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MODÈLE BIOLOGIQUE

Système hôte-virus

Virus de microalgues marines

Virus marins : très abondants en nombre et diversité



Biome
An ecological area that 
contains similar groupings or 
communities of organisms.

Diel
A 24-hour period that 
corresponds to a cycle of light 
and darkness.

bacterial cells (VBR). However, marked differences have 
been reported in the relationship between the viral and 
prokaryotic abundance in different marine environments. 
For example, in the surface waters of the Pacific and 
Arctic Oceans the VBR is ~40 and ~10, respectively, 
and in lakes the average VBR is less than 5 (REF. 21). By 
contrast, in the deep waters of the Atlantic Ocean the 
ratio often exceeds 100 (REF. 15). The reasons for these 
differences are unknown, although in freshwater envi-
ronments the loss rates of virus particles may be greater21, 
resulting in a higher abundance of viral particles, whereas 
the high VBR in the deep ocean might reflect a zone of 
viral accumulation15,24,25. These are large-scale patterns 
that are controlled by environmental differences, but 
ultimately, viral production occurs at microbial hot spots 
and on spatial scales of individual cells. This is evident 
by the order-of-magnitude variations in viral abundance 
and VBRs on spatial scales of centimetres that occur in 
aquatic environments26.

Our view of the distribution and abundance of viruses 
in the sea is enhanced by flow cytometry, which is a high-
throughput method in which the fluorescent staining of 
nucleic acids allows virus particles to be counted, even 
though they are too small to scatter light in a predict-
able way27–30. FC allows sub-populations of both viruses 
and potential host cells to be discriminated, based on the 
characteristics of their fluorescence and scatter. Although 
the data are limited, in the Arctic Ocean biome the most 
abundant sub-population of viruses had a lower fluor-
escence and was most highly correlated with the het-
erotrophic prokaryotes, which had a higher nucleic-acid 
content (J.P. Payet and C.A.S., unpublished observations). 
It has been argued that this sub-group represents the 
most active members of the prokaryotic community31–33, 
although this interpretation has been disputed34,35. By 
contrast, viruses that have more fluorescence and scat-
ter are characteristic of the Phycodnaviridae family, 
which infect eukaryotic phytoplankton. Viruses with 
these characteristics were the most tightly coupled to 
the chlorophyll a concentration, which is an indicator of  

the abundance of photosynthetic cells (J.P. Payet and 
C.A.S., unpublished observations).

Such observations might help us to understand some 
of the emergent properties of viral infection. For exam-
ple, most models that try to estimate the impact of viral 
infection on marine microbial mortality assume that 
every member of the prokaryotic community is equally 
affected by viral infection2,36–38. However, if viruses pref-
erentially infect cells that are growing more rapidly this 
will, in turn, affect nutrient cycling and, potentially, the 
efficiency with which carbon is transported from where 
it is fixed in surface waters to the deep ocean.

Viruses, mortality and elemental cycling
As agents of mortality, viruses have a range of effects 
on the world’s oceans, from altering geochemical cycles 
to structuring populations and communities. However, 
quantifying the effect of viruses on host populations 
remains difficult7. Poorly constrained estimates indicate 
that, on average, viral lysis in surface waters removes 
20–40% of the standing stock of prokaryotes each day36, 
and is approximately equal in importance to grazing 
as a source of microbial mortality39. However, esti-
mates of viral lysis vary widely among studies and the 
methods that are available produce variable and uncer-
tain results40,41. In addition, there are few estimates of 
viral-mediated mortality for microbial communities in 
sediments42 or the subsurface waters that constitute most 
of the world’s oceans15. Although over long time periods 
viral-mediated mortality must approach a steady state, 
in which mortality and production are balanced, this 
is frequently not the case for the timescales over which 
experiments are conducted. Sometimes this is obvious, 
for example, during large-scale lytic events that can lead 
to the termination of phytoplankton blooms43, but in 
most cases the effects of viral infection on phytoplankton 
blooms are more subtle44–46. In addition, the observations 
of diel and seasonal shifts in viral production47,48, and tem-
poral shifts in the composition of viral communities49–51 
and the organisms they infect52 imply that viral infection 
is not at a steady state in the marine environment. The 
fact that virus replication rates increase in conjunction 
with increases in host growth rates emphasizes that viral-
mediated mortality is not in a steady state, and that some 
subsets of the host community will be disproportionately 
affected. An increase in the rate of viral reproduction in 
response to an increase in the growth rate of host cells is 
a strong feedback mechanism that would probably pre-
vent dominance by the fastest growing taxa. Reports that 
bacteriophage abundance is most strongly correlated 
with the most active subset of the prokaryotic commu-
nity (J.P. Payet and C.A.S., unpublished observations) 
is further evidence that it should not be assumed that 
the effects of viral infection are spread evenly across the 
microbial community. The lack of straightforward and 
reliable approaches for estimating the rates of mortality 
that are imposed by viruses on marine prokaryotic and 
eukaryotic heterotrophic and autotrophic communities 
remains one of the biggest obstacles for incorporating 
viral-mediated processes into global models of nutrient 
and energy cycling.
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Figure 1 | Relative biomass and abundances of prokaryotes, protists and viruses. 
Viruses are by far the most abundant biological entities in the oceans, comprising 
approximately 94% of the nucleic-acid-containing particles. However, because of their 
small size they comprise only approximately 5% of the biomass. By contrast, even though 
prokaryotes represent less than 10% of the nucleic-acid-containing particles they 
represent more than 90% of the biomass. Protists can represent as much as half the 
biomass in surface waters169, but in the meso- and bathypelagic depths of the ocean they 
only comprise a few percent or less of the biomass170. Consequently, overall, their 
biomass probably represents even less than that of the viruses.
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Ultimately, a given organism is likely to be affected 
by a range of different viruses that vary markedly along 
the r–K-selection continuum. For example, mammals 
are infected by herpesviruses that form stable latent 
infections with their hosts and highly virulent mor-
billiviruses that cause distemper. Some viruses have 
bridged both ends of the r–K-selection spectrum. 
The best examples are temperate phages, in which the 
viral DNA is either stably integrated into the host-cell 
genome and replication occurs in conjunction with 
the host cell or viral replication occurs by a virulent 
lytic infection. Both strategies appear to be common 
in marine environments142,159–161. Consequently, there 
appears to be two winning strategies that are exploited 
by marine viruses. At one end of the spectrum are highly 
virulent r-selected viruses, for example, lytic phage and 
protist-infecting viruses, which replicate and kill their 
hosts within minutes to hours. At the other extreme are 
viruses that are K specialists, which can form a stable 
association with their hosts for an indefinite period of 
time, such as prophage and latent herpesviruses.

