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Abstract—The potato Solanum tuberosum L. has the greatest diversity of cultivated and wild relatives, whose
genetic nature has been studied insufficiently. The aim of the present study was to examine the resistance to
PVY in S. chacoense Bitt. and S. pinnatisectum Dun. and to search for DNA markers linked to resistance
genes. For the first time, representative populations of two diploid tuber-bearing Solanum species were eval-
uated by the resistance to PVY and the presence of DNA markers linked to the Ry (extreme resistance) or Ny
(hypersensitivity) genes localized on the long arm of chromosome 9. Nine accessions of S. chacoense and six
accessions of S. pinnatisectum represented by 168 and 170 genotypes, respectively, from the VIR collection
were assessed by resistance to artificial infection with PVY. The differences in segregation of two wild potato
species into phenotypic classes with response to PVY infection have been established. The diversity of visible
reactions of S. chacoense plants after PVY infection differs from the uniform type of symptoms observed in S.
pinnatisectum. DNA analysis was performed in 170 S. chacoense genotypes and 44 S. pinnatisectum genotypes
using the Ry186, S1d11, and CT220 markers linked to genes determining viral resistance in potato varieties,
breeding clones, or species of the genus Solanum L. Most genotypes of S. chacoense and S. pinnatisectum have
amplified CT220 marker linked to the Nxphu gene and the Sw-5 gene in the IvP35 line of the species S. phureja
Juz. et Buk. and tomato, respectively. The STS Ry186 marker linked to the Rychc gene in Japanese varieties
created on the basis of S. chacoense was identified in a small number of S. chacoense genotypes; however, no
association between the DNA marker and resistance phenotype was detected. The CAPS S1d11/AcsI marker,
which distinguishes between the PVY resistant and susceptible genotypes of both wild potato species, was
developed. The plants of two wild-growing tuber-bearing species of Solanum L. were first examined for the
presence of the GBSS gene-specific PCR marker (the gene encoding granules-bound starch synthase). A sig-
nificant part of the genotypes (15% in S. pinnatisectum and 25% in S. chacoense) did not reveal the genetic
marker regulating amylose biosynthesis in the forming starch granules. No significant differences in the abil-
ity to form tubers depending on the genotypes with or without GBSS marker, indicating the possible presence
of an alternative allelic variant of the GBSSI gene in S. chacoense and S. pinnatisectum species, were detected.
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INTRODUCTION
Together with other species forming tubers and

morphologically similar in aboveground organs, the
agriculturally cultivated potato (Solanum tuberosum L.
subsp. tuberosum) belongs to the subsection Potatoe
G. Don. of section Petota Dumort. of genus Solanum
L. In comparison with other important agricultural
plants, potato demonstrates the greatest variety in cul-
tural and wild relatives [1]. The natural habitats of the
species of section Petota Dumort. of genus Solanum L.
belong to different ecological and geographical areas
in a vast territory stretching from the southern regions
of the United States (38° N) to the coast of Chile and

the Chiloé Archipelago (41° S) within 16 countries of
Central and South America [2].

Tuber-bearing species of the genus Solanum L.
possess a wide range of traits determining resistance to
an unfavorable environment, which are absent in com-
mercially cultivated potatoes, including resistance to
diseases and pests. The main method of potato breed-
ing is interspecies hybridization, which provides the
introgression of genetic material (responsible for the
inheritance of a target trait) from related Solanum spe-
cies into the genome of cultivated potato [3]. Potato is
a vegetatively propagated culture susceptible to viral
diseases such as potato virus Y (PVY) infection result-
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ing in serious economic losses [4]. PVY-resistant
forms were identified among wild-growing tuber-
bearing Solanum spp. The genetic studies of wild rela-
tives of Solanum L. were conducted in a limited number
of species. The molecular-genetic screening of potato
collections significantly expands the knowledge on the
content of R genes in wild potato forms [5].

