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Diverse, Novel Mycoviruses From the
Virome of a Hypovirulent Sclerotium
rolfsii Strain

Jun Zi Zhu, Hong Jian Zhu, Bi Da Gao, Qian Zhou * and Jie Zhong *

Hunan Provincial Key Laboratory for Biology and Control oflBnt Diseases and Insect Pests, Hunan Agricultural Univetgi
Changsha, China

Sclerotium rolfsij which causes southern blight in a wide variety of crops, is a
devastating plant pathogen worldwide. Mycoviruses that iduce hypovirulence in
phytopathogenic fungi are potential biological control reources against fungal plant
diseases. However, inS. rolfsii, mycoviruses are rarely reported. In a previous study,
we found a hypovirulent strain carrying a diverse pattern adsRNAs. Here, we utilized
the RNA_Seq technique to detect viral sequences. Deep sequeing, RT-PCR and
Sanger sequencing validation analyses revealed that thigrain harbors various new viral
species that show af nity to the distinctly established andoroposed familiesBenyviridag
Endornaviridae Fusariviridae,Hypoviridag and Fusagraviridae. Moreover, some viral
sequences that could not be assigned to any of the existing failies or orders were
also identi ed and showed similarities to theAlphavirus Ourmiavirus phlegivirus-like
and Curvularia thermal tolerance virus-like groups. In adiibn, we also conducted deep
sequencing analysis of small RNAs in the virus-infectingdal strain. The results indicated
that the Dicer-mediated gene silencing mechanism was pres in S. rolfsii. This is the rst
report of viral diversity in a singlé. rolfsiifungal strain, and the results presented herein
might provide insight into the taxonomy and evolution of myaviruses and be useful for
the exploration of mycoviruses as biocontrol agents.

Keywords: Mycovirus, Sclerotium rolfsii , virome, deep sequencing, biocontrol

INTRODUCTION

Mycoviruses are a type of virus that infect and replicate in funtfecting all major taxonomic
fungal groups Ghabrial and Suzuki, 20)SMost mycoviruses are associated with latent infections.
However, several mycoviruses can obviously cause abnoymgtems in the host, such as
hypovirulence and debilitation, and thus hold great promisedaploitation as biological agents
to control fungal diseases. Since Cryphonectria hypovirusCH\(1) was successfully used
to control chest blight disease in Europeluss, 1992; Xie and Jiang, 2014; Ghabrial et al.,
2019, phytopathologists have been inspired to study mycovirushated hypovirulence in plant
pathogenic fungi. Recently, the DNA vir&@elerotinia sclerotiorutmypovirulence-associated DNA
virus 1 (SsHADV-1) was proven to possess the potential for biokdly controlling sclerotinia
disease under eld conditionsY(u et al., 2010, 20).3Rosellinia necatrix megabirnavirus 1 has
the ability to control apple white root rot disease causedRmsellinia necatriXChiba et al.,
2009; Liu et al., 20)6With the rare exceptions of DNA and negative-sense RNA (-ssSRINAI

et al., 201} mycoviral genomes consist of double-stranded (ds) or p@si#ense single-stranded
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(Css) RNA. With the increasing number of mycoviruses Previously, we isolated a hypoviruler8. rolfsii strain,
identi ed, some of which have unigue molecular and biologicaBLH-1, that contains a series of dsRNAs. Virus-curing and
properties unlike those of any other known mycoviruses andhorizontal transmission experiments con rmed that dsRNAs
cannot be assigned into any of the established virus fasniliewere associated with the hypovirulent traits of BLHZAh(Nng
mycovirus classi cation is being re ned. Thus, the discovef et al.,, 2016gr This study aimed to further clarify the species
novel mycoviruses that have diverse molecular and biolbgicand genomes of all the mycoviruses infecting BLH-1, and
properties will facilitate our understanding of viral ecojognd to determine the possibility of interactions between the RNA
evolution. silencing machinery and mycovirusesSnrolfsii To do this, the

The development and application of high-throughput nextfollowing procedures were utilized in this study: transcripi®
generation sequencing (NGS) technologies and bioinfoiceat deep sequencing of the RNA from BLH-@e novosequence
have greatly enhanced the discovery of new viruses in margssembly, homology searches against reference virusd® in t
organisms, including fungiNlarzano et al., 2016; Zhang et al., database, and Sanger sequencing of the RT-PCR amplicons used
2019. NGS techniques can detect the presence of viral sequendesvirus con rmation.
regardless of the sample viral titer and does not require prior
knowledge of the genomic sequences of candidate virises
et al., 2012; Roossinck, 201%0 date, some examples in deepRESULTS

sequencing of the transcriptome (RNA-sedjcfioebel et al., Transcriptomic Identi cation of

2014; Li et al., 2015; Liu et al., 2),16bosomal RNA (rRNA)- . . . .
depleted total RNAs, small interfering RNABI§rzano et al., Mycoviruses lnfeCtlng the S.rolfsii Strain

2015; Vainio et al., 2015; Shi et al., 2016; Remnant et alz, 20§|—H‘1

Mu et al., 2018 and viral dsRNA Coetzee et al., 2010; Al Two high-throughput sequencing libraries were constructed a
Rwahnih et al., 2011; Bartholomaus et al., J0ietve proven the sequenced on the lllumina MiSeq 2000/2500 platform, producing
methods to be useful for facilitating the discovery of myioases ~@Pproximately 3.6 to 4.7 10’ paired-end reads with lengths

or other RNA and DNA viruses infecting plants and insects 0f 300 nt. Raw reads were cleaned afednovoassembled into
The NGS data and analysis tools have advanced the virolo%?”t'gs_gs'”g Trinity. All resulting contigs were comparediie
research in areas of viral evolutionary, ecology, epidengigl . rolfsiireference genome. BLAST searches of the remaining
genomic diversity, and interactions between viruses anst$io CONtigs against the NCBI viral database revealed the presenc
(Zhang et al., 2098 Because some material needed for deeﬁf viral sequences representing partial genomic segments of
sequencing library construction can be infected by viruses ~SeVveral distinct mycoviruses. The predicted amino acideeces
can use transcriptomic data for virus identi cation and gene ~ Of the putative viral genomes showed signi cant sequence
assemblyin silico, which has recently been demonstrated inidentity with previously described viruses from several diti
several studies]( et al., 2015, 2016} tJsually, RNA viruses lineages, including the families Fusariviridae argpoviridae

with poly (A) tails and polyadenylated RNA viruses that canthe “alphavirus-like” and “benyvirus-like” viruses and soatker

be collected together with mRNA using oligo d(T) are easibpnassigned dsRNA mycoviruses. A list of all viruses in thalvir
sequenced in transcriptome librarieS(( et al., 201y} Recently, database that showed the most BLASTx matches to the assemble

