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Abstract
Background: Fusarium pseudograminearum is the predomenant causal agent of devastating crown rot
diseases in cereal crops around the world. Mycoviruses have attracted increasing attention as potential
biological control agents on plant diseases. The unique mycoviruse isolated from F. pseudograminearum
is Fusarium pseudograminearum megabirnavirus 1 (FpgMBV1), which is a new member of the family
Megabirnaviridae. To determine the hypovirulence effects of FpgMBV1 on F. pseudograminearum to
wheat plants is critical for the potential application of FpgMBV1 in the control of cereal crown rot
disease.

Methods: Hyphal tip cultures were conducted to obtain a FpgMBV1-free strain, named as FC136-2A-V . A
hyg gene was transformed into a highly virulent virus-negative stain WZ-8A of F. pseudograminearum to
obtain the deduced strain WZ-8A-HygR-V . WZ-8A-HygR-V  was used in pairing culture with the FpgMBV1-
carrying F. pseudograminearum strain FC136-2A to obtain a FpgMBV1-positive strain WZ-8A-HygR-V+.
Then the two pairs of strains, FC136-2A-V /FC136-2A and WZ-8A-HygR-V /WZ-8A-HygR-V+, were used to
determine the potential effect on F. pseudograminearum by the infection of FpgMBV1 through tests on
the growth, sensitivity to stress and cellophane penetrating ability in vitro and the pathogenicity to wheat
plants.

Results: FpgMBV1 could be cured by hyphal tip culture and horizontally transferred between F.
pseudograminearum strains through pairing culture. Reduction of FpgMBV1-carrying strains on hyphal
growth were found under the treatment of 0.5% SDS. No differences in the growth rates of tested strains
in the treatments with 1 M NaCl, 1 M KCl, or 15 mM H2O2. Comparing to virus-negative strains, the In vitro
cellophane penetrating ability was lost in FpgMBV1-carrying strains. The disease index of wheat plants
inoculated with FC136-2A-V- was signi�cantly higher than that inoculated with FC136-2A, while the
pathogenicity of WZ-8A-HygR-V+ reduced signi�cantly comparing to that of WZ-8A-HygR-V .

Conclusions: FpgMBV1 is the causal agent of the low pathogenicity to wheat plants of its original host F.
pseudograminearum strain FC136-2A. And FpgMBV1 could be horizontally transferred to another F.
pseudograminearum strain and reduce its pathogenicity to wheat plants. 

Background
Fusarium pseudograminearum, a soil-borne ascomycetous fungus, is the causal agent of wheat
Fusarium crown rot (FCR). FCR is one of the most devastating fungal diseases in wheat crops in many
countries or regions around the world. The typical disease symptoms on wheat were characterized by
seedling blight, brown discoloration of the stem-bases with occasional pink hyphal gathered under the
leaf sheaths, and whiteheads at maturity [1–3]. Besides the serious yield losses of about 60–85%
annually in average in winter wheat [4–6], FCR disease may lead to wheat grain quality reduction due to
the accumulation of mycotoxin trichothecenes nivalenol (NIV) and deoxynivalenol (DON) [7].
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A series of viruses, referred to as mycoviruses, have been identi�ed from major groups of fungi [8]. Some
mycoviruses lead to the reduction of virulence of the plant-pathogenic fungi. Some of them have been
successfully developed as biocontrol agent of plant disease. For instance, Cryphonectria parasitica
hypovirus 1 (CHV1) has been used to control chestnut blight caused by Cryphonectria parasitica [9, 10]. In
Fusarium species, more than 30 mycoviruses have been identi�ed and fully sequenced [9–14]. 4
mycoviruses were associated with hypovirulence of the host Fusarium, and notably, 3 viruses were from
F. graminearum [15–17]. Fusarium oxysporum f. sp. dianthi mycovirus 1 (FpgMBV1) can horizontally
transfer from one compatible isolate to another, and vertically transfer to offspring accompanied by
sporogenesis [11]. The FodV1-infected strain F. oxysporum f. sp. dianthi showed decreased colonizing
e�ciency when compared to the virus-negative strain [18]. Fusarium graminearum virus 1 (FgV1) serves
as a hypovirulence-associated virus in DK21 strain, while FgV1-ch, another mycovirues shared 95.91%
identity in genome sequence with FgV1-DK21, had mild or no visible effects on host virulence and
colonial morphology [14]. Comparative transcriptome and proteome analysis had provided many insights
into understanding the interaction between virus and its host as well as the underlying mechanism of the
mycovirus-mediated hypovirulence in fungi [19, 20]. Host factors like a hexagonal peroxisome gene
FgHex1, a halotolerance gene FgHal2 and a transcription factor geneFgSWI6 (FGSG-04220) are found to
be involved in the virus accumulation, host responses or phenotypic alterations in the interaction between
FgV1-DK21 and F. graminearum [21, 22]. Vr1, a putative mRNA-binding protein encoding gene, is
responsible for the symptom induction during FgV-ch9 infection [23]. The RNA interference (RNAi)-
associated defense responses of fungi to mycovirus, were differently activated by FgV1, FgV12 and
FgV13 [24]. The transcription level of DICER-2 and AGO-1 genes of F. graminearum (FgDICER-2 and
FgAGO-1) were suppressed in response to FgV1 infection [24]. This suppression was caused by the FgV1
pORF2, which binds to the upstream region of these two genes in vitro [25]. Many studies have been done
on the hypovirulence of Chrysoviridae (FgV-ch9) and Fusariviridae (FgV1-DK21, FgV1-ch) in F.
graminearum. However, little was known about how megabirnavirius FpgMBV1 regulates F.
pseudograminearum pathogenicity.

