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Sclerotinia sclerotiorum is a devastating plant pathogen that attacks numerous

economically important broad acre and vegetable crops worldwide. Mycoviruses are

widespread viruses that infect fungi, including S. sclerotiorum. As there were no previous

reports of the presence of mycoviruses in this pathogen in Australia, studies were

undertaken using RNA_Seq analysis to determine the diversity of mycoviruses in 84

Australian S. sclerotiorum isolates collected from various hosts. After RNA sequences

were subjected to BLASTp analysis using NCBI database, 285 contigs representing

partial or complete genomes of 57 mycoviruses were obtained, and 34 of these

(59.6%) were novel viruses. These 57 viruses were grouped into 10 distinct lineages,

namely Endornaviridae (four novel mycoviruses), Genomoviridae (isolate of SsHADV-1),

Hypoviridae (two novel mycoviruses), Mononegavirales (four novel mycovirusess),

Narnaviridae (10 novel mycoviruses), Partitiviridae (two novel mycoviruses), Ourmiavirus

(two novel mycovirus), Tombusviridae (two novel mycoviruses), Totiviridae (one novel

mycovirus), Tymovirales (five novel mycoviruses), and two non-classified mycoviruses

lineages (one Botrytis porri RNA virus 1, one distantly related to Aspergillus fumigatus

tetramycovirus-1). Twenty-five mitoviruses were determined and mitoviruses were

dominant in the isolates tested. This is not only the first study to show existence of

mycoviruses in S. sclerotiorum in Australia, but highlights how they are widespread and

that many novel mycoviruses occur there. Further characterization of these mycoviruses

is warranted, both in terms of exploring these novel mycoviruses for innovative biocontrol

of Sclerotinia diseases and in enhancing our overall knowledge on viral diversity,

taxonomy, ecology, and evolution.
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INTRODUCTION

Mycoviruses are viruses that replicate in fungi and are found in all major fungal kingdom
groups (Ghabrial et al., 2015). While mycoviruses can be grouped into 14 families, as released
by the International Committee on Taxonomy of Viruses (ICTV) in 2016, many remain
unclassified. Mycoviruses that represent novel types of viruses are continually being discovered
(Kanhayuwa et al., 2015; Lin et al., 2015; Ong et al., 2016; Zhang et al., 2016; Jia et al., 2017).
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to that of SsHV1 with 76% identity. Thus, the contig 1373
represented a novel SsHV1-related hypovirus, and we named this
new virus Sclerotinia sclerotiorum hypovirus 3 (SsHV3).

Contig 1333 and contig 1332 overlapped and had almost
identical sequence as analyzed by multi-kmer and multi-library
assemblies. Contig 1333 was 1,665 nt, contained one incomplete
ORF encoding putative polyproteins with 432 aa, and the
putative polyprotein contained a RdRp domain. The putative
protein was the most similar to Cryphonectria hypovirus 3 with
61% identity. Clearly, contig 1333 and contig 1332 represented
a novel virus, and we named it Sclerotinia sclerotiorum
hypovirus 4 (SsHV4) (Table 1). The phylogenetic tree of the
SsHV1 and SsHV3 was constructed with family Hypoviridae
(Figure 5).

Four Predicted Novel Viruses Plus Two
Characterized Viruses in the Family
Endornaviridae

Viruses in the family Endornaviridae have linear ssRNA
genomes that range in length from about 10 kb to more than
17 kb, and contain a single large ORF. Each characterized
genome encodes a single long polyprotein that includes
conserved domains of typical viral RNA helicases and
RdRps (Ghabrial et al., 2015). Some endornaviruses have
been discovered in S. sclerotiorum, namely Sclerotinia
sclerotiorum betaendornavirus 1 (SsEV1) (Khalifa and Pearson,
2014a). Further, recently representative strains of Sclerotinia
sclerotiorum endornaviruses were found in New Zealand,

FIGURE 4 | Phylogenetic analysis of two unclassified viruses. Phylogenetic analysis of Sclerotinia sclerotiorum tetramycovirus-1 and Sclerotinia sclerotiorum

botybirnavirus 3 with other selected viruses based on the RdRp protein amino acid sequences. Viruses marked with red color are found in Australian isolates of

Sclerotinia sclerotiorum.

