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Aim. Molecular identification of two genes responsible for extreme resistance (ER) to potato virus Y (PVY),
viz. Ry, and Ry, . in potato lines and varieties bred in Ukraine. Methods. In total 78 potato samples (40 breed-
ing lines and 38 varieties) were studied. To identify the Ry e and Ry, genes, the molecular markers RYSC3 and
Ry186, respectively, were used. The silica-based technique was used to isolate DNA from potato leaves or tubers.
Amplified products were analysed with agarose gel-clectrophoresis. Results. Molecular markers were used to
evaluate 40 breeding lines produced by the Polissia Experimental Department of the Institute for Potato Research,
the NAAS, the harvest of 2022, and 38 cultivars, registered in the period of 1981-2015, from the collection of the
Ustymivka experimental station of the Institute of Plant Production n.a. V.Ya. Yuriev, the NAAS. Five varieties,
Oksamyt, Horlytsia, Lybid, Ivankivska rannia, and Ikar, and 19 lines contained the marker for Ry . The gene Ry, e
marker was detected in one cultivar (Obriy) and eight breeding lines. Six lines carried both genes Ry e and Ry, .
Field evaluation against the natural PVY infection background indicated false-positive results of the presence of
ER genes in Obriy and Lybid. The frequencies of the ER genes to PVY Ry, e and Ry, were considerably higher
in the group of breeding lines than in the sample of varieties, 47.5 and 10.5 % for Ry, , and 20 and 0 % for Ry i
respectively. Conclusions. Our study confirmed the possible presence of extreme resistance genes to PVY, Ry e
and Ry, , in 4 Ukrainian potato varieties and 21 breeding lines. A higher frequency of carriers of the resistance
genes was present in the new breeding lines (52.5 %) than in the varieties already in production (10.5 %). The total
frequency of both genes was fairly similar to the one detected in the earlier study. If the lines and varieties where
the above-mentioned resistance genes were detected are truly resistant in the field and origin of these resistance
genes in the Ukrainian potato material has still to be investigated.

Key words: Solanum tuberosum, Ry, o RV, potato virus Y, molecular markers, RYSC3, Ry186, recombinant
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INTRODUCTION tato is unfortunately vulnerable to infection of many

Potato (Solanum tuberosum L.) is the most impor-  pests and disease agents, including viruses (Abbas et
tant non-cereal food crop, ranked fourth by the volume  al, 2013; Kreuze et al, 2020), which diminish the yield
of global production, according to the FAO data for and its quality considerably. Due to vegetative repro-
2021 (https://www.fao.org/faostat/en/#data/QCL). Po-  duction of potato, the pathogens may be transmitted
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via infected seed tubers to the following generations,
which leads to the decrease in the performance and the
occurrence of poor-quality tubers, thus, the degradation
of seed potato is an urgent problem in the production of
this crop (Thomas-Sharma et al, 2016). The estimated
average loss in the potato production caused by the vi-
ral infection is 20-30 %, and a severe epiphytotic may
result in the reduction of the production by over 80 %
(Lacomme and Jacquot, 2017; Liu et al, 2023). Among
more than 50 viruses and the potato spindle tuber vi-
roid (PSTVd), which may infect potato, only several
ones are very harmful and widespread, such as potato
virus Y (PVY), potato leafroll virus (PLRV), potato vi-
rus X (PVX), potato virus A (PVA), and PSTVd (La-
comme amd Jacquot, 2017; Kreuze et al, 2020). At pre-
sent, the most economically important virus affecting
the potato production globally, decreasing yield and
its quality, is potato virus Y (PVY) (Nolte et al, 2004;
Weber et al, 2021; Gao, 2020; Dupuis et al, 2023).
Most damaging are recombinant strains between the
classical PVY? and mild PVY™ that appeared since the
1980s. These recombinant strains placed in the strain
group PVYF are insensitive to the three hypersensitiv-
ity (HR) genes that normally give resistance in potato
lines and varieties (Singh et al, 2008; Fuentes et al,
2019). The increasing distribution of new recombi-
nant strains of potato virus Y, including PVYNN is a
threat to the crop performance and its quality; it can
result in the loss of the tuber harvest quality due to the
fact that these strains cause the so-called tuber necrotic
ringspot disease (Glais et al, 2019; Fuentes et al, 2019).
The recombinant strain PVYN™ was first described in
Hungary (Beczner et al, 1984). Soon this strain became
the prevailing PVY strain in many countries, including
most European countries (Yin et al, 2012; Bellstedt et
al, 2017; EFSA, 2020). Sequencing of genome frag-
ments of some PVY isolates indicated the occurrence
of recombinant strains also in Ukraine (Budzanivska
et al, 2014; Dunich et al, 2020). PVY is a flexuous,
rod-shaped, single-stranded RNA (ss-RNA) virus and
it belongs to the genus Potyvirus (family Potyviridae).
The list of host plants covers over 60 species, including
representatives of the Solanaceae, Chenopodiaceae
and Leguminosae. PVY is mainly transmitted by many
aphid species, but can also be spread by plant contact
when wounded and by seed tuber cutting (Nault 1997;
Lacomme et al, 2017) and it is a widespread pest of po-
tato plants (EFSA, 2020; Kroschel et al, 2020). Among
the symptoms caused by PVY in potato are so-called
rugose mosaic, leaf deformation, chlorosis with necrot-
ic spots, leaf shedding, delayed growth of plants, early
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withering, and necrotic ring spot of tubers, manifested
depending on the severeness of infection, virus strain,
and genotype of the plant (MacKenzie et al, 2019).
Therefore, the level of yield reduction is defined by the
PVY strain involved, viral multiplication rate, the time
when the infection takes place and the level of host re-
sistance to the virus (Shrestha et al, 2014; MacKenzie
et al, 2019). Infected seed tubers, symptomless (latent-
ly infected) or with symptoms, may easily spread the
virus to other fields and regions. All the daughter tubers
originating from infected maternal tubers (secondary
infection) will also be infected via systemic virus trans-
location during growth (Hedge et al, 2020; Kumar et
al, 2020). Furthermore the virus survives in volunteer
potatoes for several years, which serve, together with a
number of solanaceous weeds, as sources of infection
(Jones et al, 1996; Coutts and Jones, 2015).