To test whether the megabirnavirus FpgMBV1 plays a role in the hypovirulence of FC136-2A and
regulation of the in vitro growth of FC136-2A, a hyphal tip culture and paired culture method was applied
to cure and transmit FpgMBV1 from the F. pseudograminearum isolate FC136-2A. The pathogenicity of
FpgMBV1-free and FpgMBV1-containing strains were tested by pathogenicity measurement on wheat.
This is the �rst report on the hypovirulence of mycoviruses on F. pseudograminearum. The results extend
our knowledge on mycoviruses, especially megabirnavirus and their potent application on the biological
control of plant diseases.

Methods
Detection of mycoviruses by reverse transcriptional PCR. To con�rm that the FpgMBV1 has been purged
from the FC136-2A isolate and successfully transformed into the WZ-8A-HygR-V+, RT-PCR was performed
with FpgMBV1-P3-F: 5’-CATGCCATGGATGTCAAGGC-3’ and FpgMBV1-P3-R: 5’-
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CGGAATTCCTATTGCATTGCTATC–3’. The RT reaction solution was prepared as follows: 6 µl of dsRNA,
5 µl of 5 × RT buffer, 2 mM of dNTP (Takara, Japan) and 5 U of Reverse Transcriptase M-MLV (RNase H−)
(Takara, Japan). The reaction procedure was shown below: 25 °C 5 min, 42 °C 60 min and 75 °C 5 min.
Next, 20 µl PCR reaction solution was prepared as follows: 9.5 µl of 2 × Taq PCR StarMix with Loading
Dye (GenStar, Biotechnology, Inc., China), 0.05 µM forward primer, 0.05 µM reverse, 2 µl of cDNA and
7.5 µl double distilled water (ddH2O). The PCR reaction solution was operated at 95 °C for 5 min, followed
by 35 cycles of 95 °C for 30 s, 58 °C for 30 s and 72 °C for 1 min and then a �nal extension at 72 °C for
10 min. Finally, PCR products stained with StarStain Red Nucleic Acid Dye (GenStar, Biotechnology, Inc.,
China) were analyzed in a 1% agarose gel by electrophoresis. The ampli�ed fragments were
photographed using an agarose gel imaging system (Bio-Rad Laboratories, Inc., America).

