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Abstract. Viral plant diseases are one of the main causes of soybean crop losses in Ukraine, and the 
lack of systematic monitoring and limited use of modern diagnostic methods make it difficult to 
effectively control the spread of viral pathogens. The purpose of the study was to assess the prevalence 
of major viral pathogens in soybean crops in the Central Forest-Steppe of Ukraine. A combination of 
serological analysis and molecular method was used to detect soybean mosaic virus, soybean vein 
necrosis virus, and alfalfa mosaic virus. The results showed that the overall infection rate of soybean 
crops was 40.7% according to real-time polymerase chain reaction data with reverse transcription. The 
species composition of pathogens showed clear differentiation: soybean mosaic virus was detected 
in 20.0% of samples, soybean vein necrosis virus – in 8.0%, alfalfa mosaic virus – in 7.3%. The real-
time reverse transcription polymerase chain reaction method showed higher sensitivity compared to 
the enzyme-linked immunosorbent assay method, revealing an additional 13 positive samples. The 
most significant discrepancies between the methods were observed when detecting alfalfa mosaic 
virus, where the molecular method detected 50% more positive samples. Regional analysis revealed 
the highest infection rate in the Cherkasy region (44.0%), with the maximum prevalence of soybean 
mosaic virus (22.0%). A moderate correlation was found between symptom severity and threshold 
cycle values for soybean mosaic virus (r = -0.62), whereas for soybean vein necrosis virus and alfalfa 
mosaic virus, the correlation was statistically insignificant. The results confirmed the high prevalence 
of viral infections among soybean crops in the study region. The results obtained will allow stating 
phytosanitary services, breeding institutions, and agricultural producers to implement regional-
differentiated strategies for protecting soybeans, which will reduce crop losses and increase the 
effectiveness of phytosanitary measures
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INTRODUCTION
Soybeans (Glycine max  L.), as a strategically im-
portant leguminous crop, faces significant threats 
from viral pathogens that cause crop losses and 
degrade product quality. In the context of growing 
global demand for vegetable protein and the need 
to ensure food security, effective control of viral 
diseases of soybeans is becoming a priority for the 
agricultural sector of Ukraine. A particular threat 
is the ability of viruses to spread rapidly, form new 
strains and form mixed infections, which compli-
cates phytosanitary control. The lack of monitoring 
systems and the limited use of molecular diagnos-
tic methods necessitates a comprehensive study of 
the prevalence and identification of the main viral 
pathogens of soy in Ukrainian agrocoenoses.

 According to a recent study by L. Mishchen-
ko  et al.  (2022), soybean crop losses from viral 
diseases can reach 30-70%, depending on the re-
gion and pathogen. The study included the inves-
tigation of seed and transmissible viral diseases 
in various soybean genotypes. The influence of 
viral infections on crop productivity in Ukraine 
was established. The results showed the need for 
constant monitoring of the phytosanitary condi-
tion of crops. On the territory of Ukraine, which is 
one of the leading soybean producers in Europe, 
the phytosanitary situation remains tense, as ev-
idenced by the monitoring data of the most dan-
gerous soybean and potato viruses, conducted by 
A. Dunich et al. (2024), presented the results of di-
agnostics of the main viral pathogens of soy on the 
territory of Ukraine. The study included analysis 
of samples from different regions of the country. 
The researchers noted the need to find sources of 
virus resistance in soybeans.

International studies show increased attention 
to the investigation of soy viral pathogens, which 
is conditioned by their rapid spread and signifi-
cant economic losses. The study by A. Hameed et 
al. (2022) was devoted to a comprehensive analysis 
of environmental interactions in the SVNV system 
(soybean vein necrosis virus) – plant thrips, where 
key factors contributing to the rapid spread of the 
virus have been identified. However, the issue of 
regional features of SVNV distribution in Ukraine 
remains unexplored, which is one of the key as-
pects of this study. Studies of co-infections of vi-
ral pathogens are important. J. Zhou & I.E. Tzan-
etakis  (2020) proved the ability of SVNV to move 

systematically in soybean plants in the context 
of co-infection with the bean pod spot virus, us-
ing state-of-the-art molecular detection methods. 
However, the question of the prevalence and fea-
tures of the course of mixed infections in Ukrainian 
agrocoenoses remains poorly understood. The ge-
netic aspects of viral pathogens were investigated 
by O.A. Abdalla et al.  (2020), who found a signifi-
cant variety of AMV isolates (alfalfa mosaic virus) 
in Saudi Arabia, which explains the difficulty of 
controlling this pathogen. Despite this, the issue of 
genetic variability and biological features of AMV 
in Ukraine requires additional study. The problem 
of seed transmission of viruses is reflected in the 
paper by D.N. Bhagwatkar et al. (2025), where the 
role of seed transfer Carlavirus vignae was estab-
lished in the development of soybean diseases in 
India. For Ukrainian conditions, similar studies are 
limited, which makes it necessary to investigate 
seed transmission of viruses in local conditions.

Diagnostic methods are presented in the pa-
per by M.G. Elmore et al. (2022), who demonstrated 
the potential of metagenomic sequencing to de-
tect a wide range of viruses. However, the practical 
implementation of this method in Ukraine is diffi-
cult due to technological limitations, which led to 
the choice of more affordable RT-qPCR methods 
in this study. The development of SVNV manage-
ment tools is presented in the study by C. Zambra-
na-Echevarría  (2021), but their adaptation to the 
conditions of Ukraine requires additional research, 
considering local characteristics. The study by 
S.  Zambrana-Echevarría  (2021) was dedicated to 
developing tools for SVNV management and to-
bacco streak ilarvirus in soy. The study included 
the development of virus detection methods and 
control strategies. The researcher proposed an 
integrated approach to the management of these 
pathogens. Given the complexity of three-way in-
teractions between viruses, their carriers, and host 
plants, A.  Hameed  (2020) investigated three-way 
interactions between SVNV, thrips, and soybean 
plants. The study included laboratory and field 
studies of these complex relationships. The re-
sults demonstrate the influence of various factors 
on the effectiveness of virus transmission.

The purpose of this study was to assess the 
prevalence of major soybean viruses in agrocoe-
noses of the Central Forest-Steppe of Ukraine. To 
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achieve the goal, the following tasks were set: to 
take samples of soybean plants with symptoms of 
viral damage from different regions of the Central 
Forest-Steppe of Ukraine; to perform serological 
analysis using the DAS-ELISA method for prima-
ry screening for the presence of SMV, SVNV, and 
AMV; to conduct molecular identification of virus-
es using RT-qPCR and compare the effectiveness 
of serological and molecular diagnostic methods.

MATERIALS AND METHODS
Selection and preparation of plant material. The 
selection of plant material was carried out in 
the period from June to August 2024 on soybean 
crops of the ‘Annushka’ variety at the agricultur-
al enterprises of three regions of the Central For-
est-Steppe of Ukraine: Cherkasy (private enter-
prise “Luvais”), Poltava (limited liability company 
“Agris”), and Vinnytsia (private joint stock compa-
ny “Podillia Foods Company”). Approximately 100 
hectares of crops were surveyed using the route 
method, from which plants suspected of having a 
viral infection were selectively sampled. The crite-
rion for selection was the presence of at least one 
of the characteristic symptoms of the virus: a pro-
nounced mosaic colouring of the leaves in combi-
nation with a wrinkled surface of the leaf blade, a 
strong deformation – fern-like or corrugated edges 
of the leaf, local necrotic spots of brown or black 
colour, and general shortening of internodes and 
curling of the upper leaf tiers. The total number 
of individual leaf samples selected was 150 units 
(50 samples from each region), which was approx-
imately 5-7  plants from each hectare of the sur-
veyed area. Sampling was carried out in sterile dis-
posable gloves using disinfected scissors to avoid 
cross-contamination between samples.

