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Abstract

Using random high-throughput RNA sequencing, the complete coding sequence of a novel picorna-like virus (a 9,228-nt
contig containing 212,202 reads) was determined from a blackbird (Turdus merula) infected with Usutu virus. This sequence
shares only 36% amino acid sequence identity with its closest homolog, arivirus 1, (an unclassified member of the order
Picornavirales), and shares its dicistronic genome arrangement. The new virus was therefore tentatively named “blackbird
arilivirus” (ari-like virus). The nearly complete genome sequence consists of at least 9,228 nt and contains two open reading
frames (ORFs) encoding the nonstructural polyprotein (2235 amino acids) and structural polyprotein (769 amino acids). Two
TagMan RT-qPCR assays specific for ORF1 confirmed the presence of high levels of this novel virus in the original sample.
Nucleotide composition analysis suggests that blackbird arilivirus is of dietary (plant) origin.

As in other European countries, passive surveillance dem-
onstrated the circulation of Usutu virus in blackbirds and
other wild and captive birds in Belgium in 2016 and 2017
[3, 11]. The original purpose of this study was to determine
the complete genome sequence of an Usutu virus strain
from a blackbird that had been found dead after display-
ing neurological symptoms in August 2017 in Brussels and
had tested positive by real-time RT-PCR. A pool of brain,
lung and intestinal tissue was homogenized (10% [wt/vol])
in 1x phosphate-buffered saline and pretreated by passage
through a 0.45-uM-pore-size filter and nuclease treatment
[10]. RNA was extracted using a NucleoSpin RNA Virus kit,
(Macherey Nagel), followed by DNase treatment (TURBO
DNase, Thermo Fisher Scientific). cDNA was synthesized
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using SuperScript IV reverse transcriptase (Thermo Fisher
Scientific) and random hexamer primers, followed by syn-
thesis of double-stranded cDNA using the NEBNext mRNA
Second Strand Synthesis Module (New England Biolabs).
A sequencing library was prepared using a Nextera XT
kit (Illumina) and sequenced using a MiSeq Reagent Kit
version 3 (Illumina) with 2 X 300-bp paired-end sequenc-
ing. Raw sequence data were trimmed using Trim Galore!
(q =30, 1 = 50, paired; https://www.bioinformatics.babra
ham.ac.uk/projects/trim_galore/). A random paired subset
(2 X 50,000 reads) was used for de novo assembly using
SPAdes v3.9.0 [1] and IVA v1.0.0. [5]. Contigs longer
than1000 nt were identified in a BLASTn search, followed
by a BLASTXx translated search if no nucleotide-level simi-
larities were found. The full trimmed dataset was mapped
to relevant contigs using BWA-0.6.2 [8]. In addition to a
10,998-bp contig representing the complete Usutu virus
genome (46,925 reads; average coverage, 848x, reported
elsewhere), a 9,228-bp contig (212,202 reads; average cov-
erage, 4681x; Fig. 1) represented a novel virus. This contig
shared only 36% amino acid sequence identity with arivirus
1, a highly divergent member of the order Picornavirales
that was discovered recently in human diarrhea samples
[4]. This sequence is likely to represent the nearly com-
plete genome. Two TagMan RT-qPCR assays specific for
the putative ORF1 of this picorna-like virus (Supplemen-
tary Table 1) confirmed the presence of high levels of viral
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Fig. 1 Genome coverage and organization of blackbird arilivirus. Hel, RNA helicase; PRO, 3C cysteine protease; RdRp,
RNA-dependent RNA polymerase; Rhv, picornavirus capsid protein

nucleic acid (Ct, 20.07-22.21) in the original sample. A ret-
rospective screening of 47 archived blackbird samples col-
lected in 2016-2017 failed to consistently identify additional
positive cases. Only eight weakly positive brain and intesti-
nal samples (Ct, 32.92-38.48) were identified using the RT-
gPCR assay targeting the RARp domain, while the assay
targeting the protease domain was negative for all tested
samples. However, the samples available for retrospective
testing mostly consisted of brain tissue, which may have
contributed to the low detection rate. The complete coding
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sequence of this virus, which we have tentatively named
“blackbird arilivirus” (ari-like virus), has been deposited in
the GenBank database under accession number MG662717.

Two ORFs, separated by a short intergenic region of 11 nt,
were identified and found to be homologous to the putative
arivirus nonstructural polyprotein ORF (2235 amino acids) and
the structural polyprotein ORF (788 amino acids), respectively.
Conserved sequence elements were predicted using NCBI’s
conserved domain database [9], Pfam [2] and Phyre2 [6].
ORF1 displays the typical picornaviral replication block layout
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with the predicted domains showing 49, 30 and 46% amino
acid sequence identity to the RNA helicase (Hel), proteinase
(PRO), and RNA-dependent RNA polymerase (RdRp) non-
structural protein domains, respectively, of arivirus 1. ORF2
displays two Rhv-like picornavirus capsid domains (show-
ing 46 and 33% amino acid sequence identity, to arivirus 1)
(Fig. 1). The order Picornavirales is a rapidly increasing taxo-
nomic unit of positive-stranded RNA viruses with a wide range
of hosts including invertebrates, plants and vertebrates [7]. We
performed a nucleotide composition analysis as described pre-
viously [12], including in our database members of the order
Picornavirales that infect avian hosts. This analysis suggested
that blackbird arilivirus is probably of plant origin (Fig. 2).
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