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Abstract Worldwide, a variety of pathogens
negatively affect potato production, resulting in
an estimated 22% annual yield reduction. Wild
Solanum species represent a unique gene pool
where all the traits necessary to improve the
cultivated potato can be found. Therefore, breed-
ing efforts for improved disease resistance and
research aimed at characterizing wild germplasm
have been extensively made. In this paper,
sources of resistance to Phytophthora infestans,

Erwinia carotovora subsp. carotovora, Fusarium
solani and Globodera spp. have been investigated
in several clones of two Solanum species origi-
nating from Central Mexico (S. bulbocastanum
and S. cardiophyllum). Interestingly, we found
sources of combined resistance to late blight and
bacterial soft rot. This is an important finding
considering that the development of resistant
potato varieties has been hindered by the scarcity
of resistant germplasm. In addition, we explored
molecular differences within and between the two
species generating AFLP fingerprints. By means
of six primer pair combinations, we found 13 and
16 putative species-specific AFLP markers for S.
bulbocastanum and S. cardiophyllum, respec-
tively, and a bounty of markers useful for map-
ping, MAS, and cloning purposes. The phenotypic
and molecular information associated to S. bulbo-
castanum and S. cardiophyllum for designing
strategies of assisted selection are discussed.
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Introduction

The genus Solanum contains about 2,300 species
distributed in temperate to tropical habitats, with
the greatest diversity in Central and South
America (Barroso et al. 1986). Among them,
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particularly important for the genetics and breed-
ing of tetraploid (2n = 4x = 48) cultivated potato
(S. tuberosum L.) are the approximately 200
tuber-bearing species. These belong to the sub-
section Potatoe, and exist as ploidy series ranging
from the diploid (2n = 2x = 24) to the hexaploid
(2n = 6x = 72) level. Tuber-bearing Solanum spe-
cies have a wide geographic distribution, ranging
from the southern part of the United States to
southern Chile. Consequently, they show a very
large range of ecological adaptation. For exam-
ple, some species, such as S. acaule Bitter, grow in
the Andean region up to 4500 m, where frost
events are very common. Other wild potatoes
(e.g., S. berthaultii Hawkes and S. tarijense
Hawkes) are adapted to the dry semi-arid condi-
tions of Mexico. Some wild Solanum species also
have developed strong resistances to a wide range
of insects and diseases, including some of the
worst pests of cultivated potato such as early and
late blights, viruses, potato beetle, and soft rot. By
contrast, cultivated potatoes have evolved under
a limited range of non-extreme environmental
conditions, and are often susceptible to biotic as
well as abiotic stress conditions (Hawkes 1990).

Due to the evolutionary diversity of wild
species and to the comparatively narrow genetic
basis of S. tuberosum varieties, tuber-bearing
Solanums provide an excellent and unique genet-
ic diversity for potato breeding purposes. The
possibility to introgress genes of interest from
resistant species is favoured by the easy manip-
ulation of whole sets of chromosomes through the
use of S. tuberosum haploids (2n = 2x = 24) and
2n gametes (Carputo and Barone 2005). When
sexual barriers hinder sexual hybridization, so-
matic fusion and genetic engineering may repre-
sent valid alternatives to conventional breeding
approaches (Carputo et al. 2005; Orczyk et al.
2003). Among them, Mexican S. bulbocastanum
and S. cardiophyllum may represent a useful
source of noteworthy genes. Resistance to a
number of pests and diseases has been reported
by Watanabe et al. (1999), Bamberg et al. (1994),
and Chen et al. (2003). Due to post-zygotic
incompatibility isolation mechanisms, these spe-
cies have not been used extensively in potato
breeding. Interspecific bridge crosses between S.
bulbocastanum and S. tuberosum have also been

reported by Hermsen and Ramanna (1973).
Somatic hybrids between potato and S. bulbocas-
tanum were developed by Helgeson et al. (1993),
and backcrossed progenies consistently displayed
late blight resistance introgressed from the wild
parent. RB gene, conferring resistance to Phy-
tophtora infestans, was cloned from S. bulbocas-
tanum and introgressed into S. tuberosum by
means of Agrobacterium-mediated transforma-
tion (Song et al. 2003; van der Vossen et al. 2003,
2005). Chen et al. (2004) produced diploid and
triploid hybrids between S. pinnatisectum and S.
cardiophyllum with high resistance to late blight
and colorado potato beatle.