several recent studies also showed that rRNA depleted RNOVisional viruses generated in this study is shownTable 1
libraries were suitable for virus identi cation lacking po(A) Because most of these assembled viral sequences shared less
tails (Jo et al., 2015; Mu et al., 2018 addition, sequencing than 5.0% amino acid identity with the pr_eviously described
of rRNA depleted RNA could reveal an entire micro-organismgnycovirus, we suggest that they are novel viruses.
in samples collected from environment materials. Howevéh w
the increasing of enormous and complicated NGS data, we woulBenyvirus-Like Viral Sequences
be more dependent on the accuracy of sequence assembly ahdequence namesiclerotium rolfsibeny-like virus 1 (SrBenV1),
homology searching for discover of new virusésigng et al., 7908 nt in length, was predicted to encode proteins showing
20189. similarity to the replicases of Benyvirus-like viruses, sush a
Sclerotium rolfsiSacc. Athelia rolfsii(Curzi) Tu Kimbrough]  Agaricus bisporus virus 8 (AbV8), beet soil-borne mosaicawir
is a soil-borne pathogen that causes southern blight diseaggsBMV), and Mangifera indica latent virus (MiLV}-{gure 1).
in a wide variety of crops Kivard et al.,, 2000 S. rolfsii BsBMV was identi ed as a member of the gerBenyvirusin
infects more than 600 plant species and is thus a serioule family Benyviridaethat consists of twaC ssSRNA genomic
problem. Moreover,S. rolfsiiproduces sclerotia, which plays segments with sizes of 6,883 nt and 4,616 nt, each of which
a key role in the disease cycle, and has the ability to survivantains one ORF encoding a polyprotein. SrBenV1 was shown
in soil for long periods Punja, 1985; Xu et al., 200&hus to contain a larger ORF1 and a2 3ncomplete ORF2. The
serving as an important barrier to controlling this diseasepredicted amino acid sequence of ORF1 was similar to that of the
Because hypovirulence-associated mycoviruses reportedly h replicases from viruses in the famBenyviridaeand most closely
potential for development as biocontrol agents for fungakelated to Agaricus bisporus virus 8 (AQM49930.1) with a 45%
diseases, screening for mycoviruses possessing biologitallc  identity. ORF2 was incomplete and had no sequence identity to
potential is signicant for the control of southern blight any other sequences in the database. Although benyvirutss of
disease. have four to ve linear positive-sense ssRNAs that are 6.7, 4.6,
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TABLE 1 | Assembled viral sequences in theSclerotium rolfsiistrain BLH-1.

Name Accession Sequence Closest relative virus Maximum Genome Tentative virus References
length (BLASTX) Identity (%) type classi cation

Sclerotium rolfsiiibbeny-like MH766487 7,865 Agaricus bisporus virus 8 30 CssRNA Benyvirus-like NP_612601.1

virus 1(SrBenV1)

Sclerotium rolfsiii MH766488 7,550 Sclerotinia sclerotiorum 26 CssRNA “Alphavirus-like” ACEB88957.1

alphavirus-like virus 1 RNA virus L supergroup

(SraLV1)

Sclerotium rolfsiii MH766489 7,591 Sclerotinia sclerotiorum 26 CssRNA “Alphavirus-like” ACES88957.1

alphavirus-like virus 2 RNA virus L supergroup

(SraLv2)

Sclerotium rolfsiii MH766490 7,888 Sclerotinia sclerotiorum 24 CssRNA “Alphavirus-like” ACE88957.1

alphavirus-like virus 3 RNA virus L supergroup

(SraLVv3)

Sclerotium rolfsiiifusarivirus ~ MH766491 7,301 Agaricus bisporus virus 10 42 CssRNA Fusariviridae YP_009182158.1

1 (SrFV1)

Sclerotium rolfsiiifusarivirus ~ MH766492 7,281 Agaricus bisporus virus 10 40 CssRNA Fusariviridae YP_009052456.1

2 (STFV2)

Sclerotium rolfsiiihypovirus ~ KU885931.1 16,050 Sclerotinia sclerotiorum 57 CssRNA Hypoviridae AHE13861.1

1 (SrHV1) hypovirus 2

Sclerotium rolfsiiihypovirus ~ MH766497 11,010 Ceratobasidium hypovirus A 26 CssRNA Hypoviridae AOX47536.1

2 (SrHV2)

Sclerotium rolfsiiihypovirus ~ MH766498 10,739 Ceratobasidium hypovirus A 24 CssRNA Hypoviridae AOX47536.1

3 (SrHV3)

Sclerotium rolfsiiihypovirus ~ MH766499 11,035 Ceratobasidium hypovirus A 25 CssRNA Hypoviridae AOX47536.1

4 (SrHVA4)

Sclerotium rolfsiiihypovirus ~ MH766500 10,758 Ceratobasidium hypovirus A 25 CssRNA Hypoviridae AOX47536.1

5(SrHV5)

Sclerotium rolfsiiihypovirus ~ MH766501 7,382 Beihai sipunculid worm 24 CssRNA Hypoviridae YP_009333562.1

6 (SrHV6) virus 6

Sclerotium rolfsiiihypovirus ~ MH766502 10,961 Ceratobasidium hypovirus A 25 CssRNA Hypoviridae AOX47536.1

7 (SrHV7)

Sclerotium rolfsiiihnypovirus ~ MH766503 12,791 Cryphonectria hypovirus 1 26 CssRNA Hypoviridae ATZ76097.1

8 (SrHV8)

Sclerotium rolfsiiiourmia-like  MH766504 443 Magnaporthe oryzae 42 CssRNA Ourmiavirus SBQ28480.1

virus 1 (SrOLV1) ourmia-like virus

Sclerotium rolfsiii MH766493 12,081 Sclerotinia sclerotiorum 25 CssRNA Endornaviridae AND83000.1

endornavirus 1 (SrEV1) endornavirus 2

Sclerotium rolfsiiRNA virus ~ MH766494 6,720 Rosellinia necatrix 34 dsRNA “Fusagraviridae” BBB86783.1

1 (SrRV1) fusagravirus 2

Sclerotium rolfsiiRNA virus ~ MH766495 6,182 Phlebiopsis gigantea 37 dsRNA “Fusagraviridae” CAJ34335.2

2 (SrRV2) mycovirus dsRNA 2

Sclerotium rolfsiimycovirus ~ KU885933.1 10,173 Phlebiopsis gigantea 51 dsRNA Unclassi ed YP_003541123.1

dsRNA 1 (SrMYV1) mycovirus dsRNA 1

Sclerotium rolfsiii MH766505 1,910 Heterobasidion RNA virus 6 46 dsRNA Unclassd AHAB82552.1

unassigned dsRNA virus 1

(SrURV1)

Sclerotium rolfsiii MH766506 1,958 Heterobasidion RNA virus 6 57 dsRNA Unclassid AHA82552.1

unassigned dsRNA virus 1
(SrURV2)

1.8, 1.4, and 1.3 kb in size, with the rst RNA encoding the RdRphat the SrBenV1 viral sequence covers approximately more tha
(Gilmer et al., 201) in this study, only the RdRp-encoded RNA1 90% of RNAL.