Whether or not the scenarios outlined above are 
responsible for the highly uneven population structures 
that are characteristic of marine microbial communities, 
in which few taxa are numerically dominant, requires 
further exploration.

Conclusions
Despite the significance of viruses and viral-mediated 
processes in the ocean, quantitative estimates of the 
rates of infection and viral-mediated mortality remain 
poorly constrained. As a result, our understanding of 
the effects of viruses on emergent properties such as 
community structure or rates of nutrient cycling is far 
from complete. Similarly, we are far from being able to 
translate the genetic complexity of marine viruses into 
an understanding of biological potential. The future 
looks bright, however, as high-throughput methods 
of nucleic-acid fingerprinting and sequencing, as well 
as viral enumeration, are rapidly beginning to yield a 
broad view of the distribution and composition of viral 
communities in the sea.

Nature Reviews | Microbiology
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Figure 4 | The distribution of marine viruses and their hosts along an r- and K-selection continuum. It is proposed 
that viruses and the organisms they infect exist along a continuum of r and K selection. The axes have no units but 
represent a continuum that ranges from primarily r selected to K selected. In general, prokaryotes and the viruses that 
infect them are more r selected, even within groups, although there is considerable variation. For example, temperate 
phages that form stable associations with the hosts they infect are more K selected than lytic phages. In general, viruses 
that infect larger, longer-lived organisms are more K selected, tend to have lower virulence and, in some cases, form stable 
associations with the organisms they infect. The individual host–virus combinations should be considered as a ‘cloud’ 
rather than discrete points, and the position of each host–virus combination is strictly qualitative. The oval illustrates the 
general relationship between r and K selection in viruses and the organisms they infect.
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Introduction Methods Diversity Distribution Diversification Future 

1) Viruses are the most abundant biological entities in the oceans 

Suttle 2007 Nature 

o! in average 105 prokaryotes/mL 

o! in average 106 viruses/mL 

Suttle 2005 Nature 

“ If the viruses were stretched end to end 
they would span 10 million light years ”  



VIRUS

Phycodnaviridae (dsDNAvirus)

Prasinovirus : chez Ostreococcus tauri (OtV), O. lucimarinus (OlV), 
Bathycoccus prasinos (BpV) et Micromonas pusilla (MpV and MiV)

Rôle important pour la regulation du phytoplancton et du climat





Structure icosahédrique

Cycle lytique dans hôtes unicellulaires

Hôtes = "algues", un peu partout dans 
l’arbre des eucaryotes

Pandoravirus

Hôtes
1 : capside
2 : ADN



Phycodnaviruses : un clade, morphologies similaires sauf pour
Pandoravirus
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Abstract

Background: A recent work has provided strong arguments in favor of a fourth domain of Life composed of nucleo-
cytoplasmic large DNA viruses (NCLDVs). This hypothesis was supported by phylogenetic and phyletic analyses based on a
common set of proteins conserved in Eukarya, Archaea, Bacteria, and viruses, and implicated in the functions of information
storage and processing. Recently, the genome of a new NCLDV, Cafeteria roenbergensis virus (CroV), was released. The
present work aimed to determine if CroV supports the fourth domain of Life hypothesis.

Methods: A consensus phylogenetic tree of NCLDVs including CroV was generated from a concatenated alignment of four
universal proteins of NCLDVs. Some features of the gene complement of CroV and its distribution along the genome were
further analyzed. Phylogenetic and phyletic analyses were performed using the previously identified common set of
informational genes present in Eukarya, Archaea, Bacteria, and NCLDVs, including CroV.

Findings: Phylogenetic reconstructions indicated that CroV is clearly related to the Mimiviridae family. The comparison
between the gene repertoires of CroV and Mimivirus showed similarities regarding the gene contents and genome
organization. In addition, the phyletic clustering based on the comparison of informational gene repertoire between
Eukarya, Archaea, Bacteria, and NCLDVs unambiguously classified CroV with other NCLDVs and clearly included it in a fourth
domain of Life. Taken together, these data suggest that Mimiviridae, including CroV, may have inherited a common gene
content probably acquired from a common Mimiviridae ancestor.

Conclusions: This further analysis of the gene repertoire of CroV consolidated the fourth domain of Life hypothesis and
contributed to outline a functional pan-genome for giant viruses infecting phagocytic protistan grazers.
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Introduction

In 2003, the discovery of Acanthamoeba polyphaga Mimivirus,
which has the largest viral genome (1,18 kilobases (kb)) ever
reported [1,2], gave a boost to knowledge and understanding in
terms of the definition and origin of viruses [3,4]. Mimivirus was
revealed as a new member of the nucleo-cytoplasmic large DNA
viruses (NCLDVs) superfamily, a monophyletic group of viruses
composed of the Poxviridae, Phycodnaviridae, Irido-/Asco-viridae, and
Asfarviridae families [2,5,6]; additionally, Mimivirus was the first
member of the new Mimiviridae family [2]. Between 2008 and
2009, Mamavirus, a very close relative of Mimivirus associated to
the first ‘virophage’ Sputnik that infects these two giant viruses,
and Marseillevirus, a new giant virus, were isolated from
Acanthamoeba spp. and were classified within the NCLDV lineage
[7,8]. NCLDVs infect various eukaryotic hosts including verte-
brates, insects, algae, or protists [9–11]. Recently, Yutin et al.

identified a set of 47 conserved genes among NCLDVs (NCLDV
core genes) from the construction of clusters of orthologous
NCLDV genes (NCVOGs) [6].

The isolation of Mimivirus and the analysis of its genome have
contributed to the emergence or revival of groundbreaking
paradigms that put forward giant viruses as possible major
ancestors in the early steps of Life evolution [2,4,12,13]. Thus,
Mimivirus has been suspected to constitute a fourth domain of
Life, apart from bacteria, archaea and eukaryotes, based on the
phylogeny of some of the Mimiviridae genes that are parts of a
group of seven genes encoding universal proteins [2]. This
assumption has been vigorously debated though discussion of the
appropriateness of genes used and the interpretation of phylogeny
reconstructions [2,13–17].

