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PLANT RESISTANCE

TO WHEAT STREAK MOSAIC VIRUS:

INVESTIGATION OF THE PRESENCE OF Wsm1 GENE

IN DIFFERENT WHEAT VARIETIES GROWN IN UKRAINE

Wheat streak mosaic virus (WSMV) is the most harmful virus of cereals and is an economically important virus in
wheat grown in many countries, including Ukraine. The most effective plant defense against viruses is effector-triggered
immunity (ETI) provided by R proteins encoded by R genes. The R gene, which is named Wsm1, provides broad wheat
resistance against WSMV compared to the other three known today resistance genes. The goal of this study was to screen
wheat varieties grown in Ukraine for the presence of resistance gene Wsm1 using a PCR-based marker. Methods. Visual
diagnosis, DAS-ELISA, total RNA extraction, and RT-PCR were used for the WSMYV identification in wheat samples.
Extraction of plant genomic DNA and PCR with primers for the detection of the Wsm1 gene were carried out. Bioassay
and ELISA were used for checking the effectiveness of Wsm1-based resistance. Results. For the first time in Ukraine,
screening of 102 wheat varieties/breeding lines for the presence of the Wsm1 gene was performed using a PCR-based
marker. Our study demonstrates that the Wsm1 gene is present in the 12 investigated wheat varieties/breeding lines that
are widely used in Ukrainian farms. Bioassay results confirmed by DAS-ELISA show effectiveness of the resistance gene
Wsm1 against WSMYV inoculation in experimental conditions. Conclusions. Investigated wheat varieties carrying the
Wsm1 gene can be provided to the breeding programs in Ukraine. To our knowledge, this is the first report about screen-
ing different wheat varieties grown in Ukraine for the presence of the Wsm1 gene.
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Wheat streak mosaic virus (WSMV) is a single-
stranded, positive-sense, monopartite RNA vi-
rus in the family Potyviridae, genus Tritimovirus.
WSMV is the most harmful virus of cereals and
is economically important in wheat. WSMV can
cause significant yield losses of wheat of 5%, with
100% in localized infections (French & Stenger
2004; Schubert, 2015; Hasan et al., 2025; Singh
et al., 2018). WSMV occurrence and impact on
wheat yield are confirmed in Ukraine (Mishchen-
ko et al., 2018, 2019, 2021). The virus is transmit-
ted mechanically and is efficiently transmitted
by the wheat curl mite Aceria tosichella Keifer,
which acquires virions during phloem feeding on
infected hosts. Virus-bearing mites harbor and
transmit WSMV throughout their lifetime (3—4
weeks), allowing both horizontal (plant-to-plant)
and vertical (transovarial) transmission (Gupta
et al., 2019; Tatineni & Hein, 2018; Trzmiel et al.,
2021, 2022). The genome is approximately 9.3 kb
and encodes a single polyprotein that is proteo-
lytically cleaved into 10 mature proteins: P1, HC-
Pro, P3, 6K1, CI, 6K2, VPg, NIa-Pro, NIb, and CP
(Li et al., 2025). CP is known a multifunctional
protein required for cell-to-cell movement and is
a long-distance transport determinant (Tatineni
& French 2014; Tatineni et al., 2023). P3N-PIPO
is also involved in WSMYV cell-to-cell movement
(Choi et al. 2005).