In vitro growth of the fungi in PDA medium. An in vitro culture experiment of the fungal colony was
performed to analyze the developmental phenotypes of both isolates, including the original strain FC136-
2A carrying FpgMBV1 and virus-negative strain FC136-2A-V−. First, stock culture of both strains was
reactivated on a 15 ml PDA Petri plates in a biochemical incubator at 25 °C for �ve days. A 5 mm
diameter mycelia disk from each reactivated culture was sown in the center of 15 ml PDA Petri plates and
incubated again in a biochemical incubator at 25 °C. The growth rate on each Petri plate (largest and
smallest colony diameter) was measured each day until one strain completely covered the dish. Five
biological replicates were performed in the experiment and each biological replicate was repeated three
times. The analysis of variance (ANOVA) with the application of a split-plot design and Duncan’s
assumption of homoscedasticity (p < 0.05) was used to analyze the data in the software Statistical
Product and Service Solutions (SPSS; Version 20.0).

Preparation of the recipient F. pseudograminearum strains with FpgMBV1. The recipient F.
pseudograminearum strain WZ-8A-HygR-V- was a transformant strain expressing a hygromycin resistant
(Hph) gene and a green �uorescent protein (GFP) gene through agrobacterium-mediated gene
transformation. Brie�y, the fresh single colonies of A. tumefaciens containing pCAM-GFP-hyg plasmid
were picked and put in 10 ml LB liquid medium (kanamycin 50 mg·L− 1) to be shake cultured overnight at
28 ℃ until the OD600 of the bacterial liquid reached at 0.6–0.8. Then, 400 µl of the cultured liquid was
transferred into 10 ml induction medium (IM) and shaken at 28 ℃ at 220 rpm for about 6 h until the
OD600 of the bacterial liquid reached at 0.2. The colony plugs of the wild-type F. pseudograminearum
strain WZ-8A were put in carboxymethylcellulose sodium �uid medium (CMC) under the conditions of
shake-�ask culture at 25 ℃ at 150 rpm for 4–5 days. The cultured suspension was �ltered with double-
layer membrane and centrifuged at 3500 rpm at 4 ℃ for 6 min. The precipitates containing the conidia of
WZ-8A were washed with sterile water and stored at 4 ℃. The prepared conidial suspension of WZ-8A
was then mixed with the cultured agrobacterium liquid until the �nal concentration of the conidial
suspension was around 106 cells per milliliter. 200 µl of mixed liquid was spread on co-culture medium
(CO-IM) covered with nitrocellulose membrane and cultured at 25 ℃ for 2 days. Then the nitrocellulose
membrane was inverted onto the selective medium containing hygromycin (50 mg·L− 1) and
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cephalosporin (400 mg·L− 1) and cultured in 25 ℃for 4 days. Then the nitrocellulose membrane was
removed, and the single colonies were prepared for future study.

Horizontal transmission of hypovirulence. To determine whether the hypovirulence trait of F.
pseudograminearum FC136-2A was associated with FpgMBV1, and FpgMBV1 can transmit through
hyphal anastomosis, pairing culture experiments were conducted. The hypovirulence strain FC136-2A
containing FpgMBV1 virus-negative stain WZ-8A-HygR-V-were used as the donor strain and recipient
strain, respectively. Mycelial plugs of the donor and recipient combinations were individually cultured
1 cm apart on a PDA dish at 25 °C until the mycelium from both isolates came in contact. Mycelial agar
plugs were taken from the edge of the recipients’ colony and transferred to PDA plates with hygromycin
(75 mg·L− 1). The grown colonies were subjected to single conidia selection in water-agar (WA) plates to
obtain recipient derivative isolates.

Detection of the sensitivity to environmental stress in vitro. The F. pseudograminearum strains were
inoculated with mycelial blocks using a perforator (0.5 cm in diameter) in PDA medium at 25 °C in the
dark for 4 days by individually adding 1 M NaCl, 1 M KCl, 0.5% SDS or 15 mM H2O2, and incubated at
25 °C in the dark for 4 days. The colonial morphology of these strains was record and the growth rate
was measured with the crossover method.

In vitro cellophane penetrating experiment. One layer of cellophane was put on each PDA medium. Then
after growing 2 days in the medium at 25 °C in the dark, the hyphal were moved away with the
cellophane. The leftover PDA plates were incubated for another 2 days at 25 °C in the dark and took
picture.