Selection for PVY resistance is based on extreme
resistance controlled by the Ry gene or on hypersensi-
tivity determined by the Ny gene [6]. An extreme PVY
resistance is controlled by the Rysto (source—S. stolon-
iferum Schlechtd.), Rychc (S. chacoense Bitt.), and Ryadg
(S. tuberosum ssp. andigena Juz. et Buk.) genes trans-
ferred into Russian and foreign varieties and breeding
clones from different sources [3, 6]. The hypersensi-
tivity to distinct strains of PVY in several European
varieties and breeding clones was inherited from
S. demissum Lindl., S. chacoense, and S. tuberosum [6]
and detected in the S. sparsipilum (Bitt.) Juz. et Buk.
[7]. The genes determining an extreme resistance and
hypersensitivity reside on potato chromosomes 4, 9,
11, and 12.

In contemporary breeding, the use of marker-
assisted-selection (MAS) to identify forms with the
genes that determine valuable traits is of great impor-
tance. An intensification of potato breeding based on
MAS technology represents one of the priorities of
contemporary genetic and breeding research. Flank-
ing DNA markers have been developed to identify the
Ry and Ny genes [6]. The results of screening of breed-
ing material in the United States and Canada by the
Rysto and Ryadg gene markers indicate the necessity of
more specific novel markers of genes for extreme resis-
tance to PVY [8, 9]. A molecular screening of genetic
collections and Russian breeding varieties revealed
a different frequency in forms with the Rysto, Rychc, and
Ryadg genes depending on the breeding center from
which the studied material originated [10–12]. How-
ever, published results of the analysis of varieties and
breeding clones using molecular markers were not
always accompanied by information on the PVY resis-
tance of the examined varieties and breeding clones.

The initial samples, including the S. stoloniferum,
S. andigenum, S. chacoense, and S. demissum forms,
used as a source of genetic material in breeding for
PVY resistance have not been preserved. A validation
of DNA markers is mainly carried out using varieties
and breeding clones of hybrid origin. Therefore, the
study of genetic nature of PVY resistance in tuber-
bearing species of the genus Solanum L. and the search
for DNA markers significantly linked to the targeted
loci in wild potato relatives represent a specific inter-
est. The aim of the present study is to examine the PVY
resistance in S. chacoense and S. pinnatisectum and to
search for DNA markers linked to resistance genes.
For the first time, the representative populations of
two diploid tuber-bearing Solanum spp. were charac-
terized by PVY resistance and the presence of DNA
RUSSIAN JOURNAL OF GENETICS  Vol. 55  No. 11 
markers linked to the Ry and Ny genes located in the
same region of chromosome 9.

MATERIALS AND METHODS
Material of study is accessions of the species

S. chacoense kk-2732, 2861, 3060, 7394, 19769, 21848,
21849, 21854, and 22638 and of the species S. pinnati-
sectum kk-4455, 4459, 15254, 19157, 21955, and 23569
from the collection of the All-Russian Institute of
Plant Genetic Resources (St. Petersburg, Russia).
A seed progeny (25–30 seedlings of each sample) and
plants arising from first tuber generation were studied.

Phytopathological analysis. The assessment of PVY
resistance was carried out by standard methods of arti-
ficial infection, including mechanical inoculation (all
plants of S. pinnatisectum and S. chacoense) and graft-
ing (S. pinnatisectum plants resistant to mechanical
inoculation). The source of infection was Detsko-
sel’skii variety of potato and a clone of S. chacoense
k-21321 affected by the ordinary (PVYO) and necrotic
(PVYN) strains, respectively. The Nicotiana tabacum
L. (Samsun variety) was used for the accumulation of
viral infection, inoculum preparation and as a root-
stock in grafting test. A mechanical inoculation of
S. chacoense and S. pinnatisectum plants was con-
ducted twice with an interval of 7–8 days. The total
suspension of sap of tobacco plants infected with ordi-
nary PVYO and necrotic PVYN strains was used. The
results were evaluated two to three weeks after the sec-
ond infection by visual symptoms of viral infection
and via enzyme-linked immunosorbent assay
(ELISA) in the “double sandwich” modification [13].
The diagnostic kits from the Lorkh All-Russian Scien-
tific Research Institute of Potato Farming (Korenevo,
Moscow oblast) were used. The N. tabacum L. plants
previously infected or not infected with PVY served as
a control. Diagnostics of PVY lesions was performed
twice: in seedlings and in plants of the first tuber gen-
eration.