Plants defend themselves against patho-
gens through pattern-triggered immunity (PTI).
PTTI activates multiple signaling pathways in host
cells (i.e., activation of mitogen-activated protein
kinases, reactive oxygen species (ROS) signaling,
reactive nitrogen species (RNS), lipids, callose,
salicylic acid, jasmonic acid, ethylene, etc. (Nguy-
en et al,, 2021)). However, many pathogens, in-
cluding viruses, deploy a variety of proteins
called effectors to defeat PTI. If specialized re-
ceptors in the plant called resistance (R) proteins,
directly or indirectly recognized effectors, the
second layer of plant defense is activated, which
is named effector-triggered immunity (ETI).
R-proteins are encoded by R genes primarily
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function through a “gene-for-gene” interaction,
where specific R genes in plants recognize cor-
responding avirulence (Avr) genes in pathogens
(Ngou et al., 2022). This recognition triggers a
plant defense response, often a hypersensitive re-
sponse (HR) and/or initiation of signal transduc-
tion pathways, which restricts pathogen growth
and spread (Jones et al., 2024; Zhu et al., 2025).
Four R genes for WSMYV resistance named as
Wsml, Wsm2, Wsm3, and ¢2652 have been iden-
tified in wheat to date (Haley et al., 2002; Sharp
et al., 2002; Divis et al., 2006; Haber et al., 2006).
High levels of resistance to WSMV was first ob-
served in a wild wheat relative Thynopyrum inter-
medium (Host) Barkworth and Dewey [Agropy-
ron intermedium (Host) PBeauv.] (Triebe et al.,
1991). The resistance gene from Th. intermedium,
designated as Wsm1I, was introduced into culti-
vated wheat by translocation on the wheat chro-
mosome 4DL. Mechanism of WsmI-mediated
resistance in wheat likely involves virus replica-
tion suppression or/and movement restriction,
but the exact mode is still under study. The Wsm1
resistance gene itself does not code for a specific
protein, but rather refers to a segment of DNA
from the intermediate wheatgrass (T. interme-
dium), which confers resistance to WSMV (Fa-
him et al.,, 2012). This alien chromatin segment
is present on a translocation chromosome in
wheat, where it provides resistance by impairing
the long-distance movement of the virus within
the plant. While the exact protein(s) produced by
the Wsm1 gene are not fully characterized, the
resistance mechanism involves blocking the virus
from entering the plant’s vascular tissue, particu-
larly at lower temperatures (Tatineni et al., 2016).
Wsml provides broad resistance of wheat
against WSMV compared to Wsm2 and Wsma3.
Both WsmI and Wsm2 are temperature-sensitive
genes and are ineffective at higher temperatures.
They have been reported to provide more effec-
tive resistance at or below 18 °C than at 24 °C
and above (Graybosch et al., 2009; Haley et al.,
2011; Seifers et al., 2006; Tatineni et al., 2010;
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Gautam et al., 2025). Farahbakhsh et al. (2019)
reported that in WSMV-resistant wheat at 20 °C,
most metabolic pathways were enhanced (amino
acid metabolism, lipid metabolism, and alkaloid
pathways). However, at 32 °C, increased suscepti-
bility of resistant plants to WSMV was observed,
which was accompanied by a decrease in the ex-
pression of components of signal transduction
pathways or a decrease in the level of metabolites
associated with this pathway, which may be asso-
ciated with plant adaptation to combined stress
(virus and high temperature). In mixed infections,
both symptom severity and virus accumulation
(WSMYV and TriMV) were notably greater in the
wheat cultivars carrying the Wsm2 gene than in
those carrying Wsm1 (Gautam et al., 2025).

Marker-assisted selection (MAS) can be effec-
tively used in wheat breeding programs to incor-
porate the Wsm1 gene into new wheat varieties.
This approach accelerates the breeding process
by allowing breeders to select for the Wsm1 gene
using molecular markers rather than relying
solely on time-consuming and labor-intensive
phenotypic evaluations in the field. Using these
molecular markers, breeders can screen large
populations of wheat plants and select those car-
rying the desired resistance genes, even at the
seedling stage, before the development of visible
disease symptoms.

In Ukraine, markers linked to stem rust resis-
tance genes Sr33, Sr39, Sr40, and to yellow rust for
selecting wheat breeding lines were investigated
(Kozub et al., 2023; Pirko et al., 2021; Pirko et al.,
2024). But the study of wheat resistance genes to
viruses has not been carried out in our country.

The goal of this study was to screen wheat va-
rieties for the presence of resistance gene Wsml
using a PCR-based marker.

Materials and Methods. Collection of wheat
samples. In total, 102 wheat varieties and breed-
ing lines were studied in the work. Wheat sur-
veys were conducted in the fields of Poltava,
Kyiv, Odesa, Ternopil, Kirovohrad, Chernihiyv,
and Vinnytsia regions, during which both plants
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with disease symptoms and visually healthy
samples were selected. Seeds for some varieties
were kindly provided by farmers interested in
this study and were germinated in the laboratory
to the 2—3 leaf stage.