To increase the efficiency of plant breeding
programs, molecular markers may be of particu-
lar potential for understanding genetic relation-
ships within potato germplasm, allowing
researchers to establish a broad genetic base for
breeding purposes (Bisognin and Douches 2002).
Molecular fingerprints can be used to map traits
of interest and to develop molecular linkage maps
for useful wild potato species (Tanskley and
McCouch 1997). One particularly attractive appli-
cation of linkage maps is the identification of
molecular markers for assisted selection (MAS)
in breeding programs. MAS enables breeders to
precisely introgress small genome sectors from
wild or exotic accessions while reducing the
incorporation of genes of undesirable effect.

In this paper, we report evaluation of geno-
types of S. bulbocastanum and S. cardiophyllum
for resistance to significant pathogens and pests.
In addition, we explore their molecular finger-
prints, demonstrating substantial interspecific
polymorphism and documenting the potential
for development of markers for MAS.

Materials and methods

Plant material

Fifteen clones belonging to two accessions, each
of diploid Solanum species were screened. The
wild species included two accessions (PI275190
and PI275188) of S. bulbocastanum Dunal subsp.
bulbocastanum (respectively coded blb1 and
blb2) and two accessions (PI 283062, PI 347759)
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of S. cardiophyllum Lindl. subsp. cardiophyllum
(cph1 and cph2). They were provided as true seed
by the IR-1 Potato Introduction Project, Sturgeon
Bay, WI. Seeds for each accession were sterilized
in 20% bleach for 10 min and were germinated
in vitro on MS medium (Murashige and Skoog
1962), in a growth chamber (24"C and 16 h of
light/day). Random seedlings from each PI were
chosen and named. All studied genotypes were
maintained as micropropagated plants on MS
medium with 1% sucrose and 0.8% agar, and
incubated at 4000 lux, 16 h light, and 24"C. To
produce plant material for this study, four week-
old-plants were transferred into styrofoam trays
filled with sterile soil and acclimated to ex vivo
conditions in a growth chamber at 20"C. After
two weeks, they were transferred into 5-cm-
diameter plastic pots and grown in a tempera-
ture-controlled greenhouse (20–24"C).

Screening for Phytophthora infestans (Mont.)
de Bary resistance

Inoculum was prepared with six isolates of P.
infestans (three strains of A1 mating type and three
of A2 mating type) collected from several southern
Italy sites, and isolated from susceptible potato
cultivars (‘Marina’ and ‘Aiax’). To produce spo-
rangia, the isolates were cultured in the dark for
12 days at 21"C, on V8p substrate (Cristinzio and
Testa 1997). Sterile distilled water was then added
onto the agar surface, and mycelium was stirred
using a sterilized glass or rubber and filtered
through two layers of cheesecloth. The suspension
was diluted with distilled water to a final concen-
tration of 20,000 sporangia ml–1 using a hemacy-
tometer at 100· magnification. Four-week-old
micro-propagated plants were planted in styro-
foam trays in sterile soil and were arranged in a
randomized complete block design. For each
clone, 7–10 replications were used. When plants
were 15–20 cm high, they were inoculated with the
sporangia suspension. Disease severity values were
estimated as the percentage of leaves with late
blight symptoms at 7 and 14 days after inoculation.
Severity values were scored using a scale of 0–5,
where 0 = no disease, 1 = 3–24%, 2 = 25–49%,
3 = 50–74%, 4 = 75–94% and 5 = 95–100% infec-
tion. Based on an arbitrary scale, genotypes with

infection index = 0–3% after 14 days were classi-
fied as ‘‘resistant’’, those with a value between 4
and 10% ‘‘moderately resistant’’ and others as
‘‘susceptible’’.

