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MOLECULAR DETECTION 
OF RNA VIRUSES IN AGARICUS BISPORUS 
ON MUSHROOM FARMS IN UKRAINE
Aim. To study the prevalence and identify viral agents aff ecting cultivated button mushrooms (Agaricus bisporus) 

on mushroom farms in Ukraine, using molecular biological methods, and to assess the relative viral load. Methods. 

Visual assessment of symptoms was conducted on samples of mushroom fruiting bodies and mycelia from farms in 

the Kyiv, Ternopil, Rivne, Lviv, Dnipropetrovsk, and Odesa regions. Total RNA was isolated using a GeneJET Plant 

RNA Purifi cation Kit. Identifi cation of viral agents (La France disease virus — LFDV; Mushroom bacilliform virus — 

MBV; Agaricus bisporus virus 6 — AbV6; Agaricus bisporus virus 16 — AbV16; Agaricus bisporus virus X — AbVX) 

was performed using two-step Reverse Transcription quantitative Polymerase Chain Reaction (RT-qPCR) on a Rotor-

Gene 6000 amplifi er. Glyceraldehyde-3-phosphate dehydrogenase II (GPDII) gene of A. bisporus was used as an in-

ternal control for normalization and assessment of RNA/cDNA quality. Melt curve analysis was performed, and the 

relative amount of viral RNA was calculated using the ΔCt method. Th e study used a straightforward estimation of vi-

ral load based solely on the GPDII reference gene. It was used as a reference gene. Th is method serves as a preliminary 
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Th e cultivation of button mushrooms (Agaricus 
bisporus (Lange) Imbach) is a vital and rapidly 
growing sector of global biotechnology (Shar-
ma et al., 2022). However, producers oft en face 
various problems that lead to reduced yields 
and deterioration of product quality. One of the 
key causes of such losses is viral diseases, which 
have recently become one of the most danger-
ous for mushroom cultures (Pudełko, 2010; Iva-
nova, 2021).

Mushroom viruses, or mycoviruses, are vi-
ruses that specifi cally infect fungi, including 
cultivated edible mushrooms such as A. bispo-
rus, Pleurotus spp., and Lentinula edodes. Unlike 
many plant or animal viruses, mycoviruses typi-
cally possess double-stranded RNA (dsRNA) 
genomes and lack an extracellular phase, being 
transmitted primarily through cytoplasmic ex-
change, such as hyphal anastomosis or spore 
propagation (Ivanova, 2021).

A prerequisite for obtaining consistently 
high mushroom yields is the use of high-qual-
ity virus-free spawn (mycelium), resistant to 
pathogens. While many mycoviruses persist 
asymptomatically within their fungal hosts, 
certain viral infections can cause economically 
signifi cant diseases, particularly in commercial 
mushroom production. For example, La France 
disease in A. bisporus, caused by a dsRNA vi-

rus complex, leads to reduced yield, malformed 
fruiting bodies, and delayed pinhead forma-
tion. Similar viral syndromes have been docu-
mented in oyster mushrooms and shiitake, af-
fecting both yield and quality.

Th e detection and characterization of mush-
room viruses have improved signifi cantly with 
the use of molecular techniques such as qPCR, 
next-generation sequencing (NGS), and dsRNA 
profi ling. However, eff ective management strate-
gies remain limited, as fungicides are ineff ective 
against viruses and breeding for resistance is still 
under development (Ivanova, 2019).

More than twenty pathogenic viruses of dif-
ferent taxonomic groups including diff erent 
genome natures (RNA or DNA) have been de-
scribed for A. bisporus culture (Sharma et al., 
2022; Grogan et al., 2003; Deakin et al., 2017). 
Th e most well-known are La France disease vi-
rus (LFDV or Agaricus bisporus virus 1, ABV1), 
whose genome consists of nine segments of 
double-stranded RNA (dsRNA) and is associ-
ated with growth retardation and deformation 
of fruiting bodies (Romaine & Schlagnhaufer, 
1995), and the complex of viruses known as 
Mushroom Virus X (MVX), which is associated 
with various symptoms, including browning 
of caps, suppression of mycelial growth (“bare 
patches”), deformation of fruiting bodies, and 

step, acknowledging its limitations in precision. Results. Six A. bisporus samples with various morphological changes 

were studied: a small cap and a strongly curved stipe (Ternopil), a thickened stipe (Kyiv), a small cap and an elon-

gated stipe (Rivne), a dense stipe and a fl at cap with pink gills (Dnipro), browning of fruiting bodies (Lviv), and an 

abnormal cotton-like mycelium (Odesa). Th e performed RT-qPCR analyses identifi ed various combinations of LFDV, 

