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Introduction: Extant life detection is once again a 

focus of future planetary missions, and a current chal-
lenge is to target biomarkers that can provide unam-
biguous evidence of life. In this vein, DNA sequencing 
has previously been suggested as a tool for unambigu-
ous life detection for planetary exploration missions 
[e.g., 1-2]. Sequencing offers a high level of unambi-
guity as there are no known abiotic routes to sequence 
lengths beyond >30 bp [3], and allows for the detection 
of forward contamination, avoiding false positives. 
Life detection instruments targeting DNA and/or relat-
ed polymers are in active development [2,4], however 
many challenges remain, i.e., use of biological rea-
gents, robust extraction method(s), sequencing non-
standard bases or polymers, base-calling algorithms, as 
well as data analysis and reduction, to cope with data 
transmission limitations.  

 The focus of this abstract is on failure modes, spe-
cifically the issues encountered when there is no-to-
low DNA input into a sequencing device. So called 
next generation sequencing (NGS) relies upon amplifi-
cation of this DNA, either during library preparation or 
the sequencing process, which, especially in the ab-
sence of input DNA, produces artifacts (random DNA) 
and possible machine malfunctions. This is problemat-
ic in instances where either very low amounts of DNA 
must be quantified, or when the absence of any DNA 
must be accurately determined, i.e. in clean room sur-
veys and in life detection missions. 

Here we assess whether single molecule sequenc-
ing, involving no amplification whatsoever, generates 
similar noise signals. To do so, we designed an exper-
iment to clearly elucidate what data are generated 
when no input DNA is present, using the Oxford Na-
nopore Technologies (ONT) MinION nanopore se-
quencer, which is being utilized as part of the SETG 
(Search for Extra-Terrestrial Genomes) project [4]. 

Methods: Experiments were conducted using the 
ONT MinION Mk 1-B with R9 (FL0-MIN104) 
flowcells. Four cases were explored (Fig. 1); in each 
case the number of 1D and 2D passing and failing 
reads and bases were recorded, as well as quality (Q)-
scores, and mean and median read lengths. Runs 1 and 
3, and 2 and 4 were run sequentially on the same re-
spective flow cells for 3-4 hours each. Data was rec-
orded and any passing reads were analyzed using 
NCBI BLASTN.  

Results and Discussion: Runs 1 and 2 established  

a baseline for the instrument, without the use of library 
preparation reagents. In both cases no 2D passing reads 
were detected, and 3 and 2 passing 1D reads were gen-
erated respectively. In Run 1, the passing 1D reads 
contained only one long read, comprised of a series of 
A’s and T’s. In Run 2, passing reads were character-
ized by an over-representation of thymine. Run 3 gen-
erated no passing reads, and Run 4 generated 1 passing 
read for 1D (Table 1).  

Conclusions: In all cases where a passing read oc-
curred, analysis of the sequence (e.g. nucleotide abun-
dances, or phylogenetic analysis) were clearly detecta-
ble as spurious. Thus, with proper filtering, single mol-
ecule sequencing produces little noise, and even small 
numbers of single molecule reads mapping to a organ-
ism can provide unambiguous detection of an organ-
ism. In previous work, we have shown cases where 
very low input DNA (i.e. 0.1 ng) is used, and have 
successfully detected reads that accurately map to the 
known input [5]. The noise characteristics in all in-
stances suggest that the quality thresholds (Q>6 for 
1D, Q>9 for 2D) were appropriately chosen by ONT. 
New R9.4 chemistry possibly addresses the signals 
seen in these experiments, but has not yet been tested.  
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Table 1. Results of four runs showing number of passing 
and failing bases with corresponding quality (Q) 
scores. 

Figure 1. Workflow for experiment detailing library and 
flowcell preparation utilized, sequencing software and base-
calling analyses. Runs 1-3 used Metrichor v. 1.107 
SQK-NSK007, Run 4 used SQK-RAD001. 
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