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Research Highlight

Virologists are “Symbionts” in Microbial Ecology
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Virologists are now getting arms for exploration of a wide 
spectrum of virosphere in this planet. The arms mean techniques 
through the next generation sequence for virome (28, 34) and 
may be compared as revolutionary appearance of ribosomal 
RNA (rRNA) gene sequencing for microbial ecologists in 
1990’s (14, 17, 19). This research highlight introduces trends 
in environmental virology and current topics achieved by 
virologists who are establishing a kind of “symbiotic” rela-
tionship with microbial ecologists.

The research history of viruses is relatively ‘new’ when 
compared to that of prokaryotes. It is well known, however, that 
bacteriophage studies have greatly contributed to the develop-
ment of modern molecular biology. Virus research began in the 
1890’s with discovery of an acute infectious agent in tobacco 
causing leaf spots (2). Since then, many viruses have been 
found as the causal agents for animal and plant diseases and 
microbial lysis and other phenomena. Not limited to plague-
associated viruses, viruses that do not show any of negative 
interactions with their hosts (e.g., disease and lysis) have been 
also found from plants (4, 31), insects (22), and fungi (18, 27). 
As for both Gram-positive and -negative bacteria, filamentous 
phages including M13 do not cause host killing or lysis but 
they are assembled at and secreted across the cell membrane 
(33). In 1990’s, pioneer studies showed that virus-like particles 
occur in great abundance (ca. 107 particles per milliliter of 
seawater) (16). These findings have clarified that there are a 
great number of viruses or virus-like particles in environments 
and have pointed that the viruses so far explored by virolo-
gists are only the tip of the iceberg of the Earth’s virosphere.

With overwhelming development of nucleic acid sequencing 
technology in this decade, virologists have been able to 
explore viruses in natural environments without isolation and 
microscopic observation (15). With newly developed tech-
nologies, the genetic diversity of viruses in environments, 
particularly free-existing viral particles independent of their 
hosts, has been extensively investigated. In the course of 
genetic exploration of viral diversity, double-stranded (ds) 
DNA viruses have been identified from many of the viromes 
such as in sea water (7), marine sediment (5) and human (6) 
and equine (8) faces. Obviously, other types of viruses 
including single-stranded (ss) DNA viruses and ssRNA 
viruses have also been identified from viromes such as in 
seawater (1, 11, 12), subseafloor sediment (39), insects (32), 
and plants (30). Several excellent reviews cover those latest 
findings (28, 34). Nevertheless, the metagenomic approach to 
the environmental viruses has substantial drawbacks: technical 

difficulty in addressing their functions and in exploration of 
viral elements lying behind their hosts (13, 30, 32).

Virologists in Japan have provided significant impacts on 
the investigations of functional environmental viruses and the 
intracellular viral elements. The DNA viruses that would be 
involved in retreat of red tide algaes (24, 25) and the RNA 
virus infecting dinoflagellates (26, 35, 38) represent excellent 
examples of functional environmental viruses in aquatic 
ecosystems. In addition, although it is not yet justified as true 
viruses, there are pioneering reports on intracellular genetic 
elements that are of great interest as a gene transfer agent 
(9, 10). Recently, technical developments for simultaneous 
fractionation of four kinds of viral nucleic acids (ssDNA, 
dsDNA, ssRNA, dsRNA) (36) and exhaustive identification 
of non-retro RNA viruses (37) have been reported. These two 
methods would be powerful tools for metagenomic approach 
to yet unseen viromes in the near future. The newly devel-
oped method by Urayama et al. (37), named FLDS, stands for 
fragmented and loop primer ligated dsRNA sequencing, 
overcomes one of the substantial technical difficulties in viromic 
studies: mining viruses lying behind their hosts without any 
of negative interactions. FLDS is based on the fact that long 
dsRNA molecules are known to be RNA virus-specific mole-
cules and molecular markers for RNA virus infection and 
replication (3, 23). The method can enrich non-retro RNA 
viruses from any of the biological samples and comprehen-
sively identify the full-length genomes of RNA viruses (37). 
Indeed, a total of 22 full-length genomes of the novel RNA 
viruses have been identified from only 1 g (wet weight) of 
diatom community (37). This method is already used for 
characterizing nonpathogenic RNA virus in insects (20), and 
will rapidly renew the RNA virus list in various organisms in 
the future. Even in the rapidly developed areas such as marine 
and gut viromes, FLDS will catch not only the extracellular but 
also the intracellular viruses that may be significantly associated 
with the microbial communities and even the host animals.