In a recent paper, Boyer et al. provided strong arguments in
favor of the existence of this fourth domain of Life. This hypothesis
was supported, on the one hand, by phylogenetic analysis of eight
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Figure 1. Consensus phylogenetic tree of the NCLDVs. Bayesian phylogenetic tree was constructed from a cured concatenated alignment of 4
universal NCVOGs (496 conserved positions), including CroV corresponding proteins: primase-helicase (NCVOG0023), DNA polymerase (NCVOG0038),
packaging ATPase (NCVOG0249), and A2L-like transcription factor (NCVOG0262). Bayesian posterior probabilities are mentioned near branches as a
percentage and are used as confidence values of tree branches. Only probabilities at major nodes are shown. Scale bar represents the number of
estimated changes per position for a unit of branch length. Abbreviated names for NCLDVs: b1_Helvi, Heliothis virescens ascovirus 3e; b1_Spofr,
Spodoptera frugiperda ascovirus 1a; b1_Trini, Trichoplusia ni ascovirus 2c; c1_Afrsw, African swine fever virus; l1_Aedta, Aedes taeniorhynchus
iridescent virus (Invertebrate iridescent virus 3); l2_Invir, Invertebrate iridescent virus 6; l3_Lymch, Lymphocystis disease virus - isolate China;
l3_Lymdi, Lymphocystis disease virus 1; l4_Infsp, Infectious spleen and kidney necrosis virus; l5_Ambti, Ambystoma tigrinum virus; l5_Frovi, Frog virus
3; l5_Singr, Singapore grouper iridovirus; m6_Masvi, Marseille virus; q1_Acatu, Acanthocystis turfacea Chlorella virus 1; q1_ParAR, Paramecium
bursaria Chlorella virus AR158; q1_Parbu, Paramecium bursaria Chlorella virus 1; q1_ParFR, Paramecium bursaria Chlorella virus FR483; q1_ParMT,
Paramecium bursaria chlorella virus MT325; q1_ParNY, Paramecium bursaria Chlorella virus NY2A; q2_Emihu, Emiliania huxleyi virus 86; q3_Ectsi,
Ectocarpus siliculosus virus 1; q3_Felsp, Feldmannia species virus; q6_Ostvi, Ostreococcus virus OsV5; u1_Bovpa, Bovine papular stomatitis virus;
u1_Canvi, Canarypox virus; u1_Crovi, Crocodilepox virus; u1_Deevi, Deerpox virus W-848-83; u1_Fowvi, Fowlpox virus; u1_Goavi, Goatpox virus
Pellor; u1_Lumsk, Lumpy skin disease virus NI-2490; u1_Molco, Molluscum contagiosum virus; u1_Myxvi, Myxoma virus; u1_Orfvi, Orf virus, complete
genome; u1_Rabfi, Rabbit fibroma virus; u1_Shevi, Sheeppox virus 17077-99; u1_Swivi, Swinepox virus; u1_Tanvi, Tanapox virus; u1_Vacvi, Vaccinia
virus; u1_Varvi, Variola virus (smallpox virus); u1_Yabli, Yaba-like disease virus; u1_Yabmo, Yaba monkey tumor virus; u2_Amsmo, Amsacta moorei
entomopoxvirus; u2_Melsa, Melanoplus sanguinipes entomopoxvirus.
doi:10.1371/journal.pone.0018935.g001.

A New Member of the 4th Domain of Life
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are pathogens of immunocompromised humans. A virus that infects 
Acanthamoeba polyphaga was isolated and sequenced five years ago32. 
Mimivirus, as it was called, has a very large virion (more than 700 nm) 
and a genome of 1.2 megabases (Mb)33, so it is larger and more geneti-
cally complex then many cellular organisms. Its large genome may be 
simply a by-product of having a large capsid (the genome’s protein 
shell), in which case most of the genes may not be important for viral 
reproduction. If this is the case, these viruses serve as gigantic gene res-
ervoirs. Evidence in favour of this hypothesis comes from the fact that 
the mimivirus genome is highly chimaeric and contains many genes 
related to the host34. However, nucleotide-composition studies suggest 
that horizontal gene transfer from the host is less common in large 
eukaryotic viruses than in phage10. 

A closely related strain of mimivirus, called mamavirus, adds another 
twist to the viral manipulation story35. Mamavirus (Fig. 2a) is infected by 
a satellite-phage-like entity, or ‘virophage’, called Sputnik (Fig. 2b). This 
‘virus of a virus’ has an 18-kb genome. Inoculation of the host with both 
mamavirus and Sputnik increases the production of Sputnik and nega-
tively affects mamavirus production. This is reminiscent of coliphages, 
in which P4 parasitizes the larger P2 phage. Recent mining of marine 
microbiomes has shown that viruses similar to large eukaryotic viruses 
are common and widely distributed in marine ecosystems36,37. 

Viral manipulation of protists
Coccolithophores are an abundant group of eukaryotic phytoplankton 
that are characterized by their intricate calcium carbonate scales, which 
are known as coccoliths (Fig. 2c). Blooms of coccolithophores influ-
ence global temperatures by increasing Earth’s albedo (that is, more 

sunlight is reflected). Additionally, the sinking of the coccoliths and 
associated organic matter is one of the main mechanisms by which 
the ocean’s biological pump draws down atmospheric carbon dioxide38. 
Emiliania huxleyi, named after Charles Darwin’s advocate Thomas 
Huxley, is the most abundant species of coccolithophorid. It undergoes 
massive blooms that turn the sea a milky blue that is observable from 
satellites, but these blooms rapidly disappear. The main mechanism for 
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Forte pression sur les hôtes : course aux armements entre virulence 
et résistance

Marine virology has traditionally focused on two areas: viruses as 
pathogens of aquatic organisms, and phage-driven dynamics of the 
marine microbial food web. Both of these influence global biogeochem-
istry and host evolution, and the former also has important economic 
and conservation implications. For example, two common marine 
viral diseases, sea-turtle fibropapillomatosis and shrimp white spot 
syndrome, endanger protected marine species and the financial stabil-
ity of the aquaculture industry. Although marine virology is about 70 
years old (Box 1), it has experienced a recent surge in interest1,2, largely 
thanks to methodological advances.