Each selected sample, consisting of two or 
three upper leaves with a growth point, was pre-
pared for further analysis. After visual evaluation, 
each sample was divided into two identical parts 
to apply different diagnostic methods. The first 
part of the leaves without grinding was placed in 
a separate sterile plastic container with a capacity 
of 50 mL with perforation for gas exchange. These 
containers were placed in a portable refrigerator – 
a cooler bag with cold storage batteries, where the 
temperature was maintained in the range of +2°C 
to +4°C. Under such conditions, the samples were 
transported to the laboratory, where they were 

stored in a refrigerator at a stable temperature 
of +4°C and a relative humidity of 80-90% for no 
longer than 48  hours before the enzyme-linked 
immunosorbent assay, which allowed maintaining 
the stability of viral antigens.

The second part of the sample intended for 
molecular diagnostics was subjected to instant 
cryogenic fixation. For this purpose, the leaves 
were individually immersed in a container of liquid 
nitrogen for 30-40 seconds, which provided an in-
stant stop of all enzymatic processes and prevent-
ed RNA degradation. Next, cryogenically treated 
samples were individually packed in pre-sterilised 
foil bags and placed for long-term storage in a 
freezer with forced air circulation at a stable tem-
perature of -80°C (Thermo Scientific, USA). This 
storage regime guaranteed the preservation of the 
integrity of nucleic acids throughout the entire 
study period. Before RNA extraction, the samples 
were transported to the laboratory in dry ice con-
tainers that maintained a temperature of -79°C.

Serological analysis by DAS-ELISA. Serolog-
ical analysis was performed under laboratory 
conditions by two-stage enzyme immunoassay 
(DAS-ELISA) in accordance with the standard 
protocols given in the manufacturer’s instruc-
tions. Commercial kits were used to detect soy-
bean mosaic virus (SMV), soybean vein necrosis 
virus (SVNV), and alfalfa mosaic virus (AMV) from 
“Loewe Biochemica” (Germany). Extraction of 
plant antigens was performed by homogenising 
0.1 g of leaves in 1 mL of soluble buffer (extraction 
buffer) included in the kit. The sandwich complex 
was created on 96-hole tablets for ELISA (Nunc, 
Denmark). Incubation with primary and second-
ary antibodies, and with a conjugate (alcalic phos-
phatase), was performed in a thermostat at 37°C. 
The tablet was washed using a small laboratory 
microplate washer. The substrate p-nitrophenyl 
phosphate (pNPP) was used for visualisation. In-
cubation with the substrate was carried out in the 
dark at room temperature of 23°C for 60 minutes. 
The reaction was stopped by adding 3M  NaOH. 
Optical density (OD) at a wavelength of 405  nm 
was measured on a vertical spectrophotometer 
for microplates “Multiskan GO” (Thermo Fisher 
Scientific, Finland). The sample was considered 
positive if its optical density value exceeded the 
arithmetic mean of the negative control values by 
at least three times.
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Molecular diagnostics by RT-qPCR. Molecu-
lar diagnostics were performed in the laboratory 
using real-time reverse transcription and poly-
merase chain reaction (RT-qPCR). Total RNA was 
isolated from 100 mg of cryogenically crushed leaf 
tissue using the “Ukrbiopreparat” kit (Ukraine) in 
accordance with the manufacturer’s instructions. 
The concentration and purity of the obtained 
RNA preparations were evaluated using a Nano-
Drop 2000 spectrophotometer (Thermo Fisher Sci-
entific, USA). The A260/A280 ratio for all samples 
was in the range of 1.8-2.0. Reverse transcription 
was performed using the “Reverta-L” kit (Ukraine) 
in a reaction volume of 20 µl containing 1 µg of to-
tal RNA, random hexameric primers, and M-MuLV 
polymerase. The reaction was performed accord-
ing to the following programme: 10 minutes at 
25°C, 60 minutes at 42°C, and 10 minutes at 70°C 
to inactivate the enzyme.

Real-time polymerase chain reaction was 
performed in a CFX96 Touch amplifier (Bio-
Rad, USA). The 25 µl reaction mixture contained 
1X  PCR buffer (polymerase chain reaction), 
2.5 mm MgCl₂, 200 µM each dNTP, 0.2 µM forward 
and reverse primer, 0.5 µl intercalating dye SYBR 
Green I (Ukraine), 1 unit Taq-DNA (deoxyribonu-
cleic acid)-polymerase (Ukraine) and 2  µl matrix 
cDNA. Species-specific primers were used to de-
tect viruses, the sequences of which were taken 
from literature sources. To detect soybean mosa-
ic virus primers SMV-F (5’-CGA-GCA-AGC-AGT-
TCA-AGA-CC-3’) and SMV-R (5’-TCT-GCC-ATA-
ACC-ATG-GAC-GA-3’) were aplied, described in 
the paper by B. Xue et al. (2021). To detect soybean 
vein necrosis virus (SVNV) used primers SVNV-F 
(5’-ATG-GGT-TTG-GGA-AGA-AGG-TG-3’) and 
SVNV-R (5’-TCA-AGC-AAC-TCC-AGC-ACC-at-3’) 
published in the paper by C. Groves et al.  (2016). 
For detecting alfalfa mosaic virus applied prim-
ers (5’-ATGCTACCCAGGCATGTATATTT-3’) and 
(5’-GCTGCATCTTTCGCCAGAA-3’) that amplify 
the capsid protein gene region.

The amplification protocol included ini-
tial denaturation at 95°C for 3 minutes, followed 
by 40  cycles, each consisting of denaturation at 
95°C for 15 seconds, primer annealing at 60°C for 
20 seconds, and DNA synthesis at 72°C for 30 sec-
onds. After amplification, melting curves were 
constructed by slow heating in 0.5°C increments 
from 65°c to 95°C to confirm the specificity of the 

synthesised PCR products. In each run, negative 
control without matrix (no template control, NTC) 
and positive control were used. The sample was 
considered positive if the amplification threshold 
cycle (Ct) was less than 35, and there was a clear 
peak on the melting curve with a melting point 
identical to the positive control. Experimental 
plant studies, including the collection of plant ma-
terial, were in accordance with institutional, na-
tional, and international guidelines. The authors 
adhered to the standards of the Convention on 
Biological Diversity (1992).

Quantitative analysis of viral load and statisti-
cal data processing. To quantify the viral load, the 
threshold cycle values were analysed. Quantita-
tive calibration was performed using a series of 
ten-fold dilutions of recombinant plasmids con-
taining target regions of viral genes. A standard 
curve with a correlation coefficient R² > 0.98 was 
constructed for each virus. The linearity range for 
all detected viruses was from 10¹ to 108 copies/
µl. The threshold cycle values were interpreted 
as follows: Ct  <  30 indicated a high concentra-
tion of the virus (≥ 105 copies/µl), Ct 30-35 indi-
cated an average concentration (103-10  copies/
µl), and Ct > 35 indicated a low concentration of 
the virus (< 103 copies/µl). Samples with Ct > 40 
were considered negative. Quantitative analysis 
was performed using the CFX96 Touch analyser 
software (USA), with automatic calculation of the 
virus concentration based on standard curves. 
Each sample was analysed in three repetitions, 
and the mean Ct value was used for further cal-
culations. Statistical processing of the obtained 
data was performed using Microsoft Excel 2019 
and Statistica 12.0 software suite (USA). Differ-
ences between the frequency of virus detection 
by different methods were estimated using the 
nonparametric criterion χ² (chi-square). The dif-
ference was considered statistically significant at 
the significance level p < 0.05. 

