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Grapevine trunk disease (GTD) is one of the most impor-
tant problems for the grapevine industry in all major grape-
growing countries. Like dieback caused by Eutypa lata and 
Esca syndrome, Botryosphaeria dieback, associated with 
various members of the family Botryosphaeriaceae takes a 
toll on grapevines [1]. Among the possible disease-control 
strategies, the use of biocontrol agents appears to be a very 
promising way to prevent the spread of GTD [2]. Despite 
the fact that fungal viruses are often associated with 
asymptomatic infections, some of them have been shown 
to affect the biological properties of their fungal host [3]. 
Hypovirulence-associated mycoviruses have been charac-
terized from Botryosphaeriaceae fungi. In Botryosphaeria 
dothidea, two mycoviruses conferring hypovirulence have 
been discovered so far: a new member of the family Chrys-
oviridae, Botryosphaeria dothidea chrysovirus 1 [4], and a 
novel double-stranded RNA virus, Botryosphaeria dothidea 
RNA virus 1 [5].

Neofusicoccum luteum is one of the fungal spe-
cies belonging to the family Botryosphaeriaceae that 
is involved in GTD [6]. In order to better understand the 
life-history traits of this fungal pathogen, the presence of 
mycoviruses was investigated. A recent study reported the 
discovery and characterization of a mitovirus infecting N. 
luteum [7]. In this paper, a novel mycovirus belonging to 
the proposed family Fusariviridae [8, 9] was characterized 
from an isolate of N. luteum and tentatively named “Neofu-
sicoccum luteum fusarivirus 1” (NlFV1).

Double-stranded RNA (dsRNA) was purified from 
mycelium of N. luteum (NL-37) that had been collected 
from symptomatic canes of Vitis vinifera in 1996 and cul-
tivated as reported previously [10], and it was analyzed 
by Illumina sequencing following a previously described 
multiplexing strategy [7]. After demultiplexing and qual-
ity trimming steps, the reads were assembled into 253 
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contigs, which were further analyzed by BlastN and BlastX 
comparisons with the GenBank nr database. In addition 
to a contig of 1.2 kb (2.3% of total reads) corresponding 
to the recently described Neofusicoccum luteum mitovi-
rus 1 (NlMV1) [7], a unique contig of ca. 6.2 kb integrat-
ing 82.7% of the total reads was found to have significant 
similarity to Macrophomina phaseolina single-stranded 
RNA virus 1 (MpSRV1; KP900890) [11], a member of 
the newly proposed family Fusariviridae. The two ends of 
the viral genome were determined using a rapid amplifica-
tion of cDNA ends (RACE) strategy (Takara Bio Europe/
Clontech, Saint-Germain-en-Laye, France) with internal 
primers designed from the contig and dsRNA as template. 
The completed genome sequence has been deposited in the 
GenBank database (KY906213).

The viral genome is 6,244 nt long excluding the polyA 
tail and, in addition to two short non-coding regions at the 
5’ and 3’ ends (46 and 38 nt long, respectively), contains 
two open reading frames (ORFs), encoding polypeptides 
of 1,554 and 475 aa, respectively (Fig. 1a). Conserved 

RNA-dependent RNA polymerase (RNA_dep_RNAP, 
cd01699) and RNA helicase (Helicase _C, pfam00271) 
domains typical of single-stranded positive-sense RNA 
viruses were detected in the ORF1-encoded polypeptide 
using the conserved domain search program on the NCBI 
website, with significant e-values  (1e−15 and  1e−4, respec-
tively; Fig. 1a). Moreover, a phylogenetic analysis of the 
putative replicase showed that it clusters with very high 
bootstrap confidence with members of the newly pro-
posed family Fusariviridae (Fig. 1b). The amino acid 
sequence identity level of the putative replicase and the 
corresponding proteins of Fusariviridae members is lim-
ited and reaches a maximum of 55% when compared with 
the MpSRV1 replicase (Table 1). The ORF2-encoded pro-
tein is even more distant, with only 38% aa sequence iden-
tity to the MpSRV1 ORF2 product (data not shown). No 
conserved domain was detected in this protein, raising the 
question of its role. The genomic organization of fusari-
viruses tolerates some flexibility in the number of ORFs, 
although most of them contain two ORFs (Table 1). In the 
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Fig. 1  Genomic organization and phylogenetic relationships of Neo-
fusicoccum luteum fusarivirus 1 (NlFV1). (a) Schematic represen-
tation of the genome organization of NlFV1. Open reading frames 
(ORF) are represented by boxes. The sizes of the deduced proteins 
and of the 5’ and 3’ untranslated regions (UTR) are indicated in 
amino acids and nucleotides, respectively. Conserved RNA-depend-
ent RNA polymerase (RdRp) and RNA helicase (Hel) domains in 
the ORF1-encoded protein are represented by striped shading, with 
the e-values associated with their identification using the conserved 
domain search program on the NCBI website. (b) Neighbor-join-
ing phylogenetic tree constructed using the complete amino acid 

sequences of RNA-dependent RNA polymerases from known and 
putative Fusariviridae members. The tree was constructed using 
strict identity distance, and the statistical significance of branches 
was evaluated by bootstrap analysis (1,000 replicates). Only values 
higher than 70% are indicated. The scale bar represents 10% amino 
acid sequence divergence. The sequence of the NlFV1 is indicated 
by a black star. Some viruses included in the phylogenetic analysis 
are not yet classified as Fusariviridae members in NCBI database, 
but sequence analysis suggests that they could be considered putative 
fusariviruses
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case of the new virus reported in this study, no ORFs other 
than those shown in Fig. 1a were detected. As for other 
reported fusariviruses, homology searches failed to detect 
any viral coat protein domain. Since the family Fusariviri-
dae has not been approved and ratified so far by the Inter-
national Committee on Taxonomy of Viruses, there are no 
species or genus demarcation criteria defined for this fam-
ily; however, considering the high divergence of the new 
virus reported here from other fusariviruses and other viral 
sequences in the GenBank database, we suggest that the 
virus infecting N. luteum NL37 should be considered a 
member of a novel species belonging to the proposed fam-
ily Fusariviridae, for which the name of Neofusicoccum 
luteum fusarivirus 1 (NlFV1) is proposed.

The N. luteum NL37 strain in which NlFV1 was detected 
was found to be co-infected with a recently described mito-
virus (NlMV1) [7], suggesting that mycoviruses are not 
rare in members of this Botryospheriaceae species. Ques-
tions remain about their effect on the host phenotype. Some 
of the putative fusariviruses characterized so far are thought 
to be latent. This is the case for Rosellinia necatrix fusarivi-
rus 1, Sclerotinia sclerotiorum fusarivirus 1, and Alternaria 
brassicicola fusarivirus 1, infections with which have been 
shown to have no biological effect on their host [8, 12, 13]. 
Only one example of a hypovirulence-associated fusarivi-
rus has been described so far: Fusarium graminearum virus 
DK-21, which has been shown to alter several virulence 
traits of infected Fusarium graminearum [14]. No bio-
logical data are available for the eight remaining putative 

fusariviruses, which were characterized only molecu-
larly [9, 11, 15, 16]. Concerning the N. luteum fusarivirus 
described here, the NL37 strain of N. luteum in which it 
was detected is multiply infected by at least a mitovirus [7], 
further complicating any efforts to associate a particular 
phenotype with the presence of a specific virus. Additional 
experiments are clearly needed to investigate the effect of 
viral infection on biological traits of the host, such as a 
comparative study using cured or virus-free fungal strains.
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