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Aquatic viruses: the emerging story
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It is likely that all living organisms can be infected by
one or more viruses. One of the latest higher taxa to be
converted from ‘no characterized viruses’ to ‘well charac-
terized viruses’ are the diatoms (Bacillariophyceae,
Heterokontophyta) with the recent publication of three
papers characterizing an ssRNA and a ssDNA virus from
two genera (Chaetoceros and Rhizosolenia) of marine plank-
tonic diatom (Nagasaki et al., 2004, 2005; Bettarel et al.,
2005). It would have been strange if viruses had not been
able to exploit the dominant, in terms of global primary
production, photosynthetic organisms in the ocean (assim-
ilating perhaps as much as 20 Pg inorganic C into organic
C per year), despite the less than completely convincing
arguments assembled by Raven & Waite (2004) as to
possible anti-viral defences unique to diatoms.

The probable ubiquity of viral infection has implica-
tions for biodiversity. While viruses fall outside the usual
de¢nitions of ‘living’, they clearly can evolve and they
deserve, and have, their own taxonomy and, of course,
molecular phylogeny.While viruses are unlikely to attract
much interest from, for example, conservation organiza-
tions, their (bio?)diversity demands study in its own right
and because of their implications for the evolution and
functioning of ‘real’ organisms. These taxonomic and
phylogenetic aspects are addressed in a global view in this
issue of JMBA by Munn in his article on viruses of patho-
gens of marine organisms from bacteria to whales. More
speci¢c papers deal with recent work on characterizing
viruses of the non-coccolithophore haptophyte Phaeocystis

globosa (Wilson et al.) and the diatom Rhizosolenia setigera

(Shirai et al.) both members of the Chromista sensu

(Cavalier-Smith, 2003) and Heterocapsa circularisquama and
other dino£agellates (Nagasaki et al.) in the Alveolata
(Cavalier-Smith, 2003). These papers show, among inter

alia, that the phylogeny of viruses does not necessarily
map directly onto the phylogeny of the hosts. An example
is the work of Wilson et al., who showed that a new virus
of Phaeocystis globosa more closely resembles that of other
prymnesioviruses infecting Chrysochromulina brevifolium

than to the other characterized viruses of Phaeocystis

globosa. Furthermore, the paper of Shirai et al. gives the
complete genome sequence of the Rhizosolenia setigera

virus. Other papers in this issue that have implications for
taxonomy and phylogeny of viruses related to bacterial

(including cynanobacterial) phages are those of Clokie et
al., Jenkins et al., Leitet et al. and McDaniel et al.

The population biology of viruses, and of their hosts, is
a rapidly expanding area of research, and has important
evolutionary implications for both the viruses and their
hosts, as well as for the relative advantage for the virus in
infecting the host and for the host in avoiding infection.
Work in this area can be found in this issue in the papers
by Clokie et al., Gons et al., Hewson & Fuhrman, Jenkins
& Hayes, Jiao et al., Leitet et al., McDaniel et al., Millard
& Mann, Patten et al., Hewson et al. and Seymour et al.
Millard & Hayes’ work in the Baltic Sea follows Hayes’
work on the genotypic variability of Nodularia spumigena.

Among the more obvious e¡ects of viruses on the popula-
tion biology of their hosts is in bringing about bloom
collapse, as suggested by Wilson et al. (2002) for the
coccolithophore Emiliania huxleyi.

Population biology and, when viruses are involved,
epidemiology are important inter alia for lateral gene
transfer among host genotypes, as noted here for the
cyanobacterium Nodularia by Jenkins & Hayes. This
follows earlier demonstrations of genes related to photo-
synthesis in the genomes of cyanophages infecting marine
cyanophytoplankton by Mann et al. (2003), Millard et al.
(2004), Bailey et al. (2004), Lindell et al. (2004) and
Mann et al. (2005) on Synechococcus spp. and Lindell et al.
(2005) on Prochlorococcus marinus. Lindell et al. (2005)
showed that these genes produced proteins during host
cell infection. Even earlier work by Seaton et al. (1996)
on the freshwater phytoplankton green alga Chlorella

showed that virus infection increased non-photochemical
quenching of chlorophyll £uorescence, and xanthophyll
cycle activity. However, this increase in protection against
excess excitation energy occurs against a background of a
greatly decreased capacity for photosynthesis (Seaton et
al., 1995).

Viral lysis of organisms can have a signi¢cant impact on
the biogeochemical cycle in aquatic habitats. This involves
short-circuiting of food webs with less primary produc-
tivity consumed by the herbivore food chain, and a more
immediate return of the elements in the algae to the
microbial loop and to phytoplankton primary productivity
(Fuhrman, 1999; Suttle, 2005). This topic is considered in
this the special issue by Middelboe & J�rgensen, who
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provide the ¢rst quantitation of free and combined amino
acids released by viral lysis of the marine bacterium
Cellulophaga sp., and by Seymour et al. in the context of
heterogeneity of virus distributions.

One aspect of viral evolution which I ¢nd especially
interesting are the factors that determine viral burst size,
in relation to host factors, as discussed by Brown et al.,
Gons et al. and by Parada & Herndl. There are
indications that some marine bacteria, including cyano-
bacteria, have genomes, and cell contents of total nucleic
acids and P, which are small enough to limit burst size of
(cyano)phages. Genome burst sizes are very signi¢cant in
that very large burst sizes can extinguish the host commu-
nity, while very small burst sizes may not be able to sustain
the virus population (Mann, 2003). These ¢ndings suggest
that there could be co-evolution of decreased genome size
in (cyano)bacteria as a means of decreasing burst size,
with implications for epidemiology at a viral genome size,
and decreasing genome size of (cyano)phages (Brown et
al.). This idea has also been published independently with
much less detail, and by chance with an earlier date, by
Raven et al. (2005).

Aquatic virology is clearly an expanding ¢eld of
research with advances on many fronts, and the papers in
this special issue are a very signi¢cant contribution to the
documentation of these advances.
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