Identification of WSMV was performed using
a double-antibody sandwich enzyme-linked im-
munosorbent assay (DAS-ELISA), and RT-PCR.
DAS-ELISA was carried out using specific anti-
bodies against WSMV No. 070485/100 according
to manufacturer's protocol (Loewe Biochemica
GmbH Germany). Material from healthy-look-
ing wheat plants was included as negative con-
trols. Positive controls were commercial samples
(Loewe Biochemica GmbH Germany). The re-
sults were recorded on a Termo Labsystems Opsis
MR reader (USA) with Dynex Revelation Quick-
link software at a wavelength of 405 nm. Samples
were considered positive when their absorbance
at 405 nm was at least three times higher than
that of negative controls (Crowther, 1995).

Extraction of total RNA was carried out
from symptomatic leaves using a GeneJet Plant
RNA Purification Kit (Thermo Fisher Scientific,
USA). Two-step RT-PCR was conducted using
RevertAid Reverse Transcriptase (RevertAid™
M-MuLV, Thermo Scientific, USA), DreamTaq™
Green PCR Master Mix (Thermo Fisher Scien-
tific, USA), and specific oligonucleotide primers
WS-8166F 5 GAGAGCAATACTGCGTGTACG 3,
and WS-8909R 5' GCATAATGGCTCGAAGT-
GATG3' (Kudela et al., 2008). The amplification
reactions were set up as follows: initial denatur-
ation for 3 min at 95 °C, followed by 30 cycles of
95 °Cfor 30s, 55 °C for 30 s, and 72 °C for 1 min.
The final extension step was at 72 °C for 10 min.

The presence of the Wsm1 resistance gene. To
screen Wsm1, genomic DNA was extracted from
wheat leaves using the GeneJet Plant Genomic
DNA Purification Mini Kit K0791 according to
the manufacturer's protocol (Thermo Fisher
Scientific, USA).

The presence of WsmI-resistance gene was ve-
rified by PCR using specific primer pair STSJ15:
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STSJ15_L (GTAGCAGGGGAAGCTGAAGA)
and STSJ15_R CCGAGCTCACACGCTAATTT
with the expected size of the amplification pro-
duct 500 bp (Talbert et al., 1996). DreamTaq™
Green PCR Master Mix (2X) K1081(Thermo
Fisher Scientific, USA) was used for PCR. Am-
plification was carried out in a thermocycler; the
volume of the reaction mixture was 25 pL, ac-
cording to the manufacturer’s recommendations.
After mixing all reagents, the microtubes were
transferred to a thermocycler. Amplification mo-
de for determining the Wsm1 gene: 95 °C — 30's,
followed by 33 cycles at 95 °C for 30 s, 56 °C for
30's, 72 °C for 45 s, and 72 °C for 5 min.

Verification of the presence of amplification
products was carried out using a horizontal DNA
electrophoresis in agarose gel by the above method
with DNA markers 100bp (MassRuler DNA Lad-
der Mix ready-to-use, Thermo Scientific, USA).

Bioassay. Wheat plants were inoculated with
infectious material (sap of WSMV-infected wheat
plants). A portion of the plant material (5—10 g)
was crushed and ground in a mortar with the ad-
dition of 0.1 M phosphate buffer pH 7.4 in a ratio
of 1:2 (m:V), following the homogenate filtration.
Carborundum powder was applied to the leaves
of the studied wheat plants at the two-true-leaf
stage, then virus-containing material was applied,
inoculating the leaves, and the plants were put in
a shaded place for one day, followed by their cul-
tivation in greenhouse conditions. Wheat carry-
ing the Wsm1 gene was used as the control.

Statistical analysis. Five biological repeats
were conducted for each ELISA measurement.
Each of them contained leaves from five individ-
ual wheat plants pooled together before grind-
ing. Three technical repeats were conducted for
each biological repeat. When appropriate, the
findings of technical repeats were averaged to get
the mean value for each biological repeat. DAS
ELISA, PCR, and bioassay were performed in
three replicates.

Results. In the first part of our work, we
studied 16 wheat samples and varieties selected
from different regions of Ukraine in 2023—2024
(Table 1). Of them, WSMV was confirmed by
ELISA and RT-PCR in the Bohdana variety and
in sample V (samples # 11 and # 11a), which ex-
hibited classic symptoms of leaf streak mosaics
(Fig. 1, 2).

According to the PCR results using primers
targeting the Wsml resistance gene, a 500 bp
amplification product was observed in 11 sam-
ples, which indicates the presence of the target
gene (Fig. 3, Table 1).