was identi ed. Phylogenetic analysis of the SrBenV1 reptivess

conducted and revealed that SrBenV1 was clustered in thiyfam Alphavirus-Like Viral Sequences

BenyviridaeThese results showed that SrBenV1 belongs to thBL ASTx searches of the predicted amino acid sequences of
genome of a new viral species in the fanflgnyviridaeBased three viral sequences (7,550, 7,591, and 7,888 nt in length)
on the genome sizes Benyviridagamily members, we estimate showed similarity to products encoded by alphavirus-like
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A AbVS (8280nt)
SrBenV1 (7908 nt)
B SsRV-L (6403 nt)

ORF1

SralV1 (7550 nt)

ORF1
SralV2 (7591 nt)

SralV3 (7888 nt)

Polyprotein (3552aa)

Beet soil-borne mosaic virus(NP 612601.1)
Burdock mottle virus(YP 008219063.1)

Rice stripe necrosis virus(ABU94739.2)

Mangifera indica latent virus(AMQ23297.1)

Hubei Beny-like virus 1(APG77690.1)

Lentinula edodes ssRNA mycovirus(BAS04359.1)
100 Agaricus bisporus virus 13(AQM49942.1)

98 @ Sclerotium rolfsiii beny-like virus 1

100 Agaricus bisporus virus 8(AQM49930.1)
Chara australis virus(AEJ33768.1)

@ Sclerotium rolfsiii alphavirus-like virus 2

@ Sclerotium rolfsiii alphavirus-like virus 1

@ Sclerotium rolfsiii alphavirus-like virus 3
Hepatitis E virus(NP 056779.1)

Swine hepatitis E virus(AHZ44444.1) HepeVirus
Orthohepevirus B(AAS45830.1)

Sclerotinia sclerotiorum RNA virus L(ACE88957.1)

Nudaurelia capensis beta virus(NP 048059.1) | Betatetravirus

Dendrolimus punctatus virus(YP 025094.1) .
—
100 L——— Helicoverpa armigera stunt virus(NP 049235.1) Omegatetrawrus

Benyvirus

FIGURE 1 | Genomic organization and phylogenetic analysis of thBenyviruslike and Alphavirus-like viral sequences an¢A) Diagrammatic representations of the
predicted genomic organization of SrBenV1 showing the preance of a large EfPOpen reading frames (ORF) and a@incomplete ORF, comparisons with those of
related AbV8.(B) Genome organizations of theAlphaviruslike viral sequences, SralLV1, SralV2, SralLV3, and the AbMghich related to these containing a single large
ORF. (C) Phylogenetic analysis of the SrBenV1, SralLV1, SralLV2, and&.V3 based on amino acid alignments of the replicase encodgprotein of the four viruses and
other Benyvirusand Alphavirusviruses related to these. Phylogenetic tree was constructiby Neighbor-Joining algorithm using MEGAG, with a 1000 botstrap
replications. The percentage of bootstrap values suppontig the branches in phylogenetic trees were indicated on the ades. The genetic distance was represented
by the scale bar of 0.2 amino acid substitutions per site. Th@ovel virus SrBenV1, SralLV1, SraLV2, and SralLV3 were indieal by red dots. Names and database
accession numbers of other related viruses analyzed were diicated in the tree.

CssRNA viruses, such &lerotinia sclerotiorurRNA virus L (pfam01660), viral_helicase | (pfam0 1443), and RdRP (RdRp_2,
(SsRV-L), bat hepevirus (BHV), and hepatitis E virus (HEV),pfam00978) I(iu et al., 200p SsRv-L was most closely related
with identities ranging from 25 to 26%. SsRv-L iI8ssRNAvirus to an HEV belonging to the alphavirus-like supergroup. A
with a 6,403 nt genome containing a single ORF that encodeonserved domain search revealed that the three viral segge

a polyprotein with three domains: viral methyltransferasealso contained these three conserved domains, indicating tha
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they might represent noveL ssRNA mycoviruses belonging to Macrophomina phaseolina hypovirus 1 (MpHV1) and CHV1,
a virus taxonomic unit that is closely related Adphavirus We  with identities ranging from 25 to 26%. Hence, diverse infect
named the three virus sequenc8slerotium rolfsialphavirus- hypoviruses belonging t@&amahypovirusand Alphahypovirus
like virus 1 (SralV1)Sclerotium rolfsialphavirus-like virus 2 might exist.

(SraLV2) andSclerotium rolfsialphavirus-like virus 3 (SralLV3)

(Figure 1). Ourmiavirus-Like Viral Sequences
o One ourmiavirus-like sequence was identi ed, which was 443
Sequences Related to Fusariviridae bp in length and namedSclerotium rolfsiburmia-like virus 1

Two RNA sequences showed similarity to members of théSrOLV1). A BLASTx search showed that this virus was similar
family Fusariviridae, the two viral sequences ®¢lerotium to ourmiavirus-like mycoviruses, including Magnaporthe/pae
rolfsii fusarivirus 1 (SrFV1, 7301 nt) an&clerotium rolfsii ourmia-like virus (MoOLV) and Rhizoctonia solani ourmia-#k
fusarivirus 2 (SrFV2, 7281 nt)F{gure 2). Fusariviridae is a virus 1 RNA 1, with identities of 42 and 39%, respectively.
new, recently propose@ ssRNA family comprising members Ourmiavirus genomes have three ssRNA segments of 2.8, 4.1, an
that typically have 6 to 8 kbp genomes, with one larger ORP.9 kb, with the largest RNA segment encoding the viral repéica
encoding putative polyproteins of replicases and one to threand the smallest segment encompassing the coat protein(a
smaller ORFs encoding hypothetical proteinshéng et al.,, et al., 201). Although the replicases of mitoviruses and
2019. Both SrFV1 and SrFV2 contained two ORFs (ORFDburmiaviruses are all phylogenetically related, ourmiss@siare
and ORF2). The ORF1 of each virus encoded polyproteinsonsidered to replicate in the cytoplasm instead of mitochéndr
possessing conserved domains of RARp (RdRp_1, cd01699) dadivelli et al., 201). A few ourmiavirus-like mycoviruses
Hel (helicase, cd00079), with aa identities ranging from 3have previously been discovered frdalerotinia sclerotiorum
to 42%, and corresponded to proteins encoded by membeRhizoctonia solanfMarzano and Domier, 20)6 Magnaporthe

of the Fusariviridae family, including Agaricus bisporusugi  oryzae (lllana et al., 201); and Botrytis (Donaire et al.,
10 (AbV10), Agaricus bisporus virus 11 (AbV1Husarium 2016. Sequence similarity revealed that the oourmiavirus-lik
graminearumdsRNA mycovirus-1 (FgV1), Pleospora typhicolamycovirus SrOLV1 could also infe§t rolfsii.