Apart from the use of virus free and/or virus tested
seed and control of aphid populations, the cultivation
of PVY-resistant potato varieties is the most efficient
and durable solution to prevent yield loss caused by the
virus (Valkonen, 2015, Valkonen et al, 2017; Baebler et
al, 2020). Three types of resistance genes in wild and
cultivated potato are distinguished — 1) susceptibility
or S-genes (no symptoms or very limited necrosis);
2) hypersensitive resistance (HR) genes (so-called Ny
genes), with local necrotic lesions, and 3) extreme re-
sistance (ER) genes (so-called Ry genes). The Ny genes
ensure a fast defensive reaction which leads to the for-
mation of necroses (programmed cell death) in the site
of the infection, they do not impact the virus replication
but hinder its movement in the plant; they are strain-
specific. The dominant Ry genes inhibit the virus rep-
lication in the initially infected cells and are effective
against a wide spectrum of strains (Valkonen 2015 and
2017; Baebler et al, 2020; Ross et al, 2021).

Breeding programs of different countries there-
fore preferentially use the ER genes Ry , e RV, and
Ry, Ry, originates from the cultivated potato sub-
species S. tuberosum subsp. andigena Hawkes, it is
mapped on chromosome XI (Hamaéléinen et al, 1997).
Ry from the wild species S. stoloniferum Schitdl. &
Bouché is located on chromosome XII. There was a
report about the introgression of another gene from
S. stoloniferum, marked as Ry-fs v which was also
mapped on chromosome XII (Flis et al, 2005), but it
was found later that the sequences of the genes Ry
and Ry-f, had 100 % identity (Grech-Baran et al,
2020). Ry, originates from S. chacoense Bitt. and

is located on the distal end of chromosome IX (Sato
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et al, 2006). To identify these ER genes, a number of
molecular markers were developed (Kasai et al, 2000;
Song et al, 2005; Song and Schwarzfischer 2008;
Valkonen et al, 2008; Mori et al, 2011; Elison et al,
2020; Caruana et al, 2021). Marker-assisted selection
enhances the efficiency of creating PV Y-resistant po-
tato varieties; it is applied in the breeding programs of
many countries (Rizza et al, 2006; Sagredo et al, 2009;
Sharma et al, 2014; Bhardwaj et al, 2015; Fulladolsa
et al, 2015; Lopez et al, 2015; Li et al, 2017; Valkonen
et al, 2017; Slater et al, 2020). The Ukrainian potato
gene bank was practically not studied for the presence
of ER genes. A first (preliminary) screening of bre-
eding material was published by us in 2023 (Kyry-
chenko and Kozub, 2023). In those study we detected
the Ry, i and Ry , markers in 7 and 53 lines, respec-
tively, and their combination in 3 lines.

