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CONCLUSION & SUMMARY: In this study, we have validat-
ed our extraction protocols to Mars-relevant cell concentrations 
and characterized sequencing efficiency. Our results suggest 
employing a pore-maintainer can improve low-input sequencing, 
however, future studies will focus on improving sequencing effi-
ciency, required to achieve our future sensitivity goals. In addi-
tion, our sequencing results simulate the potential for a genom
ics-based instrument to detect low-levels of contamination, rele-
vant to planetary protection.

RESULTS & DISCUSSION: EXTRACTION: Extraction 
yields of B. subtilis spore DNA in water (Figure 1 & 2) were con-
sistent with prior work on higher concentrations (~15% yield at 
108 spores) [11]. All extractions from the perchlorate soil satisfied 
our 5% requirement except one sample for which a pump mal-
functioned at the elution step (Figure 1 & 2).

SEQUENCING: Our sequencing metrics indicate that current 
nanopore sequencing is inefficient. From the theoretically avail-
able library (Table 1), only 8.7 x 10-5 % was sequenced. The 
causes of this detection remain to be explored; we speculate li-
brary may be lost due to adsorption to flow cell channels or other 
surfaces, the translocation-regulating motor protein may be 
knocked off of library molecules, or some library molecules float
ing in the headspace may simply never reach the nanopores. 

INTRODUCTION: Life on Mars, if it exists, may share a 
common ancestry with life on Earth due to the estimated billion 
tons of rock transferred between Mars and the Earth during the 
late heavy bombardment period [1]. Therefore, biological infor-
mational polymers (e.g., deoxyribonucleic acid - DNA, and ribo-
nucleic acid - RNA) have the potential to provide unambiguous 
evidence of any ancestrally-related life on Mars and discern any 
forward contamination [2].

We are developing an integrated nucleic acid extraction and 
sequencing instrument, the Search for Extra-Terrestrial Ge-
nomes (SETG), for life detection on Mars and Ocean Worlds 
[3-7]. 

Our goal for technology readiness level (TRL) 6 is to achieve a 
sensitivity of one part per billion: 106 bases detection from 104 
Bacillus subtilis spores in 50 mg soil (106 spores/g). Given the 
current state-of-the-art in single molecule sequencing, including 
post-extraction losses, this goal requires at least a 5% extraction 
yield (~2 pg DNA) [3].

•Here•Here we present DNA extraction results from Mars-relevant 
cell concentrations, e.g. similar to those observed in the 
Atacama Desert [8], in synthetic Mars analog soil [9].

•Futhermore,•Futhermore, we characterize the sequencing efficiency of 
the current generation of Oxford Nanopore Technologies 
(ONT) MinION Mk-1b sequencers and R9.4 flowcells for 
low-input sequencing. We employ a “pore maintainer” (En-
terobacteria phage/Lambda DNA) to preserve nanopore via-
bility.
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