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Editorial on the Research Topic
 Applied Uses of Ancient DNA



The advent of ancient DNA research 35 years ago, with the publication of DNA sequences from the extinct quagga (Higuchi et al., 1984), changed the way scientists look at ecology and evolution. For the first time, evolution could be studied in “real-time” rather than relying on contemporaneous samples to study the past. The invention and continued development of high-throughput sequencing technologies (Marguiles et al., 2005) led to further technological advances in the field, making the sequencing of whole ancient genomes possible (e.g., Van der Valk et al., 2021), in turn allowing macro- and micro-evolutionary processes to be examined in ever finer detail (Mitchell and Rawlence, 2021). Ancient DNA, combined with archaeological, paleontological and paleoecological approaches, has been shown to be critical to the understanding of how ecosystems function, and how these processes may play out into the future (Stiller et al., 2010; Rawlence et al., 2012; Knapp, 2019; Thomas et al., 2019).

While the majority of ancient DNA research is focused on big-picture, curiosity driven or “blue skies” questions (e.g., Slon et al., 2018), there is a growing appreciation that ancient DNA can be used for more applied aspects of science. Metcalf et al. (2012) used ancient DNA from cutthroat trout (Oncorhynchus clarkii) museum specimens, and historical records, to document recent human-driven extinctions, previously cryptic lineages, translocations and range fluctuations, to highlight the importance of historical records for informing evidence-based conservation management. Increasingly, applied applications of ancient DNA include conservation paleontology (e.g., Shepherd et al., 2012), conservation archaeogenomics (Hofman et al., 2015), elucidating the impacts of over-harvesting (Oosting et al., 2019), museum collections management (e.g., Boessenkool et al., 2010), ecological restoration (e.g., Wilmshurst et al., 2014), tracking the history of invasive species (e.g., Martin et al., 2014), biosecurity (e.g., Di Donato et al., 2018), and taxonomy (e.g., Forin et al., 2018).

In this Research Topic, we have compiled 13 different contributions from across the field of applied ancient DNA pertaining to museum collections, ecological restoration, human and cultural history, and methodological development. Museum specimens are increasingly valued and sought after in genetic research (e.g., McCormack et al., 2017; Nakahama, 2020). Verry et al. highlight the importance of accurate specimen data when using historical records to inform conservation translocation decisions, where deliberate falsification or poor record keeping was common (e.g., Boessenkool et al., 2010; Miskelly, 2012; Rawlence et al., 2014). Casteneda-Rico et al. resolve the controversial taxonomy of the critically endangered Puebla deer mouse (Peromyscus mekisturus) using historical specimens, with consequent conservation management implications, further highlighting the importance of archival specimens when contemporary individuals are rare or non-existent. Sarkissian et al. demonstrate that mollusc shells, which are ideal indicators of environmental change and have been seemingly ignored by the ancient DNA community until recently, can in fact preserve ancient DNA up to ~100,000 years old.

Biodiversity cannot be conserved and ecosystems restored effectively without knowledge of the pre-disturbance ecological and genetic landscape. This is especially true in tropical ecosystems, which are undergoing collapse (Barlow et al., 2018). Dommain et al. show it is possible to retrieve sedimentary ancient DNA from swamps in tropical Uganda, which can provide an additional tool to the fossil and historical record, especially where these are rare.

Ancient DNA has also allowed scientists and archaeologists to better understand our past, often in ways that are not previously discernible from the archaeological record. Vai et al. review the potential applications and limitations of experimental and computational methodologies for kinship determination. Wasef et al. show that hypothesized inequalities in Australian Aboriginal burial practices based on status, sex, and age, may instead relate to local versus non-local origins. In their review, Przelomska et al. argue a multidisciplinary approach offers an unprecedented insight into how plants and humans evolved together, how plants were used, and how ancient DNA can play an important role in the sustainability of the world's food system. Finally, Arriola et al. review the field of palaeomicrobiology which has provided a unique window to the evolution of (non)pathogenic microbes, many of which have had a profound impact on human history, and what the future may hold for this burgeoning area of ancient DNA research.

Methodological development is an important part of applied ancient DNA research, as the technique is pushed to its limits (e.g., Van der Valk et al., 2021). The methodological contributions to this Research Topic are no exception, ranging from the application of hybridization capture techniques to forensic science (Young et al.) to developing more accurate algorithms for taxonomic assignment of sedimentary ancient DNA data (Cribdon et al.), and reconstructing signatures of methylation from DNA damage in ancient botanical remains (Wagner et al.), to improving the reference-alignment of DNA sequences derived from ancient genomes and methylomes (Poullet and Orlando), and finally the development of an archival and management system for ancient DNA data (Dolle et al.).

With funding bodies, and the public, increasingly interested in the expected real-world impacts that will justify the costs of scientific research, practical applications of ancient DNA become increasingly important.
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