MBV, AbV6, AbV16, and AbVX. Noteworthy, mushroom virus X (MVX), associated with the “bare patch” disease, 

was not detected in any of the samples. Th e most common viruses were MBV (detected in all 6 samples) and AbVX (in 

5 samples). AbV6 and AbV16 viruses were detected in 4 samples, and LFDV in 3 samples. Mixed infections by more 

than four viruses were detected in four samples. ΔCt calculation showed a signifi cant relative level of MBV viral RNA 

in most samples (especially in Dnipro and Lviv), as well as LFDV, AbV6, and AbVX in the Lviv sample, compared to 

the expression level of GPDII. Melt curve analysis confi rmed the specifi city of the PCR products. Conclusions. RNA 

viruses were detected and identifi ed in the culture of A. bisporus, and their quantitative representation was assessed. 

On the surveyed mushroom farms, viruses LFDV, MBV, AbV6, AbV16, and AbVX are prevalent, oft en as mixed infec-

tions with diff erent levels of relative viral load. Th e obtained results emphasize the need for implementing systematic 

molecular monitoring of mushroom viral diseases in Ukraine to ensure phytosanitary safety and production stability.

Keywords: mushroom viruses, identifi cation, RNA viruses, Agaricus bisporus, RT-qPCR, mixed infections.
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yield reduction (Grogan et al., 2003; Pudełko, 
2010; O’Connor et al., 2021).

Th e MVX complex can include up to 26 diff er-
ent dsRNA elements (Grogan et al., 2003), and 
recent studies using next-generation sequencing 
(NGS) have identifi ed at least 18 unique RNA 
viruses and 8 unique RNA ORFs in aff ected A. 
bisporus samples (Deakin et al., 2017). Some of 
these viruses, such as AbV6 and AbV16, are as-
sociated with specifi c symptoms, for example, 
“bare patches” and browning of caps, respective-
ly (Deakin et al., 2017).

However, a serious problem is the lack of stan-
dardized and accessible methods for diagnosing 
mycoviruses, particularly molecular biological 
diagnostic kits for identifying mushroom viruses 
(Ivanova et al., 2015). Th is complicates the time-
ly detection of infections, assessment of their 
spread, and the development of eff ective control 
measures. In the case of viral infection, mush-
room fruiting bodies can undergo morphologi-
cal changes and lose their taste and market value, 
leading to signifi cant economic losses (Grogan 
et al., 2003). In severe cases, viral infections can 
lead not only to a decrease in yield but also to the 
death of the mycelium (Sahin et al., 2018).

Phenotypic changes such as mycelium brown-
ing, death of fruiting bodies, and cessation of 
button growth over signifi cant cultivation areas 
(“bare patches”) are oft en observed, the causes 
of which cannot always be quickly established 
(Gaze et al., 2000; Ivanova, 2019). Although 
some symptoms may resemble La France dis-
ease, diagnostic tests for this virus oft en yield 
negative results (Gaze et al., 2000). Th ere is an 
opinion that the suppression of mycelial growth 
may be associated not only with viral infection 
but also with the intense development of other 
pathogens, for example, bacteria or nematodes 
in the substrate (Huang et al., 2023; Babych, 
2020; Castillo, 2015).

Understanding mushroom viruses is critical 
not only for disease prevention and control but 
also for their potential biotechnological applica-

tions, such as viral vectors for gene expression or 
as models in virus-host interaction studies. Con-
tinued research into their taxonomy, transmis-
sion, symptomatology, and epidemiology will 
support the development of more sustainable 
and resilient mushroom cultivation systems.

Investigating the underlying factors and 
mechanisms behind these symptoms is an im-
portant objective for applied mycology and phy-
topathology, as well as for advancing fundamen-
tal knowledge of biocenotic interactions within 
A. bisporus cultivation systems.

Th e aim of our work was to study the preva-
lence of viral diseases of button mushrooms on 
mushroom farms in Ukraine, to adapt and ap-
ply the RT-qPCR method to identify a complex 
of RNA viruses (LFDV, Mushroom bacilliform 
virus  — MBV, AbV6, AbV16, AbVX), and to 
evaluate the relative viral load and the possibili-
ties of using molecular methods for phytosani-
tary control.

Materials and Methods. Sample collection. 
A survey was conducted on mushroom farms in 
the Kyiv, Ternopil, Rivne, Odesa, Poltava, Dni-
propetrovsk, Lviv, Ivano-Frankivsk, and Cherni-
hiv regions of Ukraine from 2023 to 2025. A total 
of 25 farms were surveyed. Six A. bisporus sam-
ples were collected that had pronounced symp-
toms of abnormal development or suspicion of 
a viral infection. Th ey were collected during the 
cultivation cycle to obtain a representative pic-
ture. Each sample was carefully packed in a ster-
ile container. Before analysis, a visual assessment 
of the samples was performed.