Viruses have long been recognized as the agent to kill their 
hosts, but some are known to have the function to confer 
profitable properties on their hosts (21, 29), comparable to the 
bacteria, which have both pathogenic and symbiotic traits in 
their hosts. Viruses are now being regarded as one of the 
genetic elements that may alter the properties of hosts and 
endow the community with new functions. A research initia-
tive called as “Neo-virology” in Scientific Research on Innovative 
Areas of Grant-in-Aid for Scientific Research (Kakenhi) 
(http://neo-virology.org/) is now ongoing in Japan. With a 
current perspective of environmental microbiology, micro-
bial ecologists are being “infected” with virologists forming a 
strong symbiotic partnership.

* Senior editor, Microbes and Environments 
E-mail: kent@jamstec.go.jp



Takai368

Reference

1.	 Angly, F.E., B. Felts, M. Breitbart, et al. 2006. The marine viromes of 
four oceanic regions. PLoS Biol. 4:e368.

2.	 Beijerinck, M.W. 1898. Concerning a contagium vivum fluidum as 
cause of the spot disease of tobacco leaves. pp. 33–52. In Phytopathological 
Classics, No. 7, American Phytopathological Society, St. Paul.

3.	 Blouin, A.G., H.A. Ross, J. Hobson-Peters, C. O’Brien, B. Warren, 
and R. MacDiarmid. 2016. A new virus discovered by immunocapture 
of double-stranded RNA, a rapid method for virus enrichment in 
metagenomic studies. Mol. Ecol. Resour. 16:1255–1263.

4.	 Boccardo, G., V. Lisa, E. Luisoni, and R.G. Milne. 1987. Cryptic plant 
viruses. Adv. Virus Res. 32:171–214.

5.	 Breitbart, M., B. Felts, S. Kelley, J.M. Mahaffy, J. Nulton, P. Salamon, 
and F. Rohwer. 2004. Diversity and population structure of a near-
shore marine-sediment viral community. Proc. Biol. Sci. 271:565–574.

6.	 Breitbart, M., I. Hewson, B. Felts, J.M. Mahaffy, J. Nulton, P. Salamon, 
and F. Rohwer. 2003. Metagenomic analyses of an uncultured viral 
community from human feces. J. Bacteriol. 185:6220–6223.

7.	 Breitbart, M., P. Salamon, B. Andresen, J.M. Mahaffy, A.M. Segall, 
D. Mead, F. Azam, and F. Rohwer. 2002. Genomic analysis of uncultured 
marine viral communities. Proc. Natl. Acad. Sci. U.S.A. 99:14250–14255.

8.	 Cann, A.J., S.E. Fandrich, and S. Heaphy. 2005. Analysis of the virus 
population present in equine faeces indicates the presence of hundreds 
of uncharacterized virus genomes. Virus Genes 30:151–156.

9.	 Chiura, H.X. 2002. Broad host range xenotrophic gene transfer by 
virus-like particles from a hot spring. Microbes Environ. 17:53–58.

10.	 Chiura, H.X. 2004. Novel broad-host range gene transfer particles in 
nature. Microbes Environ. 19:249–264.

11.	 Culley, A.I., A.S. Lang, and C.A. Suttle. 2006. Metagenomic analysis 
of coastal RNA virus communities. Science 312:1795–1798.

12.	 Culley, A.I., J.A. Mueller, M. Belcaid, E.M. Wood-Charlson, G. 
Poisson, and G.F. Steward. 2014. The characterization of RNA viruses 
in tropical seawater using targeted PCR and metagenomics. MBio 
5:e01210–01214.

13.	 Decker, C.J., and R. Parker. 2014. Analysis of double-stranded RNA 
from microbial communities identifies double-stranded RNA virus-
like elements. Cell Rep. 7:898–906.

14.	 DeLong, E.F. 1992. Archaea in coastal marine environments. Proc 
Natl Acad Sci. U.S.A. 89:5685–5689.

15.	 Edwards, R.A., and F. Rohwer. 2005. Viral metagenomics. Nat. Rev. 
Microbiol. 3:504–510.

16.	 Fuhrman, J.A. 1999. Marine viruses and their biogeochemical and 
ecological effects. Nature 399:541–548.

17.	 Fuhrman, J.A. 1992. Novel major archaebacterial group from marine 
plankton. Nature 356:148–149.

18.	 Ghabrial, S.A., J.R. Castón, D. Jiang, M.L. Nibert, and N. Suzuki. 
2015. 50-plus years of fungal viruses. Virology 479:356–368.

19.	 Giovannoni, S.J., B.B. Theresa, L.M. Craig, and G.F. Katharine. 1990. 
Genetic diversity in Sargasso Sea bacterioplankton. Nature 345:60–63.

20.	 Koyama, S., C. Sakai, C.E. Thomas, T. Nunoura, and S. Urayama. 
2016. A new member of the family Totiviridae associated with arbo-
real ants (Camponotus nipponicus). Arch. Virol. 161:2043–2045.

