
Draft Genome Sequence of Tombunodavirus UC1
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We report here the draft genome sequence of tombunodavirus UC1 assembled from metagenomic sequencing of organisms in
San Francisco wastewater. This virus shares hallmarks of members of the Tombusviridae and the nodavirus-like Plasmopara
halstedii and Sclerophthora macrospora viruses.
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Tombusviridae and Nodaviridae are both families of single-
stranded RNA viruses that demonstrate a wide range of host

organisms (1, 2). While performing weekly metagenomic se-
quencing of organisms in San Francisco wastewater, we assembled
a contig of 4,244 nucleotides that by BLASTx aligned 35% at the
amino acid level to the RNA-dependent RNA polymerase of the
tombusviruses olive latent virus 1 and tobacco necrosis virus and
57% at the amino acid level to the coat protein of the nodavirus-
like Plasmopara halstedii virus A (3). In addition to these align-
ments, the first portion of the contig aligned to pfam08500, rep-
resenting the p33 replication accessory protein from the
Tombusviridae family (4). The genome size of 4,244 nucleotides is
consistent with that of other members of the Tombusviridae fam-
ily, which range from 3.6 kb to 4.8 kb.

We have given the name tombunodavirus UC1 to this virus due to
its sequence identity to members of both the nodavirus and tombu-
virus families, although it appears the viral genome is monopartite,
like a tombusvirus. The contig contains three separate open reading
frames (ORFs) in the standard genetic code of 888, 1,482, and 1,353
nucleotides with an overlap of 29 nucleotides, while in a more per-
missive ciliate genetic code, as the dominant host organism present in
the sample, it contains two ORFs of 2,493 and 1,626 nucleotides,
representing the unique origins of the two ORFs, which overlap by
164 nucleotides. Members of the Tombusviridae family infect plants,
while members of the nodavirus family infect a broad array of organ-
isms, including fish and insects. The host organism of tombunodavi-
rus UC1 is currently unknown.

This viral genome was recovered from a wastewater sample from
25 January 2010 that was taken after a large rainstorm left �5 in. of
rain over the preceding week. This same sample also contained novel
ciliate and marine RNA viruses and phages (5–7). Sample processing
was performed on 1 liter of wastewater that was concentrated to
�5 ml, with particles between the size of 0.22 �m and 300 kDa using
Millipore Pellicon XL 300-kDa filters and 0.22-�m spin columns.
Nucleic acid was extracted using the Zymo Viral DNA/RNA kit, and
half of the recovered nucleic acid was treated with DNase. The contig
was discovered and assembled using PRICE version 1.0 and SURPI
version 1.0 from a total of 15,719,690 paired-end 65-bp reads se-
quenced on an Illumina GAIIx split between these DNAsed and un-
treated nucleic acid preparations (8, 9). The average coverage of the
tombunodavirus contig was 5,089� with coverage 2.4� higher in the

DNAsed library than that in the untreated library, consistent with an
RNA genome.

Nucleotide sequence accession number. The GenBank acces-
sion number for tombunodavirus UC1 is KF510030.
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Draft Genome Sequence of Picalivirus D Recovered from San
Francisco Wastewater

Alexander L. Greninger,a,b Joseph L. DeRisia,b
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We report here the draft genome sequence of picalivirus D, a member of picalivirus, a picorna-like superfamily, and likely mem-
ber of the order Picornavirales, assembled from metagenomic sequencing of organisms in San Francisco wastewater. This virus
likely constitutes a novel genus within the picalivirus family.
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The picorna-like superfamily is a rapidly expanding taxonomic
unit of positive-stranded RNA viruses with conserved RNA-

dependent RNA polymerase (RdRp), capsid, and helicase proteins
that have a broad host range, including animals, plants, and in-
sects (1–3). Picalivirus is an unassigned member within the
picorna-like superfamily that consists of three viral genomes that
were originally described in a worldwide survey of sewage en-
riched for viral particles (4). While originally described as having
sequence motif hallmarks of both Picornavirales and Caliciviridae,
picaliviruses increasingly appear to be members of the Picornavi-
rales order.

While performing weekly metagenomic sequencing of organ-
isms in San Francisco wastewater, we assembled a 9,570-
nucleotide contig, which we are naming picalivirus D. This contig
aligned by BLASTx to all three members of picalivirus. Picalivirus
D consisted of two open reading frames (ORFs) of 7,023 and 2,238
nucleotides containing the nonstructural and structural proteins,
respectively. This genome is 604 nucleotides longer than the com-
plete genome of picalivirus A, which was attained by 5= and 3=
rapid amplification of cDNA ends (RACE) (4). The RdRp portion
of the first polyprotein of picalivirus D demonstrated 31 to 35%
amino acid identity to picaliviruses A to C, with 27% amino acid
identity to the predicted ABC ATPase/helicase of picalivirus A (the
only other picalivirus with a sequence from that region). The cap-
sid polyprotein aligned with 27 to 30% amino acid identity across
the entirety of the polyprotein to picaliviruses A to C. The remain-
ing highly ranking BLASTx hits to the picalivirus D genome all
derived from the Picornavirales order, such as Taura syndrome
virus, chicken picornavirus 1, Aurantiochytrium single-stranded
RNA virus 01, and cricket paralysis virus.

