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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. Th e most eff ective plant defense against viruses is eff ector-triggered 

immunity (ETI) provided by R proteins encoded by R genes. Th e R gene, which is named Wsm1, provides broad wheat 

resistance against WSMV compared to the other three known today resistance genes. Th e 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 WSMV identifi cation 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 eff ectiveness of Wsm1-based resistance. Results. For the fi rst 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 confi rmed by DAS-ELISA show eff ectiveness of the resistance gene 

Wsm1 against WSMV 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 fi rst report about screen-

ing diff erent 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 signifi cant 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 confi rmed in Ukraine (Mishchen-
ko et al., 2018, 2019, 2021). Th e virus is transmit-
ted mechanically and is effi  ciently 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). Th e 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 WSMV cell-to-cell movement 
(Choi et al. 2005).

Plants defend themselves against patho-
gens through pattern-triggered immunity (PTI). 
PTI 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 eff ectors to defeat PTI. If specialized re-
ceptors in the plant called resistance (R) proteins, 
directly or indirectly recognized eff ectors, the 
second layer of plant defense is activated, which 
is named eff ector-triggered immunity (ETI). 
R-proteins are encoded by R genes primarily 

function through a “gene-for-gene” interaction, 
where specifi c R genes in plants recognize cor-
responding avirulence (Avr) genes in pathogens 
(Ngou et al., 2022). Th is recognition triggers a 
plant defense response, oft en 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 WSMV resistance named as 
Wsm1, Wsm2, Wsm3, and c2652 have been iden-
tifi ed 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 fi rst ob-
served in a wild wheat relative Th ynopyrum inter-
medium (Host) Barkworth and Dewey [Agropy-
ron intermedium (Host) P.Beauv.] (Triebe et al., 
1991). Th e resistance gene from Th . intermedium, 
designated as Wsm1, was introduced into culti-
vated wheat by translocation on the wheat chro-
mosome 4DL. Mechanism of Wsm1-mediated 
resistance in wheat likely involves virus replica-
tion suppression or/and movement restriction, 
but the exact mode is still under study. Th e Wsm1 
resistance gene itself does not code for a specifi c 
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). Th is 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). 

Wsm1 provides broad resistance of wheat 
against WSMV compared to Wsm2 and Wsm3. 
Both Wsm1 and Wsm2 are temperature-sensitive 
genes and are ineff ective at higher temperatures. 
Th ey have been reported to provide more eff ec-
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 
(WSMV 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 eff ec-
tively used in wheat breeding programs to incor-
porate the Wsm1 gene into new wheat varieties. 
Th is 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 fi eld. 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. 

Th e goal of this study was to screen wheat va-
rieties for the presence of resistance gene Wsm1 
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 fi elds of Poltava, 
Kyiv, Odesa, Ternopil, Kirovohrad, Chernihiv, 
and Vinnytsia regions, during which both plants 

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.

Identifi cation 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 specifi c anti-
bodies against WSMV No. 07048S/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). Th e re-
sults were recorded on a Termo Labsystems Opsis 
MR reader (USA) with Dynex Revelation Quick-
link soft ware 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 Purifi cation Kit (Th ermo Fisher Scientifi c, 
USA). Two-step RT-PCR was conducted using 
RevertAid Reverse Transcriptase (RevertAidTM 
M-MuLV, Th ermo Scientifi c, USA), DreamTaq™ 
Green PCR Master Mix (Th ermo Fisher Scien-
tifi c, USA), and specifi c oligonucleotide primers 
WS-8166F 5' GAGAGCAATACTGCGTGTACG 3', 
and WS-8909R 5' GCATAATGGCTCGAAGT-
GATG3' (Kudela et al., 2008). Th e amplifi cation 
reactions were set up as follows: initial denatur-
ation for 3 min at 95 °C, followed by 30 cycles of 
95 °C for 30 s, 55 °C for 30 s, and 72 °C for 1 min. 
Th e fi nal extension step was at 72 °C for 10 min.

Th e presence of the Wsm1 resistance gene. To 
screen Wsm1, genomic DNA was extracted from 
wheat leaves using the GeneJet Plant Genomic 
DNA Purifi cation Mini Kit K0791 according to 
the manufacturer`s protocol (Th ermo Fisher 
Scientifi c, USA).

Th e presence of Wsm1-resistance gene was ve-
rifi ed by PCR using specifi c primer pair STSJ15: 
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STSJ15_L (GTAGCAGGGGAAGCTGAAGA) 
and STSJ15_R CCGAGCTCACACGCTAATTT 
with the expected size of the amplifi cation pro-
duct 500 bp (Talbert et al., 1996). DreamTaq™ 
Green PCR Master Mix (2Х) К1081(Th ermo 
Fisher Scientifi c, USA) was used for PCR. Am-
plifi cation was carried out in a thermocycler; the 
volume of the reaction mixture was 25 μL, ac-
cording to the manufacturer’s recommendations. 
Aft er mixing all reagents, the microtubes were 
transferred to a thermocycler. Amplifi cation mo-
de for determining the Wsm1 gene: 95 °С — 30 s, 
followed by 33 cycles at 95 °С for 30 s, 56 °С for 
30 s, 72 °С for 45 s, and 72 °С for 5 min.

