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Definitions and role of the virome

Spanning eukaryotic viruses to bacteriophages

« Effects on human health
* Interactions with immune
system and other

pathogens

* Definition of integration
sites and gene expression

Protect the host fi fectio
trigger the develop'i‘ ent
- Effects on bacterial « Effects on human health
community structure and * Interactions with immune
metabolic potential system and other
» Association with health pathogens
and disease
Modulate bacterial
abundance
« Effects on bacterial * Association with disease
con:an;gr;ty p:t;::tﬁ:'re and * Virus characterization
me c (demonstrate pathogenic,
Tran§fer DNA ?nd * Association with health isolate and study in vitro,
modify bacterial and disease etc.)
fitness and virulence » Epidemiology
« Effects on bacterial
community structure and
metabolic potential
« |dentification of genes that
may affect human health

Liang, G., & Bushman, F. (2021) Wylie, K, et al., (2012)
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Concept of bacteriophage lifecycles
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Uncultivated viruses (uViGs)

Drastic increase of the number of uViGs deposited in databases over the past years.
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@ UViGs d
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Roux et al., 2023



Main technigues for analysing uncultivated viruses

Microbial genomes Microbial metagenomes Single viral genomes Viral metagenomes
ﬁ
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Bulk metagenomics vs VLP enrichment

Depending on the approach your viral results change

SN 2 2 2

+ Comprehensive Sampling: Allow us torelate  « Enhanced Viral Detection: More sensitive
the different microbial communities within the method for detecting viruses.

environment.

« Reduced Background Noise: Eliminates
- More accurate identification of prOthgeS Most NoN-viral genetic material.

and their host.

. Lower Viral Specificity: hard to detect low- » Possibility of detecting RNA viruses

abundance viruses.

Complex Data Analysis  Misses prophages and latent viruses

. Higher Background Noise: potentially mask of Complex and costly sample preparation.

viral signals.




Main approaches tor viral prediction

COMPUTATIONAL TOOLS FOR PREDICTING VIRAL SEQUENCES

Pros: High accuracy for
known viruses. Allows distant
homologous detection
Cons: Dependent on the

Comparing sequences

using viral databases and

Homology local alignment qguality and completeness of
reference databases. Slow
Dividing sequences into Pros: Fast and scalable.
K-mers subsequences and Cons: Detection is limiled to
comparing against DBs high identity relatives within
databases

Pros: Can detect novel
viruses. High accuracy with
well-trained models.
Cons: computational
intesnive

Training model with viral

Machine learning genomic features



Main approaches tor viral prediction

COMPUTATIONAL TOOLS FOR PREDICTING VIRAL SEQUENCES

- k-mer analysis typically relies on

Pros: Provides evolutionary reads as input.

: : context. Useful for novel
Using phylogenetic

Phylogenetic defined references to virus discovery. - Homology-based approaches can

Cons: Computationally . . .
. . . . use either reads or contigs as input.
intensive. Requires high-

quality alignments.

approaches located the query
sequences

- Machine learning and hylbrid
approaches usually require contigs
as input, along with several
genomic features for accurate
orediction.

Normally, it combines

Hybrid machine learning and . Phylogenetic analysis can use
homology approaches contigs or specific genes extracted
after assembly.




Homology based approaches

User's (meta-)genomic data
(Raw DNA sequences)

RefSeqABVir Viromes PFAM
9,735 PCs 15,673 PCs *
(79,629 proteins) (172,766 proteins)
( hmmsearch ) 34,831
l profiles
34,668 34,338 [
unclustered proteins | | unclustered proteins L blastp )
2,856 “Non-Caudovirales” genes (PCs or proteins)
826 “Viral Hallmark™ genes (PCs or proteins)
v
f Detection of viral regions / sequences
Presence of viral hallmark gene(s
Primary metrics ‘ X ‘ X ) o gone( ).
@ ® X X Enrichment in viral or non-Caudovirales genes
Depletion in PFAM affiliated genes
Enrichment in uncharacterized genes
Secondary metrics | +0..4 +1.4 +2..4 g

most

“likely”

Category 1 Category 2 Category 3
‘possible”
K confident predictions predictions

Enrichment in short genes
Depletion in strand switch

\

Roux et al., 2015

Main approaches tor viral prediction

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

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




K-mer based approaches

Query sequence

Wood & Salzberg, 2014

[ ] I e ] ) '-k-merS

Taxonomy tree

K-merto LCA mapping
(pre-computed database)

N\

Examine hit taxa
and ancestors

Classification
tree and path

Sequence classified as belonging to leaf of
classification (highest-weighted RTL ) path

Main approaches tor viral prediction

- Use of k-mer frequency

analysis to identity unigue

compositional patterns in viral

seguences.

« Comparison of k-mer profiles

against curated ¢

atabases or

reference genomes for viral

classification.