Screening for soft rot (Erwinia carotovora
subsp. carotovora) resistance

Erwinia carotovora subsp. carotovora strain Ecc
009 obtained from the International Potato Cen-
ter, Lima, Peru, was used as inoculum. Bacterial
suspensions of 1 · 108 cfu/ml were used for all the
inoculation tests and were prepared according to
the procedures described by Sirianni (1998) with
some modifications. Uniform and undamaged
tubers were washed in running tap water and
then surface sterilized in a 0.5% sodium hypo-
chlorite solution for 20 min, rinsed with sterile
water and then allowed to dry on sterile filter
paper. Under a laminar flow cabinet, 3–5 holes
(0.4 mm wide and 10 mm deep) were drilled into
each tuber and, at the same time, inoculated with
a 6 dental barbed broach previously dipped into
the bacterial suspension. In each tuber, one hole
was inoculated with sterile distilled water as a
control while each of the other holes were
inoculated with the bacterial suspension (about
5 · 105 bacteria cells for point inoculation). Ten
tubers of each clone were inoculated with the
bacterium, placed into a dew chamber, and
incubated at 24"C for 72 h. Following incubation,
tubers were sliced vertically through the infection
points and the width of the rotted areas was
measured. Based on the width of the rotted area,
an arbitrary scale was used to classify clones as
‘‘resistant’’ (diameter of rotted area 0.4–2 mm) or
‘‘susceptible’’ (>2 mm).

Screening for Fusarium solani resistance

Monoconidial isolates of F. solani 1427 mc IS-
PaVe were isolated from potato cultivars (‘Prim-
ura’ and ‘Monalisa’) grown in northern Italy
regions. The fungus was cultured on Potato
Dextrose Agar (PDA) (Oxoid) for 15 days at
24"C. Conidia were washed from the plate with
sterile distilled water and counted in a hemacy-
tometer, and the suspension diluted in sterile
distilled water to 106 conidia/ml. Each 5-week-old
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plant was wounded at the stem base and inocu-
lated with 5 ml of conidia suspension. All treated
plants were grown in a greenhouse at 20 ± 3"C.
Wilt symptoms developed between 14 and
21 days and were recorded with a 0–5 disease
index scale described by Thanassoulopoulos and
Kitsos (1985). Twelve plants of each accession
were inoculated with fungal suspension and three
plants were inoculated with distilled water.

Screening for Globodera rostochiensis and G.
pallida resistance

The genotypes were tested against a southern
Italy population of Globodera rostochiensis
pathotype Ro2 and one of G. pallida pathotype
Pa3 (Kort et al. 1977) and phenotypic responses
were compared with those of susceptible cv.
‘Spunta’. To prepare the inoculum the nematodes
infested soil was processed with a Fenwick can.
Cysts were separated from the soil debris by
means of flotation in alcohol (Seinhorst 1974),
counted, and crushed according to Bijloo’s mod-
ified method (Seinhorst and Den Ouden 1966).
Finally their egg content was determined. For the
screening test the clones of wild species obtained
from in vitro culture were transplanted in 5-cm-
diameter plastic pots containing organic potting
soil and adapted to standard greenhouse condi-
tions. Thirty days later, these plantlets were
transplanted again into 14 cm diameter clay pots
containing 1000 cm3 of steam sterilized sandy soil
(89% sand) infested with 20 eggs/cm3 of G.
rostochiensis or G. pallida. The plots were main-
tained in a greenhouse at 20 ± 3"C. Plants were
uprooted after 40 days, roots were weighed,
gently washed in tap water, and cut in 0.5 cm
long pieces. The nematodes were then extracted
from the roots using the centrifugation method of
Coolen (1979), counted, and classified into devel-
opmental stage, with each stage expressed as a
percentage of the total nematode specimens per
root. Clones whose roots did not allow the
nematode to reach the adult female stage or in
which the proportion of nematode females and
cysts was either < 10% or < 70% of that of the
susceptible cv. ‘Spunta’ were scored respectively
as ‘‘resistant’’ and ‘‘moderately resistant’’. All the
other clones were scored as ‘‘susceptible’’

