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Abstract of the doctoral research

Freshwater ecosystems are hotspots of biodiversity, biogeochemical processes, and
provide numerous societal services (e.g., drinking water production, wastewater
treatment). The microbial communities that inhabit these systems form complex networks
of interacting populations, for which the structure and function are not yet fully understood.
This PhD research presents new insights into the microbial community ecology of both
natural (i.e., lakes) and managed (i.e., cooling and drinking water) freshwater systems by
developing and validating new technologies to study them and by investigating the
genomic adaptations to their freshwater habitat.

A novel flow cytometric fingerprinting method for measuring microbial diversity was
developed that correlated strongly with the benchmark marker gene sequencing approach
typically used in diversity surveys. This new approach was applied in the monitoring of
cooling water systems, the detection of microbial disturbances in drinking water, and the
tracking of lake microbial diversity during exposure to invasive species. In parallel, the
genomic adaptations of the prevalent microbial populations which shape the diversity in
these managed and natural freshwater communities were investigated. We found that
positive selection on nutrient scavenging genes and morphological plasticity may be
adaptations to phosphate-limited environments commonly found in managed systems. In
natural freshwater systems, our results indicated that small genetic or expression
differences between populations can facilitate adaptation to steep temperature gradients,
while larger genetic and expression differences underpin adaptation to nutrient gradients.
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