FIGURE 5 | Phylogenetic analysis of viruses in the Family Endornaviridae and Hypoviridae. Phylogenetic analysis of viruses in the Family Endornaviridae and viruses in

the Family Hypoviridae based on multiple alignments of full-length RdRp amino acid sequences. Viruses marked with red color are found in Australian isolates of

Scleorotinia sclerotiorum.
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Sclerotinia sclerotiorum betaendornavirus 1 Lactuca (SsEV1L),
and Sclerotinia sclerotiorum betaendornavirus 1 2 (SsEV2-IL)
(Marzano et al., 2016).

Seven RNA sequences showed similarity to members of the
family Endornaviridae. These included contig 7442 that was
2,509 nt, had one large incomplete ORF encoding a putative
polyprotein with 790 aa, and this putative protein had RdRp and
helicase domains. The predicted RdRpwas similar to that of SsEV
1 with 98% identity. Contig 3829 was 7,517 nt, had one large
incomplete ORF encoding a putative polyprotein with 2,438 aa,
and this putative protein had RdRp and helicase domains. The
predicted RdRp was similar to that of SsEV2 with 95% identity.
Thus, these two contigs represented strains of SsEV1 and SsEV2,
respectively.

Contig 1364 was 1,617 nt, contained one incomplete ORF
encoding putative polyprotein with 565 aa. Blastp analysis
showed that this putative protein was most similar to the RdRp of
Rhizoctonia cerealis endornavirus 1 (RcEV1) with 49% identity.
Thus, contig 1364 represented a novel endornavirus that we
named Sclerotinia sclerotiorum endornavirus 3 (SsEV3).

Contig 282 was 11,034 nt and contained one complete ORF.
It encoded a putative polyprotein with 2,867 aa. The predicted
amino acid sequence of this protein was similar to the protein
ORFA+B of Vicia faba endornavirus with 24% identity. This
suggests that contig 282 represents a novel endornavirus, and we
have named it Sclerotinia sclerotiorum endornavirus 4 (SsEV4).

There are two contigs, contig 6278 was 617 nt and contig
15215 was 302 nt, both their encoded proteins were similar to
the polyproteins of viruses in the Endornaviridae. In order to
confirm they were representing two viruses or one virus, the
primers pairs were designed according to these two sequences
of the contigs and amplification and sequencing analysis. The
results indicated that these two contigs could be linked together.
Thus, these two contigs represented one virus. The combined
sequence length was 2,757 nt and contained one incomplete ORF
encoding a putative polyprotein with 904 aa (Table S6). The
predicted amino acid sequence of this protein was similar to
the polyprotein of R. solani endornavirus—RS002 (RsEV-RS002)
with 39% identity. This suggests that the sequence represents a
novel endornavirus, and we named it Sclerotinia sclerotiorum
endornavirus 5 (SsEV5).

Contig 14516 was 551 nt and the predicted amino acid
of this contig was the most similar to the RdRp of Discula
destructiva virus 3 with 49% identity. Thus, contig 14516
likely represents another novel endornavirus, and we named it
Sclerotinia sclerotiorum endornavirus 6 (SsEV6).

A phylogenetic analysis for the conserved RdRp
domain among SsEV1, SsEV2, SsEV3, SsEV5, and other
selected endornaviruses, such as RcEV1, RsEV-RS002 and
Helicobasidium mompa endornavirus 1 was conducted and a
phylogenetic tree constructed (Figure 5). This tree highlighted
that S. sclerotiorum hosts various endornaviruses.

One Novel Plus One Characterized
Ourmiaviruses
The genomes of ourmiaviruses are linear; contain three RNA
segments with 2.8, 1.0, and 0.9 kb size. The largest RNA
segment encodes the viral replicase (Donaire et al., 2016; Turina

et al., 2017) Two ourmiaviruses have previously been discovered
in S. sclerotiorum, viz. Sclerotinia sclerotiorum ourmia-like
virus 1(SsOLV1) and Sclerotinia sclerotiorum ourmia-like virus
2(SsOLV2) (Marzano et al., 2016). Recently there was a report of
an ourmiavirus in Botrytis (Donaire et al., 2016). In our dataset
there are some contigs that are related to the RdRp amino acid
sequence of SsOLV1. We predicted there was an ourmiavirus in
tested isolates of S. sclerotiorum, and it is likely a new strain of
SsOLV1 (SsOLV1-A).

Four contigs, contig 30, contig 1694, contig 4006, and
contig 5114, were related to the RdRp amino acid sequence of
Sclerotinia sclerotiorum ourmia-like virus 2. These contigs could
be assembled into one sequence which was 2,442 nt with an
incomplete ORF encoding a putative protein with 602 aa. Blastp
analysis of this putative protein revealed that it was similar to the
RdRp protein of Sclerotinia sclerotiorum ourmia-like virus 2 with
37% identity, namely Sclerotinia sclerotiorum ourmia-like virus
3(SsOLV3).

