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Session description 

Microbes represent the most important biomass component on Earth. They have colonized all types of 
environments from benign to extreme or from external to internal ones. Yet, their key roles in many 
environmental, ecological and evolutionary processes are just being recognized (Faure et al 2015). Since 
a decade, omics approaches allow the high-throughput analyses of molecules (DNA, RNA, proteins, 
metabolites) and organisms (including single cell analysis). In combination with imagery and bioinformatic 
tools, omics propelled microbiota studies to the front line of the fast-moving and highly-competitive 
researches (Joly and Faure, 2015). Different kinds of studies are particularly challenging. One concerns 
the characterization of microbial populations and communities at various biogeographical scales for 
understanding their functioning, dynamics and evolution in present and past ecosystems. The others 
concerns integrative studies of microbial interactions for exploring the complexity and diversity of 
organism relationships (including microbial sensing and signal transduction) at the level of the cell, the 
population, the community and the holobiont. This symposium “Microbiota under omics spotlights” 
exemplifies the benefits of omics for studying microbes in a large variety of environments.  
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Domestication of viruses by parasitic wasps to deliver

virulence molecules and impact on lepidopteran

genomes

Jean-Michel Drezen∗1

1Institut de Recherche sur la Biologie de l’Insecte (IRBI) – CNRS : UMR7261, Université François

Rabelais - Tours – Avenue Monge 37200 TOURS, France

Résumé

Thousands of wasp species that develop inside caterpillars during their larval stage have
domesticated viruses to face host immune defences and thus ensure successful development
of their progeny in this potentially hostile environment. Polydnaviruses (PDVs) associated
with parasitic wasps are used to transfer and express virulence genes inside the host. Viral
particles are injected into the host with the wasp eggs. The genome packaged in the particles
comprises multiple circular dsDNA molecules, which are produced exclusively in wasp ovaries
from proviral sequences present in the wasp chromosomes. The DNA circles of braconid
wasp PDVs get integrated and expressed into host cells. It was found recently that this
integration had an unexpected impact on the genome of lepidopteran species. Among PDVs,
Bracoviruses (BVs) and Ichnoviruses (IVs) are associated respectively with tens of thousands
of braconid and ichneumonid wasp species. The question as to whether PDVs had truly a
viral origin has been debated for decades until genomic and proteomic approaches allowed
the identification of genes involved in PDVs particles production. It is now clear that BVs
and IVs originated by convergent evolution from different viruses, which sets of genes have
been well characterized. Recently the origin of the first wasp immunosuppressive particles
described was unravelled and shown to correspond to a third event of virus domestication.
The recurrent domestication of viruses by parasitoid wasps suggests that virus hijacking
allowing genes an/or proteins delivery might be a common evolutionary strategy in intimate
antagonistic relationships.

Mots-Clés: parasitic wasps, genomic, viruses
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Bacterial ”social” network in French soils: a

Metagenomics insight.
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Dequiedt1, Nicolas Saby4, Walid Horrigue1, Mélanie Lelièvre3, Virginie Nowak3, Claudy
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5Genoscope - Centre national de séquençage [Evry] (GENOSCOPE) – CEA, Genoscope – 2, rue Gaston

Crémieux CP5706 91057 EVRY Cedex, France
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Abstract

High-throughput sequencing technologies evidenced that soil houses a huge microbial
biodiversity. Based on these observations, it is now possible to better describe the spatial
distribution of soil microbial communities, to study the ecological processes lying behind
(environmental selection, dispersal limitations), and to mine the data to define the ecological
attributes of soil microbial taxa. These huge datasets also offer the opportunity to study
how soil microbial populations are interrelated.
The objective of this study was to design the first bacterial ”social” network in French soils,
to characterize how bacterial taxa are potentially related to one-another. To do so, the
bacterial community composition was characterized for the 2,200 soils of the French Soil
Quality Monitoring Network using 454-pyrosequencing based on 16S rRNA genes directly
amplified from soil DNA. Bacterial taxa were then identified based on SILVA database. The
bacterial ”social” network was designed by means of a network analysis. First results at the
phylum level demonstrate that the soil bacterial ”social” network is highly complex (density
0.585), with different relationships between bacterial phyla (positive/negative, strong/weak).
This complexity is determined both by biotic relationships between bacterial phyla and by
environmental conditions. Indeed, soil bacterial ”social” networks from different ecosystem
types did not have the same complexity (density gradient: forests (0.440), grasslands (0.375),
croplands (0.346), vineyards (0.021)).
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Understanding these relationships represents a cornerstone of soil microbial ecology to go
further in understanding ecological processes shaping soil microbial communities; and to
identify land-use practices preserving soil bacterial ”social” network complexity.

Keywords: soil, bacterial community, network analysis, metagenomics



Multi-omics insight into marine plankton diversity :

Tara Oceans

Eric Pelletier∗†1, Quentin Carradec , Patrick Wincker , and Tara Oceans Consortium

1Genoscope - Centre national de séquençage [Evry] (GENOSCOPE) – CEA, Genoscope – 2, rue Gaston

Crémieux CP5706 91057 EVRY Cedex, France

Résumé

During a 3 years journey across the globe, the Tara schooner have sampled more than
200 open ocean stations to study a yet poorly describe important component of the global
ecosystem : the plankton from the sunlit ocean. These micro-organisms, ranging from 0.2
to 2000 µm, comprises main actors of several major biogeochemical cycles (carbon, oxygen
and nitrogen). The shape and fluctuation of their population is largely undescribed, and
their resilience to anthropic changes affecting the ocean are unknown. Using high-throuput
sequencing approaches, both metagenomic and metatranscriptomic component of the bac-
terial and eukaryotic fractions of the sampled organisms were studied, and general analysis
of both diversity and activity were undergone, allowing to draw the first set of global pic-
tures of connexion between environmental parameters and marine planktonic communities.
Highlights of bioinformatics approaches and main biological results will be adressed.