In addition to the wheat plants selected in
the fields studied, 29 varieties germinated from
seeds in the laboratory were also tested (Table 2).
The results of PCR using primers to the Wsm1
gene showed that no amplification product of
about 500 bp was detected (Fig. 4).

In 2025, 62 wheat varieties/breeding lines
were collected and analyzed for the presence of
WSMV and Wsm1 . DAS ELISA and RT-PCR

Fig.1. Wheat variety Bohdana with symptoms of WSMV infection (g, b, ¢), d —
healthy sample
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Fig. 2. Identification of WSMYV in wheat samples (2023-2024): a — by DAS-ELISA; b — by RT-PCR: lane numbers
correspond to sample numbers indicated in Table 1; lane marked with M contains DNA markers, 100bp (Thermo

Scientific, USA); lane K — negative control of the reaction
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Fig. 3. Gel electrophoresis with 500 bp PCR fragments amplified using primers for
the WsmI gene. Lane numbers correspond to the sample numbers indicated in Table
1. Samples containing the Wsm1 gene are marked in yellow. Lane marked with M
contains DNA markers, 100bp (Thermo Scientific, USA)

showed WSMYV infection in varieties Stromboli
and Asori (Ternopil region) and in the breeding
line # 1273/25 (PBGI-NCSCI, Odesa) (Fig. 5, 6).

These three WSMV-infected samples do not
contain the resistance gene Wsm]l, ? in contrast
to the rest of the selected samples. Only the
breeding line #11 (DSV-Ukraine) carries the tar-
get gene (Fig.7, Table 3).

Thus, screening 102 wheat varieties/breed-
ing lines has been carried out, 12 of them car-
rying the Wsm1 gene (Tables 1—3). Hence, the
following step of our investigation was to check
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if these varieties are affected by WSMV in arti-
ficial conditions. The var. Lutescens 16923, var.
Rotax (2023), var. Rotax (2024) breeding lines
##1,2,3,6,9,10,11 (DSV-Ukraine), and breeding
lines # 12 and 22 (PBGI-NCSCI) were inoculat-
ed by WSMYV in the laboratory greenhouse. The
wheat var. Panianka served as the positive con-
trol for the inoculation as not carrying the Wsm!1
gene. The bioassay results revealed the absence
of the viral symptoms on the all 12 inoculated
wheat samples, which was confirmed by DAS
ELISA (Fig.8).
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Fig. 4. Gel electrophoresis of PCR products using primers for the Wsml gene
(expected size of the amplification product is 500 bp): K+ — positive control; K— —
negative control; M — DNA markers, 100bp (Thermo Scientific, USA). Lane numbers
correspond to the sample numbers indicated in Table 2.

Table 1. Results of screening wheat from different regions
sampled in 2023—2024 for the presence of WSMV and resistance gene Wsm1

Sample No in the experiment Name of variety/sample, date, and /or collection year WSMV Wsml
10 var. Rotax, 2024 — +
11 var. Bohdana, 2024 + —
11la var. Bohdana, 2024 + —
12 breeding line # 12 PBGI-NCSCT*, 2024 — +
14 var. Rotax, Chernihiv region, 3.06.2023 — +
17 breeding line # 17 PBGI-NCSCI*, 2024 — —
22 breeding line # 22 PBGI-NCSCI*, 2024 — +
24 breeding line #1, DSV-Ukraine, 2024 — +
25 breeding line #2, DSV-Ukraine, 2024 — +
26A breeding line #3, DSV-Ukraine, 2024 — +
29 breeding line #6, DSV-Ukraine, 2024 — +
32 breeding line #9, DSV-Ukraine, 2024 — +
59 Lutescens 16923, Odesa, 2024 — +
709 var. Reform, Kirovohrad region, 2024 — —
IT breeding line # 10, DSV-Ukraine, 2024 — +
\Y% var. Akter, Vinnytsia region, 16.05.2024 + —

* PBGI-NCSCI — Plant Breeding and Genetics Institute — National Center of Seed and Cultivar Investigation;
‘—*— absence of the WSMV/ Wsm1 gene; ‘+'— presence of the WSMV/ Wsm1 gene

ISSN 1028-0987. Microbiological Journal. 2026. (1) 75
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Fig. 5. Symptoms of WSMV infection on winter wheat: a — var. Stromboli, Ternopil
region, 6.06.2025; b —var. Asori, Ternopil region, 6.06.2025; ¢ — healthy wheat plants,
variety MIP Vyshyvanka