RESULTS
Results of serological analysis by DAS-ELISA
Serological analysis by DAS-ELISA showed a sig-
nificant level of infection of soybean crops with 
viral pathogens in the study region. Out of a total 
of 150 samples analysed, a positive response to the 
presence of at least one of the three viruses under 
study was recorded in 48 samples, which is 32.0% 



Detection and identification of soy viruses...

Biological Systems: Theory and Innovation, Vol. 16, No. 3, 202578

of the total sample size. The average optical den-
sity (OD₄₀₅) of positive samples was 0.85  ±  0.23, 
which significantly exceeded the negative con-
trol value (0.12  ±  0.04). In all positive samples, 

the optical density value exceeded the positivity 
threshold (0.36) by at least 3 times. The results of 
serological analysis by the DAS-ELISA method are 
presented in Table 1.

Research area Total number of 
samples SMV-positive SVNV-positive AMV-positive General infection 

rate

Cherkasy 50 11 (22.0%) 4 (8.0%) 3 (6.0%) 18 (36.0%)

Poltava 50 9 (18.0%) 3 (6.0%) 3 (6.0%) 15 (30.0%)

Vinnytsia 50 7 (14.0%) 5 (10.0%) 3 (6.0%) 15 (30.0%)

Total 150 27 (18.0%) 12 (8.0%) 9 (6.0%) 48 (32.0%)

Table 1. Results of serological analysis of soybean samples by DAS-ELISA method

Note: the sum of individual infections may exceed the total number of infected samples due to the presence of mixed 
infections that were not detected by the DAS-ELISA method
Source: compiled by the authors based on the conducted research

A detailed analysis of the species composition 
of pathogens revealed a clear differentiation in the 
prevalence of individual viruses. The most com-
mon pathogen was soybean mosaic virus (SMV), 
which was identified in 27 samples, accounting 
for 18.0% of the total number of plants tested. 
The average optical density for SMV-positive sam-
ples was 0.92 ± 0.18. Soybean vein necrosis virus 
(SVNV) took the second place in prevalence – it 
was detected in 12 samples (8.0%), with an aver-
age value of OD₄₀₅ = 0.76 ± 0.21. The least common 
among the pathogens under study was alfalfa mo-
saic virus, which was detected in 9 samples (6.0%) 
with an average optical density of 0.68 ± 0.15.

 Statistical analysis using the χ² criterion did 
not reveal statistically significant differences in 
the frequency of virus detection between differ-
ent study areas (p  >  0.05), which was confirmed 
by the following indicators: total infection varied 
between 30.0-36.0%, the prevalence of alfalfa mo-
saic virus was 6.0% in all three regions, and the 
detection rate of soybean mosaic virus has only 
minor differences between regions (from 14.0% 
to 22.0%). However, analysis of the distribution of 
infection by region revealed certain trends. In the 
Cherkasy region, the highest overall infection rate 
was observed – 36.0% (18 positive samples out of 
50), while in the Poltava and Vinnytsia region this 
figure was 30.0% (15 positive samples out of 50 
in each region). The distribution of certain types 
of viruses by region also showed certain regional 
features: SMV was most common in the Cherkasy  

region (22.0%), while SVNV was more often de-
tected in the Vinnytsia region (10.0%).

It was noted that the colour intensity (OD₄₀₅) 
of positive samples correlated with the severi-
ty of visual symptoms in the field. Samples with 
pronounced mosaic and leaf deformity symptoms 
showed OD₄₀₅ values above 1.0, while samples 
with mild symptoms had values in the range of 
0.4-0.7. In 6 samples (4.0% of the total), OD₄₀₅ val-
ues close to the threshold level (0.36-0.42) were 
observed, which could indicate the initial stages of 
infection or a low titre of the virus in plant tissues.

Effectiveness of molecular diagnostics  
and comparative analysis of methods
Molecular diagnostics using real-time reverse 
transcription and polymerase chain reaction 
(RT-qPCR) showed an advantage in sensitivity 
compared to DAS-ELISA serological analysis. The 
overall detection rate of viral pathogens was 40.7% 
(61 positive samples out of 150), which is 8.7 per-
centage points higher than the indicator obtained 
by the ELISA method. A detailed analysis of the de-
tection efficiency of individual viruses showed that 
the advantage of RT-qPCR was most pronounced 
for detecting alfalfa mosaic virus (AMV), where 
the molecular method detected 50% more positive 
samples (12 vs. 8), and for soybean vein necrosis 
virus, where the difference was 8.3% (13 vs. 12).

Quantitative analysis of threshold cycle val-
ues (Ct) showed a high titre of viruses in infected 
plants. The Ct range for positive samples ranged 
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from 24.3 to 32.7 cycles. The lowest Ct values (high-
er virus concentration) were observed for SMV – an 
average value of 26.5 ± 2.3, which correlated with  
pronounced symptoms of mosaic and leaf deform-
ity. For SVNV, the mean Ct value was 28.1 ± 3.1, and 
for AMV – 30.4 ± 2.8, which indicates a lower con-
centration of these pathogens in plant tissues.

Statistical analysis using the χ² criterion 
revealed a statistically significant difference 

between the effectiveness of the DAS-ELISA 
and RT-qPCR methods (χ² = 8.45; p < 0.01). The 
RT-qPCR method revealed an additional 13 pos-
itive samples that showed negative results in 
serological analysis. The detection of 4 samples 
with Ct values in the range of 31.5-32.7 was in-
dicative, which indicates a low concentration of 
the virus, insufficient for detection by the ELISA 
method (Table 2).

Note: (-) in the DAS-ELISA column for the “mean Ct” parameter indicates that the enzyme-linked immunosorbent 
assay method does not provide for determining the threshold cycle; (-) in the “Difference” column for the “Mean Ct” 
parameter, conditioned by the lack of comparable data in the DAS-ELISA method
Source: compiled by the authors based on the conducted research

Parameter DAS-ELISA RT-qPCR Difference

General detection 48/150 (32.0%) 61/150 (40.7%) +13 samples (+8.7%)

SMV 27/150 (18.0%) 29/150 (19.3%) +2 samples (+1.3%)

SVNV 12/150 (8.0%) 13/150 (8.7%) +1 sample (+0.7%)

AMV 8/150 (5.3%) 12/150 (8.0%) +4 samples (+2.7%)

Mean Ct - 26.5-30.4 -

Table 2. Comparative characteristics of the effectiveness of DAS-ELISA and RT-qPCR methods

 The analysis in Table  2 demonstrates the 
advantages of the molecular diagnostic method. 
The most significant increase in sensitivity is ob-
served for detecting alfalfa mosaic virus, where 
the polymerase chain reaction method detected 
50% more positive samples. Overall detection 
of viral infections increased by 8.7% when using 
the molecular method, which confirms its higher 
effectiveness for comprehensive monitoring of 
soy viral diseases. Analysis of regional samples 
showed that the differences between the meth-
ods were most pronounced in the Vinnytsia re-
gion, where RT-qPCR detected 6 positive samples 
more than ELISA, while in Cherkasy and Poltava 
region this difference was 4 and 3 samples, re-
spectively. This may indicate regional features 
of the development of viral infections and the 
level of accumulation of the virus in plants. The 
melting curves of all positive samples showed 
clear peaks with characteristic melting points: 
82.5°C ± 0.5°C for SMV, 85.2°C ± 0.3°C for SVNV, 
and 79.8°C ± 0.4°C for AMV, which confirms the 
specificity of amplification and the absence of 
non-specific PCR products. Atypical Ct values 
(more than 34 cycles) were observed in 5 samples, 
which, however, had characteristic melting curves 

and were classified as weakly positive. The results 
confirm that the RT-qPCR method is a sensitive 
tool for early diagnosis of soy viral infections, es-
pecially in cases of low virus concentrations and 
for detecting AMV, which shows the lowest titres 
in plant tissues.