The purpose of our work was to further screen the
Ukrainian potato gene bank for the two extreme resist-
ance genes Ry, and Ry, using molecular markers.

MATERIALS AND METHODS

Samples of 40 potato lines, harvest 2022, bred by
the Polissia Experimental Department, the Institute for

Potato Research, the National Academy of Agrarian
Sciences of Ukraine (NAAS), were studied (Table 1).
Furthermore, 38 Ukrainian potato varieties originated
from the Ustymivka Experimental Station of the In-
stitute of Plant Production named after V.Ya. Yuriev,
NAAS, harvest 2022, were also analysed (Table 2).

Visual assessment of the degree of resistance of po-
tato varieties to PVY was carried out in the field under
the natural infection background in 2021-2023 at the
Ustymivka Experimental Station according to the me-
thodology developed in the Institute of Potato Growing
of NAAS of Ukraine. The 9-score resistance scale was
used to assess streak symptoms caused by PVY, where
score 9 corresponded to the absence of symptoms of
the disease, and score 1, to the maximum development
of the disease, which causes significant inhibition of
growth and development and the spread of symptoms
throughout the plant (Podgayatsky and Pika,1990): 9 —
plants with no signs of damage; 8 — initial symptoms
of the disease; 7 — up to 25 % of leaves show signs of
the disease; 5 — tissue death is observed on half of the
leaves; 3 —up to 75 % of leaves show signs of the dis-
ease, lower leaves fall off or hang down along the stem;

Table 1. Results of analysis of 40 Ukrainian breeding potato lines using markers for the genes Ry, " (RYSC3) and Ry,

(Ry186)

Breeding line Origin Ry186 RYSC3
G.10.9/8 N.89.721s81/Tyras - -
P.19.1/4 F.09.209-3/P.14.3/12 - -
P.18.4/1 P.13.41-4/P.14.8/14 - +
P.19.4/10 F.09.209-3/PN.09.8-14 - -
P.19.5/14 F.09.209-3/P.10.9-3 - -
P.19.10/1 P.09.26/2/Vyhoda - -
P.19.11/6 P.09.26/2/Partner - +
P.19.12/10 Svitana/Mezhyrichka - —
P.19.13/11 Vyhoda/Svitana + -
P.19.15/16 Radomysl/Svitana + -
P.19.18/5 P.10.10/35/Svitana - -
P.17.19-23 P.13.54-2/Vzirets + -
P.19.19/3 VM.193/59/Svitana - -
P.19.26/15 P.10.10/35/Alliance + -
P.19.27/5 VM.12.24-15/P.10.10/35 + -
P.18.29-1 P.16.53/6/P.15.23-12 + -
P.19.30/5 Mezhyrichka/Sontsedar + -
P.19.33/2 Svitana/Rostavytsia + -
P.19.33/5 Svitana/Rostavytsia + -
P.19.35/31 Svitana/Rostavytsia + -
P.19.38/1 Predslava/P.10.9-3 - —
P.19.39/1 P.14.43-9/P.15.55/14 - -
P.18.42-10 Levada/ Bazhana + +
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Continuation Table 1

Breeding line Origin Ry186 RYSC3
P.19.53/4 unknown - -
7.19.54/4 Mezhyrichka/Dorohyn +
P.19.65/1 P.10.20/22/N.07.162-1 + -
P.19.69/3 10.34/4/Poliska uvil. + +
P.19.70/12 10.34/4/Poliska uvil. - -
P.19.74/2 P.15.23/1/Slauta - -
P.18.75-5 Charunka/Alliance - -
P.19.80/2 N.09.4.g 72/Mag - -
G.13.55/22 05.11s108/Bellarossa - -
G.12.37/70 04.20s93/Bellarossa - -
P.19.1-19 F.09.209-3/14.3-2 - -
P.19.42-16 12.4-3/VM 8-22 - -
P.20.47/8 Predslava/Vyhoda + +
P.20.9/33 Fanatka/09.26/2 + +
G.12.10/1 04.21s31/Santarka + -
P.19.11-2 09.26/2/Partner + +
P.20.14-1 15.43-7/09.26/2 + +

Note: *+ positive band in gel-clectrophoresis, resistance gene presumed to be present; — resistance gene not detected.

