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Spanning eukaryotic viruses to bacteriophages

Definitions and role of the virome

Wylie, K, et al., (2012)
Liang, G., & Bushman, F. (2021)



Concept of bacteriophage lifecycles 

Definitions and role of the virome

• Lysogenic phages can 
integrate to the 
bacterial genome and 
replicate as long as the 
bacteria replicates. 

• Lysogenic phages =  
temperate phages.  

• Prophages: Stage in 
which the phage is 
integrated in the 
genome. 

Ravieer et al., 2024



Drastic increase of the number of uViGs deposited in databases over the past years. 

Uncultivated viruses (uViGs)

Roux et al., 2023



Main techniques for analysing uncultivated viruses 

Roux et al., 2023



Depending on the approach your viral results change

Bulk metagenomics vs VLP enrichment 

• Comprehensive Sampling: Allow us to relate 
the different microbial communities within the 
environment.  

• More accurate identification of prophages 
and their host.  

• Lower Viral Specificity: hard to detect low-
abundance viruses. 

• Complex Data Analysis 

• Higher Background Noise: potentially mask of 
viral signals.

Created by Vector Place
from the Noun Project

• Misses prophages and latent viruses 

• Complex and costly sample preparation.

• Enhanced Viral Detection: More sensitive 
method for detecting viruses. 

• Reduced Background Noise: Eliminates 
most non-viral genetic material. 

• Possibility of detecting RNA viruses 



Main approaches for viral prediction 



Main approaches for viral prediction 

• k-mer analysis typically relies on 
reads as input. 

• Homology-based approaches can 
use either reads or contigs as input. 

• Machine learning and hybrid 
approaches usually require contigs 
as input, along with several 
genomic features for accurate 
prediction. 

• Phylogenetic analysis can use 
contigs or specific genes extracted 
after assembly.



Homology based approaches 

Main approaches for viral prediction 

• Use of local alignments and 
Hidden Markov Models (HMMs) 
against specific viral databases 
for precise identification of viral 
sequences. 

• Use of sliding windows to 
classify viral gene-rich regions 
and identify regions enriched in 
viral genes.

Roux et al., 2015



K-mer based approaches 

Main approaches for viral prediction 

• Use of k-mer frequency 
analysis to identify unique 
compositional patterns in viral 
sequences. 

• Comparison of k-mer profiles 
against curated databases or 
reference genomes for viral 
classification.

Wood & Salzberg, 2014



How well-known is the system you are working on and data set size as key factors

When to use homology or k-mers for read based analysis 
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Mutation Percentage 

• An increase in mutations can 
significantly affect the 
performance of k-mer-based 
tools. 

• This is particularly problematic 
for novel viruses or viruses 
without close representatives in 
the reference database, as they 
may be missed or misclassified.



Complete workflows for viral analysis: Read 
and contig-based approaches 



Key step for avoiding false positives and reducing data sizes 

Quality control for viral genomics

Non-biological 
contaminant 

removal

Primers 
Adapters 

phiX spike-in 
Vector (UniVec)

Host 
contaminant 

removal

Host genomes masked 
of viral sequences

Low-quality 
removal Cluster

97% IDQ = 20

Bbduk minimap2

Virus masked reference genomes:
•Human

•Mouse

•Rat

•Macaque


•Pig

•Bat

•Cow

•Camel

•Cat

•Dog


•Mosquito

• Tick

•C. elegans


linclustBbduk



No gold standard available

Workflow for viral analysis using contigs

• Optional steps:  

• Binning  

• Clustering



Workflow for viral analysis using reads
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Bigtable

Hecatomb main output

• Main output of taxonomic 
assignment 

•  It combines the seqtable IDs with 
their sampleID, counts, normalized 
counts, alignment information, 
taxonomic assignments and 
Baltimore classification.  

•  It is a big file,  but is designed to 
make merging with sample 
metadata, plotting, and statistical 
interrogation as easy as possible.



Summary
• Sequencing Methodology: 

• The choice of sequencing approach (e.g., bulk metagenomics, VLP enrichment) depends on the main 
scope of the project. 

• Different methodologies impact the detection of specific viruses and the estimation of viral abundance. 

• Viral Detection: 

• Viral detection should be performed carefully, applying multiple tools to increase confidence in predictions. 

• Combining complementary approaches enhances robustness. 

• Tool Selection: 

• For read-based analysis, tool selection should consider the novelty of the system. 

• k-mer-based approaches may have limitations in understudied systems due to the lack of reference data. 

• Homology-based approaches are time- and resource-intensive but are particularly useful for unknown or 
novel systems. 
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