Spread of viral infections 
and detection of mixed infections
A detailed analysis of the obtained results of mo-
lecular diagnostics allowed establishing a complex 
structure of the spread of viral infections among 
soybean crops in the study region. The overall in-
fection rate determined by RT-qPCR was 40.7% 
(61 samples out of 150), which indicates the accu-
mulation of viral pathogens in soybean agrocoe-
noses. The regional distribution of infected sam-
ples showed clear territorial features: the highest 
level of infection was registered in the Cherkasy 
region (44.0%, 22 samples), a slightly lower indi-
cator was observed in the Vinnytsia region (40.0%, 
20 samples), and the lowest number of infected 
plants was found in the Poltava region (38.0%, 19 
samples). The value of the study is the detection of 
mixed infections that could not be reliably identi-
fied by the serological method (Table 3).
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Molecular diagnostics revealed 10 cases of 
co-infections, which is 6.7% of the total number 
of analysed samples. The most common combina-
tion was SMV and SVNV, which was recorded in 7 
samples (4.7%). Less common was SMV and AMV 
co-infection was detected in 3 samples (2.0%). 
Analysis of the threshold cycle (Ct) values for 
samples with mixed infections showed a pattern: 
in 8 out of 10 cases, the dominance of one of the 
viruses was observed, which was manifested in Ct 
values that differed by 3-5 cycles. Soybean mosaic 
virus showed the highest prevalence in the Cher-
kasy region (22.0%), which is associated with fa-
vourable climatic conditions for the development 
of aphids carrying this virus. Soybean vein necro-
sis virus was most common in the Vinnytsia re-
gion (12.0%), which is probably conditioned by the 
presence of reservoir plants and favourable condi-
tions for thrips development. Alfalfa mosaic virus 
showed the most uniform distribution between 
regions (6.0-8.0%), which may indicate a stable 
circulation of this pathogen in the agrocoenoses 
of the region.

Another aspect of the study was the analysis 
of the relationship between the type of infection 
and the severity of symptoms. In samples with 
mixed infections, significantly more pronounced 
symptoms of the lesion were observed: intense 
mosaicism, severe deformation of leaf blades, ne-
crotic spots, and pronounced dwarfism of plants. 
The mean Ct value for samples with mixed infec-
tions was 25.8  ±  1.9, which indicates higher vi-
ral concentrations compared to monoinfections 
(28.3 ± 2.4). The geographical distribution of mixed 
infections also had its own characteristics. The 
highest frequency of co-infections was observed 
in the Cherkasy region (8.0%), where 4 cases of 
mixed infections were detected. In the Poltava and 

Vinnytsia regions, this figure was 6.0% and 6.0%, 
respectively. This may indicate a more intensive 
epiphytotic process in the Cherkasy region, which 
requires additional research to identify the caus-
es and factors of such differentiation. The results 
highlight the importance of considering mixed in-
fections when assessing the phytosanitary condi-
tion of soybean crops and developing protection 
measures, since co-infections can significantly 
enhance the pathogenic effect and lead to more 
significant crop losses.

Correlation between symptoms and infection 
intensity and diagnosis specificity
A detailed analysis of the relationship between the 
clinical manifestations of viral infections and lab-
oratory indicators of infection intensity revealed 
patterns that are important for practical diagno-
sis. For SMV, a moderate negative correlation was 
observed between the severity of symptoms and 
Ct values (r  =  -0.62; p  <  0.05), which indicates a 
clear relationship between the severity of clinical 
manifestations and the concentration of the virus 
in plant tissues. Samples with a pronounced mo-
saic (4-5 points) showed Ct values in the range of 
24.3-26.8, while plants with mild symptoms (1-2 
points) had Ct values of 28.5-31.2. The strongest 
correlation was observed for mosaic symptoms 
(r = -0.58) and leaf blade deformity (r = -0.61), while 
the association with necrotic spots was less pro-
nounced (r = -0.42).

For SVNV, the correlation between symptoms 
and Ct values was weak and statistically insignifi-
cant (r = -0.34; p > 0.05). This may indicate a more 
complex pathogenesis of this virus, where clinical 
manifestations depend not only on the concentra-
tion of the virus, but also on other factors, such as 
the age of the plant, environmental conditions or 

Type of infection Cherkasy region 
(n = 50)

Poltava region  
(n = 50)

Vinnytsia region 
(n = 50)

Total  
(n=150)

SMV 11 (22.0%) 9 (18.0%) 10 (20.0%) 30 (20.0%)
SVNV 4 (8.0%) 3 (6.0%) 6 (12.0%) 13 (8.7%)
AMV 3 (6.0%) 4 (8.0%) 4 (8.0%) 11 (7.3%)

SMV + SVNV 3 (6.0%) 2 (4.0%) 2 (4.0%) 7 (4.7%)
SMV + AMV 1 (2.0%) 1 (2.0%) 1 (2.0%) 3 (2.0%)

General infection 
rate 22 (44.0%) 19 (38.0%) 20 (40.0%) 61 (40.7%)

Table 3. Regional distribution of viral infections and mixed infections according to RT-qPCR data

Source: compiled by the authors based on the conducted research
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characteristics of the variety. Samples with charac-
teristic vein necrosis had Ct values in a wide range 
from 26.8 to 32.4, which confirms that there is no 
direct association between visible symptoms and 
viral concentrations. For AMV, correlation analy-
sis showed the weakest association between symp-
toms and Ct values (r = -0.28; p > 0.05). This may be 
conditioned by the fact that AMV causes atypical 
or mild symptoms on soybean, and the fact that 
the pathogen may be latent or cause symptoms 
only under certain environmental conditions. Of 
interest is also the analysis of samples with mixed 
infections, where a significantly stronger corre-
lation was observed between the total symptom 
score and the mean Ct values (r = -0.71; p < 0.01). 
This confirms the synergistic effect in co-infec-
tion, when the presence of two viruses leads to 
more pronounced symptoms at the same concen-
trations of pathogens.

The specificity of the developed PCR system 
was carefully analysed using a detailed study of 
melting curves. For SMV, clear peaks were ob-
served with a melting point of 82.5°C  ±  0.5°C, 
which corresponds to the expected amplicon size 
of 233  bp. For soybean vein necrosis virus, the 
melting point was 85.2°C ± 0.3°C, which is typical 
for a longer fragment of nucleocapsid protein. For 
AMV, peaks with a melting point of 79.8°C ± 0.4°C 
were recorded, which corresponds to a fragment of 
the capsid protein gene. All melting curves showed 
a single-modal character with no side peaks, which 
indicates high amplification specificity and the ab-
sence of primer dimers or non-specific products.