Pathogenicity test of F. pseudograminearum strains on wheat plants. The susceptible wheat cultivar
Aikang 58 was used in this experiment and grown in a greenhouse with 25 ℃ and a humidity of 60%.
The inoculation of FC136-2A, FC136-2A-V−, WZ-8A-HygR-V−, WZ-8A-HygR-V+ was individually performed
as described previously [26]. The non-inoculated plants were used as empty controls. All the isolates were
grown on PDA to prepare the mycelia plugs for inoculum. Then the mycelial plugs were used to inoculate
into the autoclaved millet seeds in triangular �asks at 25℃ for 4–6 days until the seeds were extensively
colonized. Ten surface-disinfected seeds were sown in pots�lled with sterilized soil mixed with 1 g
colonized millet. Three independent experiments were done with four plastic pots of plants for each
fungal isolate. The disease severity index (DSI) values were calculated 15 days after inoculation using a
0 to 7 rating scale [26, 27]. Data were analyzed with the analysis of variance (ANOVA) using a split-plot
design and Duncan’s assumption of homoscedasticity (p < 0.05) in the software Statistical Product and
Service Solutions (SPSS; Version 20.0).

Results
FpgMBV1 curing through hyphal tip culture. Through hyphal tip culture and dsRNA detection, we obtained
a strain without existence of FpgMBV1, designated as FC136-2A-V− (Fig. 1). As shown in Fig. 2A, no
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visible developmental abnormalities were found in FC136-2A-V− strain compared to the virus-containing
FC136-2A strain. Virus detection was marked by the dsRNA electrophoretic analysis. Results showed that
FpgMBV1 is absent in FC136-2A-V−, while strong signals of the dsRNA genome of FpgMBV1 was found
in FC136-2A (Fig. 2B).

The presence of FpgMBV1 in FC136-2A was further con�rmed by reverse transcription-PCR. As expected,
the 2700 bp DNA fragment of FpgMBV1 is undetectable from FC136-2A-V− strain, but it is detected from
FC136-2A (Fig. 2C).

FpgMBV1 can horizontally transfer to virus-negative strains through hyphal fusion. To indicate the
presence of viral dsRNA in the recipient isolate WZ-8A-HygR-V-, the available monoconidial offspring
cultures were collected to conduct dsRNA puri�cation analyses by cellulose column chromatography as
described previously [17]. We found that some of the WZ-8A-HygR-V  monoconidial offspring cultures
analyzed possessed dsRNA segments, which is in line with those extracted from the donor isolate FC136-
2A (Fig. 3B). To prove that these dsRNA segments is a part of the genome of FpgMBV1, total RNA
extracts were obtained using TRIzol® Reagent (Ambion®, Thermo Fisher Scienti�c, Waltham, MA USA)
and then used to perform a reverse transcription-PCR using speci�c primers for the ORF3 sequence of
FpgMBV1. DNA extracts were obtained using CTAB method and then used to perform a PCR using
speci�c primers for Hyg and GFP genes in the donor strains (Fig. 3C). These FpgMBV1 positive
monoconidial cultures were designated as WZ-8A-HygR-V+. No alteration in the colony morphology and
growth rates were found for WZ-8A-HygR-V+ (Fig. 3A)

Sensitivity to environmental stress in vitro. Under normal conditions, all the four strains, including FC136-
2A, FC136-2A-V−, WZ-8A-HygR-V− and WZ-8A-HygR-V+, exhibited no difference in growth rate as well as the
colonial morphology. Also, individually treatment of all the four strains with 1 M NaCl, 1 M KCl, 0.5% SDS
or 15 mM H2O2 were performed. Reduction of FpgMBV1-carrying strains, FC136-2A and WZ-8A-HygR-V+,
on hyphal growth were found under the treatment of 0.5% SDS, but no signi�cant differences between
that of virus-positive strains and virus-negative strains (Fig. 4). No alterations for other treatments. These
�ndings suggested that cell wall sensitivity to environmental stress factors of F. pseudograminearum
were disturbed by FpgMBV1.