Molecular methods of analysis. DNA was extracted
from fresh leaves using CTAB buffer and 2-mercap-
toethanol according to Doyle et al. [14]. For DNA iso-
lation, 100–150 mg of the material was crushed by
freezing in liquid nitrogen and subsequent homogeni-
zation in an automatic mill. The reaction PCR mix-
ture consisted of 2.5 μL of 10× Taq buffer with MgCl2,
1 μL of dNTPs (10 mM), 0.5 μL of each primer
(10 mM), 0.5 μL of Taq polymerase (5 U/μL), and
2 μL of DNA (10–30 ng/μL). The volume was
adjusted to 25 μL by deionized water.

The Ry186, S1d11, and CT220 markers linked to
the genes determining viral resistance and localized on
the long arm of chromosome 9 were used [6]. The STS
Ry186 marker was developed by Takeuchi et al. (2008)
and demonstrated a recombination frequency of
0.203% with Rychc gene [cit. 15]. This marker appeared
to be linked to the Rychc gene in the Japanese varieties
 2019
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Saikai 35 and Konafubuki (the last one was developed
on the basis of S. chacoense accession extremely resis-
tant to PVY) [15, 16] and to the Ny-Smira gene con-
trolling hypersensitivity of the Sarpo Mira variety to
the PVYNTN strain, which causes necrotic lesions of
tubers [17]. The CAPS S1d11 marker is linked to the
Ny-1 gene determining hypersensitivity of the Alba-
tros, Koga, Neptun, Niagara, and Sekwana varieties to
the PVYN strain [18]. The RFLP CT220 marker is
linked to the Nxphu gene located in the same region on
the chromosome 9, which determines hypersensitivity
to potato virus X (PVX) of the IvP35 line of tuber-
bearing S. phureja Juz. et Buk. [19] and to the Sw-5
gene controlling tomato resistance to tomato bronze or
spotted wilt virus (TSWV) [20].

The PCR analysis of the Ry186 marker was per-
formed with the primers (5'-TGGTAGGGA-
TATTTTCCTTAGA-3', 5'-GCAAATCCTAGGT-
TATCAACTCA-3') and under the conditions pro-
posed by Mori et al. [15]. The PCR protocol consisted
of one cycle (10 min at 94°C), 35 cycles (30 s at 94°C,
30 s at 55°C, 1 min at 72°C), and one cycle (5 min at
72°C). The GBSS marker of the GBSSI gene (granule-
bound starch synthase) was used as a positive control
in PCR of the Ry186 marker according to recommen-
dations of Mori et al. [15]. The Bashkirskii and Belos-
nezhka varieties with detected Ry186 marker were
included in the analysis [10].

The PCR analysis of the CT220 marker was per-
formed with the primers (5'-AAGCGAATTATCTGT-
CAAC-3' and 5'-GTTCCTGACCATTACAAAAG-
TAC-3') proposed by van der Voort et al. [21]. The
PCR conditions were as follows: one cycle of denatur-
ation (95°C for 3 min), 35 cycles (95°C for 30 s, 60°C
for 45 s, 72°C for 90 s), and one cycle of elongation
(72°C for 10 min).

The PCR results of the Ry186 and CT220 markers
were analyzed via electrophoretic separation in 1.5%
agarose gel.

