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Pseudanabaena is a psychrophilic genus, capable of thriving in extreme environments with freezing temperatures (Aleksovski et al., 2024; Salamon Slater et al., 2023). It is known for its ability to inhabit a wide range of environments, from polar regions to deserts and from freshwater lakes to marine ecosystems (Aleksovski et al., 2024). 
Pseudanabaena is a non-heterocystous genus belonging to the order Oscillatoriales. The Pseudanabaenaceae family is characterized by simple trichomes less than 4 μm wide, with cells that are longer than they are wide. These cyanobacteria possess parietal thylakoids, polar gas vesicles, and distinctively constricted cross walls. Most cultured strains exhibit gliding motility, and some are even capable of anaerobic N₂ fixation (Rippka, 1992). These characteristics underscore the ecological versatility of Pseudanabaena and its potential role in nitrogen cycling across diverse and extreme environments.
The genus Pseudanabaena has been observed to exhibit remarkably high rates of nitrogen (N₂) fixation, making it a significant contributor to nitrogen cycling in freshwater ecosystems such as fishponds and lakes in the Czech Republic. From both phylogenetic and ecological perspectives, Pseudanabaena serves as an excellent model for studying nitrogen fixation in cyanobacteria. As a member of a basal lineage, it represents one of the earliest filamentous and most primitive diazotrophic cyanobacteria, possessing a relatively small genome (Strunecký et al., 2023).
In the 1970s, it was discovered that Nif genes are responsible for nitrogen fixation (Streicher et al., 1972). This set of genes has been highly conserved throughout evolution, despite being found across a diverse range of bacteria and archaea (Li et al., 2019). In cyanobacteria, approximately 16 Nif genes have been identified, with eight of them considered essential to the core nitrogen fixation pathway (Latysheva et al., 2012; Stucken et al., 2010). These genes encode various proteins necessary for the assembly, regulation, and functioning of nitrogenase, the enzyme complex responsible for the conversion of atmospheric nitrogen into bioavailable ammonia.  
Our genomic analyses indicate that Pseudanabaena harbors a plasmid carrying a full set of nitrogen fixation genes. This includes all subunits of the nitrogenase enzyme complex, along with genes responsible for siderophore synthesis, iron-regulated transporters, essential cofactors, and the transcription factor CnfR, which regulates nitrogenase gene expression. While plasmids are typically considered non-essential, they often provide critical adaptive advantages, particularly under environmental stress conditions. However, our understanding of plasmids in cyanobacteria remains limited, and plasmid-borne diazotrophy is an even less explored area of research (Latysheva et al., 2012; Stucken et al., 2010). Investigating these genetic elements further could enhance our knowledge of nitrogen fixation mechanisms and their evolutionary significance in cyanobacteria.
This project offers the student a unique, hands-on opportunity to develop interdisciplinary expertise in cyanobacterial microscopy, microbiology and cultivation, complemented by training in essential molecular and bioinformatic approaches.
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