Table 2. Results of analysis of 38 Ukrainian potato varieties, using markers for the genes Ry, i (RYSC3) and Ry

and results of field evaluation against the natural background

(Ry186)

che

Year of state

Variety name . . Ry186 RYSC3 PVY field test, score
registration
Factor 2015 — - 9
Bozhedar 1996 - - 8
Hart 1990 - - 7
Zov 1989 - - 9
Kobza 1995 - — 7
Kosen 95 1999 - - 9
Molodizhna 1996 - - 8
Mriia 2004 - — 9
Nezabudka 1981 - - 9
Oksamyt 2002 + - 9
Posvit 1992 - — 9
Prolisok 1991 - - 5
Povin 2000 - - 5
Sednivska rannia 1994 - - 9
Serpanok 2001 — - 5
Sorokadenka bila — - — 9
Chernihivska rannia 1999 - - 5
Berehynia 1992 - - 9
Dobrochyn 1995 — - 7
Mavka 1982 - 5
Malych 1988 - - 9
Obriy 1997 — + 5
Poliana 2002 - - 5
Radych 1997 — - 9
Luhovska 1987 - - 8
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Continuation Table 2

Ry186

RYSC3 PVY field test, score

. Year of state
Variety name . .
registration
Fantasia 2001
Horlytsia 1996
Dzvin 2000
Leleka 2002
Lybid 1993
Poliska-96 2001
Svaliavska 2001
Ukrainian Red 1989
Yavir 2000
Zarevo 1983
Volovetska 1985
Ivankivska rannia 2015
Ikar 1983

I
© O O WO WYV WL OO W

Note: *+ the marker for the resistance gene present; — the marker is absent.

1 —up to 50 % of leaves fallen off, the rest either hang
down or are very affected, necrosis on the stems.

DNA was isolated from potato leaves (lines) or tu-
bers (varieties) using the commercial silica-based
kit NeoPrep 100 (Neogene LLC, Ukraine) accor-
ding to the manufacturer’s recommendations (http://
neogene.com.ua/index.php?route=product/product
&path=18 46&product id=192.). Leaves were taken
from adult greenhouse plants. The plant material was
kept in a freezer. DNA was stored in a refrigerator at
4 C. For PCR, the mastermix PCR MIX 2x HOT (Ne-
ogene LLC, Ukraine) containing hot-start Taq DNA
polymerase, dNTPs, MgCl,, and the reaction buffer was
used according to the manufacturer’s recommendati-
ons (http://neogene.com.ua/index.php?route=product/
product&product id=87). PCR was conducted in a
20 pl reaction mix involving 5 ul of DNA isolated with
the above kit on an Applied Biosystems 2720 Thermal
Cycler. We used the varieties Kivi and Tiras as positi-

ve controls for the RYSC-3 and Ry186 markers, re-
spectively. Asterix was used as a negative control for
both the markers.

The identification of the resistance gene Ry, in-
volved the use of molecular marker Ry186 developed
by Mori et al (2011) (Table 3). The PCR protocol was
as follows: initial denaturation — 10 min at 95 °C, 35
cycles (denaturation for 30 s at 94 °C; annealing for
30 s at 54 °C, elongation for 1 min, at 72 °C), final elon-
gation for 7 min at 72 °C (based on the protocol of Li
et al (2017) but with the annealing temperature of
54 °C). The presence of the resistance gene Ry , was
presumed when the PCR resulted in obtaining the
marker amplicon of 587 bp.

The presence of the resistance gene Ry, 4g Was deter-
mined using the molecular marker RYSC3 according to
Kasai et al (2000) (Table 3). The following PCR pro-
tocol was used: initial denaturation — 10 min at 95 °C,
35 cycles (denaturation for 45 s at 94 °C; annealing for

Table 3. Molecular markers for detection of Ry, i and Ry, and their primer sequences

Gene Marker Primer sequence (5-3") Size, bp Reference
RY e RYSC3 ATACACTCATCTAAATTTGATGG 321 Kasai et al, 2000
AGGATATACGGCATCATTTTTCCGA
Ry, Ryl186 TGGTAGGGATATTTTCCTTAGA 587 Mori et al, 2011
GCAAATCCTAGGTTATCAACTCA

AGRICULTURAL SCIENCE AND PRACTICE Vol. 11 No.1 2024
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45 s at 60 °C, elongation for 1 min, at 72 °C), final elon-
gation for 7 min at 72 °C. The marker for the presence
of gene Ry 4 Was an amplicon of 321 bp.

