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研 究 成 果 の 概 要 

 2022年度アメリカ人類遺伝学会年会に参加し、CRISPR免疫記憶を利用したファージゲノム検出法

の研究成果をポスター発表した。人類遺伝学及び微生物学の専門家と研究内容と結果についての詳

細な議論を行った。議論を通して発表者は RNAウイルスの発掘や、新規ファージの同定法について

新しい知見を得た。またアメリカ合衆国における人類遺伝学の最先端の研究発表を聴講し、多くの

新規知見を得た。 



Comprehensive discovery of CRISPR-targeted sequences in 
the human gut metagenome
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The most diverse and numerous genetic entities on Earth

About 1031 viruses on Earth

Number of sand grains: 1018 

Number of bacterial cells: 1030

Known viruses

PLOS Comp Biol. 2021 https://doi.org/10.1371/journal.pcbi.1009428

STAR Protocols 2022 https://doi.org/10.1016/j.xpro.2022.101525

Introduction

How do we identify viral sequences from metagenomes?

AATACCTGCCTGTCACGCAGGGGGTCGCGGGTTCGAGTCC…

CAGTGTAATGTCAAGATAAACTTGGGACAGCTCATTA…

TTATCGAATCCCTCAGCACGGGCCAGGGAAA…

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

Metagenome contains viral genomes

From metagenome we can discover 
diverse viral genomes

How do we extract viral 
sequences from metagenome?

Using CRISPR spacer, we can 
extract viral genomes from 

metagenome.
Pros


• Does not rely on a reference genome

• We can infer the CRISPR-targeting hosts using the 

CRISPR direct repeats

Cons


• CRISPRs target non-viral mobile genetic elements too

Viruses (phages)

Prokaryotic cell

Chromosome

Phage DNA

+

Expression

RestrictionAcquisition

CRISPR

Using CRISPR spacers, we might be able to identify viral genomes from metagenome

Origins of spacers (protospacer)

CRISPR

Spacers

CRISPR is a prokaryotic adaptive immunityCRISPR encodes partial viral genomes

Method

Result 1

Length distribution of CRISPR-targeted sequences

The majority of CRISPR-targeted sequences longer than 20kb are likely tailed phages

Length distribution of CRISPR-
targeted sequences
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Classification of discovered CRISPR targeted sequences

Classification of CRISPR-targeted 
sequences

Predicted hosts
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Phylogeny of Miciroviridae major capsid protein sequences

The phylogenetic tree indicates the viruses are evolving within specific host phyla

CRISPR-targeting hosts were predicted 
for about 70% of the discovered 

sequences

• Analyzed 11,817 human gut 
metagenome datasets (50.7 Tb)


• Assembled 180,068,349 (767.7 Gb) 
contigs


• Extracted 1,969,721 unique 
CRISPR spacers


Extracted 11,391 CRISPR-targeted 
terminally redundant sequences

Family Hosts

Alphaflexiviridae Plants and fungi

Amalgaviridae Plants

Astroviridae Birds and mammals

Betaflexiviridae Plants and fungi

Bromoviridae Plants

Caliciviridae Vertebrates

Chrysoviridae Fungi

Closteroviridae Plants

Endornaviridae Plants and fungi

Marnaviridae Marine phytoplankton

ParAAviridae Plants and fungi

Picobirnaviridae Vertebrates?

Picornaviridae Vertebrates

Potyviridae Plants

Reoviridae Plants, fungi, proAsts, vertebrates and 
invertebrates

Rhabdoviridae Plants, fungi, protozoa, vertebrates and 
invertebrates

Secoviridae Plants

Solemoviridae Plants

Tombusviridae Plants

ToAviridae Plotozoa and fungi

Tymoviridae Plants

Virgaviridae Plants

Taxonomic distribution of RNA-dependent RNA polymerases in human gut (> 30% sequence identity)

Tobamovirus

Norovirus

Rotavirus

Enterovirus

There was no sequence assigned to the known RNA phages

Are there no RNA phages in the human gut?

Cucumovirus

Taxonomic assignments of 
discovered RdRPs
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The CRISPR-targeted sequence is a genuine Picobirnaviridae species genome

Phylogenetic analysis of Picobirnaviridae-assigned RdRP protein sequences

＊CRISPR-targeted sequence

A clade of RefSeq recorded Picobirnaviridae species

A Picobirnaviridae species 
was targeted by CRISPR

Result 2

Phylogeny of Inoviridae species

My method could discovered a novel clade of Inoviridae speices

Novel Inoviridae species were discovered

Analysis pipeline to filter non-transcribed RNA sequences

Collected non-singleton kmer (k=43)

All samples are pooled

7,894,918,048 non-singleton unique kmers

Contigs sharing one or more kmer were removed

140,272 unique contigs comprising about 50.6 million bases remained (98.8% bases are removed)

Non-transcribed RNA sequences in the human gut

1,309 metagenome sequences

749 metatranscritome sequences Assembled contigs

Non-transcribed RNA sequences 
from human gut metatranscriptome

Phylogenetic analysis under strict molecular clock model 

The estimated clock rate is 0.00949  substitutions per site per year
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About 5% of these sequences 
encoded RNA-dependent RNA 

polymerases (RdRPs)

Metagenome reads Genome assembly Contigs

Identify the contigs targeted by CRISPRsCollect spacers

Analysis pipeline

Discover CRISPRs

Analysis pipeline