21.	 Marquez, L.M., R.S. Redman, R.J. Rodriguez, and M.J. Roossinck. 
2007. A virus in a fungus in a plant: Three-way symbiosis required for 
thermal tolerance. Science 315:513–515.

22.	 Miyazaki, S., K. Iwabuchi, J.Y. Pak, T. Fukuhara, and T. Nitta. 1996. 
Selective occurrence of endogenous double-stranded RNAs in insects. 
Insect Biochem. Mol. Biol. 26:955–961.

23.	 Morris, T.J., and J.A. Dodds. 1979. Isolation and analysis of double-
stranded RNA from virus-infected plant and fungal tissue. Phytopathology 
69:854–858.

24.	 Nagasaki, K. 2001. Domestication of eucaryotic microalgal viruses 
from marine environments. Microbes Environ. 16:3–8.

25.	 Nagasaki, K., K. Tarutani, M. Hamaguchi, and M. Yamaguchi. 2001. 
Preliminary analysis on Heterosigma akashiwo virus DNA. Microbes 
Environ. 16:147–154.

26.	 Nakayama, N., A. Fujimoto, H. Kawami, Y. Tomaru, N. Hata, and K. 
Nagasaki. 2013. High interaction variability of the bivalve-killing 
dinoflagellate heterocapsa circularisquama strains and their single-
stranded RNA virus HcRNAV isolates. Microbes Environ. 28:112–119.

27.	 Nuss, D.L. 2005. Hypovirulence: Mycoviruses at the fungal-plant 
interface. Nat. Rev. Microbiol. 3:632–642.

28.	 Paez-Espino, D., E.A. Eloe-Fadrosh, G.A. Pavlopoulos, A.D. Thomas, 
M. Huntemann, N. Mikhailova, E. Rubin, N.N. Ivanova, and N.C. 
Kyrpides. 2016. Uncovering earth’s virome. Nature 536:425–430.

29.	 Roossinck, M.J. 2011. The good viruses: Viral mutualistic symbioses. 
Nat. Rev. Microbiol. 9:99–108.

30.	 Roossinck, M.J., P. Saha, G.B. Wiley, J. Quan, J.D. White, H. Lai, F. 
Chavarria, G. Shen, and B.A. Roe. 2010. Ecogenomics: Using massively 
parallel pyrosequencing to understand virus ecology. Mol. Ecol. 
19:81–88.

31.	 Roossinck, M.J. 2012. Persistent plant viruses: Molecular hitchhikers 
or epigenetic elements?, p. 177–186. In Viruses: Essential agents of 
life. Springer, New York.

32.	 Rosario, K., H. Capobianco, T.F. Ng, M. Breitbart, and J.E. Polston. 
2014. RNA viral metagenome of whiteflies leads to the discovery and 
characterization of a whitefly-transmitted Carlavirus in North 
America. PLoS One 9:e86748.

33.	 Russel, M., and P. Model. 2006. Filamentous phage. pp. 146–160. In 
Calendar R. (ed.) The Bacteriophages. Oxford University Press, New 
York.

34.	 Suttle, C.A. 2016. Environmental microbiology: Viral diversity on the 
global stage. Nat. Microbiol. 1:16205.

35.	 Tomaru, Y., N. Katanozaka, K. Nishida, Y. Shirai, K. Tarutani, M. 
Yamaguchi, and K. Nagasaki. 2004. Isolation and characterization of 
two distinct types of HcRNAV, a single-stranded RNA virus infecting 
the bivalve-killing microalga Heterocapsa circularisquama. Aquat. 
Microb. Ecol. 34:207–218.

36.	 Urayama, S., Y. Yoshida-Takashima, M. Yoshida, Y. Tomaru, H. 
Moriyama, K. Takai, and T. Nunoura. 2015. A new fractionation and 
recovery method of viral genomes based on nucleic acid composition 
and structure using tandem column chromatography. Microbes 
Environ. 30:199–203.

37.	 Urayama, S., Y. Takaki, and T. Nunoura. 2016. FLDS: A comprehensive 
dsRNA sequencing method for intracellular RNA virus surveillance. 
Microbes Environ. 31:33–40.

38.	 Wada, K., K. Kimura, A. Hasegawa, K. Fukuyama, and K. Nagasaki. 
2012. Establishment of a bacterial expression system and immunoassay 
platform for the major capsid protein of HcRNAV, a dinoflagellate-
infecting RNA virus. Microbes Environ. 27:483–489.

39.	 Yoshida, M., Y. Takaki, M. Eitoku, T. Nunoura, and K. Takai. 2013. 
Metagenomic analysis of viral communities in (hado)pelagic sediments. 
PLoS One 8:e57271.