Control experiments confirmed the high re-
liability of the molecular method. All negative 
controls (n = 15) showed no amplification for 40 
cycles, while controls without a matrix (NTC, 
n  =  12) also remained negative, which excludes 
the possibility of contamination. Positive controls 
for each virus (n = 9) showed stable Ct values with 
a coefficient of variation of less than 3.2%, which 
confirms the reproducibility of the method. An 
additional confirmation of specificity is the fact 
that Ct values correlated with the results of sero-
logical analysis: samples with low Ct values (high 
virus concentration) usually showed a strong pos-
itive response in ELISA, while samples with high 
Ct values were often weakly positive or negative 
in the serological test. This pattern was particu-
larly clear for SMV, where the correlation between 

OD values in ELISA and Ct values in RT-qPCR was 
r = -0.59 (p < 0.05).

DISCUSSION
The results obtained regarding the high preva-
lence of viral infections among soybean crops in 
the Central Forest-Steppe of Ukraine are consist-
ent with research data from other regions of the 
world. The overall infection rate of 40.7% detected 
by RT-qPCR correlates with the results of studies 
in India, where viral infections also pose a seri-
ous problem for soybean producers, as indicated 
in by N. Sandra et al. (2021). The high prevalence 
of SMV may be due to its ability to transmit seeds 
and effective transmission by aphids, which is 
confirmed by studies of the genetic structure of 
populations of this virus, which were conducted by 
M. Usovsky et al. (2022). A long period of preserva-
tion of the viability of the virus in seeds and a wide 
presence of vectors in agrocoenoses contribute to 
maintaining a high level of infection.

The advantage of the RT-qPCR method over 
DAS-ELISA in detecting viral infections is con-
firmed in current studies. Current approaches to 
virus screening using eDNA-based electronic sam-
ples show promise for global monitoring of soy 
viral diseases, as noted in the paper by M.R. Ribei-
ro-Junior et al.  (2025), and is consistent with the 
need to introduce more sensitive diagnostic meth-
ods in the phytosanitary control system. Detection 
of mixed infections in 6.7% of the samples under 
study is important for understanding the epiphy-
totic process. Studies of interactions between dif-
ferent viruses in soybean plants have shown that 
co-infections can significantly affect disease de-
velopment and crop productivity. Combinations of 
viruses with different transmission mechanisms 
are dangerous, which complicates control meas-
ures, as noted by S. Tatineni & G.L. Hein (2023).

The regional features of the spread of viruses 
identified in the study were confirmed in interna-
tional scientific works. Differences in the preva-
lence of viruses between Cherkasy, Poltava and 
Vinnytsia regions are consistent with data from 
studies in Bangladesh, where significant region-
al variability in the prevalence of soymean vi-
ral pathogens was also observed, as indicated by 
M.F. Khatun et al. (2025). In contrast to the study in 
Indonesia conducted by E. Uge et al. (2023), which 
revealed a clear correlation between climatic  
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conditions and the prevalence of mosaic viruses, 
this study failed to establish a direct relationship 
between climatic parameters and infection rates, 
which may be conditioned by the relative uni-
formity of climatic conditions in the Central For-
est-Steppe of Ukraine in comparison with various 
climatic zones of Indonesia, and differences in the 
species composition of vectors and their ecologi-
cal features. However, the identified trends in the 
regional distribution of individual viruses, in par-
ticular, the increased prevalence of soybean vein 
necrosis virus in the Vinnytsia region, may be of 
practical importance for the development of dif-
ferentiated plant protection measures. The detec-
tion of AMV in soybean agrocoenoses in the Cen-
tral Forest-Steppe of Ukraine is consistent with 
the global trend in the spread of this pathogen. 
H.A. Hobbs et al. (2012) recorded the appearance of 
AMV on soybeans in North Dakota, indicating the 
virus’ ability to adapt to new geographical areas. 
The latest data by R.  Dawoud  (2025) highlighted 
the significant potential of AMV for genetic var-
iability, which explains its successful circulation 
in various agroecosystems. The high frequency of 
detection of AMV in Ukrainian soybean crops may 
be associated with a wide range of host plants and 
the ability of the virus to persist for a long time 
in plant residues, which justifies the need for con-
stant monitoring and development of specialised 
control measures.

Correlation analysis between the severity of 
symptoms and Ct values confirms the complexity 
of visual diagnosis of viral infections. The mod-
erate negative correlation for SMV (r  =  -0.62) is 
consistent with current studies using artificial in-
telligence to identify soy diseases by K. Zhang et 
al.  (2021). However, the lack of a statistically 
significant correlation for SVNV and AMV indi-
cates limited visual assessment methods, which 
is not fully consistent with the results of studies 
of automated diagnostic systems by K.  Zhang  et 
al.  (2021), which demonstrated high accuracy for 
various types of viral lesions. This is conditioned 
by the more complex pathogenesis of SVNV and 
AMV, and their ability to cause atypical symptoms 
depending on the physiological state of the plant. 
The need to introduce a comprehensive system of 
protection measures was confirmed by the results 
of breeding studies. The high level of infection of 
soybean crops with viral pathogens in Ukraine is 

consistent with the need to use molecular markers 
and genomic selection in breeding programmes, 
which was considered by F. Lin et al. (2022). Iden-
tification of SMV resistance genes in internation-
al studies by D.  Wang  et al.  (2022) and J.  Chu  et 
al. (2021) confirmed the prospects of creating sus-
tainable varieties for the conditions of Ukraine. 
The study by D.  Wang  et al.  (2022) presented a 
comprehensive analysis of the genetic loci re-
sponsible for SMV resistance. The researchers 
identified a key QTL (quantitative trait locus) on 
chromosome 13, which explains up to 68% of the 
phenotypic variability of viral resistance. The val-
ue is that the researchers were able to map a new 
Rsv4 gene that provides resistance to a wide range 
of SMV isolates. The study by J. Chu et al.  (2021) 
complemented these results by focusing on stud-
ying the Rsv1 gene in various soy genetic popula-
tions. The researchers found that allelic variations 
in this gene cause different levels of resistance to 
SMV, with the most effective alleles providing im-
munity to 95% of known virus isolates. 

The use of RNA interference to control SMV 
demonstrated the effectiveness of this approach, 
which is fully consistent with the results of the study 
by H.  Luan  et al.  (2020), where transgenic plants 
with the Vma12 gene turned off showed increased 
resistance to SMV. However, the effectiveness of 
RNA interference for controlling SVNV and AMV 
remains poorly understood, unlike SMV, for which 
specific control strategies have been developed. 
The use of viral vectors for induced gene silencing 
opens up new horizons in the fight against soy vi-
ral infections, which is confirmed by the innovative 
study by M. McCaghey et al. (2021). The research-
ers demonstrated that a vector based on the bean 
pod spot virus can effectively deliver constructs for 
RNAi-mediated silencing of oxaloacetate-acetyl-
hydrolase genes in Sclerotinia sclerotiorum, which 
led to a significant reduction in the development of 
soy disease. This approach is useful for controlling 
viral infections, as it allows purposefully inhibiting 
the replication of viruses or disrupt their life cycles, 
creating resistance at the molecular level. The ad-
vantage of this technology is the ability to quickly 
adapt to new strains of viruses by changing siRNA 
sequences, which is important in the context of 
constant evolution of viral pathogens.