Table 2. Results of screening 29 wheat samples grown
from seeds in the laboratory for the presence of resistance gene Wsm1

in tkslzr::l)l();zrljr(r)lent Variety/sample Wsml in t}Slzrg)I();eerIi?lent Variety/sample Wsml

1 Odeska-267 _ 16 Elehiia Myronivska —
2 Obriy — 17 Oksamyt Myronivskyi —
3 Panianka — 18 Struna Myronivska —
4 Tvorchist odeska — 19 Diana —
5 Favorytka odeska — 20 Sophia Kyivska —
6 Lutescens 16823 — 21 Lisova pisnia —
7 Merty — 22 Novosmuglyanka —
8 Vente — 23 Aktor, 2023 —
9 Vilshana — 24 Aktor, 2024 —
10 Sanzhara — 25 Breeding line #46, PBGI-NCSCI| —
11 Dykanka — 26 Breeding line #40, PBGI-NCSCI| —
12 Zelenyi Hay — 27 Sonata Poltavska —
13 Orzhytsia Nova — 28 MIP Fortuna —
14 MIP Vyshyvanka — 29 Smuglianka —
15 MIP Lada —

‘—¢— absence of WsmlI

Table 3. Results of screening wheat varieties and breeding lines
sampled in 2025 for the presence of WSMYV and resistance gene Wsml

in tizrgfézgr(r)lent Name of variety/sample colleclt)igf;er;i /lzrcation WSMV | Weml
1 breeding line #4, PBGI-NCSCI (Motsnyi L.1.) 22.05.25, Poltava region — —
2 breeding line #5, DSV 22.05.25, Poltava region — —
3 breeding line #7, DSV 22.05.25, Poltava region — —
4 breeding line #8, DSV 22.05.25, Poltava region — —
5 breeding line #10, PBGI-NCSCI (Motsnyi I.1.) 22.05.25, Poltava region — —
6 breeding line #11, PBGI-NCSCI (Motsnyi 1.1.) 22.05.25, Poltava region — —
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Continuation of Table 2

in tlslzlzgigl?lent Name of variety/sample colleclt)igf;erzi /l(ércation WSMV' | Wsml
7 breeding line #12, PBGI-NCSCI (Motsnyi I.1.) 22.05.25, Poltava region — —
8 breeding line #13, PBGI-NCSCI (Lytvynenko M.A.) |22.05.25, Poltava region — —
9 breeding line #14, PBGI-NCSCI (Lytvynenko M.A.) |22.05.25, Poltava region — —
10 breeding line #15, PBGI-NCSCI (Lytvynenko M.A.) |22.05.25, Poltava region — —
11 breeding line #33, PBGI-NCSCI (Motsnyi 1.1.) Odesa, 2025 — —
12 breeding line # 34, PBGI-NCSCI (Motsnyi L.1.) Odesa, 2025 — —
13 breeding line #35, PBGI-NCSCI (Motsnyi I.1.) Odesa, 2025 — —
14 breeding line #36, PBGI-NCSCI (Motsnyi .1.) Odesa, 2025 — —
15 var. Karmeliuk 21.05.25, Poltava region — —
16 var. Pylypivka 21.05.25, Poltava region — —
17 var. Katrusia Odeska 21.05.25, Poltava region — —
18 breeding line 1257/25, PBGI-NCSCI 31.05.25, Odesa — —
19 breeding line 1274/25, PBGI-NCSCI 31.05.25, Odesa — —
20 breeding line 1165/25, PBGI-NCSCI 31.05.25, Odesa — —
21 breeding line 1207/25, PBGI-NCSCI 31.05.25, Odesa — —
22 breeding line 1193/25, PBGI-NCSCI 31.05.25, Odesa — —
23 breeding line 1190/25, PBGI-NCSCI 31.05.25, Odesa — —
24 breeding line 1273/25, PBGI-NCSCI 31.05.25, Odesa + —
25 var. MIP Hratsiia Myronivska Myronivka**, 12.05.25 — —
26 var. MIP Valensiia Myronivka, 12.05.25 — —
27 breeding line #11, DSV 21.05.25, Poltava region — +
28 var. Bohdana, 2025 21.05.25, Poltava region — —
29 var.MIP Lakomka Myronivka, 12.05.25 — —
30 var. Volodarka nosivshchyny Myronivka ***, 12.05.25 — —
31 var. Burshtyn Myronivka **%,12.05.25 — —
40 var. Stromboli Ternopil, 6.06.25 + —
41 var. Asori Ternopil, 6.06.25 + —
44(1) var. Baterfliai Ternopil, 6.06.25 — —
52 var. MIP Estafeta Myronivska Myronivka, 12.06.25 + —
53 var. Duniasha Myronivka, 12.06.25 — —
54 var. MIP Dovira Myronivka, 12.06.25 — —
55 var. MIP Darunok Myronivka, 12.06.25 — —
56 var. MIP Roksolana Myronivka, 12.06.25 — —
57 var. MIP Nika Myronivka, 12.06.25 — —
58 var. MIP Yuvileina Myronivka, 12.06.25 — —
59 var. MIP Vezha Myronivska Myronivka, 12.06.25 — —
60 var. MIP Feieriia Myronivka, 12.06.25 — —
61 var. MIP Aelita Myronivka, 12.06.25 — —
62 var. MIP Vidznaka Myronivka, 12.06.25 — —