fusarivirus 1 (PtFV1), and Rosellinia necatrix fusarivirlis

(RnFV1). Phylogenetic analysis based on ORF1 indicated thitndornaviridae -Related Sequences

consistent with the homology search, SrFV1 and SrFV2 werseveral RNA sequences showed similarity to members of
clustered in the fusarivirus clade. Considering the genomée family Endornaviridae. Viruses in the Endornaviridae
organization and genome sizes, the two viruses likely reptes family have linear ssSRNA genomes that range in length from
the nearly complete genomes of novel members of thapproximately 10kb to more than 17 kb and contain an ORF

Fusariviridae family. encoding a single long polyprotein. The polyprotein encoded
o by endornavirus often includes conserved domains, such as
Sequences Related to Hypoviridae viral RNA helicases and RdRps§lifabrial et al., 2095 The

Aviral sequence 16,050 bp in length was identi ed. The priedic gaps between the endornavirus-like sequences were lled by
amino acid sequences of the viral genome were similar toethoRT-PCR and assembled as an RNA sequence. In addition, the
of viruses in the famil{Hypoviridag with Sclerotinia sclerotiorum terminal genomic sequences were determined by RLM-RACE.
hypovirus 2 (SsHV2) being the best match at 57% identityWe designated this virus aSclerotium rolfsiendornavirus 1
(Figure 2. Viruses in theHypoviridaefamily consist ofCssRNA  (SrEV1) Figure 3. The full-length STEV1 genome was 12081
genomes that range in size from 9 to 13 kb and contain one or twbase, containing a single ORF encoding a 3997 aa polyprotein.
ORFs Buzuki et al., 20)8Members of this family are currently Blastp analysis showed that this putative protein showed low
grouped into two generaAlphahypovirusand Betahypovirus sequence identity to the polyprotein of endornavirus, with
(Yaegashi et al., 2012; Hu et al., 2014; Khalifa and Pears@clerotinia sclerotiorunendornavirus 2 being the best match
2019. The CHV1 and CHV2 fromC. parasiticavere assigned at a 25% aa identity. Conserved domain searches revealed
to the genusAlphahypovirusand their genomes consist of two that this polyprotein contained the conserved domains of viral
ORFs. In addition toAlphahypovirusand Betahypovirusa third ~ methyltransferase (MTR), putative DEXDc, viral helicase (Hel)
distinct lineage and genus, nam&ahmahypovirusyas recently and RdRp. Consistent with the homology search, phylogenetic
proposed with SsHV2/5472 and its conspeci ¢ SsHV2/SX24@nalysis based on the conserved RdRp domain suggested that
as a prototype Hu et al., 2014; Khalifa and Pearson, 2014 SrEV1 is a new putative species in the fariifydornaviridae.

Based on the genome size and sequence similarity, we suggest

that SrHV1 is a new member of th&amahypovirusgenus Sequences Related to “Fusagraviridae”

in the family Hypoviridae.Seven possible hypovirus-like viral Four viral sequences were associated with SsNLV1-likepgrou
sequences were obtained and showed sequence identitiesnigcoviruses, such &clerotinia sclerotioruisRNA mycovirus-
viruses in the familyHypoviridae.Less sequence similarity wasL (SsNsV-L), Phlebiopsis gigantea mycovirus dsRNA 2 (PgV2),
observed between these sequences, and these viral sexjueMzcrophomina phaseolina dsRNA virus 2, Botrytis cinerea RNA
might thus be di erent hypoviruses, designated as Scleratinivirus 1 and other viruses that could be grouped into the regentl
rolfsii hypovirus 2 to Sclerotinia rolfsii hypovirus 8. Thaseuises proposed family Fusagravirida€i@ure 4). The gaps between
were predicted to encode proteins similar to those encoded biyne contigs were lled by RT-PCR, resulting in the assembly
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A AbV10 (7033nt)
A
ORF1 ORF2
SrFV1 (7301nt)
ORF1(1637aa) ORF2(623aa)
SrFV2 (7281nt)
ORF1(1678aa) ORF2(623aa)
B CHV1(1,2734nt)
SsHV (1, 6093nt)
m—
SsHV2(1,1010nt)

Cc 100 inia sclerotiorum hypovirus 2(YP 008828161.1)
'—IOOE Sclerotinia sclerotiorum hypovirus 2-Sx247(AIA61616.1)
AR Sclerotinia sclerotiorum hypovirus 2-L(AHE13861.1)
@ Sclerotinia rolfsiii hypovirus 1
63 Ceratobasidium hypovirus A(AOX47536.1)
l—. Sclerotinia rolfsiii hypovirus 7
@ Sclerotinia rolfsiii hypovirus 4
@ Sclerotinia rolfsiii hypovirus 5
- @ Sclerotinia rolfsiii hypovirus 2
100 @ Sclerotinia rolfsiii hypovirus 3
Cryphonectria hypovirus 2(NP 613266.1)
Cryphonectria hypovirus 1(ATZ76105.1)
Wuhan insect virus 14(YP 009342443.1)
Fusarium graminearum hypovirus 1(YP 009011065.1)
Macrophomina phaseolina hypovirus 1(ALD89099.1)
Rosellinia necatrix hypovirus 2(BBB86776.1)
Agaricus bisporus virus 2(AQM49947.1)
Rosellinia necatrix hypovirus 1(YP 009448196.1)
Fusarium poae hypovirus 1(BAV56305.1)
Fusarium graminearum hypovirus 2(YP 009130646.1)
@ Sclerotinia rolfsiii hypovirus 8
@ Sclerotinia rolfsiii hypovirus 6
Beihai hypo-like virus 1(APG76083.1)
100 Beihai sipunculid worm virus 6(YP 009333562.1)
Fusarium poae fusarivirus 1(YP 009272906.1)
Sodiomyces alkalinus fusarivirus 1(ATP75827.1)
Rosellinia necatrix fusarivirus 1(YP 009047147.1)
Pleospora typhicola fusarivirus 1(YP 009182158.1)
Penicillium roqueforti ssRNA mycovirus 1(YP 009052456.1)
Fusarium graminearum dsRNA mycovirus-1(YP 223920.2)
Penicillium aurantiogriseum fusarivirus 1(YP 009182154.1)

100

Agaricus bisporus virus 11(AQM49938.1)
@ Sclerotium rolfsiii fusarivirus 2
100 Agaricus bisporus virus 10(AQM49936.1)
96 @ Sclerotium rolfsiii fusarivirus 1
- Sclerotinia sclerotiorum fusarivirus 1(YP 009143301.1)
99 W|:Altemaria alternata fusarivirus 1(BBD71147.1)

Cryphonectria hypovirus 3(AAF13603.1)

100] 100

Sclerotinia sclerotiorum hypovirus 1(YP 004782527.1)

method described inFigure 1.