One of the main areas of study in the past few years has been the extent 
of viral diversity in the marine environment. Diversity has been hard 
to measure because viruses do not have a universally conserved gene 
like the ribosomal DNA genes in cellular organisms, and because most 
viral hosts are difficult to culture. To circumvent these difficulties, whole 
viral communities have been isolated and analysed using pulsed-field 
gel electrophoresis or shotgun sequencing3,4. Shotgun sequencing led 
to the rise of marine viral metagenomics, which has shown that viruses 
are exceptionally diverse: there are more than 5,000 viral genotypes or 
species in 100 litres of sea water, and up to 1 million species in 1 kg of 
marine sediment5,6. Marine viral metagenomes, or ‘viromes’, collected 
from across the world have shown that viral species are globally distrib-
uted (everything is everywhere) but that the relative abundance of each 
species is restricted by local selection7,8. These studies have also shown 
that viral functional diversity, and its potential use for host adaptation, 
has been vastly underestimated9.

Marine virology is now poised to move away from bulk measurements 
of predation and biodiversity towards the detailed analysis of evolution 
and ecology. In this Review, we show how marine viruses can affect their 
hosts and environments in startling ways. From the global transfer of 
niche adaptation genes to modifications of the ontogeny and ecology 
of marine organisms, it has become clear that the marine virome is a 
master of manipulation.

Virally encoded host genes
Phage, and to a lesser degree eukaryotic viruses10, are known to carry 
and transfer a variety of host genes11. Most studies of this phenomenon 
have focused on the negative effects of viruses modifying their host’s 
physiology. However, viral infections can augment the metabolism, 
immunity, distribution and evolution of their hosts in many unexpected 
and potentially positive ways (Fig. 1). 

Consider the cyanobacterial genera Synechococcus and 
Prochlorococcus, which together account for about 25% of global photo-
synthesis12. Sequencing of the marine viral cyanophages that infect these 

primary producers showed that genes involved in photosynthesis are 
commonly carried in phage genomes13. These genes include the high-
light-inducible (hli) gene, as well as psbA and psbD, which encode the 
photosystem II (PSII) core reaction-centre proteins D1 and D2, respec-
tively14 (Table 1). The D1 protein is of particular interest because it is the 
most labile protein in PSII and the most likely to be rate limiting. During 
the lytic cycle, most of the host’s transcription and translation is shut 
down by phage. Because phage must maintain the proton motive force 
if they are to lyse the host, they need to prolong photosynthesis during 
the infection cycle. The cyanophage-encoded D1 proteins are expressed 
during the infection cycle, countering the virally induced decline in 
host gene expression15. It is thought that by encoding psbA and other 
genes involved in photosynthesis, phage generate the energy necessary 
for viral production. 

One consequence of cyanophage carrying psbA genes is the horizontal 
gene transfer of photosynthetic genetic elements between hosts (Fig. 1). 
Prochlorococcus has specific ecotypes that live in different parts of the 
water column16 and are tuned to the different light and nutrient regimes 
found there. Given the prevalence of phage-encoded photosynthesis 
proteins and the occurrence of recombination between phage and host 
genes, phage populations are expected to serve as gene reservoirs that 
change the ecological niches of the host17. Several lines of evidence 
support this hypothesis. First, phage psbA genes are undergoing inde-
pendent selection from host psbA, and there has clearly been exchange 
of phage psbA between hosts18. Second, metagenomic analyses have 
routinely identified large numbers of psbA genes in viral fractions and 
associated with viral-like open reading frames. It has been estimated 
that about 60% of the psbA genes in the marine environment for which 
an origin could be identified were actually from phage19. A rough calcu-
lation suggests that some 10% of total global photosynthesis could be 
carried out as a result of psbA genes originally from phage. 

Transformation events also mediate one of the most dramatic effects 
of phage on their hosts: the switch from symbiont or benign micro-
organism to pathogen. The best-known marine example occurs in Vibrio 
cholerae, a common near-shore bacterium that is normally harmless but 
becomes one of humanity’s greatest scourges by incorporating phage 
cholera toxin (CTX) genes20. Large-scale metagenomics has shown that 
viruses contain high numbers of virulence genes (Table 1), including 
some that facilitate antibiotic resistance, toxicity, host adhesion and host 
invasion. Bacteria that take up these genes extend their ecological niches, 
although this ultimately has a negative impact on humans. 

In addition to virulence genes, marine viromes contain many genes 
that are involved in unanticipated metabolic and functional pathways. 
Comparisons of paired microbial and viral fractions (microbiomes and 

Viruses manipulate the marine environment 
Forest Rohwer1 & Rebecca Vega Thurber1,2

Marine viruses affect Bacteria, Archaea and eukaryotic organisms and are major components of the marine 
food web. Most studies have focused on their role as predators and parasites, but many of the interactions 
between marine viruses and their hosts are much more complicated. A series of recent studies has shown 
that viruses have the ability to manipulate the life histories and evolution of their hosts in remarkable ways, 
challenging our understanding of this almost invisible world. 
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Certains hôtes des Phycodnavirus sont très petits (picoeucaryotes, 
1-3 µm)

Global Dispersal of Free-Living Microbial
Eukaryote Species

Bland J. Finlay

The abundance of individuals in microbial species is so large that dispersal
is rarely (if ever) restricted by geographical barriers. This “ubiquitous”
dispersal requires an alternative view of the scale and dynamics of
biodiversity at the microbial level, wherein global species number is
relatively low and local species richness is always sufficient to drive
ecosystem functions.

During the great age of natural history explora-
tion in the 19th century, it became abundantly
clear that many animal species—especially the
larger ones—had restricted geographical distri-
butions. In many cases, isolation had apparently
led to speciation, resulting for example in dis-
tinctive island faunas (1). A rather different
picture was provided by the small band of trav-
eling naturalists who were equipped with micro-
scopes. Most hoped to discover new and exotic
species of microbial eukaryotes (e.g., protozoa,
diatoms, and other microalgae), but their hopes
were dashed by the lack of novelty they found.
As early as 1887, the microscopist W. H.
Maskell conceded that the ciliated protozoa liv-
ing in the fresh waters of New Zealand were
basically identical to those known from Europe
(2). At around this time, similar ideas also began
to appear with respect to the prokaryotes (bac-
teria). Beijerinck’s pioneering use of enrichment
culture techniques showed that diverse types of
bacteria could be cultured from almost any type
of natural material (3), and species recorded
from a particular habitat type located in geo-
graphically distant places were usually similar if
not identical to each other.

