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Bugs full of viruses
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This month’s Genome Watch highlights 
how high-throughput sequencing has 
provided new insights into the diversity, 
evolution and genome organization of 
arthropod viruses.

Arthropods form the largest phylum in the 
animal kingdom and comprise a remark-
able diversity of species. They actively interact 
with a wide range of other organisms includ-
ing fungi, plants and vertebrates, and they 
can therefore act as both a source and a sink 
for viruses in an ecosystem. Some arthropods, 
such as mosquitoes or ticks, are important 
vectors for well-studied viral diseases, but 
the overall genetic diversity and evolution of 
arthropod viruses has remained largely unex-
plored. Three recent studies have used high-
throughput sequencing to gain new insights 
into the diversity, evolution and genome 
organization of arthropod viruses.

Li et  al.1 surveyed negative-sense RNA 
viruses harboured by arthropods in China.  
A total of 70 host species were assessed,  
including mosquitoes, flies, cockroaches, water 
striders, ticks, spiders, shrimps, crabs and milli
pedes. RNA sequencing, de novo assembly and 
similarity searches identified 112 distinct RNA-

dependent RNA polymerase (RdRp) 
sequences of novel negative-sense 
RNA viruses, with evidence for at 
least 16 potentially new families. 
Phylogenetic analysis revealed 
that most of the newly described 

arthropod viruses were basal 
to known major virus 

groups, indicating that 
arthropod viruses may 
be evolutionary ances-
tors of viruses that 
cause disease in ver-
tebrates and plants. 

Some new lineages 
filled in ‘phylogenetic gaps’ 

between existing viral 

genera or families. Importantly, the putative 
new family Chuviridae — named after reaches 
of the Yanqzi river — fell between the major 
groups of unsegmented and segmented viruses, 
and included viruses with various genome 
organizations, ranging from unsegmented to  
bi-segmented and circular genomes.

This study also challenges our under-
standing of the biology of Bunyaviridae, a 
family that includes important vector-borne 
RNA viruses. Previously described bunya
virus genomes consist of a small (S), medium 
(M) and large (L) segment, which encode 
the nucleocapsid, glycoproteins and RdRp, 
respectively. Similarity searches for viral pro-
teins other than RdRp found segments of 
the newly identified bunyavirus genomes 
that encoded structural proteins. However, 
for some of these new viruses, including a 
group of tick phleboviruses, the M segments 
seemed to be missing. Although it cannot 
be excluded that the apparent absence of M 
segments is an experimental artefact, these 
results challenge the concept of what repre-
sents a complete virus genome. Tokarz et al.2 
reported another four new bunyavirus 
genomes lacking M segments in human-
biting tick species from the United States. 
This study also further expanded the known 
repertoire of arthropod viruses by identifying 
sequences from one new Mononegavirales-
like virus and three new positive-sense  
single-stranded RNA viruses with similarity 
to invertebrate and plant viruses.

The circular genome structure reported for 
the Chuviridae by Li et al.1 is not commonly 
found in negative-sense RNA viruses. Circular 
genomes have previously been described in 
DNA viruses, and these can be recovered by 
a combination of rolling circle amplification 
and high-throughput sequencing. Using this 
approach, Dayaram et al.3 identified 31 new 
CRESS (circular replication-associated pro-
tein encoding single-stranded) DNA viruses 
in dragonflies and damselflies from the 

United States. Seven of these had similarities 
to the proposed gemycircularvirus group. The 
host species (Sclerotinia sclerotiorum, a plant 
fungal pathogen) was known for only one of 
the viruses, and others were similar to viruses 
associated with animal faecal matter. This 
study demonstrated that analysis of top-end 
predators of an ecosystem, such as dragonflies, 
is an efficient strategy for virus discovery, as 
viruses (including plant viruses) accumulate in 
these species.

The largely unbiased high-throughput 
sequencing approaches used in these stud-
ies provide valuable insights both into the 
diversity of arthropod viruses and into gen-
eral aspects of viral evolution, but important 
limitations also need to be considered. The 
specific protocols used for sample process-
ing and high-throughput sequencing can 
have a major influence on the genome types, 
and hence virus families, that are discov-
ered. Furthermore, although many partial 
or complete virus genomes were identified, 
virus isolation was either not attempted or 
was unsuccessful2. Finally, additional studies 
will be necessary to determine whether these 
arthropod viruses cause diseases in other spe-
cies and to assess the benefits of including 
arthropods in surveillance programmes as 
easily accessible sentinels.
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