Hypoviridae

100 Macrophomina phaseolina single-stranded RNA virus 1(ALD89094.1) Fusariviridae

[ L . .
100|_: Botrytis cinerea hypovirus 1(YP 009480677.1) Hypowrldae
100

FIGURE 2 | Genome organization and phylogeny of the viruses that sirail to members of the Fusariviriadeand Hypoviridaefamily. (A) Comparisons of the genome
organizations of SrFV11 and SrFV2 and comparison with thatfaelated virus AbV8 in theFusariviriadefamily. (B) Genome organization of the hypoviruses, exampled
as the SrHV1, SrHV2, and CHV1(C) The predicted amino acid sequences of the RdRps were alignednd subjected for phylogenetic tree construction using the
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A SSEV2 (10520 nt)

SrEV1 (12081 nt)
|
B 100 7~ Sclerotinia sclerotiorum endornavirus-1(AJF94392.1)
100| EScIerotinia sclerotiorum endornavirus 2(AND83000.1)
100 Botrytis cinerea betaendornavirus 1(YP 009315910.1)
” [Gremmeniella abietina type B RNA virus XL2(ABD73306.1)
100t Gremmeniella abietina type B RNA virus XL1(YP 529670.1)
89 @ Sclerotium rolfsiii endornavirus 1
87 Ceratobasidium endornavirus E(AOV81682.1)

100

Tuber aestivum betaendornavirus(YP 004123950.1)

Alternaria brassicicola betaendornavirus 1(YP 009115493.1)
Phaseolus vulgaris endornavirus 3(AXB99512.1)
Ceratobasidium endornavirus A(YP 009310113.1)

Winged bean alphaendornavirus 1(YP 009305414.1)

45 Bell pepper alphaendornavirus(AOY34804.1)

Helianthus annuus alphaendornavirus(AWK67841.1)

Agaricus bisporus endornavirus 1(AQM32768.1)

Rhizoctonia solani endornavirus - RS002(AHL25280.1)
76 Phytophthora alphaendornavirus 1(CAI47561.1)

FIGURE 3 | Genome organizations and Neighbor-Joining tree of the novevirus relating to con rmed and proposed members of theEndornaviridae.(A) Comparisons
of the genomic organizations of the noveSclerotium rolfsiiinfecting SrEV1 and the identi ed member SsEV1 of thé&ndornaviridaefamily. The SrEV1 was completely
sequenced and predicted to harbor a single larger ORF containg domains of viral methyltransferase (MTR), putative BBc, viral helicase (Hel) and RdRp, which
were indicated in the ORF box(B) Phylogenetic tree depicting the relationships of SrEV1 whitother Endornaviuseswere generated using the method described in
Figure 1.

of two RNA sequence§clerotium rolfsiRNA virus 1 (SrRV1) with 1634 aa at the %proximal end and an incomplete ORF
and Sclerotium rolfsiRNA virus 2 (SrRV2), with lengths of (ORF2) that encoded 1243 aa at tfpBoximal end. A BLASTp
6,720 bp and 6,182 bp, respectively (dsRNA1 and dsRNAZXearch showed that ORF1 was 38% identical to the hypothetical
BLASTXx searches showed that the partially predicted amir acprotein, and ORF2 was 51% identical to the RpRd of PgV1. PgV1
sequences of the two dsRNAs were similar to those of virusés an unassigned dsRNA virus with a 11,563 bp genome that
in the proposed family Fusagraviridae. The sequence of SrR\¢bntains two major ORFs encoding the hypothetical proteins and
contained two ORFs. The predicted amino acid sequence &dRp. The organization of the predicted SrRV1 ORFs was similar
SrRV1 ORF2 was similar to that of the RdRps of Rosellini#o that of a Lev-HKB clade including PgV1, TtV1, and Lev-HKB,
necatrix fusagravirus 2 at a 35% identity. STRV2 also coathi and the SrRV1 sequence (10,713 bp) might represent a nearly
two ORFs, ORF1 and an incomplete ORF2. The predicted aminmomplete genome.

acid sequence of SrRV2 ORF2 showed 37% identity to that of

the Phlebiopsis gigantea mycovirus dsRNA 2 encoding RdﬁB . .
(CAJ34335.2). Hence, SrRV1 and SrRV2 likely represent n \Apta'glve Double-Stranded RNA V'ruses o
Two viral sequences that showed similarity to Heterobasidi

members of the Fusagraviridae family.

RNA virus 6 (HetRV6) were identied and designated as

Sclerotium rolfsiiunassigned dsRNA virus 1 (SrURV1) and
Phlegivirus-Related Sequence Sclerotium rolfsiunassigned dsRNA virus 2 (STURV2). HetRV6
Several RNA sequences showed similarity to unassigned dsRMAan unassigned dsRNA virus composed of a single genomic
mycoviruses, such as Phlebiopsis gigantea mycovirus dsRNvand of approximately 2 kbp encoding a putative viral RNA
1 (PgV1), Thelephora terrestris virus 1 (TtV1), and Lentinulapolymerase that is distantly related to Curvularia thermal
edodes mycovirus HKB (Lev-HKB). The gap between the contigslerance virus (CThTV) and Fusarium graminearum virus 4
was lled by RT-PCR, and the%Germinal sequence was also (FgV4) (Vainio et al., 2012 However, the genomes of CThTV
determined by RACE. All the sequences were assembled asrad FgV4 contain two dsRNA segmentddrquez et al., 2007;
10,713 bp RNA sequence, nam8dlerotium rolfsimycovirus ~ Yu et al., 200p Both SrTURV1 and SrURV2 had incomplete
dsRNA 1 (SrMYV1), as previously describ&iure 4. SrMYV1  ORFs encoding proteins that were closely related to the RdRp
contained a complete ORF (ORF1) encoding a putative proteinf HeRV6 (46 and 57% identity, respectively). Hence, the two
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FIGURE 4 | Schematic representation of the genome and phylogenetic aalysis of two novel members of the family Fusagraviridae, BV1 and SrRV2, and a
Phlegivirusrelated virus, SrMYV1.(A) Genome organization of SrRV1, SrRV2, and SrMYV1. The threéwses were all predicted to contain two ORFs, ORF1, and
ORF2, with their ORF1 encoded unknown proteins and ORF2 end®d the RdRp. (B) phylogenetic analysis illustrating the evolutionary clascation of these three
viruses was conducted using theFigure 1 described method.

viruses might represent unassigned viruses related to CTIKeV  SsHV2/SX247 and SsHV2/547R1 et al., 2014; Khalifa and

viruses. Pearson, 2004 which are responsible for the hypovirulence
] ] ] and de cient sclerotium production in the host fungus. Thus,
Viral Genome Sequence Validation in this study, we further veried and obtained the full-