The electrophoresis was conducted in 1.5% agarose
gel with 1 pg/ml ethidium bromide using 1 x TBE (Tris
Borate EDTA) buffer. The gels were photographed us-
ing the gel-documentation system VISION Gel (Scie-
Plas Ltd, UK).

RESULTS

The investigated potato samples included 40 new
breeding lines representing a new breeding stage and
38 Ukrainian varieties registered within 1981-2015
(Tables 1 and 2). A few examples of the results of gen-
otyping using markers Ry186 and RYSC3 are shown
in Fig. 1 and 2, where the presence of an amplicon

500 bE

of 587 bp demonstrates the possible presence of the
gene Ry (Mori et al, 2011), and an amplicon of 321
bp, the possible presence of the gene Ry, . (Kasai et
al, 2000).

Among the Ukrainian potato varieties, the marker
amplicon for the resistance gene Ry, g Was detected
only in the variety Obriy. The presence of the gene Ry,
was determined in five varieties, viz. Oksamyt, Lybid,
Horlytsia, Ivankivska rannia, and Ikar. In the breeding
material, Ry, was presumably present in 8 lines, and
Ry, in 19 lines.

Simultaneous presence of the markers for Ry, e
and Ry, was not found in the varieties tested, but
both were present in six breeding lines (P.18.42-
10, P.19.69/3, P.20.47/8, P.20.9/33, P.19.11-2, and
P.20.14-1) (Table 1).

Fig. 1. PCR results with marker Ry186 for detection of the gene Ry , in potato samples: 1 — line P.19.5/14, 2 — P.19.10/1,
3-P.19.11/6,4 - P.19.12/10, 5 — P.19.13/11, 6 — P.19.15/16. M — marker (100 bp DNA Ladder). N = negative; P = positive

Fig. 2. PCR results with marker RYSC3 for detection of the Ry, gene in potato samples: 1 — P.20.9/33, 2 — G.12.10/1, 3 —
P.19.11-2,4 — P.20.14-1. M — marker (100 bp DNA Ladder). N = negative; P= positive
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Thus, the frequency of the samples having the marker
RYSCS3 for the resistance gene Ry ” is 20 % in the sam-
ple of 40 breeding lines and 2.6 % among 38 Ukrainian
varieties tested. The frequency of the marker Ry186 for
the Ry, gene was 47.5 % in the sample of breeding
lines and 13 % in the sample of varieties.

The comparison of the results of molecular identifi-
cation of the extreme resistance genes with the results
of field evaluation against the natural infection back-
ground indicated that in two cases there were false-
positive results. The varieties Obriy and Lybid showed
score 5, which indicates that they are susceptible to
PVY (Table 2). The other carriers of the marker ampli-
cons for Ry (Oksamyt, Horlytsia, Ivankivska rannia,
and Ikar) proved to be resistant (with score 9). Thus,
the frequency of possible carriers of the Ry , gene in
the sample of Ukrainian varieties is 10.5 %, and none
of the varieties has the Ry, 4o BEne.

DISCUSSION

In 2021, Ukraine was ranked the third largest pro-
ducer of potato in the world, after China and India,
(https://www.fao.org/faostat/en/#data/QCL). Viral dis-
eases are among the main detrimental phytopathogens
in the agrocenosis of potato in Ukraine (Boroday and
Parfenyuk, 2018; Volkova et al, 2021).

The annual losses of the European Union due to PVY
are estimated as EUR 187 million, mainly caused by
the expenditures on the chemical treatment applied
while cultivating seed potato and yield losses in seed,
industrial and consumption potatoes (Dupuis et al.,
2023). An older study conducted in the USA demon-
strated that harvest losses due to PVY amounted to 0.18
t/ha per each per cent of the increase in the virus inci-
dence (Nolte et al. 2004). In a long-term study over
the years 19962009, Kostiw (2011), in a field/green-
house inoculation experiment, determined that 32.5%
of the daughter tubers were infected after a 10 days
exposure to several viruses, and the infection percent-
age of virus Y greatly exceeded that of potato virus M
(18.2 %), potato virus S (22.1 %), and potato leaf roll
virus (15.3 %).

