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Full depth distributions of viruses along a meridional transect
across the central Pacific

Yanhui Yang (JSPS fellow)

Introduction

My research is regarding the ecology and distribution
of viruses in oceanic environments. I have been working
on this issue with Prof. Toshi Nagata, Dr. Taichi
Yokokawa and Ms. Chiaki Motegi at CER. Here 1
introduce some of my results obtained during the past
two years.

In 1990’s, the discovery of surprisingly high
abundance of virus-like particles in the ocean by
electronic microscopy made marine microbiologists
quickly recognized the ecological importance of viruses
in marine ecosystems. Since then, numerous field and
experimental studies found that marine viruses are not
only abundant, but also very active. They are a major
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cause of mortality of phytoplankton (2%-10%) and
heterotrophic prokaryotes (10%-50%). By lysis of
host cells, organic mater is released to the water and a
considerable part of energy is recycled in the microbial
loop rather than transferred to the higher trophic levels
(Fuhrman 1999, Weinbauer 2004).

Studies have found that viral abundance increases
with increasing abundance of bacteria, suggesting that
viruses that attack bacteria (bacteriophages) dominate
marine viral assemblages. Viral to bacterial abundance
ratio (VBR) typically vary in the range of 5 and 25.
However, most of the knowledge so far is based on the
studies in coastal waters and surface oceans. Very few
data are available for deeper waters (Hara et al. 1996,
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Weinbauer et al. 2003). The mechanisms controlling the
viral distribution are host availability (including host
abundance, activity and diversity) and loss pressure,
such as sunlight (UV), enzyme activity, flagellates,
adsorption to particles and DOM/colloid. In deep
waters, both host abundance and activity are low. On
the other hand, the loss factors work efficiently only in
surface water (euphotic zone). These arise the questions
that how the distribution patterns of viruses are in large
scale oceanic environments, especially those in the deep
waters.

To reach a better understanding on the distribution
patterns of viruses in the full depth of open ocean, we
carried out a basin-wide study in two cruises KH04-5
and KHO5-2 aboard R/V Hakuho-maru.

Materials and Methods

KHO04-5 was from Dec 2004 to Mar. 2005, covering
a range of 67 °S to 10 °N along 170 °W. KHO05-2 was
from Aug. to Sept., 2005, from 10 °S to 54 °N along
160 °W. During the cruises, water samples were fixed
by glutaraldehyde (final conc. 1%) in dark for 15—
30 min, frozen in liquid nitrogen (KH05-2) or — 80 °C
(KHO04-5), then stored in deep freezers until analysis
in the laboratory. Viruses and bacteria were counted
by a FACSCalibur flow cytometry (Becton Dickinson)
according to Brussaard (2004) and Marie et al. (1999)
with minor revision. Briefly, after thawed, bacteria
samples were diluted 10 times with TE (10 mM Tris-
HCI, 1 mM EDTA, pH 8.0) or stained directly with
SYBR Green I (final conc. 10™) at room temperature
for 15-30 min. For viruses, samples were diluted by
TE for 50-200 times, stained with SYBR Green I (final
conc. 5 x 10'5) at 80 °C for 10 min, then cooling down in
dark. Before mounted on flow cytometry, 1 x«m yellow-
green beads (Molecular Probes) were added as inner
standard. Special cautions were paid to minimize noises
from optics, sheath liquid, bubbles, TE, dye and beads
solution. In addition, triplicate blanks were run for
every 8—10 virus samples to subtract the noise in virus
counting.

Results and Discussion

With flow cytometry, 3 clusters of viruses were
distinguished for most of the samples (Fig.1), suggesting
the existence of viral communities with different nucleic
acid contents, although differences in stainability may
also affect this pattern. However, in some deep water
samples in the North Pacific, only 2 clusters were
distinguished.
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Fig. 1 Typical density plot (left, X and Y axes are
side scatter and fluorescence intensity in arbitrary
log unit) and histogram (right, X and Y axes are
fluorescence intensity in log unit and event counts)
of viral like particles (Sta.13, KH05-2, 50 m).

In the surface water (upper 200 m), viral abundance
varied from 1 x 10° to 3 x 10’ particles ml"'. Low
abundance occurred in the subtropical gyres, which are
symmetric across the Equator. High abundance occurred
in the subarctic region, but in the Southern Ocean, the
abundance was low. In the subtropical gyres, there were
obvious subsurface virus maximums around 75 m. We
also found a meso-scale “viral bloom” in the North
Pacific Transition Zone (30-45 °N; Longhurst 1998), a
region bounded by two fronts; i.e. Subtropical Front and
Subarctic Front. Plausible factors that might explain the
establishment of this peak of viruses are unknown: no
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Fig. 2 Distribution of viruses (10° N ml") in central
Pacific Ocean. Note that scales are different for the
surface and deeper waters.
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microbial variables that we examined corresponded to
this peak (Fig. 2).

In the mesopelagic zone (200-1000 m), viral
abundance varied from 2 x 10° to 1 x 10’ particles ml".
Viral abundance was high in the high latitude and low in
the low latitude. In the bathypelagic layer (> 1000 m),
viral abundance varied from 1.0 x 10’ to 2 x 10° particles
ml™. In the upper part of the bathypelagic layer, the
abundance was high in the high latitude, and low in the
low latitude, which is similar to that in the mesopelagic
layer. In the deeper part of the bathypelagic layer, the
distribution patterns were complex (Fig. 2).

When analyzed by model II regression using all the
data set, we found that viral abundance (VA) was
significantly correlated with bacterial abundance (BA)
in logarithmic scale (logVA = 2.187 + 0.821 x logBA,
= 0.89, p <0.001, n = 761). For this large scale, 90%
of the variations in viral abundance is accounted for by
bacteria abundance. The slope was significantly less
than 1, which indicates that the relationship between VA
and BA is nonlinear.

Viral to bacterial abundance ratio (VBR) is another
indicator for the relationship between viruses and
bacteria. By plotting VBR with depth, we found
an increase of VBR along depth. In the surface and
mesopelagic waters, 50% of VBR were in the range of
10-22, which is within the range in literature. However,
when compare with the VBR in the open ocean from
limited references (" 1-10, e.g. Weinbauer et al. 2003),
our results are obviously higher. In the bathypelagic
waters, VBR increased, reaching an average of about 40
at the bottom layer. On the other hand, distribution of
VBR was not homogenous. High values occurred in the
deep water of mid latitudes of both hemispheres (Fig. 3).

Fig. 3 Distribution of viral to bacterial abundance
ratio (VBR) in the central Pacific.

The reason that VBR is significantly higher in deep
waters might be that viruses encounter less risk of
inactivation from UV light, protease, DOM/colloids
and grazers. In such environments, viruses can “wait”
for a long period of time until they meet hosts because
viruses need no maintenance cost. There might be other
sources for the high VBR such as desorption from
sinking particles, lateral transportation, and resuspension
from sediments. If the speculation is true, interesting
questions show up like how old the viruses are in deep
ocean? It’s worthy of further study and thinking about
questions concerning the oceanic water transportation
and evolution.

In conclusion, the present study found VBR is high in
the ocean, and VBR increases with depth. High VBR
occurred in the deep water of the mid latitude of the
both hemispheres, suggesting that deep water could be a
huge reservoir of viral genes.
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