco A., Salazar A., Barrena I.,
Iturritxa E., Marqinez R., Legorburu F.J. and Ritter E. 1998.
Wild Solanum species as resistance sources against different
pathogens of potato. Potato Res. 41: 57-68.

Simko I., Costanzo S., Haynes K.G., Christ B.J. and Jones
R.W. 2004. Linkage disequilibrium mapping of a Verticillium
dahliae resistance quantitative trait locus in tetraploid potato
(Solanum tuberosum) through a candidate gene approach.
Theor. Appl. Genet. 108: 217-224.

Stegemann H. and Schnick D. 1985. Index 1985 of European
Potato Varieties. Mitteilungen aus der Biologischen Bunde-
sanstalt fir Land- und Forstwirtschaft Berlin-Dahlem, Vol.
227. Paul Parey, Berlin und Hamburg.

101

Stelzner G. 1950. Virusresistenz der Wildkartoffel. Z.
Pflanzenziichtung 29: 135-158.

Sorri V.A., Watanabe K.N. and Valkonen J.P.T. 1999. Pre-
dicted kinase-3a motif of a resistance gene-like fragment as a
unique marker for PVY resistance. Theor. Appl. Genet. 99:
164-170.

Swieiyﬁski K.M. 1994. Inheritance of resistance to viruses. In:
Bradshaw J.E. and Mackay G.R. (eds), Potato Genetics.
CAB International, Wallingford, UK, pp. 339-363.

$wie2yﬁski K.M., Haynes K.G., Hutten R.C.B., Sieczka M.T.,
Watts P. and Zimnoch-Guzowska E. 1997. Pedigree of
European and North-American Potato Varieties. Plant
Breeding and Seed Science 41(supplement 1): 3-149.

Valkonen J.P.T., Jones R.A.C., Slack S.A. and Watanabe K.N.
1996. Resistance specificities to viruses in potato: Standard-
ization of nomenclature. Plant Breed. 115: 433-438.

Valkonen J.P.T., Rokka V.-M. and Watanabe K.N. 1998.
Examination of the leaf-drop symptom of virus-infected po-
tato using anther culture-derived haploids. Phytopathology
88: 1073-1077.

Vidal S., Cabrera H., Andersson R.A., Fredriksson A. and
Valkonen J.P.T. 2002. Potato gene Y-/ is an N gene homolog
that confers cell death upon infection with Potato virus
Y. Mol. Plant-Microbe Interact. 15: 717-727.

Zagorska H., Chrzanowska M. and Pietrak J. 2000. The reac-
tion to virus infection of potato cultivars from the Polish
National List in 2000. [in Polish, English abstr.] Biul. IHAR
215: 293-304.