The PCR analysis of the S1d11 marker was con-
ducted with the primers (5'-GCCAAAAAGGGTAG-
GAAAAATG-3' and 5'-TCATCTTCACGAATCG-
GACTAAA-3') according to the protocol suggested by
Szajko et al. [18]: one cycle of denaturation (95°C for
3 min), 35 cycles (95°C for 25 s, 54°C for 35 s, 72°C for
90 s), and one cycle of elongation (72°C for 5 min).

The sequencing of the S1d11 and CT220 markers
included purification of the PCR product followed by
its concentration using AMPure XP magnetic beads
according to the Agencourt AMPure XP protocol [22].
Preparation of probes for sequencing was carried out
with BigDye Terminator v3.1 (Thermo Fisher Scien-
tific). The reaction mixture was adapted for the Nano-
phore-05 genetic analyzer (Syntol, Russia) and
included 1.2 μL 5× Sequencing Buffer, 0.3 μL Ready
Reaction Mix, 0.3 μL (10 mM) primer, 4.5 μL of
deionized water, and 2 μL of purified PCR product.
The required concentration of the PCR product was
RUSSIA
adjusted according to the BigDyeTM Terminator v3.1
Cycle Sequencing Kit User Guide [23]. The PCR pro-
gram and further purification of the PCR product
using 125 mM EDTA were carried out in accordance
with the manufacturer’s recommendations.

The PCR product of the S1d11 marker was sub-
jected to the restriction analysis with AcsI endonucle-
ase, which contained 1 μL SEBuffer W, 0.1 μL AcsI
(20 U/μL), 1 μL BSA (1 mg/mL), 2.9 μL of deionized
water, and 5 μL of PCR product (10–20 ng/μL). The
reaction mixture was incubated at 50°C for 3 h fol-
lowed by enzymatic inactivation at 80°C (20 min).
Restriction results were analyzed via electrophoresis in
1.5% agarose gel. The length of fragments was deter-
mined with GeneRuler 50 bp DNA Ladder (Thermo
Fisher Scientific).

Statistical analysis was conducted using Statistica
Basic Academic 13 (JSC StatSoft, Russia). The asso-
ciation between DNA markers and PVY resistance was
assessed via contingency tables with Pearson’s chi-
square (χ2) test with Yates’s correction for continuity.
The rejection of the H0 hypothesis for two data sets
occurs at p < 0.05.

RESULTS
Phytopathological Assessment

The plants of 338 genotypes of two diploid Solanum
spp. including 168 genotypes of nine accessions of
S. chacoense and 170 genotypes of six accessions of
S. pinnatisectum were evaluated for PVY resistance and
interspecies differences in response to artificial viral
infection were established (Table 1). The families of
S. chacoense plants demonstrated a variety of visible
symptoms a week after the mechanical inoculation,
including development of mottling, wrinkled mosaic
or point necrosis on inoculated leaves, vein necrosis
on inoculated and upper leaves, complet necrosis of
leaves and/or shoots, leaves fall off, and plant death in
some cases. Leaf fall and/or plant death was observed
after mechanical inoculation in S. pinnatisectum plant
families.

As a result of necrosis distribution, only some
plants of S. chacoense kk-2732, 3060, 7394, 21848, and
21854 accessions died, whereas infection of S. pinnati-
sectum caused a massive death of plants from kk-
15254, 19157, and 23569 accessions (Table 1). The
absence of visible symptoms of disease was character-
istic of most plants in S. pinnatisectum kk-4455, 4459
and 21955 accessions, whereas in S. chacoense the
family of 19769 accession was the most notable at
number of plants without symptoms of viral infection.
The majority of S. chacoense plants of the k-22638
accession demonstrated a local reaction to the infec-
tion, while in the families of k-2861 and k-21849 a sys-
temic reaction was manifested in a significant part of
the plants. Among the studied S. chacoense acces-
sions, the greatest diversity of responses to PVY infec-
N JOURNAL OF GENETICS  Vol. 55  No. 11  2019
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Table 1. The results of artificial infection of S. chacoense and S. pinnatisectum with PVY

L—local reaction (point necrosis in inoculated leaves); S—systemic reaction (necrosis of veins, necrotic spots on the upper leaves,
mosaic, and wrinkling); D—death of plants.
* According to ELISA.