When to use homology or k-mers tor read based analysis

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

Hepatitis B virus Human gammaherpesvirus 4
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« An INcrease In mutations can

significantly affect the
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s Tool tools.
qg) 0.001 ’ ¢ & . ® diamond o . .
S ko - This is particularly problematic
s nmseds for novel viruses or viruses
= without close representatives in
© the reference database, as they
May be missed or misclassified.
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Complete workflows for viral analysis: Read
and contig-based approaches



Quality control for vira

genomics

Key step for avoiding false positives and reducing data sizes

Non-biological
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Work:

TOW

No gold standard available
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A 4

Or viral analysis using con

BINNING
\ 4
e 2 r 2 r 2
Clean ASSEMBLY Per sample Resolved
> .
reads METASPADES contigs genomes

————

Unused
contigs

PARAMETERS CT2
VIRAL PREDICTION
e Completness by topology FILTERING GENOMAD
e Completness -->10% <
e >=0.7viral score IN HOUSE l .l.
e > =3 halllmarks SCRIPT p hd N ~
Complete
Incomplete
genomes (by Prophages
genomes
topology)
r \ )
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contigs
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BLAST+ 95% IDE CHECKV
CLUSTERING CHECKV 85% COV
A 4
4 N
USED

)

105

- Optional steps:

- BINNINg

. Clustering



Worktlow for viral analysis using reads

Taxonomy Table
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Bigtable

seqlD

: A13-256-115-06_GTTTCG:8:66010
: A13-256-115-06_GTTTCG:1:66034
: A13-256-115-06_GTTTCG:1:66041
: 183-06-02-24-12_GGCTAC:1:5285 183-06-02-24-12_GGCTAC 2.1246354 aa AQA345N1W4
: 183-06-02-24-12_GGCTAC:4:5288 183-06-02-24-12_GGCTAC 8.4985414 aa AQA345MX]8
: 183-06-02-24-12_GGCTAC:6:5291 183-06-02-24-12_GGCTAC 6 12.7478122 aa AQA1LZBL70

A13-2
Al13-2
A13-2

sampleID count CPM alnType  targetlD
56-115-06_GTTTCG 6.7270249 aa AQA1LZBK65
56-115-06_GTTTCG 0.8408781 aa AQAIWSPXG9
56-115-06_GTTTCG 0.8408781 aa AQA345BQH3

nident mismatches qcov tcov gstart gend glen tstart tend tlen alnlen bits

50 24 0.949 0.186
52 22 0.949 0.247
37 20 0.701 0.257
41 35 0.979 0.563
30 21 0.654 0.073
29 21 0.600 0.362

phylum
Phixviricota
Cressdnaviricota
Hofneiviricota

: unclassified Viruses phylum unclassified Viruses class unclassified Viruses order unclassified Viruses family

Phixviricota
Phixviricota
genus
: unclassified Microviridae genus
Porprismacovirus
unclassified Inoviridae genus
unclassified Viruses genus
: unclassified Microviridae genus

: unclassified Microviridae genus

11
11
239
229
233
245

Maca

232 234 257 330 398 222 118
232 234 7 80 299 222 108

ccatomb main output

evalue pident fident

0.00000000000000000000000000003293
0.00000000000000000000000009094000
0.00000000000014019999999999999835
0.00000000000000000000601100000000
0.00000000000290199999999999995334
0.00000000548699999999999976705536

targetName taxMethod

AQA1L2BK65_9VIRU VP4
Cap

09 244 164 225 241 186 73 AQA345BQH3_9VIRU Zonula occludens toxin
2 233 43 118 135 228 94 AQA345N1W4_9VIRU Uncharacterized protein

81 234 646 696 696 153 68

96 250 76 125 138 150 60
class order
Malgrandaviricetes Petitvirales
Arfiviricetes Cremevirales
Faserviricetes Tubulavirales

Malgrandaviricetes Petitvirales
Malgrandaviricetes Petitvirales

Major capsid protein
AQA1LZ2BL70_9VIRU VP3
family
Microviridae
Smacoviridae

Inoviridae

Microviridae
Microviridae

species baltimoreType baltimoreGroup

unclassified Microviridae species ssDNA
ca mulatta feces associated virus 1 ssDNA
Inoviridae sp. sSDNA

Bacteriophage sp. <NA>

Microviridae sp. ssDNA

Gokushovirus WZ-2015a sSDNA

II
II
II
<NA>
II
IT

LCA
LCA
LCA
LCA
LCA
LCA

67.5 0.675
70.2 0.702
59.60 0.596
53.9 0.539
58.8 0.588
58.0 0.580
kingdom
Viruses
Viruses
Viruses
Viruses
Viruses
Viruses

- Main output of taxonomic
assignment

. |t combines the segtable IDs with
their samplelD, counts, normalized
counts, alignment information,
taxonomic assignments and
Baltimore classification.

. |tisabigfile, butis designed to
Mmake merging with sample
metadata, plotting, and statistical
interrogation as easy as possible.




oummary

- 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.
e Viral Detection:
. Viral detection should be performed carefully, applying multiple tools to increase confidence in predictions.
- Combining complementary approaches enhances robustness.
e 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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