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 Figure 1. Global survey of oceanic virus genomes reveals the Arctic as an unexpected hotspot for viral biodiversity (see ref. [4])

Like all ecosystems on the planet, the ocean contains huge numbers of viruses. One liter of seawater contains 100 billion virus
particles, far exceeding all other marine organisms (protists, bacteria, etc.). Small viruses (less than 0.2 μm) are already known to
be ubiquitous and abundant in plankton, while larger or giant viruses (0.2 to 1 μm) [1] are increasingly observed in marine
samples [2].

The Tara Oceans expedition has enabled the first large-scale study of viruses in the marine environment. Sequencing of 43
samples corresponding to 26 stations allowed to study the diversity and structure of viral communities between 6 oceanic
provinces (i.e. Mediterranean Sea, Red Sea, western Indian Ocean, southern Atlantic Ocean, Southern Ocean, southern Pacific
Ocean) [3].

Metagenomic assembly of 145 marine viromes revealed 195,728 viral populations (Figure 1) [4]. Since viruses do not possess
ribosomal genes that allow them to be classified taxonomically, it is the study of viral proteins that has made it possible to detect
and define:

● A set of groups common to all samples or core group;
● The union of all detected clusters, corresponding to 1.3 million clusters (called pan-virome).

Metagenomic and morphological data reveal biogeographic patterns in which viral communities are passively transported by
ocean currents, and locally structured by environmental conditions (Figure 1):

● The viral communities of the world ocean can be separated into five distinct ecological zones, including two distinct Arctic
regions;

● Viral macrodiversity (inter-population diversity) and microdiversity (intra-population diversity) do not follow the latitudinal
variation in diversity.

Quantitative morphological data obtained by transmission electron microscopy complement these observations (Figure 2).
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 Figure 2: Some marine viruses recovered from Tara Oceans [Photo © Jennifer Brum and Matt Sullivan, Tara Oceans researchers/
Sullivan Lab/ Ohio State University]

Viruses infect and multiply in other organisms by using the host's intracellular metabolic pathways and protein synthesis
machinery. In the oceans, they play an important role in plankton ecology [4] by inducing:

● mortality;
● horizontal gene transfer [5];
● modulation of the metabolism of microbial communities.

Viruses target a variety of hosts both prokaryotic, such as the cyanobacterium Synechococcus, and eukaryotic such as the protist
Emiliania huxleyi. They play an important role in the evolution of their hosts [6].

This new understanding of oceanic viruses is essential for their wider integration into ecosystem models. Thus, viruses would
play an important role as "regulators" of planktonic populations but also of matter flows. For example, by lysing phytoplanktonic
organisms that fix ambient carbon via photosynthesis, viruses contribute to the flow of carbon from the upper layers of the ocean
to the depths, and even into the sediments (See: Focus: The ocean's biological carbon pump).
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