Accession
no. in VIR 

catalog

Plants
in total

Visually diagnosed plants Distribution into phenotypic classes*

without 
symptoms

with symptoms plants
in total

including

L S D resistant hypersensitive susceptible

S. chacoense
2732 20 5 4 9 2 9 1 4 4
2861 20 0 4 16 0 12 1 6 5
3060 19 3 5 10 1 8 1 2 5
7394 21 0 10 9 2 14 0 2 12

19769 20 10 4 6 0 17 8 2 7
21848 13 0 6 6 1 5 0 2 3
21849 19 0 7 12 0 10 0 0 10
21854 19 5 3 9 2 8 1 1 6
22638 16 1 10 5 0 8 0 2 6

S. pinnatisectum
4455 30 22 5 0 3 3 3 0 0
4459 30 26 4 0 0 10 9 0 1

15254 25 9 2 0 14 4 0 0 4
19157 30 13 3 0 14 6 4 0 2
21955 30 27 0 0 3 14 14 0 0
23569 25 7 7 0 11 6 4 0 2
tion was characteristic of the kk-2732, 3060 and 21854
families, each of which consisted of visually healthy
plants and plants with local or systemic reaction,
mosaic, or fast necrosis resulting in death of plants.

The data on ELISA confirm the differences in PVY
resistance between S. chacoense and S. pinnatisectum.
As a result of two-year screening of two wild relatives,
among 91 genotypes of S. chacoense 12 resistant, 21
hypersensitive, and 58 susceptible to PVY were
detected, while 43 S. pinnatisectum genotypes con-
sisted of 34 resistant and 9 susceptible ones. The
S. chacoense plants without symptoms or with necrotic
response to viral infection demonstrated the presence
of PVY in the sap of 27–100% of the examined geno-
types depending on the sample. Hypersensitive
S. chacoense genotypes were identified in the families
of kk-2732, 2861, 3060, 19769, and 21854 (Table 1).
The diagnostics performed by ELISA in
S. pinnatisectum plants without symptoms of viral
infection established a negative reaction of all plants of
the k-21955 and a positive reaction (PVY presence) in
the sap of 7–73% of the analyzed genotypes in the
remaining accessions. The S. pinnatisectum genotypes
extremely resistant to PVY were detected in the fami-
lies of kk-4455, 4459, 19157, 21955, and 23569. Sev-
eral genotypes of the S. pinnatisectum k-15254 and
S. chacoense k-21854 had no symptoms of viral infec-
RUSSIAN JOURNAL OF GENETICS  Vol. 55  No. 11 
tion; however, a positive ELISA reaction to PVY was
identified, thus indicating their tolerance to the virus.

Analysis of DNA Polymorphism Linked
to Resistance Genes

The analysis conducted with DNA markers was
carried out in 170 S. chacoense genotypes and 44
S. pinnatisectum genotypes. In addition to the exam-
ined S. chacoense, two clones (3-41-6 and 3-42-2) of
S. chacoense k-19759 accession previously identified
in the VIR collection and used as sources of PVY resis-
tance for the development of interspecies hybrids—
donors of breeding and valuable potato traits—were
tested for the presence of DNA markers. The poly-
morphism of three DNA markers linked to PVY resis-
tance in potato and tomato and localized in a short
segment on chromosome 9 was analyzed [6]. They
comprised CAPS S1d11 marker linked to the hyper-
sensitivity Ny-1 gene [18], STS Ry186 marker linked to
the Rychc and Ny-Smira genes [16, 17], and RFLP CT220
marker linked to the loci of the Nxphu and Sw-5 genes
controlling resistance to PVY and TSWV respectively
in the family of Solanaceae Juss [19, 20]. In the pres-
ent study, the plants of two wild tuber-bearing Sola-
num L. species were primarily examined for the pres-
ence of the GBSSI gene marker (granule-bound starch
 2019



1334 ROGOZINA et al.

Table 2. The number of S. chacoense and S. pinnatisectum genotypes with identified DNA markers in different phenotypic
classes

(+) and (–)—contrast molecular phenotypes. NA—not available.
* With Yates’s correction.