AFLP (Amplified Fragment Length
Polymorphism) analysis

AFLP analysis was performed on 15 genotypes
from S. bulbocastanum and S. cardiophyllum and
four varieties of S. tuberosum (‘Blondy’, ‘Spunta’,
‘Russet Burbank’ and ‘Kathadin’) using the
method described by Vos et al. (1995) and the
commercially available AFLP kit and protocol
(Gibco-BRL AFLP analysis System I, Life Tech-
nologies, Gaithersburg, MD), which employs
EcoRI and MseI as restriction enzymes. For
selective amplification, six combinations of prim-
ers were used (E-AGG + M-CTG; E-AGC M-
CTA; E-AGC + M-CTG; E-ACA + M-CAG; E-
ACT + M-CTT; E-ACA + M-CAT) with the E
primer in each pair being radiolabeled with P-33.
AFLP fragments were separated by electropho-
resis on 6% denaturing polyacrylamide gels and
visualized by exposing X-ray films to the dried gel
for at least 24 h.

AFLPs fingerprints were compared and poly-
morphisms were scored as 1 (presence of frag-
ments) or 0 (absence of fragment). Genetic
similarity between clones was calculated as Jac-
card’s similarity coefficients: Jaccardyx = a/
(a + b + c), where a = number of bands present
in x and y, b = number of bands present in x and
absent in y, and c = number of bands present in y
and absent in x. The genetic similarities were
graphically represented by a dendrogram con-
structed using the UPGMA (unweighted pair-
group method, arithmetic average) clustering
algorithm. Genetic similarity calculations and
dendrogram construction were performed using
NTSYS-pc package (Rohlf 1989).

Results

Screening for host resistance

Results of screening diploid wild species and S.
tuberosum controls for late blight resistance are
reported in Table 1. Mean disease severity values
ranged from 0% (10 genotypes) to 42.5% (1
genotypes). Out of nine blb clones tested, six
were highly resistant, whereas three were moder-
ately resistant, with an infection value >4.0%. The
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mean foliar disease severity values of S. cardio-
phyllum clones ranged from 15.2% (cph 2E) to
42.5% (cph 2A). Only two clones (cph 1C and cph
2D) proved to be highly resistant. These clones
did not show symptoms of late blight after
inoculation. On the other hand, cph 2A was the
most susceptible among the evaluated clones.

Most of the clones tested were highly suscep-
tible to tuber soft rot (Table 1) and only four
were classified as resistant (blb 1A, blb 1B, blb
1E, cph 2C). The mean width of the rotted area
ranged from 0.8 mm (blb 1A) to 6.7 mm (blb 2B),
both recorded within the clones of S. bulbocasta-
num. By contrast, S. cardiophyllum clones all
showed a similar ranking in disease susceptibility
when inoculated with Ecc. Only cph 2C was
resistant, with a rotted area diameter of 0.9 mm.
As for Fusarium solani resistance, out of 14
genotypes tested, only blb 1E showed a tolerant
phenotype (disease index = 1.5) (Table 1). For all
the other clones, disease index ranged from 2.5
(blb 2D) to 5.0 (cph 2E)

Table 1 also reports results on the reaction to
nematode infection. Although the nine clones of
S. bulbocastanum cannot be considered resistant
to G. rostochiensis, nevertheless in their roots the
development of this nematode was delayed,
suggesting partial resistance. Indeed, the percent-
age of females and cysts was significantly lower
than in the susceptible cv. ‘Spunta’. The partial
resistance of clones analyzed was also confirmed
by the analysis of second stage juveniles (infective
stages) (not reported). These stages were signif-
icantly higher in S. bulbocastanum clones com-
pared to the susceptible cv. ‘Spunta’. Partial
resistance was also observed in the six clones of
S. cardiophyllum. In the roots of all of these
clones adult females and cysts were significantly
less than in the cv. ‘Spunta’. Therefore, most of
the clones of S. bulbocastanum and all clones of S.
cardiophyllum can be considered as moderately
resistant to G. rostochiensis. As for G. pallida, the
development of this nematode in the most blb
and all cph clones was, in general, similar to that