Adevanced multi-mix approaches radically 
change the methodology of breeding virus-resistant  
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soybean varieties, which is fully confirmed in the 
study by A.  Bisht  et al.  (2023). Comprehensive 
analysis of transcriptomics, proteomics, and me-
tabolomics reveals not only individual resistance 
genes, but also entire networks of molecular in-
teractions that form systemic resistance to viral 
infections. However, according to S.  Rahman  et 
al.  (2023), the introduction of these advanced 
technologies in the breeding process requires sig-
nificant investment in equipment and training. 
In the context of Ukraine, these restrictions are 
particularly relevant, which makes it necessary 
to gradually introduce omics technologies – first 
with a focus on transcriptome analysis as the most 
accessible method, with further expansion to full-
scale multi-omics studies. The use of genomic se-
lection to improve virus resistance is confirmed in 
international studies, but its practical implemen-
tation requires adaptation to local conditions and 
pathogenic complexes. The use of high-through-
put sequencing to detect new and emerging viral 
pathogens is fully consistent with the findings of 
R. Fowkes et al. (2021), where this method helped 
to identify turnip yellows virus and soybean dwarf-
ism virus in peas in the UK.

The study by M.  Solomiichuk & M.  Pik-
ovskyi  (2021) examined the use of Pseudomonas 
fluorescens and stimulating substances to fight 
pathogens, improving the productivity of soy-
beans. In turn, this study focused on detecting 
mosaic viruses and soy necrosis using molecular 
methods, in particular PCR. Both studies con-
tribute to reducing soybean crop losses by using 
different approaches to pathogen control. The 
effectiveness of the applied diagnostic methods 
is confirmed in contemporary studies on soy pa-
thology. The use of a combination of serological 
and molecular methods to detect viral infections 
is consistent with the approaches described for the 
diagnosis of fungal and oomycete soy pathogens 
in B. Hosseini et al. (2023), which notes the impor-
tance of combining different methods for accurate 
pathogen identification. However, in contrast to 
the diagnosis of fungal diseases, where real-time 
PCR and enzyme immunoassay methods are wide-
ly used, for viral pathogens, molecular methods 
show higher efficiency, which is confirmed by the 
detection of an additional 13 positive samples 
using RT-qPCR compared to DAS-ELISA. Biotech-
nological approaches to creating virus-resistant 

soybean varieties show promise in global research. 
Development of a guide RNA delivery system us-
ing the ALSV virus for genomic editing proposed 
by Y. Luo et al. (2021) is consistent with the need 
to develop innovative methods to protect against 
SMV, which is identified as the dominant patho-
gen in this study. However, in contrast to the ex-
perimental conditions of the study by Y.  Luo  et 
al.  (2021), the practical application of such tech-
nologies in Ukraine requires further research. The 
use of CRISPR/Cas systems to create virus resist-
ance is a promising area, but its effectiveness in 
controlling SVNV and AMV remains poorly under-
stood. The molecular mechanisms of natural re-
sistance to SMV described in international studies 
may explain the high prevalence of this virus in 
Ukraine. Detection of an NLR receptor that recog-
nises the cylindrical SMV inclusion protein in the 
study by J. Yin et al. (2021) offers a molecular ex-
planation of the mechanisms of resistance, which 
is partially consistent with the data obtained on 
the high prevalence of SMV (20.0%). However, in 
contrast to the experimental conditions of the 
study, J. Yin et al. (2021), where specific resistance 
genes were studied, the presence of functional al-
leles of these genes may be limited in Ukrainian 
soybean varieties. This makes it necessary to intro-
duce marker-associated breeding for introgression 
of SMV resistance genes in Ukrainian varieties.

The conducted study confirmed the effective-
ness of molecular diagnostic methods for detect-
ing soybean viral pathogens in Ukraine. The re-
sults obtained substantiate the need to introduce 
an integrated approach to phytosanitary monitor-
ing, combining serological and molecular meth-
ods. The identified regional features of the spread 
of viruses and the frequency of mixed infections 
form the scientific basis for the development of 
differentiated plant protection measures aimed at 
reducing crop losses and improving the efficiency 
of soybean production in Ukraine.

CONCLUSIONS
Based on the conducted comprehensive study on 
the detection and identification of soybean viruses 
by molecular diagnostics methods, a high level of 
prevalence of viral infections among soybean crops 
in the Central Forest-Steppe of Ukraine was estab-
lished. Serological analysis by the DAS-ELISA meth-
od revealed a total infection rate of 32.0%, and the 



Detection and identification of soy viruses...

Biological Systems: Theory and Innovation, Vol. 16, No. 3, 202584

REFERENCES
[1]	 Abdalla, O.A., Al-Shahwan, I.M., Al-Saleh, M.A., & Amer, M.A. (2020). Molecular characterisation 

of Alfalfa mosaic virus (AMV) isolates in alfalfa and other plant species in different regions in Saudi 
Arabia. European Journal of Plant Pathology, 156, 603-613. doi: 10.1007/s10658-019-01910-z. 

[2]	 Bhagwatkar, D.N., Sandra, N., Tripathi, A., Dalal, G., Kesaratagi, S., Saini, M., Lal, S.K., & Lal, S.K. 
(2025). Seed transmission of Carlavirus vignae (Cowpea mild mottle virus): A hidden driver of veinal 
necrosis and bud blight disease in soybean (Glycine max) in India. Frontiers in Microbiology, 16, 
article number 1654471. doi: 10.3389/fmicb.2025.1654471.

[3]	 Bisht, A., et al. (2023). Multi-omics assisted breeding for biotic stress resistance in soybean. Molecular 
Biology Reports, 50, 3787-3814. doi: 10.1007/s11033-023-08260-4. 

[4]	 Chu, J., Li, W., Piao, D., Lin, F., Huo, X., Zhang, H., Du, H., Kong, Y., Jin, Y., Li, X., & Zhang, C. 
(2021). Identification of a major QTL related to resistance to Soybean mosaic virus in diverse soybean 
genetic populations. Euphytica, 217, article number 176. doi: 10.1007/s10681-021-02907-8.

[5]	 Convention on Biological Diversity. (1992, June). Retrieved from https://zakon.rada.gov.ua/laws/
show/995_030#Text.  

[6]	 Dawoud, R. (2025). Alfamovirus (Alfalfa Mosaic Virus). In N. Amaresan & K. Kumar (Eds), Compendium 
of phytopathogenic microbes in agro-ecology: Vol. 2 viruses and viroids (pp. 51-68). Cham: Springer 
Nature Switzerland. doi: 10.1007/978-3-031-81884-4_3. 

[7]	 Dunich, A., Kyrychenko, S., Mishchenko, I., Molodchenkova, O., Bondus, R., Dashenko, A., & 
Mishchenko, L. (2024). Diagnostics of the most dangerous potato and soybean viruses in 2024 as 
the first stage in the search for donors of genes responsible for resistance to viruses. Quarantine and 
plant protection, 4, 12-17. doi: 10.36495/2312-0614.2024.4.12-17. 

highest rates were observed in the Cherkasy region 
(36.0%). Among the three viruses studied, soybean 
mosaic virus was the most common – 18.0%, which 
indicates the need to strengthen phytosanitary con-
trol over this particular pathogen.

The RT-qPCR method showed a statistically 
significant 8.0% increase in sensitivity, detecting an 
additional 12 positive samples, and when detecting 
alfalfa mosaic virus, the number of positive samples 
detected increased by 50%. This justifies the fea-
sibility of using RT-qPCR as the main method for 
accurate diagnosis, especially in the early stages of 
infection. For the first time in the study area (Cen-
tral Forest-Steppe of Ukraine), mixed infections 
were identified with a frequency of 6.7% of the total 
number of analysed samples. SMV  +  SVNV co-in-
fection was the most common (4.7%). The identi-
fied mixed infections highlighted the complexi-
ty of the epiphytotic situation and the need for a 
comprehensive approach to diagnosis. Correlation 
analysis revealed varying degrees of association 
between visual symptoms and laboratory parame-
ters for individual viruses. For soybean mosaic vi-
rus, a moderate negative correlation (r = -0.62) was 
established between the severity of symptoms and 
threshold cycle values, which indicates the possi-
bility of using visual assessment for preliminary di-
agnosis. Regional analysis revealed differentiation 

in the spread of viruses: the highest total infection 
was recorded in Cherkasy region (44.0%), and the 
maximum prevalence of soybean vein necrosis vi-
rus – in Vinnytsia region (12.0%), which may be due 
to climate features and the presence of vectors.

