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Diversity of eukaryotic picoplankton using molecular approaches
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In comparison to prokaryotic picoplankton, our knowledge of the diversity of eukaryotic picoplankton is still very limited.  Recently, the analysis of oceanic clone libraries from the small sub-unit ribosomal RNA gene (rDNA) has revealed the presence of many new eukaryotic groups, not represented in cultures (Lopez-Garcia et al. 2001,Moon van der Staay et al. 2001).  In the framework of the European program PICODIV, we are trying to characterize eukaryotic picoplankton in coastal waters using molecular approaches that combine the sequencing of rDNA clone libraries, DGGE (denaturing gradient gel electrophoresis) and the design of taxon specific oligonucleotide probes for use with FISH (fluorescent in situ hybridization) and quantitative fluorescent PCR.  

Initial results obtained from rDNA clone libraries indicate that some of the novel groups initially observed in the Pacific Ocean (Moon van der Staay et al. 2001) are also found in coastal waters, pointing out their ubiquity. One such group, probably heterotrophic, occupies a basal position within the stramenopiles.  Two other major novel groups are part of the alveolates and appear to be intermediate between dinoflagellates and apicomplexa. Among known heterotrophic groups, ciliates are particularly abundant.  Among the photosynthetic groups, Prasinophyceae (Mamiellales: sequences related to those of the genera Ostreococcus, Bathycoccus and Micromonas), cryptophytes, chrysophytes and dinoflagellates dominate coastal clone libraries. Some sequences are related to the novel class Bolidophyceae, previously known only from offshore waters. Coastal waters seem to harbor some novel eukaryotic groups, not observed previously, such as one that could be related to the Rhodophyta.  In contrast, some groups observed in open oceanic waters (e.g. Acanthareans or some Prasinophyceae orders) are notoriously absent from temperate coastal waters.
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Fig 1: Relative composition of eukaryotic picoplankton 18S rDNA clone libraries from samples collected in the English Channel in winter (left) and spring (right).  In winter, autotrophic sequences (in green)  represent only 26% of eukaryotic sequences, against 48% in the spring (Romari, unpublished data).

The relative composition of coastal clone libraries vary both with localities and seasons (Fig. 1).  In particular, there is a clear shift from heterotrophic to autotrophic groups between winter and spring, coinciding with the spring picoplankton bloom, suggesting that, as for the other size classes, eukaryotic picoplankton undergo a well defined seasonal succession.

The availability of a large set of rDNA sequences facilitates the design of taxon specific oligonucleotide probes.  These probes can be used to label cells by FISH and to count them by epifluorescence microscopy.  As an example, this allowed us to confirm the dominance of Prasinophyceae, and more specifically Mamiellales, at certain period of the year in agreement with clone library and pigment data.  These probes can also be used as PCR primers yielding products that are detected by real time quantitative PCR, a technique that appears very promising to conduct large scale surveys of the abundance of key taxa.

Isolating representative cultures of unknown groups detected in clone libraries is a critical but very difficult step.  At present, we rely on a systematic culturing approach aimed at selecting picoplankton sized organisms (prefiltration, flow cytometry sorting).  Although this strategy has been successful to discover new taxa such as Bolidomonas, Picophagus or Symbiomonas (Guillou et al. 1999a,Guillou et al. 1999b), these organisms are often not representative of the dominant taxa in the environment (Guillou et al. 1999c) and novel strategies need clearly to be designed, e.g. relying on large scale screening of enrichment cultures with oligonucleotide probes.

Perspectives. Clearly, we still only see the tip of the iceberg.  A bewildering diversity of eukaryotic organisms of picoplanktonic size is likely to inhabit the oceans.  Although there are still many photosynthetic taxa to be discovered, in particular within classes that have been little examined so far, such as the Dictyochophyceae or the Chrorarachniophyceae, the most fascinating questions concern the role of heterotrophic eukaryotes.  Until now, they were seen only as predators.  However, they probably play many different roles, in particular in the degradation of organic matter, a role previously solely devoted to prokaryotes.  Moreover, the discovery of alveolates closely related to the parasitic organism Amoebophrya suggests that parasitic relationship may also be very widespread within picoplankton.
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