Ten Predicted Novel Mitoviruses Plus 15
Characterized Mitoviruses in the Family
Narnaviridae
Mitoviruses typically have a monopartite and linear genome,
the size of genome approximating 2.5–2.9 kb and containing a
single ORF encoding only the RdRp. Mitoviruses do not have
true virion or structural proteins (Hillman and Cai, 2013).
Many mitoviruses have been discovered in S. sclerotiorum,
and characterized mitoviruses include Sclerotinia sclerotiorum
mitovirus 1,−2,−3,−4,−5,−6, and−7 (SsMV1,−2,−3,−4,
−5,−6,−7) (Xie and Ghabrial, 2012; Khalifa and Pearson,
2014b; Xu et al., 2015; Ran et al., 2016). Many novel mitoviruses
have been found in S. sclerotiorum and as follows: SsMV7-IL1,
SsMV8, SsMV9, SsMV10, SsMV11, SsMV12, SsMV13, SsMV14,
SsMV15, SsMV16, SsMV17, SsMV18, SsMV22, and SsMV23
(Marzano et al., 2016).

In the current study, a total of 116 contigs showed similarity
to mitoviruses in the family Narnaviridae. Some sequences
showed high similarity to previously reported Sclerotinia
sclerotiorum mitoviruses. Virus sequences of SsMV 1, SsMV
1/HC025,−2,−4,−5,−6,−7,−8,−9,−10,−11,−12,−14,−17, and
−19 were determined, indicating that these 15 mitoviruses or
strains of these viruses were present in the tested S. sclerotiorum
isolates (Table 1 and Table S4).

The current study demonstrated the presence of 10 novel
mitoviruses, as follows:

Contig 24 was 293 nt, with a predicted amino acid sequence
most similar to the RdRp amino acid sequence of SsMV7 with
62% identity. With a siRNA sequencing dataset derived from the
same RNA samples (data not showed) and RT-PCR amplification,
we extended the viral RNA sequence to 1,243 nt (Table S6). The
sequence contained an incompleted ORF encoding a putative
protein for which amino acid sequence was most similar to the
RdRp amino acid sequence of SsMV7 with 75% identity. We
named the novel mitovirus Sclerotinia sclerotiorum mitovirus
24 (SsMV24).

Contig 15 was 1,447 nt, with a predicted amino acid sequence
most similar to the RdRp amino acid sequence of SsMV5 with
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62% identity. We named it Sclerotinia sclerotiorum mitovirus 25
(SsMV25).

There were eight contigs, contigs 634, 1286, 635, 896, 649,
1377, 2035, and 87, similar to the sequence of Rhizoctonia solani
mitovirus 10 (RsMV10), that could be assembled into a single
sequence, the length of the sequence was 1,469 nt. The assembled
contig was further extended with RT-PCR amplification, and the
length of extended contig was 1,992 nt (Table S6), The predicted
amino acid sequence is most similar to the RdRp amino acid
sequence of RsMV10 with 49% identity, we named it Sclerotinia
sclerotiorum mitovirus 26 (SsMV26).

Contig 958 was 2917 nt, with a predicted amino acid sequence
most similar to the RdRp amino acid sequence of Ophiostoma
mitovirus 1a with 47% identity. We named it Sclerotinia
sclerotiorum mitovirus 27 (SsMV27).

There were two contigs similar to B. cinerea mitovirus 3, and
these contigs could not be assembled into a single sequence.
Contig 867 was 2,721 nt, with the predicted amino acid sequence
most similar to the RdRp amino acid of Botrytis cinereamitovirus
3 at 37% identity.We named it Sclerotinia sclerotiorummitovirus
28 (SsMV28). Contig 536 was 3,262nt, with the predicted amino
acid sequence most similar to the RdRp amino acid of Botrytis
cinerea mitovirus 3 at 38% identity. We named it Sclerotinia
sclerotiorum mitovirus 29 (SsMV29).

Seven contigs (contigs 22, 28, 39, 49, 50, 59, and 119) were
similar to Macrophomina phaseolina mitovirus 1 (MpMV1).
Contig 59 was 2,536 nt in length and encoded a putative protein
most similar to the RdRP of MpMV1 at 83% identity. We named
it Sclerotinia sclerotiorum mitovirus 30 (SsMV30), and it was
likely to be a strain of MpMV1. Other contigs were shorter and
were similar to the RdRP of MpMV1, and these likely represent
different isolates of SsMV30.