Table 1 Results from screening tests for resistance to P.
infestans, F. solani, G. rostochiensis, G. pallida and E.
carotovora subsp. carotovora of 15 genotypes of two

diploid Solanum species: S. bulbocastanum (blb) and S.
cardiophyllum (cph). S. tuberosum cultivar ‘Spunta’ is
included as control

Genotypes P. infestans F. solani G. rostochiensis G. pallida E. carotovora

%
infected
leaves

Reactiona Disease
index

Reactiona Females
and cysts
no.

Reactiona Female
and cysts
no.

Reactiona Ø
Lesion
(mm)

Reactiona

S. bulbocastanum
Blb 1A 0.0 a* R 4.1 d* S 16.6 a* MR 8.5 a* S 0.8 h* R
Blb 1B 0.0 a R 3.0 c S 26.0 ab MR 15.4 ab S 1.0 h R
Blb 1C 0.0 a R 3.1 c S 12.0 a MR 24.2 abcd S 5.2 b S
Blb 1D 0.0 a R 2.7 bc S 33.4 bc S 24.3 abcd S 3.9 c S
Blb 1E 4.4 ab MR 1.5 a MR 15.6 a MR 17.4 abc S 1.7 gh R
Blb 2A 4.2 ab MR 2.7 bc S 14.5 a MR 24.3 abcd S 2.5 cfg S
Blb 2B 0.0 a R 2.5 b S 23.0 ab MR 28.8 bcd S 6.7 a S
Blb 2C 0.0 a R 3.0 c S 13.6 a MR 14.0 ab S 3.4 cde S
Blb 2D 4.0 ab MR 4.9 ef S 17.2 a MR 13.3 ab S 2.0 fg S
S. cardiophyllum
Cph 1C 0.0 a R 4.0 ef S 18.2 ab MR 15.5 abc S 2.3 fg S
Cph 2A 42.5 d S 4.7 ef S 22.2 ab MR 36.5 d S – –
Cph 2B 21.6 c S 4.1 d S 18.0 ab MR 31.9 cd S 2.8 def S
Cph 2C 17.7 bc S 4.9 ef S 15.8 a MR 22.6 abcd S 0.9 h R
Cph 2D 0.0 a R – – 15.6 a MR 34.4 d S 2.5 efg S
Cph 2E 15.2 bc S 5.0 f S 13.0 a MR 25.7 bcd S 3.8 cd S
S. tuberosum
Spunta 100.0 e S 4.5 de S 44.4 c S 27.3 bcd S 3.4 cde S

* Data in each column sharing the same letter are not significantly different (P = 0.05) by the Duncan test.
a R: resistant; S: susceptible; MR: moderately resistant
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of the control cv. ‘Spunta’. Only blb 1A of S.
bulbocastanum showed a significantly lower per-
centage of nematode females and cysts (8.5%)
compared to cv. ‘Spunta’ (27.3%).

AFLP analysis

A total of 520 polymorphic bands were scored
using six primer pairs. S. bulbocastanum and S.
cardiophyllum genotypes could be clearly distin-
guished by their AFLP profiles, consistent with
the results of Lara-Cabrera and Spooner (2004).
The average number of fragments amplified per
primer combination was 86.7, and ranged from 72
fragments (E-ACA/M-CAG) to 100 fragments
(E-AGC/M-CTA) (data not shown). Most of
fragments obtained from each primer pair were
polymorphic across the tested species. The poly-
morphism frequencies within the S. bulbocasta-
num and S. cardiophyllum clones were
respectively 70.3% and 75.5%. In particular, the
total number of polymorphic bands was 204 for S.
bulbocastanum, and 194 for S. cardiophyllum.
Non-polymorphic fragments were recovered as
well. Eight-five and sixty-one bands were found
only in S. bulbocastanum and S. cardiophyllum
genotypes, respectively. Among them, several
species-specific bands present in all individuals

of one species and absent in the other (13 in b/b
and 16 in cph) were identified (Table 2).