The viral genome was discovered and assembled using PRICE
version 1.0, Geneious version 8.0 Assembler, and SURPI version
1.0 from a total of 15,719,690 paired-end 65-bp reads sequenced
on an Illumina GAIIx split between these DNAsed and untreated
nucleic acid preparations (5, 6). The average coverage of the three
contigs using all reads from the sample was 294�.

The original sample was taken from wastewater on 25 January
2010, after a large rainstorm that left �5 inches of rain over the

preceding week. Sample processing was performed on 1 liter of
wastewater that was concentrated to �5 ml with particles between
the sizes of 0.22 �m and 300 kDa using Millipore Pellicon XL
300-kDa filters and 0.22-�m spin columns. The sample was
treated with micrococcal nuclease, nucleic acid was extracted us-
ing the Zymo viral DNA/RNA kit, and half of the recovered nu-
cleic acid was treated with DNase. Other RNA viruses discovered
in this sample include ciliovirus, brinovirus, laverivirus, tom-
bunodavirus, and several other marine RNA viruses and phages
(7–9).

Nucleotide sequence accession number. The GenBank acces-
sion number for picalivirus D is KF478837.
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Draft Genome Sequence of Laverivirus UC1, a Dicistrovirus-Like RNA
Virus Featuring an Unusual Genome Organization

Alexander L. Greninger,a,b Joseph L. DeRisia,b
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We report the draft genome sequence of Laverivirus UC1, assembled from San Francisco wastewater. This dicistronic RNA virus
bears some similarity to dicistroviruses; however, it appears to have a unique genome organization relative to all other known
RNA viruses.
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The picorna-like superfamily is a taxonomic unit of positive-
stranded RNA viruses with conserved RNA-dependent RNA

polymerase (RdRp), capsid, and helicase proteins that infect a
broad range of hosts, including animals, plants, and insects (1–3).
While performing weekly metagenomic sequencing of San Fran-
cisco wastewater, we assembled a contig of 8,440 nucleotides that
yielded BLASTx alignment to the RNA-dependent RNA polymer-
ase of the dicistrovirus Solenopsis invicta virus-1 (30% amino acid
identity), the ATPase/helicase of the dicistrovirus Formica exsecta
virus 1 (26% amino acid identity), and the capsid protein of the
dicistrovirus aphid lethal paralysis virus (23% amino acid iden-
tity) (4, 5). The genome appears dicistronic encoding for two sep-
arate open reading frames (ORFs) in the standard genetic code of
2,094 and 5,604 nucleotides. However, unlike the dicistroviruses,
the first ORF encodes for the RHV-like and CRPV-like capsid
proteins, while the second ORF encodes for the ATPase/helicase
and RNA-dependent RNA polymerase, similar to a dicistronic
picorna-like superfamily organization. This differs from Dicistro-
viridae members that have the two ORFs in the opposite configu-
ration (6). Noncoding regions include a 5= untranslated region
(UTR) of 493 nucleotides, an intergenic region of 162 nucleotides,
and a 3= UTR of 85 nucleotides.

We have given the name Laverivirus UC1 to this virus due to its
discovery in wastewater and the Latin root “laver” for a water
basin, as well as the lack of a known host. The host organisms of
dicistroviruses are arthropods, though given the unique genome
organization of Laverivirus this may not be the case. Of note, the
plurality of nonchordate eukaryotic reads in the non-DNAsed
sample aligned to the mountain pine beetle Dendroctonus pon-
derosae (7, 8). In the DNAsed sample, 3,512 reads were recovered
to picornaviridae, including hits to human pathogens enterovirus,
cardiovirus, parechovirus, Aichi virus, and salivirus (9–14).

This viral genome was recovered from a wastewater sample
that was taken on 25 January 2010, one week after a large rain-
storm. This same sample also contained novel ciliate and marine
RNA viruses, along with a new picalivirus (15–18). Sample pro-
cessing was performed on 1 liter of wastewater that was concen-
trated to �5 ml with particles between the sizes of 0.22 �m and

300 kDa using Millipore Pellicon XL 300-kDa filters and 0.22-
micron spin columns. The sample was treated with micrococcal
nuclease, and nucleic acid was extracted using a Zymo Viral DNA/
RNA kit; half of the recovered nucleic acid was treated with
DNase. The contig was discovered and assembled using PRICE
version 1.0 and SURPI version 1.0 from a total of 15,719,690
paired-end 65-bp reads sequenced on an Illumina GAIIx split
between these DNAsed and untreated nucleic acid prepara-
tions (19, 20).

Nucleotide sequence accession number. The GenBank acces-
sion number for Laverivirus UC1 is KF510029.
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