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Viruses

The most diverse and numerous genetic entities on Earth

About 1031 viruses on Earth

Number of sand grains: 1018
Number of bacterial cells: 1030

About 50 viral species infect one mammalian species
About 5 thousands mammalian specie are known; There are about 300 mammalian infecting viral species

Currently, about 7 thousands viral species are recorded in ICTV
This is a portion of entire virome on Earth
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Virus evolutions and involvement to the cellular life

 Horizontal gene transfer

 Viruses possibly transfer genes between species
 Evolutional arms race

 Host evolves immune system, and viruses evolve to counter or escape it
* Intriguing origin(s) of viruses

 Viruses likely have multiple origins, and they are very old

To understand the evolution of viruses, we need diverse viral genomes
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Metagenome contains viral genetic informations

AATACCTGCCTGTCACGCAGGGGGTCGCGGGTTCGAGTCC...

CAGTGTAATGTCAAGATAAACTTGGGACAGCTCATTA...
TTATCGAATCCCTCAGCACGGGCCAGGGAAA...

Metagenome is a mixture of all organisms and viruses in the sample

How do we identify viral genomes from metagenome? s



Difficulties to infer viral genomes

There Is no gene shared across all viral lineages

Cellular life share genes such as ribosome

Unlike cellular life, we cannot define a marker gene
for viral genomes
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CRISPR is a prokaryotic adaptive immunity

Origin of spacers (protospacers)
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Using CRISPR spacers, we can identify viral genomes from metagenome
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Metagenome reads

Detect CRISPRs

Genome assembly

Collect spacers

Contigs




Applying graph-based method to extract CRISPR targeted sequences
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Result

Analyzed 11,817 human gut metagenome dataset (50.7 Tb)
Assembled 180,068,349 (767.7 Gb) contigs
Detected 11,223 CRISPRs
Extracted 1,969,721 CRISPR spacers

Using them, we detected 11,391 CRISPR targeted sequences

e 257 crAssphage

* 5 huge phages (> 200 kb)
766 Microviridae

e 56 Inoviridae

We also identified the hosts of 7,937 (69.7%) CRISPR targeted sequences
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Length distribution of discovered genomes
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Coding ratio

1.0

0.8

0.6

0.4

0.2

0

Classification of discovered CRISPR targeted sequences

116 (4.54%)

Large (>

@ Caudovirales

Large (> 20 kb)
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® Inoviridae
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Unclassified Caudovirales
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Predicted hosts

NA (2,036)

Firmicutes (3,790)

Ambiguous (1,418)

Actinobacteria (1,181)
Euryachaeota (1) SRR

Bacteroidetes (2,847)

Verrucomicrobia (3)

Fusobacteria (10) /

Proteobacteria (105)




Discovered numerous uncharacterized genomes

Hierarchical clustering based on gene components

W DNA polymerase A MDNA polymerase Y

Capsid

Tail WPortal MConjugation-related

W DNA polymerase B M RNA polymerase subunits " Terminase large subunit M Antirestriction
M DNA polymerase lll subunits M Reverse transcriptase M Terminase small subunit MiIntegrase
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Phylogeny of Microviridae species

Host phylum

Bacteroidetes

Gokushovirinae Bog1183 53

Firmicutes

Chimpanzee faeces associated microphage 1
Chimpanzee faeces associated microphage 3

i

oo stusid \4.;),.,..,.._.

Lynx canadensis associated microvirus CLP 9413 a

Proteobacteria

Chimpanzee faeces associated microphage 2

Microviridae phi-CA82

S?woplasm? virus SpV4 .

Alces alces faeces associated microvirus MP10 55
Alces alces faeces associated microvirus MP12 54
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irin: 7875
Gokushovirinae Fen672 3
3058989
ia phage CPG1
ia phage 2
hlamydia virus Chp1
Microviridae Bog1249 12
Microviridae Fen4707 41

Alces alces faeces associated microvirus MP21 4718

2
1
2
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Parabacteroides phage YZ-2015a

icroviridae Fen685 11
S icroviridae Fen7895 21
croviridae Bog5275 51
croviridae Fen7786 21
icroviridae Fen418 41
crovir Fen2266 11
E croviridae Bcg79017 22
- 19 L —cccccccc-T-ccC croviridae Fen7918 21 . ) L
ces alces faeces associated microvirus MP15 5067 .

X
Lepus americanus faeces associated microvirus SHP1-6;

Alces alces faeces associated microvirus MP3 6497

scneric ia pﬁage G4
scherichia ph agquDN
scherichia virus phiX174

herichia phage St-1
River basin pequenovirus




Summary

Discovered about 10 thousands CRISPR targeted genomes
Substantial portion of them encode capsids

70% of them were host resolved at phylum level
Discovered many novel small genomes

Next steps

* Further inspection of novel genomes
 Discover RNA viruses and archaeal viruses
 Construct database for viral genomes and proteins