We used RT-PCR and Sanger sequencing to conrm théength genomic sequence of SrHV1 by RT-PCR using primers
origins of these assembled mycoviral sequences. When P®Bsed on the assembled sequences and ligase-mediatedatrmi
ampli cation was performed using reverse transcriptionampli cation method. The sequence was deposited in GenBank
products synthesized from the total RNA of the fungal strainunder accession number KU885931.1.
BLH-1 as templates, products of corresponding size were The complete genomic sequence of SrHV1 was determined
obtained and matched to these virusdsiglire 5. However, to be 16093 nt long excluding the poly (A) tail at the 3'
when we performed PCR using DNA extracted from the fungaterminus. In comparison, the nearly complete genome of the
strain BLH-1 for all the assembled viral sequences, no prisduchigh-throughput sequencing-assembled contig of SrHV1 was
were obtained, indicating that the viral sequences idexttiwere 16050 nt, indicating 99.61% coverage of the SrHV1 genome.
indeed derived from exogenous mycoviruses infecting BLH-1 SrHV1 was determined to contain a 13,815 nt long ORF (nt
) o positions 1185 to 14,999) encoding a 513.37 kDa polyprotein of
Full-Length Genomic Organization of 4604 aa residues that was predicted to contain the domains of
SrHV1 a papain-like cysteine protease (Pro), RdRp and helicase (Hel),
In our previous study, we found that the host fungus BLH-1like reported for SsHV2/5472 and SsHV2/sx247. TR&BR
was a hypovirulent strain de cient in sclerotium productiofs  (untranslated region) and8JTR of StHV1 were 1,184 and 1,094
mentioned above, the nearly complete genome of SrHV1 wad, respectively. The genomic organization of SrHV1 is deglicte
most closely related to th®. sclerotiorunmfecting hypoviruses in Figure 2B
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At aa positions 3872 to 4189, downstream from the RdRp
domain, a Hel domain was identi ed. As previously described i
other hypoviruses, the Hel domain of SrHV1 also containedé¢hre
characteristic motifs of the Hel superfamily 24!l and Matson,
1999: GKST, DExH, and QRxGR. The Hel domain of SrHV1
was most closely related to SsHV2, with a 74% aa identity. In
addition, the SrHV1 Hel domain also showed aa identities of 27
to 30% to the Hel domains of otheklphahypovirusnembers.
Phylogenetic analysis based on the Hel domains revealed that
SrHV1 was grouped with SsHV2-SX-247 and SsHV1L, a clade
related to but distinctly branched from members in the gener
AlphahypovirugFigure SJ.

Small RNA Pro les of SrHV1 and SrEV1

To survey the presence and mechanism of antiviral immune
response irSS. rolfsiiand to con rm that these putative viruses
genuinely infect the host fungus, we assessed the presence
of antiviral small RNAs in this virus-infected fungal strain
Because SrHV1 might be the candidate causal agent of BLH-1
hypovirulence and its genome has been completely sequenced, we
focused on SrHV1. A small RNA library was generated from the
FIGURE 5 | RT-PCR validation of the identi ed mycoviral sequences. Thenal S. rolfsiistrain BLH-1 and Subjected to deep-sequencing of small

assembled viral sequences were con rmed by RT-PCR using the pmers that . . K L
designed based on the obtained viral contigs and the total RN template RNAs (SRNA) on the lllumina platform, resultlng in 33 million

extracted from the BLH-1 strain ofS. rolfsii. The marker was in 2,000 bp reads.
Ladder, and the other lanes indicated the abbreviates of thee detected After Itering according to length, the remaining SRNA reads
viruses which were detailed in theTable 1. were mapped to th&. rolfsiigenome, and the unmapped reads

were then aligned against the SrHV1 and SrEV1 genomes.
Abundant small RNAs were matched to the target genome. These
Mol L small RNAs were mainly distributed from 19 to 24 nt, with
olecular Characterization and Phylogeny a peak at 21 nt, and exhibited characteristics typical of Dicer
of SrHV1 produced virus derived small interfering RNAs (vsiRNAS), whic
A homology search using the polyprotein aa sequences @fe produced from dsRNA intermediates upon binding to Dicer
SrHV1 showed signi cant identity with polyproteins encoded (L et al., 201B(Figure 6A).
by members of the familydypoviridae with SsHV2 being the ~ Because gene silencing is mediated by argonaute proteins,
best match at 57% (coverage: 63%; E value: 0), followed f@Mich bind to small RNAs to induce the degradation of RNAs
CHV2 (accession no. NP_613266.1; coverage: 63%; E value: #hat complement small RNAs, the composition of the small RNA
52; identity: 23%), CHV1 (accession no. NP_613266.1; cgeeras? nucleotide is preferred by special argonautésigon and
49%; E value: 1e-53; identity: 23%) and Fusarium graminearumoudna, 2018 We found a clear preference for the U base at
hypovirus 1 (FgHV1) (accession no. YP_009011065.1; careraghe Fnucleotide residues of both the SrHV1 and SrEV1 vsiRNAs
45%; E value: 1le-34; identity: 23%). Based on its sequengiall sizes, especially for vsiRNAs of sizes 20-, 21- and 22-nt
similarity to hypoviruses, we suggest that SrHV1 is a ssRNfrigure 6B). The % nucleotide preference of these vsiRNAs was
mycovirus in the familyHypoviridae consistent with the high abundance of U bases in the SrHV1 and
At the N-terminal end of the polyprotein, a putative Pro srevi1 genome.
domain was detected. In this domain, two aa residues, Cys when exploring the polar distribution of SrHV1 and SrEV1-
and His, which are necessary for the autoproteolytic agtioft  derived vsiRNAs, we found that the vsiRNAs in sizes of 21 and
the polyprotein and strictly conserved among other reportec®?2 nts originated from SrHV1 and SrEV1 were heterogeneously
hypoviruses, and Gly, which is relevant to the potential dgav distributed along the sense and antisense strands of thes viru
site, were observed(art et al., 1999; Yuan and Hillman, 2001 genomes. Some regions of hotspots in, which produced more
An RdRp domain containing the highly conserved aa sequenagsiRNAs, were located in thé &nd middle genome regions of
motifs that are characteristic of hypovirus RdRp domains wasrHV1 and in the 8region for SFEV1 Eigure 60).
detected at aa positions 3101 to 3418. The RdRp of SrHV1 had Small RNA data indicated that the vsiRNAs were generated
the highest aa identity (74%) to that of SSHV2 (coverage: 99%pm the genomes of SrHV1 and SrEV1 by Dicer, acting on
E value: 3e-147). Based on multiple alignments of the RdRgsRNA replication intermediates, and were bound by argonaute
aa sequences ¢fypoviridaemembers, a phylogenetic tree wasproteins; thus, we can conclude that the two viruses werestaty
constructed, and SrHV1 clearly clustered with SsHV2-SX;24 by the host gene silencing mechanism, an antiviral immune
forming a branch distinct from members oAlphahypovirus. response exhibited by many fungi.
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FIGURE 6 | SrHV1 and SrEV1 derived small RNAs analysi§A) Size distribution and abundance of small RNAs matching thet$lV1 and SrEV1 genomes(B)
5%terminal nucleotide composition among the SrHV1 and SrE\Atlerived vsiRNAs. The x-axis represents the length distriltion, and the y-axis shows the
percentages of nucleotides constitute of G/C/A/U in the 8terminal of the vsiRNAs(C) The vsiRNA pro les distribution among the SrHV1 and SrEV1. EwsiRNAs
derived from the positive and negative strand of the viral gmme were indicated above and below the line, respectivelyzor SrHV1, the 21-nt vsiRNAs arising from the
genomic and antigenomic strands were shown in green and red &rs, respectively. The 22-nt vsiRNAs matching the genomicral antigenomic strand were
represented by purple and blue, respectively. For SrEV1, ¢h21-nt and 22-nt vsiRNAs arising from the genomic and antigeomic strands were indicated by green and
purple bars, red and blue bars, respectively. The x-axis iridated the length of the SrHV1 and SrEV1 genomes, respectiyg While the y-axis in SrHV1 and SrEV1
separately represented numbers of reads matching to the gesmic and antigenomic sequences of the two viruses.