The results of our investigation of Ukrainian potato
varieties, which cover almost 30 years of the breeding,
using markers to the ER genes Ry, e and Ry, , dem-
onstrated a low frequency of the marker for the gene
Ry, iz (2.6 %) and somewhat higher incidence of the
marker of gene Ry, (13 %). Moreover, field evalua-
tion of the varieties indicated false positive results in
two varieties showing the marker amplicons: these are

AGRICULTURAL SCIENCE AND PRACTICE Vol. 11 No.1 2024

Obriy with the positive result of amplification with
the marker RYSC3 and Lybid with the Ry186 marker.
So the sample analysed does not contain any varieties
with the gene Ry, " and its frequency of Ry carriers
is 10.5 %. Such cases with the presence of marker am-
plicons in PVY susceptible genotypes of potato were
previously described, for example, the variety Emma,
which showed two Ry  ~markers (RYSC3 and M45)
along with the susceptible phenotype (Slater et al,
2020, Caruana et al, 2021), and the susceptible acces-
sions TARN187 (with RYSC3 and M45) and A6 (with
the RYSC3 marker) (Herrera et al, 2018). However,
among the new breeding lines, the incidence of the two
ER markers was found to be considerably higher for
both genes (20 and 47.5 % respectively), with a pre-
valence of the incidence of the marker for the Ry,
gene. In addition, in six lines (15 %) the markers for the
two resistance genes were detected, which makes them
a promising material in terms of breeding for extreme
resistance to PVY.

The marker RYSC3, used by us and developed by
Kasai et al, 2000, is most frequently used in the anal-
ysis of the potato samples for the presence of Ry, "
(Rizza et al, 2006; Sagredo et al, 2009; Sharma et al,
2014; Bhardwaj et al, 2015; Fulladolsa et al, 2015;
Lopez et al, 2015; Li et al, 2017; Slater et al, 2020).
The geographical occurrence of Ry it is quite different.
The highest percentage of Ry, i carriers was identified
in samples of the Uruguay collection (68 %) (Rizza et
al, 20006), in the Chili potato collection of the Chilota
Potato Genebank (36.5 %) (Lopez et al, 2015), and
among Chinese varieties (22.4 %) (Li et al, 2017).
The combination of different Ry, i markers proved to
be more efficient for detecting Ry, carriers. For ex-
ample, in the Australian collection of potato samples,
the RYSC3 marker was detected in three varieties, but
the M45 marker was amplified by the nine additional
varieties (Slater et al, 2020). Thus, the recent detec-
tion and description of novel markers, such as M45 and
M6, and the SNP marker (SNP37279) validated as a
Kompetitive Allele-specific PCR (KASP) marker for
more precise and extensive identification of Ry, e MAY
lead to a more accurate identification of the respec-
tive ER gene (Herrera et al, 2018; Caruana et al, 2021).

There is much less information about the occurrence
of the gene Ry , among potato varieties and lines of
different origin. Using marker Ry186, in 6.6 % potato
varieties from China, Ry , was detected (Li et al, 2017).
The presumed frequency of this gene in the investigat-
ed sample of Ukrainian varieties was 10,5 %, but it was
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found considerably higher (47.5 %) in the sample of
breeding lines. The markers, used by us, are not direct,
so there is a possibility of recombination between the
marker and the resistance gene, and thus, false positive
results (Kinghorn, 2010) due to the distance between
the diagnostic marker and the PVY resistance gene.
After sequencing the gene Ry, , it was found to be
the resistance gene of the Toll/interleukin-1 receptor-
nucleotide-binding site-leucine rich repeat (TIR-NBS-
LRR) type (Li et al, 2022; Akai et al, 2023). From this
sequence new direct markers to identify gene Ry,
were designed (Li et al, 2022; Akai et al, 2023).

Our research demonstrates the likely presence of the
genes Ry, and Ry , in potato material bred in Ukraine
present in our gene bank. In the future we will continue
similar studies on more breeding material that could
lead to detection of further resistance genes and even-
tually to more resistant Ukrainian varieties. Further-
more, we will check the actual presence of resistance
in the lines and varieties by inoculation experiments