In vitro cellophane penetrating experiments. Results showed that no penetrated colony was found for WZ-
8A-HygR-V+ and FC136-2A, while FC136-2A-V− or WZ-8A-HygR-V− were able to penetrate the cellophane
and form obvious new colony 2 days after pealing of the cellophane (Fig. 5A). That means FpgMBV1
may destroyed the infection structures of its host fungi.

FpgMBV1 reduces fungi virulence in wheat plants. As shown in Fig. 5B, severe disease symptom like
necrosis on the stem base of wheat seedlings was found in plants inoculated with FC136-2A-V− strain,
compared to the plants inoculated with virus-containing FC136-2A strain. The lesion length on wheat
seedlings inoculated with either FC136-2A-V− or WZ-8A-HygR-V− is much shorter than that inoculated with
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WZ-8A-HygR-V+ and FC136-2A. In addition, the disease index showed signi�cantly higher values in plants
inoculated with FC136-2A-V− than FC136-2A (Fig. 5C). Similar results were found in plants inoculated
with WZ-8A-HygR-V−, compared to that inoculated with WZ-8A-HygR-V+. These �ndings indicated that
FpgMBV1 can markedly reduce the pathogenicity of F. pseudograminearum on wheat seedlings.

Discussion
Hyphal tip cultures have been proved applicable for different virus/host systems [28]. In our study, hyphal
tip cultures were successfully used to cure F. pseudograminearum isolate FC136-2A of a megabirnavirus,
FpgMBV1. The elimination of FpgMBV1 from FC136-2A allowed us to test biological effects of FpgMBV1
on the fungal host. Results showed that FpgMBV1 is associated with hypovirulence and there is no
reduction in in vitro growth of the F. pseudograminearum strains (Figs. 2 and 5).

Hypovirulence effects were not always along with the changes on biological properties of the host fungi
strains. Some megabirnaviruses confer hypovirulence to their hosts as well as the perturbation of growth.
For instance, Rosellinia necatrix megabirnavirus 1 (RnMBV1) was responsible for the reduction of both
virulence and mycelial growth in several host strains of Rosellinia necatrix [29]. Some megabirnaviruses
have slight or no impact on both the biological properties and virulence of its hosts, such as Rosellinia
necatrix megabirnavirus 2 (RnMBV2) to R. necatrix and Sclerotinia sclerotiorum megabirnavirus 1
(SsMBV1) to Sclerotinia sclerotiorum isolate SX466 [30]. Besides, the hypovirulence effects on host fungi
of megabirnaviruses may change. For example, RnMBV1 showed signi�cant attenuation on the virulence
of C. parasitica EP155, with no reduction on the colony growth rates [31]. RnMBV2 exhibited
hypovirulence effects on R. necatrix when co-infecting with Rosellinia necatrix partitivirus 1 (RnPV1) [32].
To verify the linkage between the hypovirulence effects of FpgMBV1 and the biological changes of its
host fungi strains, FpgMBV1 was horizontally transferred to a virus-negative F. pseudograminearum
strain WZ-8A-HygR-V− in this study. The hypovirulence effects were transferred simultaneously to the new
obtained strains. Both the original and the new obtained strains infected by FpgMBV1 showed no
signi�cant changes on biological traits including colonial morphology, hyphal growth in vitro and osmotic
and oxidative stress tolerance. Further studies would be done to test the effects of FpgMBV1 on other
potential host fungi.