Two contigs were similar to the sequence of SsMV2, contigs
31 and 24, and these contigs could be assemblyed into a single
sequence. The length of the sequence was 1,696 nt, the putative
protein of the sequence was most similar to the RdRp amino acid
sequence of SsMV2 with 60% identity. We named it Sclerotinia
sclerotiorum mitovirus 31(SsMV31).

Contig 1865 was 2,473 nt, and had a predicted amino acid
sequence most similar to the RdRp amino acid sequence of
SsMV6 with 70% identity. We named it Sclerotinia sclerotiorum
mitovirus 32 (SsMV32). Contig 90 was 2,661 nt, and had a
predicted amino acid sequence most similar to the RdRp amino
acid sequence of Sclerotinia sclerotiorum mitovirus 19 with 45%
identity. Thus, we named it Sclerotinia sclerotiorummitovirus 33
(SsMV33).

A phylogenetic analysis based on multiple alignments of
full-length RdRp amino acid sequences of SsMV25, SsMV26,
SsMV27, SsMV28, SsMV29, SsMV30, SsMV32, SsMV33,
SsOLV3, and other selected viruses was conducted, and results
grouped the sequences into two well-supported distinct clades
where sequences were most similar to previously identified
mitoviruses from the same fungal host (Figure 6). Previously,
several mitoviruses were found to infect phylogenetically distant
fungi (Melzer et al., 2005; Wu et al., 2010), thus the isolation of
mitoviruses that infect phylogentically distantly related fungi
was not unexpected.

Two Novel Umbra-Like Viruses
Members in the Family Tombusviridae have genomes composed
of one or two of 3.7–4.8 kb ssRNA segments with up to six
ORFs. A mycovirus in the family Tombusviridae had been
reported earlier, Sclerotinia sclerotiorum umbra-like virus 1
(SsULV1) (Marzano et al., 2016). The sequence of contig 224 was
4,170 nt with an incomplete ORF encoding a putative protein
with 1331 aa. Blastp analysis of this putative protein revealed
that it was similar to the RdRp protein of SsULV1 with 49%
identity. Contig 534 sequence was 3,925 nt with an incomplete
ORF encoding putative proteins with 489 aa. Blastp analysis
showed that this protein was most similar to the RdRp of
Magnaporthe oryzae RNA virus at 37% identity. These results
indicated that two umbra-like viruses, different from SsULV1,
are present in tested isolates of S. sclerotiorum. We named these
as Sclerotinia sclerotiorum umbra-like virus 2 (SsULV2) and
Sclerotinia sclerotiorum umbra-like virus 3 (SsULV3). When a
phylogenetic tree was constructed based on multiple alignments
of full-length RdRp amino acid sequences (Figure 7), SsULV2
was in the same clade with SsULV1, while SsULV3 was distant
from both SsULV1 and SsULV2.

Five Predicted Novel Viruses in the Order
Tymovirales
The order Tymovirales is composed of four approved families
(Alpha-, Beta-, Gamma-flexiviridae, and Tymoviridae), and all
members contain a linear genome from 5.9–9.0 kb in length
(Martelli et al., 2007). Members in the order Tymovirales have
diverse host ranges, which is also a characteristic feature of
individual genera. Members of Betaflexiviridae and Tymoviridae
have been shown to infect plants, and a single member of
Gammaflexiviridae only infects a filamentous fungus, whereas
members of Alphaflexiviridae infect both plants and fungi in
nature (Martelli et al., 2007). Some viruses in Tymovirales that
infect S. sclerotiorum have been reported, such as Sclerotinia
sclerotiorum debilitation-associated RNA virus (SsDRV) (Xie
et al., 2006) and Sclerotinia sclerotiorum deltaflexivirus 1
(SsDFV1) (Li et al., 2016). Here we report some contigs related
to Tymoviridae (Table 1).

Two contigs, contigs 3545 and 13690, were similar to the
sequence of Nectarine VirusM. These contigs could be assembled
into a single sequence. The length of the sequence was 1,575 nt,
and contained one incomplete ORF encoding putative proteins
with 510 aa. The predicted amino acid sequence was most
similar to Nectarine Virus M with 32% identity. Nectarine virus
M belongs to unclassified Tymoviridae, and we named this
novel virus as Sclerotinia sclerotiorum tymo-like RNA virus 2
(SsTLRV 2).

