
In the past decade, PCR-based DNA markers have
become diagnostic tools for marker-assisted selec-
tion (MAS) in plant breeding. To be helpful for
breeders, a molecular marker should be tightly
linked with a trait allele, amplified in a reproduc-
ible, easy, and cost-effective manner (Staub and
Serquen 1996; Collard et al. 2005). Sequence-
characterized amplified region (SCAR) (Paran
and Michelmore 1993) and cleaved amplified
polymorphic sequence (CAPS) (Konieczny and
Ausubel 1993) markers are suitable for MAS.
SCAR markers are generated by conversion of
random amplified polymorphic DNA (RAPD) and
inter-simple sequence repeat (ISSR) products or
other sequence-arbitrary markers. Polymorphism
of SCARs is mostly observed as the presence or
absence of a single PCR amplicon. In practice,
however, lack of the PCR product may lead to an
ambiguous interpretation, as it may indicate either
the absence of the desired trait or failure of the
PCR reaction (De Jong 2005). Simultaneous am-
plification of additional DNA fragments that are
not related to the target locus and reveal clearly

different migration rates during electrophoresis
eliminates the possibility of the diagnostic errors.
In the CAPS method, PCR amplicons are cleaved
with a specific endonuclease, and the restriction
products are electrophoresed to find polymorphic
fragments.

The Ns gene, mapped on potato chromosome
VIII, is responsible for potato resistance to Potato

virus S (PVS) (Marczewski et al. 2002).
The Ns-linked SCAR marker SC811454 was devel-
oped on the basis of the sequence of the ISSR
marker UBC811660, which was found in the
PVS-resistant diploid parental clone DW 83-3121
of the Ns-mapping population (Marczewski 2001;
Witek et al. 2006). The SCAR product was diag-
nostic for PVS resistance in the diploid F1 progeny
(not shown). In the present study we report that
SCAR amplicons SC811, similar in size to the
marker SC811454, can be amplified in PVS-suscep-
tible potato cultivars. A treatment of the PCR
products with the restriction endonucleases MboI
or FokI is necessary to identify such
Ns-false-positive markers.
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We evaluated for resistance to PVS infection
8 potato (Solanum tuberosum) cultivars bred in
Germany (Agnes, Ditta, Fribona, Gloria, Nora,
Rosalind, Satina, Vitara) and 8 cultivars bred in
The Netherlands (Amora, Fianna, Fresco, Impala,
Lady Claire, Marlen, Ramos, Santé), all registered
in Poland. Leaves of 10 young plants of each
cultivar were mechanically inoculated by using an
inoculum prepared from PVS-infected tomato
(Lycopersicon esculentum Mill.) leaves of cv.
Newski. Inoculated plants were grown in a green-
house in spring. The plants were tested 4 weeks af-
ter inoculation for the presence of PVS by using an
ELISA kit obtained from Bioreba (Reinach, Swit-
zerland). The absorbance values in ELISA for
PVS in mechanically inoculated plants of all
16 cultivars clearly indicated their susceptibility to
the virus.

When PCR amplification was performed for
the presence of the Ns-specific SCAR marker
SC811454 (Figure 1a, lane 2), amplicons with
a similar electrophoretic migration rate were am-
plified in cvs Nora and Satina (Figure 1a, lanes 5
and 6). In addition, slightly shorter bands, which

may also result in interpretation errors, were ob-
served in cvs Amora, Agnes, Ditta, Fibrona,
Ramos, Rosalind, Vitara, Fianna, Fresco and
Marlen (Figure 1a, lanes 4, 7-10, 12-15 and 18, re-
spectively). However, digestion of the SCAR
amplicons with the restriction enzymes MboI or
FokI indicated their Ns-unspecificity in
PVS-susceptible cultivars. MboI restriction frag-
ment of 260 bp, as well as restriction products of
132 and 322 bp, both derived from FokI-digested
SC811454, were all detected in the resistant clone
DW83-3121 (Figures 1b and c, lane 2) and were

not observed in any of the susceptible cultivars
(Figures 1b and c, lanes 3–18).

Similar electrophoretic migration rates of the
PCR products may indicate that they represent ho-
mologous sequences or simply fortuitous bands of
comparable size (Thormann et al. 1994). Our re-
sults did not confirm the homology between the
Ns-linked marker SC811454 in DW 83-3121 and
the SCAR amplicons SC811 in the
PVS-susceptible cultivars. However, the potato
genome includes many intra- and inter-
chromosomal duplications (Gebhardt et al. 2005).
They can be sources of multi-locus DNA markers,
described for many examples in the potato ge-
nome, including the marker sequences
co-segregating with functionally essential genes
(Chen et al. 2001; Gebhardt 2005; Marczewski
et al. 2006). Our study indicates that CAPS mark-
ers may show a higher selection specificity than
SCARs, and thereby the efficiency of MAS may
be improved. The usefulness of the CAPS marker
SC811260 for screening of potato for PVS resis-
tance was also confirmed in 55 Polish cultivars
(Witek et al. 2006).
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Figure 1. Electrophoretic patterns of the SCAR amplicons SC811 (a), and MboI-digested (b) and FokI-digested (c)
CAPS markers. Lanes: 1 = PVS-susceptible diploid clone DW 91-1187; 2 = PVS-resistant diploid clone DW 83-3121;
3 to 18 = cvs Santé, Amora, Nora, Satina, Agnes, Ditta, Fibrona, Ramos, Gloria, Rosalind, Vitara, Fianna, Fresco,
Impala, Lady Claire, Marlen, respectively; M = 100-bp ladder. Marker fragments SC811454 (a), SC811260 (b),

and SC811132 and SC811322 (c) are indicated by arrows.
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