DNA marker
Phenotype Pearson’s χ2 test statistic*

(p-level)resistant sensitive

S. chacoense
CT220 (+) 10 40 3.98 (0.05)
(–) 4 2
Ry186 (+) 0 1 0.28 (0.60)
(–) 14 37 (4 NA)
S1d11/AcsI (+) 12 3 29.17 (0.00)
(–) 2 39

S. pinnatisectum
CT220 (+) 28 8 0.49 (0.48)
(–) 1 0
Ry186 (+) 0 0 NA
(–) 29 8
S1d11/AcsI (+) 29 0 31.33 (0.00)
(–) 0 8
synthase gene), which was recommended as a positive
control in PCR to identify the Ry186 marker [15].

The detection of CAPS S1d11 marker polymor-
phism in potato varieties was performed with MnlI
restriction endonuclease. The wild potato species
might possess different polymorphic sites; thus, prior
to massive screening of samples, the sequencing of the
S1d11 PCR product was conducted in six S. chacoense
accessions contrasting in PVY resistance. As a result,
two polymorphic sites being the targets for AcsI
restriction endonuclease were identified in the ampli-
fied sequence (386 bp in length). The obtained CAPS
S1d11/AcsI marker divided 95 genotypes of Solanum
spp. into two groups differing in restriction profile (+)
and (–) (Fig. 1). Genotypes with a fragment of ~256 bp
in length (+) after restriction analysis demonstrated a
significant correlation with resistance. The genotypes
not having this fragment after restriction analysis (–)
were PVY-sensitive ones. An association of identified
groups with PVY resistance in the case of artificial infec-
tion appeared to be statistically significant (Table 2).

The CT220 marker was amplified in the majority of
S. chacoense and S. pinnatisectum genotypes (85 and
98%, respectively). The sequencing of CT220 PCR
product in eight samples contrasting in resistance and
the analysis of obtained sequences failed to detect
nucleotide polymorphism in S. chacoense and S. pin-
natisectum genotypes, which could be used as a target
for restriction endonucleases.

The Ry186 marker was amplified in the Bashkirskii
and Belosnezhka varieties in seven S. chacoense geno-
types (six in the k-7394 family and one in the k-2732
RUSSIA
family) and was absent in S. pinnatisectum. Moreover,
the fragment of the GBSS marker used as a positive
control in PCR was detected in the majority of
S. chacoense (75%) and S. pinnatisectum (85%) geno-
types, including 11 of 14 S. chacoense genotypes resis-
tant to PVY but not having the Ry186 marker. No sig-
nificant differences in the ability to form tubers were
observed between the genotypes bearing or not bear-
ing the GBSS marker.

No association of CT220 and Ry186 markers with
PVY resistance was established in plants of two Sola-
num species (Table 2).

DISCUSSION
For the first time, representative populations of two

wild-growing tuber-bearing Solanum L. species have
been characterized by PVY resistance and the pres-
ence of DNA markers mapped to the potato chromo-
some 9. The differences in the segregation of the two
wild potato species into phenotypic classes as a result
of PVY infection have been established. The variety of
visible reactions of S. chacoense plants distinguishes
this species from S. pinnatisectum plants with similar
symptoms of PVY infection.

