VIRCONT

Computational Methods
to Explore Viral Species from
Wastewater Metagenomics Data.
Natàlia Timoneda123, Joel Sabaniego12, Xavier Fernandez-Cassi3,
Rosina Girones3, Josep F Abril12
1 Departament de genètica, Universitat de Barcelona, Av Diagonal 643, 08028 Barcelona, Catalunya, Spain.
2 Institut de Biomedicina (IBUB), Universitat de Barcelona, Av Diagonal 643, 08028 Barcelona, Catalunya, Spain.
3 Departament de microbiologia, Universitat de Barcelona, Av Diagonal 643, 08028 Barcelona, Catalunya, Spain.

Summary

approximately 40% of all diarrhea, being the third leading infectious cause of death worldwide,
cases are unknown etiology.
Our main objective is expand the list of known viruses present in urban sewage using
metagenomics analyses. For that, we have generated a customized protocol to analyses viral
wastewater data from NGS (MiSeq Illumina); and have had to adjust the parameters for the distinct
bioinformatics tools used. Roughly; main steps of this protocol include standard cleaning of the raw
metagenomics sequences, ﬁltering most informative ones and performing search in order to detect
known species. After that, unmapped sequences, at both levels raw reads and assembled contigs,
may correspond to novel variants or species; so the sequences candidates are classiﬁed to
facilitate the posterior experimental validation and markers selection.

Treated wastewater is increasingly recognized as a resource of water nutrients and is
reused in
industry, for landscape irrigation, aquifer recharge and, especially in
Mediterranean Europe, also for irrigation of fresh produce for human consumption.
Wastewater contains many potential well known pathogenic bacteria and viruses; but
also other potential emerging bacterial and viral pathogens largely unknown.
Although ICTV recognized 2243 viral species to date, the most recent estimates
determine that we have identiﬁed and characterized less than 0.1% of the viruses present
on this planet. However this number itself is likely a gross underestimate. For instance,

1. Preparation sample for Illumina.
10 L Raw
sewage sample

Nextera- MiSeq
Illumina

Skimmed
ﬂoculation method

DNAse
treatment

PCR ampliﬁcaion (40 cicles)
& amplicons concentration

Viral
extraction

2. Pre-analysis of the samples,
cleaning and trimming.
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Raw sequences were processed with the FASTX software. To analyze the
quality and nucleotide distribution statistics, to remove barcodes or noise,
sequencing adapters/linkers,and ﬁnally sequences were trimmed based on

Sequenase

3. K-mer complexity.
To analyze the sequence complexity (mostly to remove repetitive
sequences), Trifonov's linguistic complexity and compression ratio
were calculated. Reads were ﬁltered with a lineals model
deﬁned by a line 5% under the slope of 45º with respect the
inﬂexion point of the parameters provided by the k-mer analysis.
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5.Sequence assembly.
Reads that passed all the prepocessing steps were assembled
into contigs using MetaVelvet (version 1.2.10). The singletons and
contigs ﬁles were merged for each sample and a set of viral
assembled sequences was created. Those sequences were
annotated by BLASTN over viral and phage genomes database.
Sequences without signiﬁcant hits were classiﬁed as
“unassigned”.On the basis of the best BLAST result, sequences
were classiﬁed into their likely taxonomy groups of origin too.
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6.Bowtie alignment and
metagenome coverage analysis.
Filtered reads were aligned with Bowtie2 (version 2.2.2) against the viral
genomes database and processed with samtools (version 0.1.18).
Coverage ratio over genome was compared against local peaks to
discard sequencing and assembly artifacts.
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BLASTn vs viral genomic
BLASTn vs GenBank nr

After trimming, clipping and complexity ﬁltering, sequences
were sequentially compared against: (I) GenBank nr
database using BLASTN; (II) viral and phage genome
databases using BLASTN. Sequences with no signiﬁcant hit
were classiﬁed as “unassigned”. On the basis of the best
BLAST result and 90% coverage cutoﬀ, sequences were
classiﬁed into their likely taxonomic groups of origin.