Description of the samples studied:
■ Ternopil: A sample from the Ternopil region 

(Fig. 1). Th e fruiting bodies had a small cap and 
an elongated, severely curved stipe.

■ Kyiv: A sample from the Kyiv region (Fig. 2). 
Th e fruiting bodies had an abnormally thick-
ened stipe.

■ Rivne: A sample from the Rivne region 
(Fig. 3). Th e fruiting bodies were characterized 
by a small cap and an elongated stipe.
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Fig. 1. A. bisporus sample from the Ternopil region with 
a deformed stipe and a small cap

Fig. 2. A. bisporus sample from the Kyiv region with an 
abnormally thickened stipe

Fig. 3. A. bisporus samples from the Rivne region with 
small caps and elongated stipes (circled)

Fig. 4. A. bisporus sample from the Dnipropetrovsk 
region with an abnormally thickened stipe and a fl at cap

Fig. 5. A. bisporus sample from the Lviv region with 
signs of cap browning (circled)

Fig. 6. Abnormal cotton-like mycelium from the Odesa 
region (circled)
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■ Dnipro: A sample from the Dnipropetrovsk 
region (Fig. 4). Th e mushrooms had a shortened, 
dense stipe, a fl at cap with a prematurely open 
partial veil and pink gills. Such mushrooms did 
not grow to a large size.

■ Lviv: A sample from the Lviv region (Fig. 5). 
Th e fruiting bodies showed signs of browning 
and were collected near areas with suppressed 
mycelial growth (“bare patches”).

■ Odesa: A sample from the Odesa region 
(Fig. 6). Represented by mycelium that had an 
abnormal cotton-like, very dense structure, 
fi lled the space between the lumps of casing 
soil, and formed exudate droplets on the sur-
face. No fruiting bodies were formed near such 
mycelium.

Molecular identifi cation of viruses and as-
sessment of relative viral load. Using RT-qPCR 
analysis, a screening was performed for the pres-
ence of the genomes of fi ve viruses  — LFDV, 
MBV, AbV6, AbV16, and AbVX — in all six col-
lected samples. Th e data on virus detection by 
RT-qPCR and the corresponding Ct and ΔCt 
values are summarized in Table 1. Th e viruses 
were found in mixed infections, confi rming the 

tendency for co-infection and indicating the 
manifestations of a multi-viral lesion.

Th e most common virus was MBV, present in 
all six samples. In most samples, the ΔCt values 
for MBV were negative or close to zero, demon-
strating a signifi cant transcriptional load of vi-
ral RNA compared to the reference GPDII gene, 
especially in the Dnipro and Lviv samples. Th e 
AbV6 virus was also characterized by a high 
frequency of detection among the analyzed 
samples (4 of 6 experimental objects). How-

Table 1. Th reshold cycle (Ct) and relative viral load (ΔCt) values 
for viruses and the GPDII control gene in button mushroom samples

Target Name
Sample Name

Ternopil Kyiv Rivne Dnipro Lviv Odesa

GPDII Ct 24.90 22.31 23.61 25.72 23.09 25.60

LFDV Ct 25.05 — — — 22.78 25.38

LFDV ΔCt 0.15 — — — –0.31 –0.22

MBV Ct 21.96 23.27 26.13 22.22 19.07 23.05

MBV ΔCt -2.94 0.96 2.52 –3.50 –4.02 –2.55

AbV6 Ct 28.30 — — 36.90 21.80 32.08

AbV6 ΔCt 3.40 — — 11.18 –1.29 6.48

AbV16 Ct 33.11 34.21 35.99 — — 32.87

AbV16 ΔCt 8.21 11.90 12.38 — — 7.27

AbVX Ct 27.48 — 25.01 24.69 20.07 27.95

AbVX ΔCt 2.58 — 1.40 –1.03 –3.02 2.35

“—” — not detected (Ct value is missing); ΔCt = Ct(virus) — Ct (GPDII); a negative ΔCt value indicates a higher 
relative amount of viral RNA compared to GPDII.