The S. chacoense species belongs to series Yungas-
ensа Corr., whereas S. pinnatisectum belongs to series
Pinnatisecta (Rudb.) Hawkes; the morphological dif-
ferences are expressed between their representatives
and these series inhabit different ecological and geo-
graphical regions. The S. chacoense species grows in
South America—Argentina, Bolivia, Brazil, Paraguay,
N JOURNAL OF GENETICS  Vol. 55  No. 11  2019
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Fig. 1. Restriction profiles detected using CAPS marker S1d11/AcsI among potato genotypes resistant (+) and sensitive (–) to
PVY. M—molecular weight marker of lengths of DNA fragments.
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Peru, and Uruguay. The geographic range of S. pinna-
tisectum is located on another continent—in North
America, Mexico. The species have different endo-
sperm balance numbers (EBNs) and belong to differ-
ent clades according to the molecular genotyping [2];
i.e., they are evolutionarily distant wild tuber-bearing
relatives of Solanum L. The differences observed in the
response to PVY infection reflect the dissimilarity of
the genetic nature of the two Solanum spp.

DNA analysis conducted using three markers
linked to the various genes controlling in potato and its
relatives resistance to viruses and in tomato to TSWV
demonstrated a consistency in the distribution of each
DNA marker in the examined genotypes of two tuber-
bearing wild Solanum L. species. The CT220 marker
was amplified in the vast majority of S. chacoense and
S. pinnatisectum genotypes, although we failed to
detect any polymorphism in the amplified DNA
sequence. This marker is described as linked to the Sw-5
gene cluster, which was primarily identified as the
dominant gene locus controlling high level of resis-
tance of tomato cultivar Stevens (developed on the
basis of the wild species Solanum peruvianum Mill.) to
TSWV tospovirus. Later, tomato with Sw-5 cluster was
found to be resistant to a wide range of tospoviruses.
Five paralogs encoding proteins with NB and LRR
domains in the cluster together with the immune
receptor against TSWV were identified [24]. The DNA
sequence corresponding to the CT220 marker in gen-
otypes phylogenetically distant from Solanum spp.
identified in the present study indicates its conserva-
tive structure in the genus Solanum L.
RUSSIAN JOURNAL OF GENETICS  Vol. 55  No. 11 
The Ry186 marker linked to the Rychc gene in potato
varieties of Japanese selection, whose PVY resistance
was provided by introgression of S. chacoense genetic
material, was rare in the genotypes of this species. The
Ry186 marker was absent in another examined tuber-
bearing species—S. pinnatisectum. Detection of the
Ry186 marker in Russian potato varieties [10] requires
the addition of the results of the offspring segregating
analysis to confirm its diagnostic value. The S. chaco-
ense forms with contrast PVY response identified in
the present study represent the basis for further study,
mapping, and identification of the R genes.

A combined molecular and phytopathological
screening of a large sample of S. chacoense and S. pin-
natisectum made it possible to develop the CAPS
S1d11/AcsI marker, which can reliably distinguish the
genotypes of two related tuber-bearing species by PVY
resistance. Validation of the S1d11/AcsI marker on
genetically diverse material, including sources of PVY
resistance in the VIR collection, will clarify its universal-
ity and the possibility of its use in practical breeding.

The massive screening of two wild tuber-bearing
Solanum L. species failed to detect the marker of the
GBSSI gene (granule-bound starch synthase gene) in
a significant part (15–25%) of Solanum spp. geno-
types. The absence of the DNA marker of one gene
associated with starch metabolism in S. chacoense and
S. pinnatisectum plants is interesting, although the
probability of unsuccessful PCR cannot be completely
excluded. The GBSSI (granule-bound starch syn-
thase) gene controlling the amylose biosynthesis in the
forming starch granules was identified and character-
ized in many potato varieties, and its inactivation
 2019
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makes it possible to obtain potatoes with tubers pre-
dominantly containing amylopectin [25]. No signifi-
cant differences in tuber formation between the geno-
types with and without the GBSS marker were
observed in both wild species. Our findings on the
detection of the GBSS marker can be explained by the
presence of the allelic variant of the GBSSI gene in
wild diploid species S. chacoense and S. pinnatisectum.
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