CONCLUSIONS

The study using molecular markers demonstrated the
presumed presence of the extreme resistance genes to
PVY Ry, and Ry, in a number of Ukrainian potato
varieties and breeding lines. The frequency of carri-
ers of these resistance genes was considerably higher
among the breeding lines than in the sample of variet-
ies, namely 52.5, and 10.5 %, respectively. The iden-
tification of sources of extreme resistance of potato in
the breeding material is an efficient way to reduce yield
losses due to virus Y when introducing new varieties.
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Meta. MonekynsipHa igeHTH(]IKaIis ABOX TEHIB, IO BH-
3HAYalOTh ekcTpeMaibHy criiikicts (ER) mo Bipycy Y kap-
tormi (PVY), a came Ry, o T3 Ry, .y JiHIAX Ta coprax
KapTomuli ykpaiHcekoi cenekiii. Meroan. Bcboro Oyio
nociimkeHo 78 3paskiB kapromti (40 cenmekmiitHUX JTiHIN
Ta 38 copris). Jlng inentndikauii renis Ry, i T8 Ry, BU-
KOPHCTOBYBaJI MoJjieKyisipHi Mapkepu RYSC3 ta Ryl86,
BimnosigHo. Jlns BuminenHs JHK 3 nwmctkiB ab6o Oyin0
KapTOIUTi 3aCTOCOBYBAJIM METOJMKY Ha OCHOBI CHIJIIKH. AM-
TuTihikoBaHI MPOAYKTH aHANi3yBald 3a JOTOMOTOIO EJIeK-
Tpodopedy B arapozHomy remi. PesyabraTn. 3a mormomo-
TOI0 MOJIEKYJSIPHHX MapkepiB omiHeHo 40 celeKkuiiHux
NiHiH, cTBopeHUX [lomichKUM JOCTIMHUM BiaiacHHAM [H-
ctutyty kapromusipctBa HAAH VYkpainu Bpoxaro 2022 p.,
Ta 38 copriB, 3apeecTpoBaHux y mepiox 1981-2015 pp.,
3 KOJNIeKIil YcTHUMIBCBKOT mocmigHol craHmii [HcTHTyTy
pocimunnnTea iM. B. 1. Op’eBa HAAH VYkpainu. IT’a1h
coptiB — Okcamur, ['opmurst, JInGins, IBaHkiBchbKa paHHS Ta
Ixap, a Taxox 19 minid, Mann mapkep rema Ry . Mapkep
reHa Ry, BUSBICHO y OJHOIO COpTY (OO0piit) Ta BocbMH
cenekuiinux aiii. llicTe niHili Hecin oOuaBa reHn Ry, i i
Ry, . TlonboBa ominka Ha MpUPOAHOMY iHpeKIiiHOMY (oHi
PVY mnoxka3zana XMOHOTIO3UTHBHI pe3yJbTaTH HAsBHOCTI Te-
niB ER y copris OO0piit ta JIuGixs. Yactorw renis Ry, i i
Ry, eKcTpemMaibHoi cTifikocTi 1o PVY Gyiun 3Ha49HO BHIIHK-
MH B TPy CENeKIIHHUX JiHIH, HDK cepell TOCHiIKYBaHUX
coprie: 47,5 1 10,5 % nma Ry, i 20 i 0 % na Ry ...
BimnoBiqHO. BucHoBKH. Harre mocniKeHHS MiaTBEPAMIO
MOXJIBY HasIBHICTh T€HIB EKCTPEMaJbHOI CTIifiKOCTI 10
PVY Ry, i Ry, y 4 yKpaiHCbKMX COpTiB KapTomii Ta 21
ceJlekiiiHol JHii. Buma yacrora HOCIIB reHiB CTIiHKOC-
Ti criocTepirajach y HOBUX celeKmidHux i (52,5 %),
HDK y COpTIB, 110 BXE BUKOPHUCTOBYIOTHCSI Y BUPOOHHIITBI
(10,5 %). 3arampna dacrora 000X TeHIB Oyna JOCHTH
MOJIOHOK0 110 Ti€l, mo Oynaa BHSBICHA B IOIEPCIHHOMY
nociipkeHHl. Yn € JiHii Ta copTH, B SKUX OyITH BUSBICHI
BHINIE3rafadi IeHU CTIHKOCTI, MIHCHO CTIHKMMHU B IIOJIbO-
BHX yMOBaX, Ta IMOXOIKCHHS [UX TEHIB CTIHKOCTI B YK-
palHChKOMY KapTOIUITHOMY Marepiali, Ie HaJeKHUTh JI0C-
JIATH.

Karouosi cioBa: Solanum tuberosum, Ry, i B BipyC
kapromuti Y, Mosekymsipai Mmapkepu, RYSC3, Ry186, pexom-
OIHAHTHUIA IITaM.
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