Table 2. Melting temperatures (Tm, °C) 
of PCR products for identifi ed viruses 
and the GPDII control gene

Target Gene Mean Tm (°C) ± SD Tm Range (°C)

GPDII 87.54 ± 0.11 87.5 — 87.7

LFDV 83.67 ± 0.29 83.5 — 84.0

MBV 84.22 ± 0.26 83.5 — 84.5

AbV6 84.5 ± 1.77 83.5 — 86.0

AbV16 85.43 ± 0.32 85.0 — 85.8

AbVX 86.48 ± 0.22 86.2 — 86.7

Calculated based on data from Melt Reports fi les for 
positive results.
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ever, in the samples from Kyiv, Dnipro, and 
Rivne, elevated Ct and ΔCt values (ΔCt > 11) 
were recorded, indicating minimal accumula-
tion of viral RNA relative to the reference gene. 
Conversely, in the Lviv sample, the ΔCt value 
for the AbV6 virus was negative (–1.29), which 
indicates a high relative level of viral RNA. Th e 
AbVX virus was identifi ed in fi ve samples, with 
low ΔCt values observed in samples from Dni-
pro (–1.03) and Lviv (–3.02). Th e LFDV virus 
was detected in three samples, and its relative 
level by the ΔCt value was signifi cantly elevated 
in the Lviv and Odesa samples. Th e AbV16 vi-
rus was detected in four samples, but high ΔCt 
values (7.27—12.38) indicate a low relative level 
of its RNA. Th e mycelium samples from Odesa 
and the Ternopil region contained fi ve diff erent 
viruses each, which indicates a high degree of 
mixed viral infection.

Melt curve analysis. Melt curve analysis was 
performed for all positive RT-qPCR results. 
Th e melting temperatures (Tm) of the viral am-
plicons and the GPDII control gene remained 
stable across diff erent samples and correspond-
ed to theoretically expected values, which con-
fi rms the high specifi city of the amplifi cation 
and the absence of a signifi cant number of non-
specifi c products.

Discussion. Th e results of the study indicate 
a signifi cant prevalence of a complex of RNA 
viruses in A. bisporus samples collected from 
mushroom farms in six regions of Ukraine. Th e 
use of the RT-qPCR method allowed for the 
identifi cation of fi ve viral agents: LFDV, MBV, 
AbV6, AbV16, and AbVX. Th e widespread 
distribution of the MBV virus (detected in all 
samples) and the high frequency of detection of 
AbV6, AbV16, and AbVX confi rm data from the 
literature that A. bisporus oft en carries a complex 
of viruses (Deakin et al., 2017).

In our samples, mixed infections also pre-
vailed (67% of samples contained four or fi ve 
viruses), which complicates the establishment 
of a direct correlation between a specifi c virus 

and the corresponding symptom. Th e assess-
ment of relative viral load using the ΔCt meth-
od (Table 1) provides additional information. 
Very low (negative) ΔCt values for MBV in 
most samples (especially Dnipro and Lviv) and 
for LFDV, AbV6, and AbVX in the Lviv sample 
indicate their high level of replication or accu-
mulation compared to the expression level of 
the GPDII gene. Th is may indicate their signifi -
cant role in the phenotypic changes observed 
in the studied samples. Conversely, high ΔCt 
values for AbV6 (in Kyiv, Rivne, Dnipro) and 
AbV16 (in all positive samples) may indicate a 
latent infection or a low level of replication of 
these viruses under such conditions, although 
their presence may still aff ect the physiology 
of the mushroom or contribute to the devel-
opment of symptoms in a complex with other 
viral infections.

Th e detection of a complex of viruses in the 
abnormal mycelium sample from Odesa empha-
sizes the importance of controlling mycelium 
as a source of infection, which can persist and 
spread even in the absence of fruiting bodies 
(O’Connor et al., 2021).

Th e use of two-step RT-qPCR with melt 
curve analysis confi rmed its high sensitivity 
and specifi city for diagnosing mushroom vi-
ruses (Romaine & Schlagnhaufer, 1995). Th is 
method allows for rapid screening and assess-
ment of the relative viral load, which is impor-
tant for phytosanitary control and the develop-
ment of strategies for managing viral diseases 
in mushroom cultivation in Ukraine (Ivanova, 
2015, 2021).

Conclusions. As a result of the study of 
A. bisporus samples from six regions of Ukraine 
(Kyiv, Ternopil, Rivne, Lviv, Dnipropetrovsk, 
and Odesa) using the RT-qPCR method, the 
prevalence of RNA viruses LFDV, MBV, AbV6, 
AbV16, and AbVX was established. Th e most 
prevalent were the viruses MBV (100% of sam-
ples), AbVX (83%), AbV6, and AbV16 (67%). 
Cases of mixed infections were frequently ob-
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served with diff erent relative viral loads, esti-
mated by the ΔCt method. MBV demonstrated 
the highest relative level of replication in most 
samples.