Traces of Ubiquitous Eukaryotes
Recent evidence indicates that these ideas can
be extended to the microbial eukaryotes. There
is, for example, no evidence that flagellated
protozoan morphospecies have biogeographies
(4)—communities from adjacent sites are not
more similar to each other than they are to those
from more distant sites. The same flagellate
genotype has been isolated from a shallow in-
land fjord in Denmark and from hydrothermal
vents in the Pacific (5). The same planktonic
foraminiferan morphospecies are common to
both Arctic and Antarctic waters, and some of
these are also genetically identical (6). All 86
freshwater ciliated protozoan morphospecies
identified from a volcanic crater lake in Aus-
tralia in the late 1990s were already known
from Northern Europe by the mid-1930s (7, 8).

There are strong indications that protozoa

(Fig. 1) and other microbial eukaryotes in
general do not have biogeographies, and one
obvious explanation is that they are simply so
abundant that continuous large-scale dispers-
al sustains their global distribution. The local
abundance of microbial eukaryote species is,
indeed, impressively large. An average-sized
protozoon with a mass of about 1 ng typically
has an areal abundance roughly 12 orders of
magnitude greater than that of an average-
sized mammal (Fig. 2A), so sheer weight of
numbers might be expected to drive large-
scale dispersal for purely statistical reasons.
When we consider the many forces in the
natural environment that must drive the dis-
persal of small organisms (e.g., hurricanes,
global oceanic circulation, labyrinthine
groundwater networks, damp fur and feath-
ers), it is not surprising that some spectacular
examples have been recorded by explorer-
naturalists. While the Beagle was sailing in
oceanic waters of the tropical Atlantic, Dar-
win (9) scraped from the mast and sails a fine
layer of dust that was rich in freshwater

diatoms. These had been deposited by the
combined agency of a tornado and the Har-
mattan blowing from West Africa.

Local/Global Species Ratios
Doubtless, most of these diatoms were dead
by the time they were recovered, but many
microbial species can exist for long periods in
states such as resting cysts or spores. For
example, when a small sample of sediment
was collected from a freshwater pond and
examined microscopically, 20 ciliate species
were detected and identified, but after a va-
riety of enrichment techniques were used
over a period of 100 days, the species number
had risen to 137 (10), indicating that the
“seedbank” of species was very large.

If ubiquitous dispersal is typical of most (if
not all) microbial eukaryotes, we would expect
relatively low global species richness. This ap-
pears to be true for one of the best studied
groups, the free-living ciliates [!3000 species
(11)], and independent estimates place the spe-
cies richness of all free-living protozoa some-
where in the range of 10,000 to 20,000 (12, 13).
These are relatively small numbers compared
with 5 million species of insects (14). The main
difference, of course, is that many insect spe-
cies have geographically restricted ranges, and
similar niches located in geographically isolat-
ed regions of the world tend to be occupied by

Centre for Ecology and Hydrology (Windermere),
Ferry House, Ambleside, Cumbria LA22 0LP, UK. E-
mail: bjf@ceh.ac.uk

Fig. 1. A small sample from the variety of free-living protozoan species, drawn to scale next to a
pinhead. Virtually all species fall within the size range 0.002 to 2 mm.
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ed regions of the world tend to be occupied by

Centre for Ecology and Hydrology (Windermere),
Ferry House, Ambleside, Cumbria LA22 0LP, UK. E-
mail: bjf@ceh.ac.uk

Fig. 1. A small sample from the variety of free-living protozoan species, drawn to scale next to a
pinhead. Virtually all species fall within the size range 0.002 to 2 mm.
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HÔTES : PRASINOPHYCEAE

Chlorophyta : algues vertes (Ordre Mamiellales, 
picophytoplancton ubiquiste)

3 genres principaux, 6 génomes complets

Ostreococcus (3 génomes)

Bathycoccus (1 génome)

Micromonas (2 génomes)



Bathycoccus

Micromonas

Ostreococcus
Chrétiennot-Dinet et al. (1995)



Phylogénie (ADNr 18S)

Bathycoccus

Micromonas

Ostreococcus
Chrétiennot-Dinet et al. (1995)

O. tauri RCC745

Micromonas RCC451

O. lucimarinus CCMP2972

Ostreococcus RCC1108

M. pusilla RCC497

Ostreococcus RCC344

Ostreococcus RCC356

Bathycoccus prasinos RCC1105

Ostreococcus RCC1107

Bathycoccus prasinos RCC464

M. pusilla CCMP1545
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Hôtes et virus : génomes et évolution



GÉNOMES : VIRUS

14 au total

7 OlV + 2 OtV + 1 OmV + 1 OxV (souche profonde)

2 BpV

1 MpV



PHYLOGÉNIE

Arbre basé sur ß DNA polymérase 
(DP) : Eukaryotes, Eubacteria, 
Archae, et viruses

Focus sur prasinovirus et leurs 
hôtes basé sur concaténation de 5 
gènes communs : DP, PCNA, lsu et 
ssu Ribonucleotide reductase, 
Thymidine synthase
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Les dsDNA virus d'algues vertes sont 
monophylétiques

Coévolution avec les hôtes

Divergence évolutive : hôtes > virus

Evolution plus rapide des hôtes ?

Colonisation récente par les virus ?





SpécificitSpécificité



313 souches de prasinovirus isolées de 26 hôtes caractérisés par

ADNr 18S et ITS pour les hôtes, DNA polymérase partielle 
pour les virus

Test de la spécificité à partir de culture d'hôtes sur boîte

! Jeu de données non redondant de 51 virus sur 22 hôtes

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

 – Dépôts de gouttes de Prasinovirus sur la souche Ostreococcus RCC745. A : Virus 

OtV576 ; B : Virus OtV562 ; C : Virus OtV564 ; D : Virus OtV565 ; E : Virus MiV595 ; F : 

Virus OtV11. Les Prasinovirus A, B, C et F montrent une lyse pour les dupliquats. 

!