Dendrogram analysis divided the tested geno-
types into three main groups (Fig. 1). The first
group was comprised only of S. bulbocastanum
genotypes; the second one included all S. cardio-
phyllum genotypes. The S. tuberosum controls
formed the third group. In order to obtain an
estimate of the degree of differentiation among
the groups, the average genetic similarities among
the 15 wild genotypes and the four S. tuberosum
were calculated. As expected, the highest average
similarity values were shown by the genotypes
belonging to the same species. Pairwise similarity
varied from 0.49 to 0.98, with an average of 0.69
(data not shown). In the cph cluster, cph2A and
cph2B genotypes showed the highest similarity
(0.97), cph2D and cph1C the least similar (0.74).
In general, all the S. bulbocastanum genotypes
were similar (0.82–0.91) among them.

Discussion

To improve the genetic background of potato
cultivars through interspecific hybridization, the
first step is the identification of sources of
resistance. In this work we focused on the

Table 2 Analysis of banding patterns generated by AFLP assay for nine S. bulbocastanum and six S. cardiophyllum
genotypes using six primer pair combinations

Primer pair Total number of
bands, no.

Polymorphic
loci, no.

Bands specific to each
species, no.

Specific bands universal to all
individuals, no. (%)

S. bulbocastanum
E:AGG M:CTG 50 42 11 2 (4.0)
E ACT M:CTT 38 21 5 2 (5.3)
E:ACA M:CAT 59 37 17 1 (1.7)
E:AGC M:CTG 51 42 18 2 (3.9)
E:AGC M:CTA 49 37 17 3 (6.1)
E:ACA M:CAG 43 25 17 3 (7.0)
Total 290 204 85 13 (4.5)
S. cardiophyllum
E:AGG M:CTG 48 40 12 1 (2.1)
E ACT M:CTT 50 32 17 5 (10.0)
E:ACA M:CAT 41 29 5 3 (7.3)
E:AGC M:CTG 36 31 9 1 (2.8)
E:AGC M:CTA 41 27 11 3 (7.3)
E:ACA M:CAG 41 35 7 3 (7.3)
Total 257 194 61 16 (6.2)
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characterization of diploid potato germplasm with
noteworthy resistances. Among all pathogens
tested, P. infestans ranks beyond doubt as the
world’s most destructive crop disease (Garelik
2002). Indeed, breeding for resistance to light
blight in potatoes was the first attempt at scien-
tifically-based resistance breeding (Umaerus and
Umaerus 1994). In the current study, nine geno-
types resistant to late blight were identified,
partially confirming data by Hanneman and
Bamberg (1986). Interestingly, between and with-
in species and even between genotypes of the
same accession, we observed resistance variability
for each target trait. For example, between clones
of accession cph2 we found high variability in the
percentage of leaves infected by P. infestans,
resulting in the identification of one resistant and
four susceptible clones from this single popula-
tion. By contrast, our accessions of S. bulbocas-
tanum showed a uniform low percentage of
infected leaves, resulting in a high number of
resistant clones. These observations are consistent
with the well known high heterozygosity due to
the potato outcrossing nature as well as to the
allelic and genetic diversity of single resistance
loci (Caicedo et al. 1999; Stahl et al. 1999;
Mauricio et al. 2003; Rose et al. 2004) and R
gene clusters (Van der Hoorn et al. 2001; Caicedo
and Schaal 2004; Kuang et al. 2004; Smith et al.
2004; Xiao et al. 2004).