Verifi cation of the presence of amplifi cation 
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, Th ermo Scientifi c, 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 buff er pH 7.4 in a ratio 
of 1:2 (m:V), following the homogenate fi ltration. 
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 fi ve individ-
ual wheat plants pooled together before grind-
ing. Th ree technical repeats were conducted for 
each biological repeat. When appropriate, the 
fi ndings 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 fi rst part of our work, we 
studied 16 wheat samples and varieties selected 
from diff erent regions of Ukraine in 2023—2024 
(Table  1). Of them, WSMV was confi rmed 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 Wsm1 resistance gene, a 500 bp 
amplifi cation 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 fi elds studied, 29 varieties germinated from 
seeds in the laboratory were also tested (Table 2). 
Th e results of PCR using primers to the Wsm1 
gene showed that no amplifi cation 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 

a b dc

Fig.1. Wheat variety Bohdana with symptoms of WSMV infection (a, b, c), d  — 
healthy sample
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Fig. 2. Identifi cation of WSMV 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 (Th ermo 
Scientifi c, USA); lane K — negative control of the reaction

M M V11 17 70911a10 12 14 22 24 25 29 32 59 Π26A

ba

Fig. 3. Gel electrophoresis with 500 bp PCR fragments amplifi ed using primers for 
the Wsm1 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 (Th ermo Scientifi c, USA)

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

Th ese three WSMV-infected samples do not 
contain the resistance gene Wsm1, ? 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).

Th us, 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 

if these varieties are aff ected by WSMV in arti-
fi cial conditions. Th e 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 WSMV in the laboratory greenhouse. Th e 
wheat var. Panianka served as the positive con-
trol for the inoculation as not carrying the Wsm1 
gene. Th e bioassay results revealed the absence 
of the viral symptoms on the all 12 inoculated 
wheat samples, which was confi rmed by DAS 
ELISA (Fig.8). 
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Table 1. Results of screening wheat from diff erent 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 Wsm1

10 var. Rotax, 2024 — +
11 var. Bohdana, 2024 + —

11a var. Bohdana, 2024 + —

12 breeding line # 12 PBGI-NCSCI*, 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 — —

П breeding line # 10, DSV-Ukraine, 2024 — +
V 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

K–K+ M K–K+ M 8 9 10 11 12 13 14

K+ M 22 23 24 25 26 27 28 29

1 2 3 4 5 76

K–K+ M 15 16 17 18 19 2120

Fig. 4. Gel electrophoresis of PCR products using primers for the Wsm1 gene 
(expected size of the amplifi cation product is 500 bp): К+ — positive control; К— — 
negative control; М — DNA markers, 100bp (Th ermo Scientifi c, USA). Lane numbers 
correspond to the sample numbers indicated in Table 2.
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a b c

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

Sample No 
in the experiment

Variety/sample Wsm1
Sample No 

in the experiment
Variety/sample Wsm1

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 Wsm1 

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; c — healthy wheat plants, 
variety MIP Vyshyvanka

Table 3. Results of screening wheat varieties and breeding lines 
sampled in 2025 for the presence of WSMV and resistance gene Wsm1 

Sample No 
in the experiment

Name of variety/sample
Date and /or 

collection year, location
WSMV Wsm1

1 breeding line #4, PBGI-NCSCI (Motsnyi I.I.) 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.I.) 22.05.25, Poltava region — —

6 breeding line #11, PBGI-NCSCI (Motsnyi I.I.) 22.05.25, Poltava region — —
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Sample No 
in the experiment

Name of variety/sample
Date and /or 

collection year, location
WSMV Wsm1

7 breeding line #12, PBGI-NCSCI (Motsnyi I.I.) 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 I.I.) Odesa, 2025 — —

12 breeding line # 34, PBGI-NCSCI (Motsnyi I.I.) Odesa, 2025 — —

13 breeding line #35, PBGI-NCSCI (Motsnyi I.I.) Odesa, 2025 — —

14 breeding line #36, PBGI-NCSCI (Motsnyi I.I.) 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. Baterfl iai 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/ Wsm1 gene; ‘+’— presence of WSMV/ Wsm1 gene; * PBGI-NCSCI — Plant Breeding and 
Genetics Institute — National Center of Seed and Cultivar Investigation; ** — Th e V.M. Remeslo Myronivka Institute 
of Wheat, National Academy of Agrarian Sciences of Ukraine; *** — Nosivka Breeding and Research Station, Th e 
V.M. Remeslo Myronivka Institute of Wheat, National Academy of Agrarian Sciences of Ukraine

