
 

Abstract 

The search for life beyond Earth is a top priority for space science and a fundamental human curiosity. Searching for potential signs 

of life, or “biosignatures,” is a primary objective for many past, current, and future space missions. DNA is an unambiguous 

biosignature, as it is virtually impossible to be produced without extant or recently extinct life. Robust instrumentation for detecting 

DNA exists in the form of the Oxford Nanopore Technologies’ (ONT) MinION, a portable and miniaturized sequencing device. 

However, the MinION needs to be tested in a diverse set of analogue environments to determine its utility for life detection and 

metagenomics in extreme environments. I first evaluated the MinION’s performance on Mars analogue paleochannel samples and 

established a putative lower detection limit of 0.001 ng of DNA. Other space mission instruments and techniques (i.e. X-ray 

diffraction, reflectance spectroscopy, Raman spectroscopy, immunoassay microarrays) detected biosignatures such as pigments, 

other organics, and water-related features from these samples. I then tested if the MinION could detect DNA from Antarctic 

cryptoendoliths after exposure to multiple extreme pressures analogous to Martian environmental conditions (i.e. a Mars 

environmental chamber). DNA remained detectable with MinION sequencing after a ~58-sol Mars chamber exposure, as did proteins 

and lipids (i.e. other unambiguous biosignatures). I also determined if an extreme UVC radiation dose corresponding to ~278 Martian 

years precluded the ability of the MinION to detect DNA. Finally, I evaluated the MinION’s potential for genome reconstruction from 

metagenomes in extreme analogue environments. Using samples from sea ice cryoconites in the Canadian high Arctic, I compared 

different approaches for producing metagenome-assembled genomes (MAGs) and found that combination MinION + HiSeq (i.e. 

hybrid) MAGs had the highest completeness, lowest contamination, and highest N50 of all datasets. A potential novel genome of 

Octadecabacter was also produced. 
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