‘—°— absence of WSMV/ Wsml gene; ‘“+'— presence of WSMV/ Wsm1 gene; * PBGI-NCSCI — Plant Breeding and
Genetics Institute — National Center of Seed and Cultivar Investigation; ** — The V.M. Remeslo Myronivka Institute
of Wheat, National Academy of Agrarian Sciences of Ukraine; *** — Nosivka Breeding and Research Station, The
V.M. Remeslo Myronivka Institute of Wheat, National Academy of Agrarian Sciences of Ukraine
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Fig. 6. Identification of WSMV in wheat samples (2025) by DAS-ELISA
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Fig. 7. Gel electrophoresis of PCR products using genomic DNA from wheat samples
collected in 2025 and primers for the WsmI gene (expected size of the amplification
product is 500 bp): K+ — positive control; K— — negative control; M — DNA markers,
100bp (Thermo Scientific, USA). Lane numbers correspond to the sample numbers
indicated in Table 3. Samples containing the WsmI gene are marked in yellow
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Fig. 8. Results of the artificial inoculation with WSMV of wheat varieties/breeding
lines carrying the Wsm1I gene: a, b, — plant breeding lines #1 and #2; ¢ — control, var.
Panianka with streak mosaic symptoms; d — results of DAS ELISA (b.l. -breeding line)

Discussion. Severe studies for the effect of | in the yield of lines lacking Wsm1I. Yield in-
the Wsm1I presence on yield under WSMV in- | creases by 37% in winter wheat breeding lines
fection were carried out. Baley et al. (2001) | with WsmI compared to WsmI-free lines (Divis
reported about 5% yield reduction in lines | et al., 2006). However, Sharp et al. (2002) re-
carrying Wsm1 compared with a 32% reduction | vealed that in the absence of WSMYV disease, the
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T4DL-4J*S translocation for WsmI had a yield
decrease of 11% to 28%. In another experiment,
yield penalty varied depending on the variety
of spring wheat and averaged 5% (Baley
et al., 2001), but there was no significant effect
on quality baking and milling. A study on hard
winter wheat conducted by Divis et al. (2006)
reported that the yield of Wsm1 selections from
breeding populations was not significantly
different from that of WsmI-free lines.

Effective molecular markers closely linked to
the target genes are a key for the success of MAS
on traits such as WSMV resistance and widely
used in wheat- breeding programs. MAS is a
valuable tool in European wheat breeding pro-
grams aimed at developing resistance to various
viruses. MAS uses molecular markers linked to
specific genes that confer disease resistance, al-
lowing breeders to select for these traits more
efficiently than using traditional methods. This
approach is particularly useful in combating the
rapid evolution of new pathogens that can ren-
der traditionally bred resistant varieties suscep-
tible within a few years.
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JL.T. Miwenxo |, A.A. Jlyniu!, LA. Miwenxo? L1 Moynuit’, A.B. Hawenxo?, O.0. Monoduenkosa’

THHIT «IHCTHTYT Giomorii Ta MepuiVHM», KuiBCbKuMil HallioHaIbHMIL YHiIBepcuteT iMeHi Tapaca IlleBuenxka,
Byn. Bonogumupceka, 64/13, Kuis, 01601, Ykpaina