Contig 10849 was 964 nt, with a putative incomplete ORF
encoding a protein most similar to Turnip yellow mosaic virus
with 41% identity. We named this new mycovirus as Sclerotinia
sclerotiorum tymo-like RNA virus 3 (SsTLRV 3).

Contig 11935 was 2,926 nt, contained one complete ORF
encoding putative proteins with 825 aa, and had a predicted
amino acid sequence most similar to Poinsettia mosaic virus with
27% identity. Poinsettia mosaic virus is an unassigned species
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FIGURE 6 | Phylogenetic analysis of Mitoviruses and Ourmiavirus. Phylogenetic relationships of mitoviruses and ourmiavirus that infect Sclerotinia sclerotiorum and

other selected viruses. Multi alignments are based on the virus’s full-length RdRp amino acid sequences. Viruses marked with red color are found in Australian isolates

of Sclerotinia sclerotiorum.
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FIGURE 7 | Phylogenetic analysis of virus in the Family Tombusviridae. Phylogenetic relationships of putative new virus genomes of Tombusviridae virus. Viruses

marked with red color are found in Australian isolates of Sclerotinia sclerotiorum.

FIGURE 8 | Phylogenetic relationships of putative negative-stranded RNA virus genomes. For the neighbor joining tree, predicted RdRp amino acid sequences were

aligned, and phylogenetic trees were constructed. Viruses marked with red color are found in Australian isolates of Sclerotinia sclerotiorum.
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in the family Tymoviridae. We named this new mycovirus as
Sclerotinia sclerotiorum tymo-like RNA virus 4 (SsTLRV4).

Contig 14854 was 796 nt, with a predicted amino acid
sequencemost similar to Fusarium graminearummycotymovirus
1 (FgMTV1)with 33% identity. FgMTV1 belongs to unclassified
Tymoviridae. We named this new mycovirus as Sclerotinia
sclerotiorum tymo-like RNA virus 5 (SsTLRV5).

There were five contigs that were related to F. graminearum
deltaflexivirus 1(FgDFV1). Three contigs, 9241, 5512, and 5513,
could be assembled into a single sequence. The length of the
sequence was 2,307 nt and contained one incomplete ORF
encoding putative proteins with 708 aa. The predicted amino
acid sequence was most similar to FgDFV1 with 43% identity.
The other two contigs, 13466 and 15254, also could be assembled
into a single sequence. The length of the sequence was 1,948 nt
and contained one incomplete ORF encoding putative proteins
with 592 aa. The predicted amino acid sequence was most
similar to FgDFV1with 42% identity. In addition, both sequences
were similar to the hypothetical protein A4X09_g7752 of the
fungus Tilletia walkeri. We named these contigs as Sclerotinia
sclerotiorum tymo-like RNA virus 6 (SsTLRV6), another new
virus, and the two sequences represented different strains of this
virus.

Four Novel Viruses Plus Four
Characterized Viruses Related to Members
of the Mononegavirales
The Mononegavirales includes five families: Bornaviridae,
Nyamiviridae, Rhabdoviridae, Ophioviridae, and
Paramyxoviridae. Recently, the ICTV has agreed to a new
family, Mymonaviridae, within the mononegavirales, and viruses
within this most recent family of the mononegavirales are
(−)ssRNA viruses known to infect fungi (Afonso et al., 2016).
Some viruses in the Mymonaviridae have been reported in
S. sclerotiorum, including Sclerotinia sclerotiorum negative-
stranded RNA virus 1 (SsNSRV1) (Liu, 2014), Sclerotinia
sclerotiorum negative-stranded RNA virus 2 (SsNSRV2),
Sclerotinia sclerotiorum negative-stranded RNA virus 3
(SsNSRV3), and Sclerotinia sclerotiorum negative-stranded
RNA virus 4 (SsNSRV4) (Marzano et al., 2016). We found eight
sequences that showed similarity to negative-strand RNA viruses
in the order Mononegavirales. Four viruses, represented by four
different contigs (contigs 88, 100, 29, and 512), were different
strains of known SsNSRV1,−2,−3,−4. Seven contigs, contigs 88,
83, 89, 398, 3470, 4115, and 195 could be assembled into one long
sequence which was 7,735 nt, namely Sclerotinia sclerotiorum
negative-stranded RNA viruse 1-A (SsNsRV1-A), and it encoded
a protein which shared 100% amino acid identity with the amino
acid sequence of the RdRp of SsNSRV1. Contig 100 was 9,614
nt, namely Sclerotinia sclerotiorum negative-stranded RNA
viruse2-A (SsNsRV2-A), and from this sequence two ORFs
were predicted. Blastp analysis showed that the putative RdRp
protein shared 93% identity to that of SsNSRV2. The sequence of
contig 29 was 7,104 nt, namely Sclerotinia sclerotiorum negative-
stranded RNA viruse 3-A (SsNsRV3-A), with two ORFs, RdRp
and GP3. The predicted amino acid sequence of RdRp was most
similar to SsNsRV 3 at 98% identity. The contig 512 was 9,564 nt,