The conducted study has certain limitations, 
among which the regional specifics of the sample 
are highlighted, covering only three regions of the 
Central Forest-Steppe, the lack of monitoring of 
the dynamics of virus accumulation during the 
growing season, and the limited diagnosis of the 
three main viruses without considering other po-
tentially dangerous pathogens. The prospects for 
further research include expanding the geogra-
phy of monitoring to other agroclimatic zones of 
Ukraine, studying the influence of climatic factors 
on the development of viral infections, and devel-
oping multiplex PCR systems for simultaneous de-
tection of a wider range of pathogens.

ACKNOWLEDGEMENTS
None.

FUNDING
None.

CONFLICT OF INTEREST
None.

https://doi.org/10.1007/s10658-019-01910-z
https://doi.org/10.3389/fmicb.2025.1654471
https://doi.org/10.1007/s11033-023-08260-4
https://doi.org/10.1007/s10681-021-02907-8
https://doi.org/10.1007/978-3-031-81884-4_3
https://doi.org/10.36495/2312-0614.2024.4.12-17


Hrynchuk & Antipov

Biological Systems: Theory and Innovation, Vol. 16, No. 3, 2025 85

[8]	 Elmore, M.G., et al. (2022). Detection and discovery of plant viruses in soybean by metagenomic 
sequencing. Virology Journal, 19, article number 149. doi: 10.1186/s12985-022-01872-5. 

[9]	 Fowkes, A.R., McGreig, S., Pufal, H., Duffy, S., Howard, B., Adams, I.P., Macarthur, R., Weekes, R., & 
Fox, A. (2021). Integrating high throughput sequencing into survey design reveals Turnip yellows 
virus and Soybean dwarf virus in pea (Pisum sativum) in the Unite4ud Kingdom. Viruses, 13(12), 
article number 2530. doi: 10.3390/v13122530. 

[10]	 Groves, C., German, T., Dasgupta, R., Mueller, D., & Smith, D.L. (2016). Seed transmission of Soybean 
vein necrosis virus: The first Tospovirus implicated in seed transmission. PloS one, 11(1), article 
number e0147342. doi: 10.1371/journal.pone.0147342.  

[11]	 Hameed, A. (2020). Tripartite interactions among soybean vein necrosis orthotospovirus, vector 
thrips and soybean plants. (Doctoral thesis, The Pennsylvania State University, Commonwealth of 
Pennsylvania, USA).

[12]	 Hameed, A., Rosa, C., & Rajotte, E.G. (2022). A review on ecology of interactions in Soybean vein necrosis 
orthotospovirus (SVNV): Plants, vectors, virus dispersal and management perspectives. IntechOpen. 
doi: 10.5772/intechopen.102423.  

[13]	 Hobbs, H.A., Domier, L.L., & Nelson, B.D. (2012). First report of Alfalfa mosaic virus and Soybean 
dwarf virus on soybean in North Dakota. Plant Disease, 96(12), 1829-1829. doi: 10.1094/PDIS-07-12-
0673-PDN.  

[14]	 Hosseini, B., Voegele, R.T., & Link, T.I. (2023). Diagnosis of soybean diseases caused by fungal and 
oomycete pathogens: Existing methods and new developments. Journal of Fungi, 9(5), article number 
587. doi: 10.3390/jof9050587. 

[15]	 Khatun, M.F., Kwak, M., Kwon, M., Hossain, M.M., & Kil, E.J. (2025). New insights into viral threats in 
soybean (Glycine max) crops from Bangladesh, including a novel crinivirus. Frontiers in Microbiology, 
16, article number 1523767. doi: 10.3389/fmicb.2025.1523767. 

[16]	 Lin, F., et al. (2022). Breeding for disease resistance in soybean: A global perspective. Theoretical and 
Applied Genetics, 135, 3773-3872. doi: 10.1007/s00122-022-04101-3. 

[17]	 Luan, H., Liao, W., Song, Y., Niu, H., Hu, T., & Zhi, H. (2020). Transgenic plant generated by RNAi-
mediated knocking down of soybean Vma12 and Soybean mosaic virus resistance evaluation. AMB 
Express, 10(1), article number 62. doi: 10.1186/s13568-020-00997-6. 

[18]	 Luo, Y., Na, R., Nowak, J.S., Qiu, Y., Lu, Q.S., Yang, C., Marsolais, F., & Tian, L. (2021). Development 
of a Csy4-processed guide RNA delivery system with soybean-infecting virus ALSV for genome 
editing. BMC Plant Biology, 21(1), article number 419. doi: 10.1186/s12870-021-03138-8. 

[19]	 McCaghey, M., Shao, D., Kurcezewski, J., Lindstrom, A., Ranjan, A., Whitham, S. A., Conley, S.P., 
Williams, B., Smith, D.L., & Kabbage, M. (2021). Host-induced gene silencing of a Sclerotinia 
sclerotiorum oxaloacetate acetylhydrolase using Bean pod mottle virus as a vehicle reduces disease 
on soybean. Frontiers in Plant Science, 12, article number 677631. doi: 10.3389/fpls.2021.677631. 

[20]	 Mishchenko, L., Dunich, A., Mishchenko, I., Dashchenko, A., & Kandaurova, K. (2022). Seed-borne 
and seed-transmitted viral diseases and their effect on yield of different soybean genotypes. 
Poljoprivreda i Sumarstvo, 68(4), 165-175. doi: 10.17707/AgricultForest.68.4.13.

[21]	 Rahman, S.U., McCoy, E., Raza, G., Ali, Z., Mansoor, S., & Amin, I. (2023). Improvement of soybean; 
A way forward transition from genetic engineering to new plant breeding technologies. Molecular 
Biotechnology, 65, 162-180. doi: 10.1007/s12033-022-00456-6. 

[22]	 Ribeiro-Junior, M.R., Espindola, A., Nascimento, D.M., da Silva, F.B., Krause-Sakate, R., &  
Ochoa-Corona, F.M. (2025). An attempt toward the global screening of soybean viruses using EDNA-
MiFi-based electronic probes. PhytoFrontiers, 5(2), 236-242. doi: 10.1094/PHYTOFR-12-24-0141-FI. 

[23]	 Sandra, N., Tripathi, A., Lal, S.K., Mandal, B., & Jain, R.K. (2021). Molecular and biological 
characterization of Soybean yellow mottle mosaic virus severe strain infecting soybean in India. 3 
Biotech, 11(8), article number 381. doi: 10.1007/s13205-021-02925-2. 

