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What is a virus?



A B C

A virus or not a virus?

D E F

G

https://tinyurl.com/ebame-virus 

https://tinyurl.com/ebame-virus


Example A: poliovirus

capsid or coat made of different proteins

genetic information as single segment of RNA

viralzone.expasy.org

(+)ssRNA molecule
enteroviruses 7-
8.5 kb
polyprotein



Examples B & C: Staphylococcus 
cell and bacteriophage

virus = bacteriophage
most commonly detected virus in 
metagenomics

Tailed bacteriophages (Caudoviricetes)
protein coat + genetic material (dsDNA) 
linear dsDNA molecules
can be circularly permuted, have 
cohesive overhangs, or terminal repeats
~15 - > 500 kb



Examples D & E: red blood cells 
and ebolavirus

very large virion (970 nm long)
(-)ssRNA genome 
18-19 kb



Example F: Mimivirus

Giant virus structure (visible with normal light microscope)
dsDNA genome, linear molecule, Mimiviridae genomes 350 kb – 1.2 Mb



Example G: Pandoravirus

particle 1 µm long
Pandoravirus salinus has the largest known virus genome: 2.4 Mb
linear dsDNA



How does this diversity impact 
viromics or viral metagenomics? 



Different particle sizes: 20 nm - > 1µm

Different capsid structures

Different genome types: ssDNA, dsDNA, (+/-)ssRNA, dsRNA

Different genome sizes: ~1,300 - > 2,000,000 nt

Segmented genomes

Linear or circular

No conserved marker gene across the virosphere

No shared evolutionary origin

BUT, majority of viruses <200 nm and genomes <200 kb

Problems!
Everything you do creates a bias



Viromics

separate virus community 
from cellular material

nucleic acid extraction sequencing



Roux et al, Nature Biotechnology, 2019, Minimum Information about an Uncultivated 
Virus Genome  



Quick & “dirty” analyses: read profiling









Gold standard: vOTU approach



What is a vOTU?

Roux et al, Nature Biotechnology, 2019, Minimum Information about an Uncultivated Virus Genome  

Viromes:
>95% ANI over >85% of alignment: vOTU
~ tailed phage species

assembly

dereplication



What if not all contigs are viral?

è virus mining







input data: assemblies outputs: 
list of contigs
list of probable contigs
fasta files with predictions

virus mining magic



How do we know the virus genomes are complete?

Roux et al, Nature Biotechnology, 2019, Minimum Information about an Uncultivated 
Virus Genome  



https://bitbucket.org/berkeleylab/checkv/src/master/
Nayfach et al, 2020, Nature Biotechn

https://bitbucket.org/berkeleylab/checkv/src/master/


Cohesive ends Terminal repeats

Phage genome examples: defined ends 



pac sites: start fixed, end randomheadful packaging: random ends

Dickeya phage LIMEstone1, Adriaenssens et al 2012, PLoS ONE Escherichia phage P1, Lobocka et al 2004, J. Bact.
Merrill et al, 2016, BMC Genomics

Phage genome examples: circularly permuted genomes



Segmented genomes: what the...?
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Adriaenssens et al, 2021, Water Research



No tool is perfect!
Bias is everywhere



Kieft & Anantharaman, 2022



https://mattiapandolfovr.github.io/MetaPhage 

A  reads-to-report pipeline for the analysis of the 
viral component of metagenomes

https://mattiapandolfovr.github.io/MetaPhage


Reconstructed genome 1

Read coverage information

Reconstructed genome 2

Compare 
abundance

Reconstructed genome 3
Decision on 
detection

Reconstructed genome 1



Can we use these outputs in anvi’o?



Adriaenssens et al, 2021, Water Research: analysis with Anvi’o v5 and v6 



Sapovirus



Outputs so far:
- viral profile from reads 
- set of viral contigs/genomes
- estimates of completeness
- relative abundances 