A B 

D C 

E F 



Spécificité

Les virus peuvent infecter 1 (35 %) à 5
hôtes

Les hôtes peuvent être infectés par 1 
(17 %) à 14 virus

Virus plutôt (65 %) spécifiques des clades

Spécificité limitée au genre

!"#$%&' !"#$%() !"#*%+, !"#*%+- !"#.%)/ !"#01'%, !"#$%&1 !"#$%(/ !"#*%0( !"#*%0& !"#*%+( !"#))/1%) !"#.%) !"#.%& !"#.%( !"#.%+/ !"#.%(, !"#.%+) !"#01'%) !"#01'%), !"#01'%( !"#01'%0 !"#01'%+ !"#01'%' !"%1, !"#01'%& !"#*%&, !"#*%,/ !"#*%)( !"#*%)0 !"#*%, !"#*%&) !"#*%(1 !"#.%1 !"#.%(- !"#.%)0 !"#.%), !"#*%&+ !"#*%(/ 23%)+- 23%0,& 23%(01 23%(,/ 23%+(, 24%( 24%0 24%1 24%+,0 24%+,+ 24%+'( 24%,( 24%,0 24%,' 24%&& 24%(0( 24%(00 24%(/0 *5%))+ *64%( !"#$%&%'%&(
!78..-/0 9 )
!78..,+- 9 9 *
!78..0+) 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 )+
!78..0)- 9 9 9 9 9 9 9 ,
!78..0,) 9 9 9 -
!78..-&- 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 ),
!78..-&1 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 ),
!78..))/1 9 9 9 -
!78..,&1 9 9 9 9 9 9 9 9 9 9 9 9 )*
!78..0,+ 9 9 9 9 9 9 9 9 9 9 9 ))
!78..01' 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 ).
!7..!:)+0+ 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 ),
!78..('( 9 9 9 9 9 9 9 9 9 9 )/
!78..))0 9 9 9 9 9 +
237..;11/) 9 9 9 9 9 9 9 ,
278..(+, 9 9 9 -
278..(00 9 9 9 -
2478..'0+ 9 9 9 9 9 9 0
278..))/- 9 )
278..'-1 9 9 *
278..))/' 9 9 9 -
*78..))/+ 9 )
*78..0,0 9 )
!1"2%3%&( ) / ) * + * * * * - * - - + + 4 4 4 + * 4 + - 4 ) ) * ) * * * ) - + 0 + 0 * * ) ) ) ) ) ) * - - * * ) ) ) ) ) ) ) ) )
.<=>>?#36@AB
>5A#"C"#"4D . . . . . . . . . . . . . . . . . . . . . . *) >5A#"63">4>
EFB. )5 4 +1 4=463
EFB4=463 (1 )- (+G+1(&&/(0 HB>5A#"63">4>
HB. 0,G)+(-+ &&G&&&&

0

5

9

14

18

Gamme d'hôtes

1 2 3 4 51 2 3 4 5

0

1

3

4

5

Nombre de virus

1 2 3 4 5 6 7 8 9 1011121314



CophylogCophylogénie



L'évolution des virus (en particulier pour de tels virus évoluant 
lentement) est souvent vue comme liée à l'évolution des hôtes

Cela suppose un signal significatif de cospéciation



Sauf pour des cas simples, il faut des méthodes spécifiques pour 
mettre en évidence la cospéciation



Conséquences de la cospéciation :

Origine, diversité, spéciation, modes de transmission, ...

Comparaison des taux (divergences) évolutifs entre hôtes et 
virus

Chez les prasinovirus, un signal de cospéciation suggèrerait 
que des hôtes évoluent plus vite que leurs virus !



Arbres phylogénétiques pour les hôtes et les virus

Couplés aux données de spécificité pour étudier les patrons 
cophylogénétiques avec

Jane (topologies)

ParaFit (distances)

Arbres phylogénétiques pour les hôtes et les virus

Couplés aux données de spécificité pour étudier les patrons 



Tanglegram
hosthost associationsassociations parasiteparasite
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Pas facile d'interpréter les reconstructions...

Beaucoup de duplications



Coût global significatif

ParaFit (distances) : P = 0.001

Coût global observé



Analyses séparées



Topologies : P = 0.001 / Distances : P = 0.01 

Topologies : P = 0.5 / Distances : P = 0.01 

Analyses séparées



COPHYLOGÉNIE : CONCLUSIONS

Signal cophylogénétique mais histoire complexe

Congruence avec distances : les changements d’hôtes se font sur 
des hôtes proches phylogénétiquement

Poursuite phylogénétique possible (décalage temporel), pas 
forcément de la vraie cospéciation

Besoin de calibrations temporelles, par exemple avec des 
séquences virales datées



Transfert latéral de gènes



Les génomes des prasinovirus possèdent des voie métaboliques 
pour la synthèse d'AA jamais observées chez des virus

Ces voies ne sont pas présentes dans tous les génomes de 
prasinovirus

Un gène HSP70 existe seulement dans le génome de BpV

Ces gènes trouvent-il leur origine dans un transfert latéral ?

Si oui, à partir de l'hôte ou d'une autre source ?



!

Seulement MpV et 
OtV : LGT ?

Seulement MpV et 
OtV : LGT ?

Seulement OtV : 
LGT ?
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INTÉINES

Transfert entre virus

Les inteines sont des éléments génétiques s'insérant dans les gènes 
sans affecter leur activité (autoexcision après traduction)



Distribution phylogénétique 
dispersée

Comparaison avec un arbre de 
référence (polymérase)

!

!
FIG. 3. Phylogenetic tree of polB sequences belonging to Prasinoviruses. The phylogenetic 

tree was built using only the PolB sequences of intein-containing viruses and from reference 

sequences lacking inteins, BI (codon model) and ML (codon model; 297 nucleotides; 100 

bootstrap replicates). Numbers show posterior probabilities (BI) and bootstrap proportions 

(ML) reflecting clade support. The tree was rooted using the Chlorella virus PBCV1 



!"#$
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FIG. 4. GC content (A) and NC codon usage statistic (B) of the PolB gene and associated 

inteins. !: BpV-like (Bathycoccus virus-like); !: OtV-like (Ostreococcus virus-like); �: 

MpV-like (Micromonas virus-like). The straight lines have a slope of 1 and correspond to 

PolB-intein couples without recent transfer signal. 

 

Composition 
en base

Usage des 
codons

!
!
FIG. 5. Tanglegram of PolB and associated inteins belonging to Prasinovirus. Phylogenetic 

trees were built using codon models in BI and ML (426 positions for the PolB tree; 438 

positions for the inteins tree; 100 bootstrap replicates). Numbers show posterior probabilities 

(BI) and bootstrap proportions (ML) reflecting clade support. Trees were rooted according to 

the Fig. 3. PolB and intein trees are shown respectively on the left and on the right, 

respectively. 

 

Comparaison d'arbres

!
!
FIG. 6. Cophylogenetic scenario. Black and grey trees represent PolB and intein sequences, 

respectively. !: Switch; ": Codivergence; - - -: Loss. This scenario was produced with Jane 3 

using the following costs: Codivergence: 0; Duplication: 1; Switch: 1; Loss/Sorting: 2; Failure 

to diverge: 1. 