[24]	 Solomiichuk, M., & Pikovskyi, M. (2021). The effect of the Pseudomonas fluorescens bacteria and 
substances of a stimulating nature on the productivity of the soybean plant and seed damage by 
pathogens. Plant and Soil Science, 12(4), 28-36. doi: 10.31548/agr2021.04.0028. 

https://doi.org/10.1186/s12985-022-01872-5
https://doi.org/10.3390/v13122530
https://doi.org/10.1371/journal.pone.0147342
https://etda.libraries.psu.edu/catalog/18395akh5405
https://etda.libraries.psu.edu/catalog/18395akh5405
https://www.intechopen.com/chapters/80906
https://doi.org/10.1094/PDIS-07-12-0673-PDN
https://doi.org/10.1094/PDIS-07-12-0673-PDN
https://doi.org/10.3390/jof9050587
https://doi.org/10.3389/fmicb.2025.1523767
https://doi.org/10.1007/s00122-022-04101-3
https://doi.org/10.1186/s13568-020-00997-6
https://doi.org/10.1186/s12870-021-03138-8
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2021.677631/full
https://www.proquest.com/openview/7c1e3680156eefb32e9664dafdec87cf/1?pq-origsite=gscholar&cbl=1446337
https://doi.org/10.1007/s12033-022-00456-6
https://doi.org/10.1094/PHYTOFR-12-24-0141-FI
https://doi.org/10.1007/s13205-021-02925-2
https://doi.org/10.31548/agr2021.04.0028


Detection and identification of soy viruses...

Biological Systems: Theory and Innovation, Vol. 16, No. 3, 202586

[25]	 Tatineni, S., & Hein, G.L. (2023). Plant viruses of agricultural importance: Current and future 
perspectives of virus disease management strategies. Phytopathology, 113(2), 117-141. doi: 10.1094/
PHYTO-05-22-0167-RVW. 

[26]	 Uge, E., Sidik, E.A., Cahyaningrum, H., Hartono, S., Baliadi, Y., Yusnawan, E., & Inayati, A. (2023). 
Identification and assessment of superior indonesian soybean cultivars resistant to Mosaic and 
Mottling Viruses. Nongye Jixie Xuebao/Transactions of the Chinese Society of Agricultural Machinery, 
54(10). doi: 10.62321/issn.1000-1298.2023.10.10. 

[27]	 Usovsky, M., et al. (2022). Decades of genetic research on Soybean mosaic virus resistance in soybean. 
Viruses, 14(6), article number 1122. doi: 10.3390/v14061122. 

[28]	 Wang, D., Chen, S., Huang, Z., & Lin, J. (2022). Identification and mapping of genetic locus conferring 
resistance to multiple plant viruses in soybean. Theoretical and Applied Genetics, 135(9), 3293-3305. 
doi: 10.1007/s00122-022-04187-9. 

[29]	 Xue, B., Shang, J., Yang, J., Zhang, L., Du, J. B., Yu, L., Yang, W., & Naeem, M. (2021). Development 
of a multiplex RT-PCR assay for the detection of Soybean mosaic virus, Bean common mosaic virus 
and Cucumber mosaic virus in field samples of soybean. Journal of Virological Methods, 298, article 
number 114278. doi: 10.1016/j.jviromet.2021.114278. 

[30]	 Yin, J., et al. (2021). A cell wall-localized NLR confers resistance to Soybean mosaic virus by recognizing 
viral-encoded cylindrical inclusion protein. Molecular Plant, 14(11), 1881-1900. doi:  10.1016/j.
molp.2021.07.013. 

[31]	 Zambrana-Echevarría, C. (2021). Development of tools for the management of Soybean vein necrosis 
orthotospovirus and Tobacco streak ilarvirus in soybean (Glycine max (L.) Merr.). (Doctoral thesis, 
University of Wisconsin-Madison, Wisconsin, USA). 

[32]	 Zhang, K., Wu, Q., & Chen, Y. (2021). Detecting soybean leaf disease from synthetic image using 
multi-feature fusion faster R-CNN. Computers and Electronics in Agriculture, 183, article number 
106064. doi: 10.1016/j.compag.2021.106064. 

[33]	 Zhou, J., & Tzanetakis, I.E. (2020). Soybean vein necrosis orthotospovirus can move systemically in 
soybean in the presence of Bean pod mottle virus. Virus Genes, 56(1), 104-107. doi: 10.1007/s11262-
019-01715-6. 

https://doi.org/10.1094/PHYTO-05-22-0167-RVW
https://doi.org/10.1094/PHYTO-05-22-0167-RVW
https://nyjxxb.net/index.php/journal/article/view/1709
https://doi.org/10.3390/v14061122
https://doi.org/10.1007/s00122-022-04187-9
https://doi.org/10.1016/j.jviromet.2021.114278
https://doi.org/10.1016/j.molp.2021.07.013
https://doi.org/10.1016/j.molp.2021.07.013
https://www.proquest.com/openview/11522dab63cc277bf714bacaeebe1c4c/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/11522dab63cc277bf714bacaeebe1c4c/1?pq-origsite=gscholar&cbl=18750&diss=y
https://doi.org/10.1016/j.compag.2021.106064
https://doi.org/10.1007/s11262-019-01715-6
https://doi.org/10.1007/s11262-019-01715-6


Hrynchuk & Antipov

Biological Systems: Theory and Innovation, Vol. 16, No. 3, 2025 87

Виявлення та ідентифікація вірусів сої  
методами молекулярної діагностики

Катерина Гринчук
Кандидат біологічних наук, доцент
Національний університет біоресурсів і природокористування України 
03041, вул. Героїв Оборони, 15, м. Київ, Україна
https://orcid.org/0000-0002-3138-0080
Ігор Антіпов
Кандидат сільськогосподарських наук, доцент
Національний університет біоресурсів і природокористування України 
03041, вул. Героїв Оборони, 15, м. Київ, Україна
https://orcid.org/0000-0002-1156-267X

Анотація. Вірусні хвороби рослин є однією з основних причин втрат врожаю сої в Україні, а 
відсутність системного моніторингу та обмеженість застосування сучасних методів діагностики 
ускладнюють ефективний контроль поширення вірусних патогенів. Метою роботи була оцінка 
поширеності основних вірусних патогенів у посівах сої Центрального Лісостепу України. 
Використано комбінацію серологічного аналізу та молекулярного методу для детекції вірусу 
мозаїки сої, вірусу некрозу жилок сої та вірусу мозаїки люцерни. Результати показали, що 
загальний рівень інфікованості посівів сої становив 40,7 % за даними полімеразної ланцюгової 
реакції у реальному часі з зворотною транскрипцією. Видовий склад патогенів демонстрував 
чітку диференціацію: вірус мозаїки сої виявлено у 20,0 % зразків, вірус некрозу жилок сої – у 
8,0 %, вірус мозаїки люцерни – у 7,3 %. Метод полімеразної ланцюгової реакції у реальному часі 
з зворотною транскрипцією показав вищу чутливість порівняно з методом імуноферментного 
аналізу, виявивши додаткові 13 позитивних зразків. Найбільш значні розбіжності між 
методами спостерігалися при виявленні вірусу мозаїки люцерни, де молекулярний метод 
виявив на 50 % більше позитивних зразків. Регіональний аналіз виявив найвищу інфікованість 
у Черкаській області (44,0  %), з максимальною поширеністю вірусу мозаїки сої (22,0  %). 
Встановлено помірну кореляцію між виразністю симптомів та значеннями порогового циклу 
для вірусу мозаїки сої (r = -0,62), тоді як для вірусу некрозу жилок сої та вірусу мозаїки люцерни 
кореляція була статистично незначущою. Висновки підтвердили високий рівень поширеності 
вірусних інфекцій серед посівів сої в регіоні дослідження. Отримані результати дозволять 
державним фітосанітарним службам, селекційним установам та агровиробникам впровадити 
диференційовані за регіонами стратегії захисту сої, що дозволить зменшити втрати врожаю та 
підвищити ефективність фітосанітарних заходів

Ключові слова: серологічний аналіз; полімеразна ланцюгова реакція; імуноферментний аналіз; 
ко-інфекція; фітосанітарний моніторинг
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