During the horizontal transfer of FpgMBV1, no observation of the lost or rearrangement of FpgMBV1
genome dsRNAs appeared. But for other megabirnaviruses like RnMBV1, SsMBV1 and RnMBV2, the
second dsRNA segment could be lost when the viruses were horizontally transferred from one strain to
another [30–32]. For SsMBV1, L2-dsRNA/SsMBV1 was lost in two-thirds of the derivatives based on both
the horizontal transmission assay and virion transfection assays [30]. And L2-dsRNA/SsMBV1 was
dispensable for SsMBV1 replication and packaging. For RnMBV1, dsRNA2/RnMBV1 was lost during
transfections of R. necatrix with puri�ed RnMBV1 virions and in 2 strains out of 25 strains of C. parasitica
transfected. The mutant virus in R. necatrix, namely RnMBV1-RS1, contained dsRNA1 and a newly
emerged dsRNAS1 segment, but lost dsRNA2. DsRNA2/RnMBV1 was shown to be dispensable for virus
replication but necessary to hypovirulence of R. necatrix. Similar phenomena were found in RnMBV2.
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FpgMBV1 were transmitted from donor strain FC136-2A to recipient strain WZ-8A-HygR-V− stably
maintained with the constant two genome segments in the horizontal transmission assay in this study
(Fig. 3). But it would be interesting to test whether L2-dsRNA /FpgMBV1 could be lost by vertical
transmission and is dispensable for virus replication and the hypovirulence of F. pseudograminearum.

The hypovirulence phenomena of host fungi depends on the cooperation results of virus genes and its
host partner. Commonly, there are two ORFs for megabirnavirus dsRNA2s (ORF3 and ORF4 in RnMBV1,
RnMBV2 and FpgMBV1, ORF A and ORF B in SsMBV1). But only the ORF3-coded proteins, not the ORF4-
coded proteins of different megabirnaviruses, had sequence similarity. The ORF3-coded protein of
RnMBV1 and SsMBV1 was suggested to be involved in e�cient replication of viruses [30, 31]. Antibodies
against full length putative ORF3 proteins detected only the 40 kDa protein from R. necatrix strains
infected with RnMBV1 [31]. A complex detection pattern with at least three protein bands corresponding
to molecular masses of 150, 30 and 23 kDa were observed speci�cally in RnMBV1-infected mutant strain
Δdcl-2 of C. parasitica. As for FpgMBV1, antibodies against recombinant ORF3/FpgMBV1-encoded
protein produced in Escherichia coli detected the 90 kDa protein as the major protein in the hyphae of
FpgMBV1 positive F. pseudograminearum strains [33]. How the ORF3-coded protein involved in the virus
replication process and maybe the hypovirulence to its host fungi, will be studied further.

On the host fungi side, in vitro experiments showed that FpgMBV1 reduced the cellophane penetrating
ability of host fungi strains (Fig. 5A). The underlying mechanisms on the formation of infection
structures and gene expressions would be studied further. For other megabirnaviruses, RnMBV1 were
proved to activate the expression of RNA silencing related genes [34, 35]. Besides, 1160 genes in R.
necatrix were found to be differently expressed during infection of RnMBV1 [36]. The involvement of RNA
silencing pathways and pathogenic related genes of F. pseudograminearum in the hypovirulence of
FpgMBV1 remains unknown. Addressing these problems would probably advance the knowledge on the
understanding and usage of mycoviruses conferring hypovirulence on important plant pathogenic fungi.

As we all know, many Fusarium species exist as complex in the soil. Megabirnavirus like RnMBV1 was
successfully transferred to an arti�cial host C. parasitica. It would be interesting to test the horizontal
transfection of FpgMBV1 from F. pseudograminearum into other fungi including other Fusarium species,
especially some pathogenic species like F. graminearum, F. verticillioides, F. oxysporium etc. The
ecological environments in the soil play a decisive role in plant disease control. To clarify the host range
of mycoviruses would lay solid foundations to the mycoviruses application.

Conclusions
FpgMBV1 could be cured by hyphal tip culture and horizontally transferred between F.
pseudograminearum strains through pairing culture. FpgMBV1 is the causal agent of the low
pathogenicity to wheat plants of its original host F. pseudograminearum strain FC136-2A. And FpgMBV1
could be horizontally transferred to another F. pseudograminearum strain and reduce its pathogenicity to
wheat plants.
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Abbreviations
bp: Base pair