Mots-Clés: Tara expedition, plankton, metagenomic, metatranscriptomic
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Metagenomics of insect-symbiont interactions

Jean-Christophe Simon∗1, Cervin Guyomar2, Fabrice Legeai2, Christophe Mougel2, and
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Résumé

Prolonged associations between microbes and eukaryotic hosts are widespread. This is
particularly true for insects which are engaged in multiple forms of interactions with micro-
organisms. Many arthropods have established intimate and mutualistic partnerships with
obligate symbionts which generally supplement the host’s diet in key nutrients. Although
not essential for their host’s reproduction and survival, facultative symbionts are also very
common in insects and may have profound impacts on host ecology, physiology and behav-
ior. Until recently, the exploration of insect symbiont diversity was limited by the use of
taxon-specific detection techniques or DNA-limiting, time consuming and low throughput
methods. The development of new sequencing techniques and bioinformatic tools now per-
mits to assess without a priori the diversity and structure of insect microbial communities to
better understand the influence of microbes on their host populations and vice versa. Here,
we present scientific and methodological advances on aphid-symbiont interactions based on
metagenomic approaches. In particular, we showed how resequencing data from individual
or pooled host genomes can be used to characterize associated microbial communities at
different levels of diversity and to highlight the evolutionary dynamics of symbiotic partner-
ships.

Mots-Clés: symbiosis, microbes, aphids, metagenomics, diversity
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Metagenomics of freshwater microbialites
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4Departamento de Ecoloǵıa y Recursos Naturales, Facultad de Ciencias – Mexico, Mexique

Résumé

Stromatolites or, more generally, microbialites, are organosedimentary structures formed
under the influence of phylogenetically and functionally diverse microbial communities. Pre-
cambrian stromatolites constitute the oldest traces of life on Earth. Modern microbialites
are often used as valuable analogs of those primordial ecosystems, such that studying the
metabolic potential of these communities can help formulating hypotheses on how these
structures form and can be preserved in the fossil record. Although better known in sparse
marine locations, microbialites are relatively frequent in freshwater alkaline lakes. Here, we
will present a comparative metagenomic analysis of microbialite samples collected along a
depth gradient in Lake Alchichica (Mexico). The community structure inferred from single-
copy gene family identification and long-contig (> 10 kb) assignation, consistently with
previous rRNA gene surveys, showed a wide prokaryotic diversity dominated by Alphapro-
teobacteria, Gammaproteobacteria, Cyanobacteria and Bacteroidetes, while eukaryotes were
largely dominated by green algae or diatoms. Functional analyses revealed the importance
of carbohydrate metabolism. Diagnostic metabolic genes revealed a remarkable involvement
of Alphaproteobacteria in anoxygenic photosynthesis and sulfide oxidation, and Cyanobac-
teria in oxygenic photosynthesis and nitrogen fixation, whereas sulfate reduction appeared
marginal. Comparative analyses suggested functional similarities among various microbial
mat and microbialite metagenomes as compared with soil or oceans, but showed differences
in microbial processes among microbialite types linked to local environmental conditions.
Assembling lineage-specific genomes from these complex communities will be helpful to un-
derstand key metabolic activities involved in carbonate precipitation and microbialite for-
mation.
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Niche construction of the pathogen Agrobacterium

tumefaciens in plant host: a functional genomics

insight

Denis Faure∗1, Julien Lang1, and Yves Dessaux1

1Institut for integrative biology of the cell, CEA, CNRS, Université Paris-sud, Université Paris-Saclay,

91198 Gif sur Yvette CEDEX, France – CNRS : UMR9198 – France

Résumé

The Agrobacterium tumefaciens virulence genes and T-DNA are carried by the tumor-
inducing (Ti) plasmid. When transferred into the plant host nucleus, the A. tumefaciens
T-DNA directs the synthesis of the plant hormones auxin and cytokinin, and that of the
opines nopaline and agrocinopine. We combined plant and bacterial genomics and tran-
scriptomics, as well as metabolomics to investigate the opine-mediated niche construction
processes and virulence plasmid horizontal transfer in the plant pathogen A. tumefaciens.
We measured the selective advantage conferred by the assimilation of the nopaline when A.
tumefaciens colonizes the constructed niche that is the plant tumor (Lang et al. 2014 PLoS
pathogens). We characterized the matured signal (arabinose-2-phosphate) deriving from the
opine agrocinopine that is the ”true” activator of quorum-sensing and Ti-plasmid transfer in
A. tumefaciens (El Sahili et al. 2015 PLoS Pathogens). We showed that the GABA level in
plant tumor downregulates quorum-sensing in the hosted pathogen population, hence reduc-
ing the dissemination of the virulence genes by conjugative transfer (Lang et al 2016 New
Phytologist). Combining all these data, we propose an integrative and dynamic model of the
niche-construction process that occurs when the A. tumefaciens pathogen population infects
and invades the plant host.

Mots-Clés: niche construction, pathogen, plant host, genomics, transcriptomics, metabolomics
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