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Lighting up the dark - microbial dark matter matters in mats
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Shark Bay (Gathaagudu Country), Australia, harbours one of the most diverse and extensive systems of living microbialites and mats, proposed to be analogues of some of the earliest ecosystems on Earth. The traditional tree of life is in flux and new discoveries of novel organisms and pathways is affording a dynamic and holistic view of microbialite ecosystems and the complex network of processes occurring through space and time.  Mat systems have been shown to possess a substantial abundance of uncultivable microorganisms, and we hypothesise that these enigmatic groups, coined as ‘microbial dark matter’ (MDM), play key roles in modern microbial mats. We reconstructed 115 metagenome-assembled genomes (MAGs) affiliated to MDM, spanning across 41 phyla within the bacterial and archaeal domains, including potentially novel organisms in the deep-branching archaeal Asgard group. This study reports novel microorganisms (Zixibacteria and GN15) putatively taking part in dissimilatory sulfate reduction in surface hypersaline settings, as well as five new information processing eukaryote signature proteins in the Asgard archaea. Despite possessing reduced-size genomes, the MDM are capable of fermenting and degrading organic carbon, suggesting a role in recycling organic carbon in these mats. Several forms of RuBisCo were identified, allowing putative CO2 incorporation into nucleotide salvaging pathways, which may act as an alternative carbon and phosphorus source. High capacity of hydrogen production was found among Shark Bay MDM. Putative schizorhodopsins were also identified in Asgard archaea, allowing these members to potentially capture light energy. Putative viral defensive mechanisms (such as core genes of CRISPR pathways), as well at the role of mobile genetic elements were also delineated. In light of our findings, we propose H2, ribose and CO/CO2 as the main energy currencies of the MDM community in these mat systems. The finding of an abundance of anaerobic microorganisms enriched at the surface where oxygen levels were highest, coupled with peak methane production in the oxic zone, suggests putative surface anoxic niches in these mats. Our work provides new metagenome-based models into how this dark matter contributes to overall microbialite function and survival, and in addition we are finding clues to the evolution of eukaryotes: the greatest genealogy search of them all.