CHV1: Cryphonectria parasitica hypovirus 1

cm: Centimeter

CMC: Carboxymethylcellulose sodium �uid medium

CO-IM: Co-culture induction medium

CTAB: Hexadecyl trimethyl ammonium Bromide

ddH2O: Double distilled water

DNA: Deoxyribonucleic acid

DON: Deoxynivalenol

DSI: Disease severity index

dsRNA: Double-stranded RNA

FCR Fusarium crown rot

FgHal2: Fusarium graminearum halotolerance 1 gene

FgHex1: Fusarium graminearum hexagonal peroxisome 1 gene

FgV1: Fusarium graminearum virus 1

FgV12: Fusarium graminearum virus 12

FgV13: Fusarium graminearum virus 13

FgV1-ch: Fusarium graminearum virus 1 Chinese isolate

FgV1-DK21: Fusarium graminearum virus 1 strain DK21

FgV-ch9: Fusarium graminearum virus China 9

FpgMBV1 Fusarium pseudograminearum megabirnavirus 1

FpgMBV1-P3 Fusarium pseudograminearum megabirnavirus 1 protein3

g: Gram
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GFP: Green �uorescent protein
IM: Induction medium

h: Hour

Hyg: Hygromycin resistance gene

kb: Kilobyte

M: Molar

mg: Milligram

min: Minute

ml: Millilitre

mM: Millimolar

NIV Nivalenol

ORF: Open reading frame

PCR: Polymerase chain reaction

PDA: Potato-dextrose agar

pORF2: ORF2-encoded protein

RNA: Ribonucleic acid

RNAi: RNA interference

RnMBV1: Rosellinia necatrix megabirnavirus 1

RnMBV2: Rosellinia necatrix megabirnavirus 2

RnPV1: Rosellinia necatrix partitivirus 1

rpm: Rounds per minute

RT-PCR: Reverse transcription and a polymerase chain reaction

SPSS: Statistical Product and Service Solutions

SsMBV1: Sclerotinia sclerotiorum megabirnavirus 1
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ssRNA: Single stranded RNA

WA: Water agar
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Figures

Figure 1

Detection of FpgMBV1 curing strains through hyphal tip culture by agarose gel electrophoresis of dsRNA
fractions Lane M:1kb DNA Ladder Marker (TSINGKE); CK: FC136-2A; 1-23: Strains obtained by hyphal tip
culture.

Figure 2
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Colonial morphology (A), agarose gel electrophoresis of dsRNA fractions (B) and RT-PCR ampli�cation
using FpgMBV1-P3 speci�c primers (C). Lane M: DNA Ladder (TRANSGEN); FC136-2A: FpgMBV1 positive
F. pseudograminearum strain; FC136-2A-V-: FpgMBV1 cured strain.

Figure 3

Horizontal transferring of FpgMBV1 from FC136-2A to WZ-8A-HygR-V-. (A): Pairing culture of FC136-2A/
FC136-2A, FC136-2A/ WZ-8A-HygR-V- and WZ-8A-HygR-V-/ WZ-8A-HygR-V- (upper line), colonial
morphology of FC136-2A, WZ-8A-HygR-V- and WZ-8A-HygR-V+ (lower line). (B): Detection of FpgMBV1
positive strains derived from pairing culture by agarose gel electrophoresis of dsRNA fractions (upper)
and RT-PCR ampli�cation using FpgMBV1-P3 speci�c primers (lower). (C) PCR validation of strains
derived from pairing culture using Hph (upper) and GFP speci�c primers (lower). Lane M:1kb DNA Ladder
Marker (TSINGKE).
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Figure 4

Colonial morphology (A) and growth rates (B) of F. pseudograminearum strains, FC136-2A, FC136-2A-V-,
WZ-8A-HygR-V- and WZ-8A-HygR-V+, on PDA medium plates individually adding 1 M NaCl or 1 M KCl or
0.5% SDS or 15 mM H2O2.
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Figure 5

Colony formed in the cellophane pealed PDA plates (A) and pictures of wheat seedlings (upper in B) and
the corresponding zoomed-in wheat crown parts (lower in B) and the disease index (upper in C) and
lesion length (lower in C) taken at 15 days after inoculation with F. pseudograminearum strains WZ-8A,
FC136-2A, FC136-2A-V-, WZ-8A-HygR-V- and WZ-8A-HygR-V+ on wheat seedlings of Aikang58 cultivar.