2 HauioHanbHmit yHiBepcuTeT 6i0pecypciB i MpMpOTOKOPUCTyBaHH,
By TepoiB o6oponn, 15, Kuis, 03041, YkpaiHa,

3 Cesnex11iltHO-TeHe TUYHUIT iHcTUTYT — HallioHa/bHMIT IIEHTP HaCiHHE3HABCTBA Ta COPTOBMBYEHHS,
Byn1. OBifiononbcbKa jopora, 3, Oxeca, 65036, Ykpaina

CTIVIKICTb ITIPOTU BIPYCY CMYTACTOI MO3ATKM ITIITEHMIIL:
JOCHIIDKEHHA HAABHOCTITEHA WSM1 Y PISHMX COPTAX ITHIEHNMIT],
IO BUPOIIYIOTHCA B YKPATHI

Bipyc cmyracroi mozaiku miennii (BCMII) e Hart6i1b1I IIKOZOYNMHHUM BipyCOM 3¢epPHOBMX KY/IBTYP i €KOHOMIYHO
BOX/IMBMM BIpycOM y BUPOLIYBaHHI IileHMIi B Garatbox KpaiHaX, BKIouanouu Ykpainy. HaiiedexrusHimmm
3aXMCTOM POCIAMH Bif BipyciB € imyHirter, Buxmkanuit epexropamm (ETI), mo sabesmeuyerncs R-Gimkamn,
KofjoBaHMMM R-reHamu. R-ren, HasBanmit Wsml, sabesnedye mmpoky cTifikicTs mmennti fo BCMII nopiBHAHO 3
TPbOMA IHIIMMY BilOMMMYL Ha CbOTOJIHI FeHaMU CTiIKOCTi. MeTO¥0 [1bOr0 HOCIIiKEHHsI OY/I0 IIPOBEJeHHS CKPUHIHTY
COPTIB IIIEHNIIi, BUPOLIEHNX B YKPaiHi, Ha HaABHICTb reHa cTiikocTi Wsml 3a jormomorox Mapkepa Ha ocHoBi ITJIP.
Mertomu. [Ina inentndixanii BCMII y 3paskax mieHnIyi BUKOPUCTOBYBAIN Bi3yanbHy HiarHOCTUKY, ceHABIU-IDA,
exctpakiito ToranbHoi PHK ta 3T-IUIP. [Ina BuasnenHs rena Wsml npoefieHo ekcTpakitito renomHoi JJHK pocnnu
ta IIJIP i3 mpaiimepamu. [J71s1 nepeBipku eeKTMBHOCTI CTIIKOCTI Ha 0CHOBI Wsm 1 BUKOPKUCTOBYBaM 6io/moriqHmit
aHari3 Ta [OA. PesynpraTu. Briepiue B Ykpaini 6yo nmposeneno ckpuHinr 102 copTis/ceneKuiiiHyx MiHil MieHni
Ha HaABHICTb reHa Wsml 3a fonomoror Mapkepa Ha ocHosi ITJIP. Hame gocnifykeHHa feMOHCTpYeE, o reH Wsml
TIPUCYTHIN y 12-TM JAOCHKYBaHMX COpPTaX/CeNeKLilHNX JiHiAX MIIeHNIH, fAKi IIMPOKO BUKOPUCTOBYIOTHCSA B
YKPaiHCBKUX TOCIofapcrBax. Pesympraru 6ioananisy, miprsepmxeni IOA, mokasyors eeKTUBHICTD TeHa CTiiIKOC-
ti Wsm1 nporu inokynsanii BCMII B ekciepyMeHTanbHMUX yMoBaX. BucHoBku. [locipkyBaHi copTu nieHnii, 1o
HecyTb reH Wsml, MOXKYTb OyTI BKIIOUEHi 10 CeneKIiltHux mporpaM B Ykpaini. Hackinbku Ham Biffomo, Iie mepiire
IIOBiJOMJIEHHA ITPO CKPUHIHT PiSHMX COPTIB IIIEHNUIi, BUPOLIEHNUX B YKpaiHi, Ha HaABHiCTb reHa Wsml.

Knrouosi cnosa: sipyc cmyzacmoi mosaiku nutenuyi, nuenuysd, cmiixicme pocaun, Wsml, IIJIP-mapkepu, Ykpaina.
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