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We are interested in understanding the functioning and evolution of 
biological systems at varying scales from tiny microbes up to the 
Earth’s environment, by leveraging rapidly accumulating big data in 
life science and bioinformatics approaches. We currently focus on 1) 
the evolution of viruses and their links to the origin of life, 2) micro-
bial ecology in different ecosystems, and 3) the development of bio-
informatics methods and biological knowledge resources for biomed-
ical and industrial applications. To fuel these research activities, we 
take part in environmental sampling campaigns such as Tara Oceans. 
Our resources and developed tools are accessible through GenomeNet 
(www.genome.jp) to scientific communities and the public.
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Isolation and Whole Genome Sequencing of 
Giant Viruses from Lake Biwa, Japan

Giant viruses are double-stranded DNA viruses with 
extremely large genomes and particles reaching 2.5 
megabases and 1.5 µm, respectively. These viruses are 
ubiquitous in the environment and important drivers for 
nutrient cycles. Currently, various giant viruses have been 
isolated, but whole-genome sequences of these viruses are 
limited because of sequencing costs. Here, we evaluated 
accuracy of giant virus genome assembly by MinION 
sequencing, which enables rapid and low-cost sequencing. 
As MinION sequencing produces error-prone reads, the 
assembly process generally requires correction by other 
sequencing platforms. However, recent studies assembled 
high-quality microbial genomes by MinION sequencing 
alone. We confirmed that genome assembly constructed 
by MinION sequencing alone is highly accurate for giant 
viruses with over 99.98% identity to the reference genome 
by re-sequencing a prototype giant virus. As a proof of 
concept, we further sequenced five giant viruses isolated 
from Lake biwa, Japan, by using MinION sequencing. 
Comparison between newly assembled genomes and ref-
erence genomes revealed that these isolates represent new 
species of marseillevirus, pithovirus, and mimivirus. Overall, 
we propose that genome assembly by MinION sequencing 
alone is an effective approach for a genome-wide analysis 
of isolated giant viruses. This research was published in a 
journal, Environmental microbiology (doi: 10.1111/1462-
2920.16476).

A Giant Endogenous Viral Element:  
Evidence of Recent Infection of a Double- 
Stranded DNA Virus in a Fungus

Fungal virosphere is dominated by RNA viruses, with few 
single-stranded DNA viruses. So far, no double-stranded 
DNA virus has been identified in fungi. Rhizophagus 
irregularis is a species of arbuscular mycorrhizal fungus, 
belonging to the class Glomeromycetes. We searched viral 
signals within chromosome-level genomic assemblies of 
five different strains of this fungi species. On chromosome 
8 of a strain 4401, we discovered a 1.5-megabase region, 
which showed distinct features from other chromosomal 
regions with strong viral signals. This viral region harbors 
five Nucleocytoviricota marker genes. Our phylogenetic 
analysis revealed that these genes are closely related to 
Asfarviridae sequences (Fig. 1). These marker genes remain 
in single copy and show the same tree topology, which 
suggest that this viral region originated from a single viral 
integration event. In the chromosomes of other strains, 
this viral region is absent. Also, the content of repetitive 
sequences and transposable elements in this viral region is 
lower compared to other genomic regions. These findings 
suggest that the viral region was inserted after the diver-
gence of five R. irregularis strains. This work has been 
published in Zhao et al., Virus Evolution, 2023, doi: 10.1093/
ve/vead064.

Figure 1. Isolated giant viruses observed under transmission electron 
microscopy. Names of isolates were shown top left. BNT8A and BSD11G 
are marseilleviruses. BST12E is a pithovirus. BST10G and BN60m3A 
are mimiviruses. Bars indicate 500 nm. This figure is modified from that 
published in Hikida et al. (2023) Environ. Microbiol. under the CC BY 4.0 
license.

Figure 2. Phylogenetic trees based on core genes of viruses of the phylum 
Nucleocytoviricota based on maximum-likelihood frameworks. Blue cir-
cles represent supports that passed confidence cutoff for branches. Yellow 
represents asfarviruses, and red indicates sequences from the viral region. 
(a) Concatenated tree of three polymerases. (b) Tree of mRNA capping 
enzyme (c) Tree of viral late transcription factor 3.