namely Sclerotinia sclerotiorum negative-stranded RNA viruse
4-A (SsNsRV4-A) and had one putative ORF. Blastp analysis
showed that the protein was similar to that of SsNsRV4 with 94%
identity.

Four contigs represented novel viruses not previously
characterized in S. sclerotiorum. The sequence of contigs 4241, 89,
579, and 1114 were 4,421, 5,076, 7,819, and 1,219 nt, respectively.
These four contigs had incomplete ORFs encoding putative
RdRps which shared 32, 28, 37, and 28% identity to those
of SsNsRV4, Soybean leaf-associated negative-stranded RNA
virus 1, Soybean leaf-associated negative-stranded RNA virus
2, and Soybean leaf-associated negative-stranded RNA virus 3,
respectively. Thus, we have demonstrated four additional new
negative-stranded RNA viruses in the S. sclerotiorum isolates
tested, and we named these as Sclerotinia sclerotiorum negative-
stranded RNA virus 5,−6,−7,−8.

A phylogenetic analysis based on multiple alignments of
full-length RdRp amino acid sequences of these eight viruses
and other members of the Mymonaviridae was conducted, and
the result showed that SsNsRV1-A, SsNsRV2-A, SsNsRV3-A,
SsNsRV4-A were novel strains of these known mycoviruses,
while SsNsRV 5,−6,−7,−8 were novel negative-stranded viruses
(Figure 8).

Sclerotinia gemycircular Virus 1
Determined in Test S. sclerotiorum Isolates
Genomoviridae contains a single genus, Gemycircularvirus,
which currently has one recognized virus species, Sclerotinia
gemycircular virus 1, and it is currently the sole representative
isolate of the family (Yu et al., 2010, 2013). Contig 2147 was
2,166 nt and had two ORFs encoding putative coat protein
with 312 aa and a putative replication-associated protein with
274 aa. The predicted amino acid sequence of replication-
associated protein was almost identical to that of SsHADV-1
with 99% identity. This result confirms that SsHADV 1 occurs
in Australia, and SsHADV-1 DNA has also been confirmed in
Urban River Sediments of Heathcote and Styx Rivers in New
Zealand (Kraberger et al., 2013).

CONCLUSION

In conclusion, this is the first study to show existence of various
mycoviruses in S. sclerotiorum in Australia. S. sclerotiorum
isolates collected from various crops in Australia contained
57 mycoviruses either with RNA or DNA genomes. These 57
mycoviruses could be grouped in ten distinct lineages, namely
Endornaviridae (four novel mycoviruses), Genomoviridae,
Hypoviridae (two novel mycoviruses), Mononegavirales (four
novel mycoviruses), Narnaviridae (10 novel mycoviruses),
Partitiviridae (two novel mycoviruses), Ourmiavirus (two
novel mycovirus), Tombusviridae (two novel mycoviruses),
Totiviridae (one novel mycovirus), and Tymovirales (five novel
mycoviruses); and two non-classified mycoviruses lineages (one
B. porri RNA virus 1, one distantly related to A. fumigatus
tetramycovirus-1). Twenty-five mitoviruses were determined
and mitoviruses were dominant across the isolates tested. These
results confirm that mycoviruses that infect S. sclerotiorum are

Frontiers in Microbiology | www.frontiersin.org 15 January 2018 | Volume 8 | Article 2540

https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/microbiology#articles


Mu et al. Mycoviruses in Australian Population of S. sclerotiorum

widespread in Australia, that many novel mycoviruses occur
in Australia, and that some of them are highly likely to offer
significant potential for innovative biocontrol of Sclerotinia
diseases of crops and vegetable crops both there and elsewhere.
Further characterization of these mycoviruses is warranted, both
in terms of exploring these novel mycoviruses for biocontrol of
Sclerotinia diseases and in enhancing our overall knowledge on
viral diversity, taxonomy, ecology, and evolution.
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