Continuation of Table 2
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Fig. 6. Identifi cation of WSMV in wheat samples (2025) by DAS-ELISA

Fig. 7. Gel electrophoresis of PCR products using genomic DNA from wheat samples 
collected in 2025 and primers for the Wsm1 gene (expected size of the amplifi cation 
product is 500 bp): К+ — positive control; К— — negative control; М — DNA markers, 
100bp (Th ermo Scientifi c, USA). Lane numbers correspond to the sample numbers 
indicated in Table 3. Samples containing the Wsm1 gene are marked in yellow



ISSN 1028-0987. Microbiological Journal. 2026. (1) 79

Plant Resistance to Wheat Streak Mosaic Virus: Investigation of the Presence of Wsm1 Gene 

Discussion. Severe studies for the eff ect of 
the Wsm1 presence on yield under WSMV in-
fection were carried out. Baley et al. (2001) 
reported about 5% yield reduction in lines 
carrying Wsm1 compared with a 32% reduction 

in the yield of lines lacking Wsm1. Yield in-
creases by 37% in winter wheat breeding lines 
with Wsm1 compared to Wsm1-free lines (Divis 
et  al.,  2006). However, Sharp et  al. (2002) re-
vealed that in the absence of WSMV disease, the 
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T4DL·4JsS translocation for  Wsm1  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 signifi cant eff ect 
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 signifi cantly 
diff erent from that of Wsm1-free lines.

Eff ective 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 
specifi c genes that confer disease resistance, al-
lowing breeders to select for these traits more 
effi  ciently than using traditional methods. Th is 
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.

Conclusions. Th us, our study demonstrates 
that the Wsm1 gene is present in the 12 inves-
tigated wheat varieties/breeding lines that are 
widely used on Ukrainian farms. Th e bioassay 
results show the eff ectiveness of the Wsml gene 
resistance against WSMV inoculation in experi-
mental conditions. Hence, wheat varieties car-
rying the Wsm1 gene can be included into the 
breeding programs in Ukraine. To our knowl-
edge, this is the fi rst report about screening of 
diff erent wheat varieties grown in Ukraine for 
the presence of the Wsm1 gene.
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СТІЙКІСТЬ ПРОТИ ВІРУСУ СМУГАСТОЇ МОЗАЇКИ ПШЕНИЦІ: 
ДОСЛІДЖЕННЯ НАЯВНОСТІ ГЕНА WSM1 У РІЗНИХ СОРТАХ ПШЕНИЦІ, 
ЩО ВИРОЩУЮТЬСЯ В УКРАЇНІ

Вірус смугастої мозаїки пшениці (ВСМП) є найбільш шкодочинним вірусом зернових культур і економічно 
важливим вірусом у вирощуванні пшениці в багатьох країнах, включаючи Україну. Найефективнішим 
захистом рослин від вірусів є імунітет, викликаний ефекторами (ЕТІ), що забезпечується R-білками, 
кодованими R-генами. R-ген, названий Wsm1, забезпечує широку стійкість пшениці до ВСМП порівняно з 
трьома іншими відомими на сьогодні генами стійкості. Метою цього дослідження було проведення скринінгу 
сортів пшениці, вирощених в Україні, на наявність гена стійкості Wsm1 за допомогою маркера на основі ПЛР. 
Методи. Для ідентифікації ВСМП у зразках пшениці використовували візуальну діагностику, сендвіч-ІФА, 
екстракцію тотальної РНК та ЗТ-ПЛР. Для виявлення гена Wsm1 проведено екстракцію геномної ДНК рослин 
та ПЛР із праймерами. Для перевірки ефективності стійкості на основі Wsm1 використовували біологічний 
аналіз та ІФА. Результати. Вперше в Україні було проведено скринінг 102 сортів/селекційних ліній пшениці 
на наявність гена Wsm1 за допомогою маркера на основі ПЛР. Наше дослідження демонструє, що ген Wsm1 
присутній у 12-ти досліджуваних сортах/селекційних лініях пшениці, які широко використовуються в 
українських господарствах. Результати біоаналізу, підтверджені ІФА, показують ефективність гена стійкос-
ті Wsm1 проти інокуляції ВСМП в експериментальних умовах. Висновки. Досліджувані сорти пшениці, що 
несуть ген Wsm1, можуть бути включені до селекційних програм в Україні. Наскільки нам відомо, це перше 
повідомлення про скринінг різних сортів пшениці, вирощених в Україні, на наявність гена Wsm1.

Ключові слова: вірус смугастої мозаїки пшениці, пшениця, стійкість рослин, Wsm1, ПЛР-маркери, Україна.