The sources of resistance we found in S.
cardiophyllum and S. bulbocastanum suggest a
co-evolution between these species and the
oomycete fungus. The two potato species have
widely overlapping distribution ranges in central
Mexico, where P. infestans genetic recombination
occurs and where high P. infestans genotypic
diversity has been noted (Grunwald and Flier
2005). Presumably, the continuous intense infec-
tion pressure encountered in this region led to the
high levels of resistance in S. bulbocastanum and
S. cardiophyllum. Interestingly, we also found
sources of combined resistance to late blight and
bacterial soft rot (blb1A and blb1B). This is an
important finding, considering the significant
impact of these pathogens worldwide. Resistances
successfully introgressed into commercial varie-
ties are generally monogenic. Examples are the
resistances to potato cyst nematode (Globodera
rostochiensis), wart (Synchytrium endobioticum)
and potato virus X. Unfortunately, often major
genes and durability do not go together very well,
because pathogens may overcome the resistance
mechanisms. Breeders should look for major
genes from other sources, that can lead to durable
resistance. Some of the sources may well be the S.
bulbocastanum, S. cardiophyllum clones we have
identified. The pyramided genes should be com-
bined with a genetic background of minor genes,
to further reduce the risk of resistance breakdown.

Fig. 1 UPGMA
dendrogram of S.
bulbocastanum (blb) and
S. cardiophyllum (cph)
genotypes and four S.
tuberosum cultivated
varieties, constructed on
the basis of the genetic
distance estimated by six
AFLP primer pair
combinations. The
similarity on the x-axis is
based on the Jaccard’s
coefficient

Genet Resour Crop Evol (2007) 54:1797–1806 1803

123



Due to the presence of post-zygotic barriers,
the diploid species examined in this study cannot
be directly crossed with S. tuberosum haploids
(2n = 2x = 24). Alternative strategies can be
protoplast fusion, embryo rescue and bridge
ploidies (Orczyk et al. 2003; Carputo and Barone
2005).

Once a researcher has successfully transferred
the genes of interest from the donor species to
cultivated potato, significant breeding challenges
remain. Multiple generations of crossing and
selection may be needed to achieve a clone with
acceptable phenotypic attributes and each gener-
ation must be screened for retention of the newly
introgressed disease resistance gene or genes.
Phenotypically screening large numbers of geno-
types for disease resistance can be a time-
consuming and costly endeavor. The advent of
DNA-based markers that are phenotypically
neutral and the possibility to easily generate
large-scale marker data sets has provided an
indispensable tool for mapping and isolating
useful genes and for MAS, reducing the need of
large-scale disease resistance screenings. In pota-
to, markers have been widely used to localize
genetic factors controlling qualitative and quan-
titative expression of resistance both to late blight
(Leonards-Schippers et al. 1992, 1994; El-Khar-
botly et al. 1994, 1996; Naess et al. 2000), and to
other pathogens and pests (reviewed in Gebhardt
and Valkonen 2001).

In the present study, we explored molecular
differences within and between two disease resis-
tant wild potato species by generating AFLP
fingerprints. Our study reveals a bounty of mark-
ers useful for mapping, MAS, and cloning pur-
poses. Of special interest to potato improvement,
we readily identified species-specific AFLP mark-
ers unique to one wild potato species and absent
in cultivated potato. In the current study, by a six
AFLP-primer pairs analysis, we found 13 and 16
putative species-specific AFLP markers for S.
bulbocastanum and S. cardiophyllum, respec-
tively. Even though we have not found any
association between these AFLP markers and
the resistance traits, we think they may represent
useful tools for genetic and breeding studies.
Indeed, they could be exploited for future wild
genome-tracking and recombination analysis. In

addition, they can be employed for accessing and
studying genes from wild potato species (Naess
et al. 2000). Finally, as highlighted by Barone
(2004), our S. bulbocastanum and S. cardiophyl-
lum species-specific markers may be used in
negative assisted selection, i.e., choosing inter-
specific hybrids combining resistances with low
wild genome content. This is an important
prerequisite for designing strategies of assisted
selection aimed to enhance the efficiency of the
plant breeding by selecting against unfavorable
alleles, and potentially, shortening the develop-
ment time of resistant varieties.
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