DISCUSSION into screening the mycovirus potential & rolfsiicontrols and
understanding the mechanism 8f rolfsiihypovirulence.
In this study, we characterized a complex virome from a Among the identi ed viruses, SrHV1 was the fully cloned
hypovirulentS. rolfsiistrain and identi ed diverse viral segments putative hypovirus relating to members of the family
using high-throughput transcriptome sequencing. Some \&sus Hypoviridae SrHV1 shared the highest sequence identity
discovered in our analysis were nearly full-length. Thetected to the previously reported virus SsHV2, which was shown
viruses might belong to viral species within the families ofo induce hypovirulence of the plant pathogenic fung8s
Benyviridag Endornaviridae Fusariviridae,Hypoviridae and  sclerotiorum SrHV1 shared the same genomic organization,
the proposed family “Fusagraviridae” and show similaritieggenome size and phylogenetic grouping as two SsHV2 strains
to other unclassied LeV-HKB-like and CThTV-like dsRNA but was distinct from other members of thi¢ypoviridaefamily.
viruses and unclassi ed alphavirus-like and ourmiaviriel Currently, two generaAlphahypovirusind Betahypoviruswvhich
CssRNA viruses. We conducted RT-PCR, genomic PCR andnge in size from 9 to 13 kb, are classi ed within the family
Sanger sequencing analyses using speci ¢ primers based on tgpoviridae. These two genera exhibit several di erences in
obtained fragments to con rm the origins of our viral sequas. terms of their genome size, organization and gene function,
Positive amplicons were produced from only RNAs extracte@s alphahypoviruses range in genome size from 12.5 to 13kb
from the S. rolfsiistrain by RT-PCR but not by genomic PCR, and contain two ORFs, whereas betahypoviruses have a smaller
con rming that the viral sequences represented non-intégga genome size of 9.1-10.4kb and consist of a single large ORF
RNA virus sequences. To the best of our knowledge, this is thdat encodes a polyprotein. A UDP-glucosyltransferase (UGT)
rst report of a comprehensive analysis of viral diversity in adomain is present in the proteins encoded by betahypoviruses,
hypovirulentS. rolfsiistrain. Thus, our results represent a stepwhile alphahypoviruses lack this domaikiu et al. (2014)
forward in exploringS. rolfsiimycoviruses and provide insight proposed that in addition tAlphahypovirusand Betahypovirus,
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a third genus, Gammahypovirus, should be established to Like other eukaryotes, fungi can also use RNA interference
accommodate SsHV2. Here, the identi cation of SrHV1, which(RNAI) as a primary defense against virus infections, as desstri
should be classied into the same genus as SsHV2, furtherommonly in Cryphonectria parasiticanfected by the CHV1
validated the rationality to establish a Gammahypovirusugan  (Nuss, 201). When the viral genome is targeted by the host
the Hypoviridaefamily and indicated the diversity of viruses in RNAi mechanism, an overlapping vsiRNA population derived
the Hypoviridaefamily. It is worth noting that the SsHV2/SX247 from the virus can be produced. Like in plant and animal
alone could likely leads to hypovirulence and complete loskosts, 21 nt sSRNAs represent the primary class size of vsiRNA
of sclerotia production of theS. sclerotiorunhost (Hu et al., populations in mycovirus-infected fungivéegashi et al., 2016;
2019; thus, we hypothesize that SrHV1 induces hypovirulenc®onaire and Ayllon, 2017 For example, the Magnaporthe
in this S. rolfsiistrain. However, as described in this study,oryzae virus 2 (MoV2) infection in Magnaporthe oryzae results
the S. rolfsiistrain BLH-1 was coinfected by a diverse range oin the production of 21 nt vsiRNAsHimeno et al., 2010
mycoviruses, and we could not exclude the possibility theeot In our study, the sizes of most vsiRNAs that mapped to the
mycoviruses also induced host hypovirulence or acted tageth SrHV1 and SrEV1 genomes ranged from 19 to 24 nt. The
with SrHV1. To elucidate the cause-and-e ect relationship21 nt vsiRNA with 8 U bias was the most abundant vsiRNA
between individual mycoviruses and their hosts and the jpbssi species, which was in accordance with previous reports in
interactions between these coinfected viruses, furtheeasch fungi and suggested that SrHV1 and SrEV1 are targeted and
with respect to the construction of full-length infectiouBNA  processed by the host RNAI. The similarities in pattern of vsiRNA
clones and associated experiments is needed. composition between our tested SrHV1 and SrEV1 with some
Studies on mycoviruses using high-throughput sequencingther mycoviruses and plant viruses indicated that the hiegés
have recently been e ciently applied to the discovery of fuhgaof vsiRNAs in some RNA silencing pathway, in some case,
viruses Bartholomaus et al., 2016; Marzano and Domier, 2016s conserved among di erent kingdoms. Of course, di erent
Marzano et al., 2016; Deakin et al., 2017; Mu et al., ah8 plants might have various siRNA biosynthetic pathways. It has
contrast to other dsRNA extraction and cloning methods, thisbeen suggested that DCL4-dependent 21-nt vsiRNA synthesis,
approach can provide viral information for a diverse set of sgs  is the rst antiviral defense in ArabidopsisV(oissiard et al.,
belonging to di erent taxa regardless of their genome typesd an2007), whereas DCL2 often acts as a DCL4 surrogate for 22-
viral titers. For example, by deep sequencing, 18 phylogexiigtic nt vsiRNA generation Deleris et al., 2006 The percentage
distinct RNA viruses and 8 ORFans were identi ed from theof 21-nt and 22-nt vsiRNAs relies on dierent virus-plant
mushroom fruitbodies ofAgaricus bisporuSeakin et al. (2017) host associations. Therefore, DCL4 and DCL2 should work
Marzano and Domier (2016pbtained virus contigs from a redundantly or synergistically for systemic antiviraksiting. In
collection of fungal species fronColletotrichum truncatum fungi, RNA silencing against mycovirus infection has bedlyfu
Macrophomina phaseolinaDiaporthe longicolla Rhizoctonia characterized in some mycovirus/fungus systems such asein t
solanj and Sclerotinia sclerotiorum using RNA_Seq analysigungusC. parasiticaColletotrichum higginsianupandFusarium
Their analysis also revealed novel types of mycovirusesdn tlgraminearum(Segers et al., 2007; Campo et al., 2016; Yu et al.,
families Benyviridag Ophioviridae and Virgaviridae Recently, 2019. In the CHV1/C. parasiticasystem, the dicer-like (dcl-
deep sequencing was also used to identify the diversity &) and argonaute-like genes (agl-2) have been demonstrated to
mycoviruses within a fungal species collected from diversbe necessary for antiviral silencingegers et al., 2007; Zhang
geographic regions, potentially providing overall knowledgeand Nuss, 2008; Sun et al., 2DOHowever, the presence and
of viral diversity, evolution and ecology on a species scaleontribution of eachS. rolfsiiDicer protein in the biogenesis of
(Arjona-Lopez et al., 2018; Mu et al., 201k addition, when each size class of mycovirus-derived sRNAs is unknown. The
high-throughput sequencing is used for virus detection, thevirus-derived small RNA from SrHV1 and SrEV1 showed Dicer-
enrichment step, which might bias detection, is not necgssarmediated siRNA pro les, indicating a gene silencing response
High-throughput sequencing was used to detect mycoviruses oof the host against these viruses. In the present study, the 5'
the phyllosphere and the arbuscular mycorrhizal fungi catedi  nucleotide residues of vsiRNAs derived from SrHV1 and SrEV1
in the roots Ezawa et al., 2015; Marzano and Domier, 20By  all tended to be U residues instead of A, G or C, indicating
deep sequencing extracted dsRNAs, di erent mycoviral speci¢kat the vsiRNAs with $U might be enriched by sorting into
were shown to coinfect &usarium poadungal strain Osaki  special AGO-containing complexes after dicing.Arabidopsis
et al., 201} as illustrated in other fungi, such @hizoctonia dierent AGO proteins specially recognize thé preference
solani(Bartholomaus et al., 20).6These studies indicated that base of vsiRNAsNi et al., 2003 As reported inN. crassa
the known mycoviruses characterized thus far might represerargonaute-like proteins (QDE-2) are biased toward assogjat
only the tip of the iceberg of all mycoviruses in nature, anthe ~ with SRNAs with 8U terminal nucleotidesl(ee et al., 20)0We
mycoviruses might have been overlooked by traditional PCRspeculate that argonaute-like proteins that are conserveahgif
based detection approaches. Because screening viral seguend plants play a dominant role in the posttranscriptional gene
principally depends on their homology to known viruses in thesilencing (PTGS) 08. rolfsiiand other fungi.
database, the recent explosion of viral databases thaticonta The p29 of CHV1, a papain-like protease that shares sequence
enormous novel viral genome information.i(et al., 2015; Shi and functional similarities with the helper-component prosea
et al., 201p makes isolating and identifying new viruses in a(HC-Pro) of potyviruses, a symptom determinant, has been
larger host range and geographic distribution more feasible.  shown to act as an RNA silencing suppressor (RSS) in the fungal
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host (Segers et al., 200Marzano et al. (20158peculated that based on thele novassembled viral contigs. The amplicons were
SsHV2 also contains a similar symptom determinant becausenalyzed by agarose gel electrophoresis and sequenced lgy Sang
deletions in the SsHV2L and SsHV2/5472 genome regionsead $equencing.

