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            Abstract
Calcified dental plaque (dental calculus) preserves for millennia and entraps biomolecules from all domains of life and viruses. We report the first, to our knowledge, high-resolution taxonomic and protein functional characterization of the ancient oral microbiome and demonstrate that the oral cavity has long served as a reservoir for bacteria implicated in both local and systemic disease. We characterize (i) the ancient oral microbiome in a diseased state, (ii) 40 opportunistic pathogens, (iii) ancient human–associated putative antibiotic resistance genes, (iv) a genome reconstruction of the periodontal pathogen Tannerella forsythia, (v) 239 bacterial and 43 human proteins, allowing confirmation of a long-term association between host immune factors, 'red complex' pathogens and periodontal disease, and (vi) DNA sequences matching dietary sources. Directly datable and nearly ubiquitous, dental calculus permits the simultaneous investigation of pathogen activity, host immunity and diet, thereby extending direct investigation of common diseases into the human evolutionary past.
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                    Figure 1: Taxonomic and phylogenetic characterization of ancient dental calculus.[image: ]


Figure 2: Genomic coverage plot for the periodontal pathogen T. forsythia, with details of gene and protein coverage of the virulence factor TF2663, tfsB, from medieval human dental calculus (G12).[image: ]


Figure 3: Metaproteomic comparison of human proteins in modern and ancient dental samples.[image: ]


Figure 4: Genetic, microfossil, zooarchaeological and stable isotopic evidence for the medieval human diet at Dalheim, Germany.[image: ]


Figure 5: Evidence of microscopic and biomolecular preservation of ancient dental calculus.[image: ]
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