 

Réconciliation



LGT : CONCLUSIONS

Transferts de gènes dans les génomes viraux, parfois à partir de 
l’hôte

Transfert d’intéines entre virus, qui suggère des co-infections, ce 
qui est compatible avec les profils de spécificité observés, pas 
toujours stricte



Burst size



BURST SIZE

La burst size est le nombre moyen de virions produits par une 
cellule hôte lysée.

Chez les phycodnavirus, elle montre de grandes variations : 10s à 
1000s virions produits.

Comme elle est directement liée à la descendance virale, la burst size
subit sans doute une forte pression évolutive.

EhV

Chile). Parasite 2 originated from mud taken
at the bottom of a shallow freshwater pond near
Melbourne, Australia. After amplification on
Acanthamoeba cultures, both parasites became
observable by optical microscopy as a lawn of
ovoid particles 1 mm in length and 0.5 mm in
diameter (Fig. 1A). Observations by transmis-
sion electron microscopy revealed characteristic
ultrastructural features (Fig. 1) common to both
parasites. Despite their identical appearance,
the micro-organisms showed different global
protein contents when profiled by electropho-
resis (Fig. 1C). Anticipating the demonstration
of their viral nature, parasites 1 and 2 will
henceforth be referred to asPandoravirus salinus
and Pandoravirus dulcis.

To distinguish whether the parasites were cel-
lular or viral in nature, we imaged their propaga-
tion in axenic Acanthamoeba cultures over an
entire multiplication cycle, starting from purified
particles. The replication cycle of Pandoraviruses
in Acanthamoeba castellanii lasts from 10 to
15 hours and is initiated by the internalization
of individual particles via phagocytic vacuoles.
The particles then empty the content of their in-
ternal compartment into the Acanthamoeba cyto-
plasm through their apical pore. The internal lipid
membrane delimiting the particle core fuses with
the vacuole membrane (Fig. 1, D and E), creat-
ing a channel through which the particle proteins
and DNA content can be delivered, a process
reminiscent of the one used by Mimivirus (19).
This fusion process leads to a bona fide “eclipse”
phase whereby the content of the particle becomes
invisible once delivered into the cytoplasm. Two
to 4 hours later, the host nucleus undergoes major
reorganization initiated by the loss of its spheri-
cal appearance. Whereas the electron-dense nu-

cleolus becomes paler and progressively vanishes,
the nuclear membrane develops multiple invagi-
nations, resulting in the formation of numerous
vesicles (fig. S1). Peroxisome-like crystalline struc-
tures appear at the periphery of the deliquescent
nucleus and progressively vanish during the
particles’ maturation process (fig. S1). Eight to
10 hours after infection, the cells become rounded
and lose their adherence, and new particles appear
at the periphery of the region formerly occupied
by the nucleus (Fig. 1F and fig. S1). Unlike eu-
karyotic DNA viruses and phages, which first syn-
thesize and then fill their capsids, the tegument
and internal compartment of the Pandoravirus par-
ticles are synthesized simultaneously, in a manner
suggestive of knitting, until the particles are fully
formed and closed. Curiously, particle synthesis is
initiated and proceeds from the ostiole-like apex
(Fig. 2). No image suggestive of division (binary
fission) was obtained during ultrastructural
study of particle multiplication in A. castellanii.
The replicative cycle ends when the cells lyse to
release about a hundred particles. The replication
cycles of P. salinus and P. dulcis exhibit the same
stages and characteristics.

We sequenced the genome of both parasites,
starting from DNA prepared from purified par-
ticles. For P. salinus, a 2,473,870–base pair (bp)
sequence was assembled as a single contig through
a combination of Illumina, 454-Roche, and PacBio
approaches. The sequence coverage (11,164, 67,
and 41 for the above platforms, respectively) was
quite uniform, except for 50 kb at the 3′ extremi-
ty of the contig where it was 10 times as high,
hinting at the presence of unresolved terminal re-
peats. Using a combination of polymerase chain
reaction (PCR) primers targeting sequences expected
to arise from tandem or head-to-tail repetitions, we

found evidence of at least six additional tandem
terminal copies, raising the lowest estimate of the
P. salinus total genome size to 2.77 Mb. The same
approach was used to sequence the P. dulcis ge-
nome. The combination of the Illumina, 454-Roche,
and PacBio data sets resulted in the assembly of
a 1,908,524-bp sequence with an average cov-
erage of 3,112, 62, and 133, respectively. Again, a
higher coverage over 20 kb at the 3′ end of this
contig hinted at the presence of two tandem ter-
minal repeats. At strong variance with the pre-
viously sequenced Acanthamoeba giant viruses
and most intracellular bacteria, the two Pandora-
viruses genomes are GC-rich (G + C = 61.7 and
63.7% for P. salinus and P. dulcis, respectively),
with a noticeable difference between the pre-
dicted protein-coding and noncoding regions
(64% versus 54% for P. salinus). Such a high GC
content remains below the extreme values reached
by herpesviruses (G + C > 70%) (23). At a pack-
ing density typical of bacterial nucleoid (0.05
to 0.1 bp/nm3), a 2.8-Mb DNA molecule would
easily fit into the volume (≅75 × 106 nm3) of the
ovoid P. salinus particle.

We identified 2556 putative protein-coding se-
quences (CDSs) in the P. salinus 2.47-Mb unique
genome sequence (considering a single terminal
repeat) and 1502 for the P. dulcis 1.91-Mb ge-
nome. The alignment of the two genomes with
Nucmer (24) showed a quasiperfect colinearity,
solely interrupted by the presence of four large
genomic segments specific to P. salinus (fig. S2).
These additional segments mostly account for the
size difference between the two genomes, indi-
cating that the global gene content of P. dulcis is
merely a subset of that of P. salinus. We thus fo-
cused our detailed analysis on the P. salinus ge-
nomic sequence.
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Fig. 1. Images of Pandoravirus particles and their proteomic pro-
files. Light microscopy (A) and electron microscopy images (B) of P. salinus (1)
and P. dulcis (2) purified particles. (C) Electrophoresis profiles of P. salinus
(lane 1) and P. dulcis (lane 2) extracted proteins. (D) Internalized P. salinus
particle in the host vacuole. Once fused with the vacuole membrane (arrow),
the virion internal membrane creates a continuum with the host cytoplasm.
The particles are wrapped into a ~70-nm-thick tegument-like envelope con-
sisting of three layers. (E) Magnified image of the opened ostiole-like apex:
from the inside out, a layer of light density of unknown composition (~20 nm,
marked “a”), a dark layer comprising a dense mesh of fibrils (~25 nm, marked