Th e adapted method for RNA isolation and 
RT-qPCR with subsequent analysis of the results 
using the ΔCt method is an eff ective tool for 
identifying a complex of mushroom viruses and 
assessing the relative viral load. It can be recom-
mended for use in phytosanitary monitoring and 
quality control of spawn mycelium in Ukraine. 
Th e obtained data emphasize that viral infections 
are a relevant problem, as they can manifest both 
clinical symptoms and asymptomatic carriage, 
which creates a signifi cant risk for mushroom 

production. Th is justifi es the need for further 
comprehensive research aimed at studying the 
prevalence, pathogenicity, and developing eff ec-
tive strategies for controlling A. bisporus myco-
viruses in Ukraine.
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МОЛЕКУЛЯРНА ДЕТЕКЦІЯ РНК-ВІРУСІВ 
ПЕЧЕРИЦІ ДВОСПОРОВОЇ (AGARICUS BISPORUS) 
У ГРИБНИХ ГОСПОДАРСТВАХ УКРАЇНИ

Вивчення поширення та ідентифікація вірусних агентів, котрі уражують культивовану печерицю дво-
спорову (Agaricus bisporus) у грибних господарствах України, з використанням молекулярно-біологічних 
методів, з оцінкою відносного вірусного навантаження. Методи. Проведено візуальну оцінку симптомів 
на зразках плодових тіл та міцелій печериці з господарств Київської, Терно пільської, Рівненської, Львів-
ської, Дніпропетровської та Одеської областей. Виділення тотальної РНК проводили за допомогою на-
бору GeneJET Plant RNA Purifi cation Kit. Ідентифікацію вірусних агентів (La France disease virus — LFDV; 
Mushroom bacilliform virus — MBV; Agaricus bisporus virus 6 — AbV6; Agaricus bisporus virus 16 — AbV16; 
Agaricus bisporus virus X  — AbVX; Mushroom virus X  — MVX) здійснювали методом полімеразної лан-
цюгової реакції в реальному часі (RT-qPCR) зі специфічними праймерами на ампліфікаторі Rotor-Gene 
6000. В якості внутрішнього контролю для нормалізації та оцінки якості РНК/кДНК використовували ген 
гліцеральдегід-3-фосфат дегідрогенази II (glyceraldehyde-3-phosphate dehydrogenase II, GPDII) A. bisporus. 
Проводили аналіз кривих плавлення та розраховували відносну кількість вірусної РНК за методом ΔСt. 
Результати. Досліджено шість зразків A. bisporus з різними морфологічними змінами: дрібна шапинка та 
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викривлена ніжка (Ternopil), потовщена ніжка (Kyiv), дрібна шапинка та видовжена ніжка (Rivne), щільна 
ніжка та плоска шапинка з рожевими пластинками (Dnipro), побуріння плодових тіл (Lviv), а також ано-
мальний ватоподібний міцелій (Odesa). Методом двоетапної зворотної транскрипції кількісної полімераз-
ної ланцюгової реакції (RT-qPCR) в досліджених зразках ідентифіковано віруси LFDV, MBV, AbV6, AbV16 
та AbVX у різних комбінаціях. Найбільш поширеними виявилися віруси MBV (виявлено у всіх 6 зразках) 
та AbVX (у 5 зразках). Віруси AbV6 і AbV16 виявлено в 4 зразках, а LFDV — у 3 зразках. Спостерігали змі-
шані інфекції (у 4 із 6 зразків виявлено більше 4 вірусів). Розрахунок ΔCt показав значний відносний рівень 
РНК вірусу MBV в більшості зразків (особливо в Dnipro та Lviv), а також LFDV, AbV6 та AbVX у зразку 
Lviv, порівняно з рівнем експресії GPDII. Аналіз кривих плавлення підтвердив специфічність отриманих 
ПЛР-продуктів. Висновки. Виявлено та ідентифіковано РНК-віруси в культурі печериці двоспорової та 
оцінено рівень їх кількісного представлення. В обстежених грибних господарствах поширюються віруси 
LFDV, MBV, AbV6, AbV16 та AbVX, часто у вигляді змішаних інфекцій з різним рівнем відносного вірус-
ного навантаження. Отримані результати підкреслюють необхідність впровадження системного молеку-
лярного моніторингу вірусних захворювань печериць в Україні для забезпечення фітосанітарної безпеки 
та стабільності виробництва.

Ключові слова: віруси печериці двоспорової, ідентифікація, РНК-віруси, Agaricus bisporus, RT-qPCR, змішані 
інфекції.