altered sclerotia production. In our study, SrHV1 was idesdi ) .

as a novel member of the familjypoviridae like CHv1. In Ampli cation of cDNA Ends

addition, the S. rolfsiistrain BLH-1 was defective in sclerotia TO completely sequence the genomes of some of the mycoviruses,
production, and SrHV1 showed an intimate a nity with SsHv2, sequence gaps not covered by the transcriptome sequencing
both of which contain the papain-like proteinases that areelyps assembly were lled by RT-PCR ampli cation using designed
related to the CHV1-encoded p29. We presume that SrHvRrimers based on the obtained viral sequences anking the.gaps
might also have an RSS that functions to resist host antivirdihe and Pterminal sequences were elucidated using a ligase-
defenses and determines or participates in host hypovirulendgediated terminal ampli cation method as described previgusl
actions, such as growth, virulence, and sclerotia productio (Zhong et al., 2010 All of the PCR products were cloned into
However, to validate this hypothesis, additional gene fiomct the pMD18-T vector (TaKaRa) and sequenced, and every base

characterization studies are needed. was determined at least three independent times.

Small RNA Deep Sequencing and Analysis
MATERIALS AND METHODS The pooled total RNA from threeS. rolfsii strain BLH-1
Fungal Isolates, Growth Conditions and replicates was extracted. The small RNAs were puri ed from 17%

denaturing polyacrylamide gels, ligated withemd ¥ adaptors
and then subjected to small RNA library generation and lllamni
sequencing.

After the adapter sequences and low-quality reads were
removed, the data were subjected to bioinformatics anglgsid

RNA Preparation

The fungal strain BLH-1, originally isolated from a souther
blight disease-infecteM. cordataplant in the Hunan province
of China, was maintained on potato dextrose agar (PDA) a€27

Total RNA lium h ing the RN i : .
ota was extracted by mycelium harvest using the easé(aquences 18-30 nt in length were extracted. To identifywdrH

mini kit (Qiagen, Valentia, CA) and quantitatively evaludte A . .
: ) and SrEV1-derived vsiRNAs, the clean reads were respectively
using the NanoDrop ND-1000 spectrophotometer (NanoDropmaloped to the SrHV1 and SrEV1 genomes using the BLAST

Technologles,_USA). H|gh.-quallty RNAs were subjected to RNA'earch function. vsiRNA analyses, including the nucleaside,
seq. Sequencing cDNA library was constructed from pon(A)Q'

e ol A U5na e TUSHUA Sampe i ki conpoeon 11 Sk plr vt vere
(llumina, RS-122-2001). P 9 P P y

o _ _ described \(Vang et al., 2016 The data from the raw sRNA
Bioinformatic Analyses and Virus Genome reads were deposited in the NCBI Sequence Read Archive under
Identi cation accession number SRR7754484.

Bioinformatics analysis of RNA-seq data was carried outgisin

the CLC Genomic Workbench software package (CLC BioAUTHOR CONTRIBUTIONS

Qiagen, Boston, MA). Reads wede novoassembled with

Trinity (Grabherr et a|.’ ZO:D]_ The resumng Contigs were JZ and QZ conceived and deSigned the eXpel’imentS; JZZ and JZ:

compared to theS. rolfsiireference genome to subtract the performed the experiments; JZ, BDG, and HJZ: analyzed the data;

host-derived sequences and then compared against the no#ZZ: Wrote the paper.
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