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Photosymbiosis in freshwater ciliates: elucidating its diversity, functioning and evolution
with single-cell sequencing

Symbiosis is best defined as a long-term association of two or more organisms. One of the best-understood
symbioses is the partnership between corals and unicellular algae. In this system, the photosynthetic symbiont
produces sugars and transfers them into the host, which in return provides shelter to the symbiont. This kind
of symbiosis of heterotrophic host and algae is known as photosymbiosis. Photosymbioses are widespread
in marine ecosystems and are highly significant for ecosystem functioning through their important contribution
to biomass and primary production. The symbioses enable their participants to overcome the influence
of growth-limiting factors by acquiring the scarce substrates from their partners. Among the hosts are animals
and microbial eukaryotes (protists), such as radiolarians, foraminiferans, and ciliates. Recently, it has also been
shown that symbiotic systems can be much more complex than just host-symbiont pairs — additional microbial
players can participate in the functioning and stabilization of symbiosis.

Due to the evolutionary significance of photosymbiosis and its ecological role in aquatic ecosystems, there
is a growing number of studies on photosymbiotic systems in marine environments. However, the diversity,
functioning and evolution of photosymbiosis in fresh waters are still poorly described, with the bulk
of current research focused on a model ciliate Paramecium bursaria and its green algal photosymbiont
Chlorella. To improve our understanding of freshwater symbioses, we will focus on different species
of photosymbiotic ciliates.

We will use short DNA fragment (molecular barcode) sequencing methods to identify the diversity
of photosymbiotic ciliates in selected freshwater environments. We will also collect environmental data, such
as nutrient availability, water temperature, dissolved oxygen, and light accessibility, to learn about the
environmental preferences of various ciliates of interest. The characterization of the host, symbiont and other
possible players will be achieved by sequencing genomes from single cells isolated directly from the
environment. Genome analysis will allow for predicting biological interactions between partners, such as
the nutrient exchange. We will employ single-cell transcriptome sequencing of hosts and symbionts to analyse
their gene expression patterns, which will facilitate the identification of potential mechanisms
for controlling host-symbiont interactions.

Carrying out the field experiments will make it possible to evaluate the environmental factors' influence on
the abundance and diversity of freshwater photosymbiotic ciliates. The molecular characterization of the
host, symbiont, and other players will help understand the molecular basis of symbiotic systems' functioning
and stability. Results of this project will contribute to our understanding of photosymbiosis and, more broadly,
mixotrophy (i.e., the ability to use both heterotrophic and phototrophic modes of nutrition). That is particularly
growing in importance due to the role of mixotrophs in aquatic ecosystems under changing environmental
conditions. Characterization of the investigated symbiotic systems on a molecular level will also contribute
to our understanding of the impact of symbiosis on the evolution of eukaryotes.