“b”), and an external layer of medium density (~25 nm, marked “c”). This
tegument-like envelope is interrupted by the ostiole-like pore measuring
~70 nm in diameter. Inside the particle, the lipid membrane encloses a diffuse
interior devoid of visible substructure, except for a spherical area of electron-
dense material (50 nm in diameter, arrowhead) seen episodically but in a
reproducible fashion. (F) Ultrathin section of an Acanthamoeba cell filled with
P. salinus at various stages of maturation.
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Pandoravirus
PBCV

Relatively little is known about the selective forces driving the
diversity and speciation of microbes in the marine environment,
but viruses appear to play a key role in these processes that furnish
the base of the global food web [5,7,8,32,50–55].

The extremely small O. tauri cell is crowded with organelles,
which are often observed to deform the apposed plasmalemma,
and the cytoplasmic compartment represents a maximum of about
30% of the O. tauri cell volume [56]. If all of this were packed with
viruses, about 100 particles might be accommodated. However
this volume also accommodates vesicles and hundreds of
ribosomes, virus particles being localized to a limited part of the
cytoplasm. It is thus not surprising that the mean burst size is only
25 particles per cell. EM pictures showed a maximum of 15

particles in a 50nm thick section of a single cell. These data are
comparable to the burst size of 70–100 particles per cell observed
for the related host/virus system Micromonas pusilla/MpV [26],
considering the host cell volume of Micromonas is about 4 times
more voluminous than Ostreococcus (the diameter of O. tauri in our
culture conditions is about 1 mm [Figure 4] and Micromonas is
1.6 mm [57]).

Using a high moi, EM also showed that many virus particles
could adsorb to a single cell (Figure 4A) but that high numbers of
viruses apparently adsorbed to only a proportion of the cells (about
20%). This observation was confirmed by flow cytometry at lower
moi (at a moi of one, about 35% of viruses were adsorbed). The
remaining majority of particles then remained in suspension

Figure 4. Electronic microscopy of infected Ostreococcus tauri cells. A, B, C, D, the bar represents 500nm; E, F, bar 50nm. Example virus
particles are shown with arrows. Chl–chloroplast; Cyt–cytoplasm, n–nucleus, m–mitochondrion, sg–starch grain. A–at high moi many viruses can
adsorb to a single cell. In B, C, D, E, & F the moi was one. B & C show viruses accumulating in the cytoplasm before cell lysis occurs. D–virus particles
clumped together around a lysed cell, E (30min after infection)–full virus particle attached to plasmalemma, F–empty particle.
doi:10.1371/journal.pone.0002250.g004

Figure 5. Features of the OtV5 virus genome. Predicted coding sequences are represented by colored rectangles (white–the reading frame is
on the opposite DNA strand). The bar and filled triangles indicate map lengths in kb.
doi:10.1371/journal.pone.0002250.g005
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QUESTIONS

La burst size est-elle seulement une conséquence de taille virus/taille 
hôte ?

La taille des virus subit aussi des contraintes : liée à la taille de 
l’hôte ?

! Test de plusieurs hypothèses sur tous les Phycodnaviridae d’hôtes 
unicellulaires pour lesquels existent des données génomiques et sur 
le cycle (19 spp.), incluant les Pandoravirus



Burst size corrélée à :

Taille hôte - contrainte espace pour produire des virus

Taille virus - petits virus = grande burst size

Taille génome virus - moins de temps pour synthétiser de 
petits génomes = plus de virus

Taille génome hôte - gros génome hôte = plus de nucléotides 
pour produire plus de virus

DETERMINANTS POTENTIELS DE LA BURST SIZE ET DE LA 
TAILLE DES VIRUS : TESTS ET HYPOTHÈSES (LITTÉRATURE)



Taille virus corrélée à :

Taille hôte - espace, encore

Taille génome virus - gros virus = gros génome

Taille génome hôte

Taille génome virus corrélée à Taille génome hôte - course 
aux armements vers complexité



ANALYSES - MÉTHODES

La plupart des données de la littérature, quelques-unes de notre labo

Phylogénie des virus à partir du gène de la DNA polymerase

Données + phylogénie : approche comparative

PGLS avec différents modèles (BM, OU, Pagel avec estimation !), 
comparés via AIC (APE, Phytools, nlme)
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Pandoraviruses : génomes 1.9-2.5 Mb
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PHYLOGÉNIE

idem ML et BI

ÉNIE



AVEC MÉTHODE COMPARATIVE 
(PHYLOGÉNIE)
Signal phylogénétique : ! = 1 pour toutes les variables, fort

Régression multiple :
Burst size = f(Taille virus, Taille génome virus, Taille hôte, Taille génome 
hôte)

Reste Taille génome hôte après sélection des variables

Taille virus = f(Taille génome virus, Taille hôte, Taille génome hôte)
Toutes les variables retenues avec le modèle de Pagel avec les 
outliers, seulement Taille hôte et Taille génome hôte sans outliers

Besoin d’étudier les relations entre les variables
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Significatifs sans outliers (PdV, PsV, HcV)
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BURST SIZE : CONCLUSIONS

Burst size pas liée à la taille des virus, ni celle des hôtes. Donc 
pas un problème d’espace dans la cellule hôte.

Burst size pas liée à la taille du génome viral. On ne trouve pas 
ce trade-off négatif.

Burst size liée positivement à la taille du génome de l’hôte : 
supporte l’hypothèse que les nucléotides du génome de l’hôte, 
et/ou les gènes pour la synthèse nucléique sont une ressource 
limitante pour la production de virus



Les tailles des génomes de virus et de leurs hôtes sont 
positivement corrélées : course aux armements vers la 
complexité ?

! Chez les Phycodnavirus, les tests en contexte 
phylogénétique ne confirment pas les hypothèses courantes 
sur les déterminants de la burst size et de la taille des virus.



PERSPECTIVES

Considérer la phase latente, possiblement liée à la burst size

D’autres facteurs pourraient influencer la burst size :

Environnement : température, lumière, salinité, pCO2, 
Phosphate, Nitrate, …

Physiologie de l’hôte

Densité de population des hôtes
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