






Figure 1: a) The MinIONTM flow cell, which was loaded into the device prior to the parabolic flight.
The white arrow marks vents, which leaked during return transport to the Johnson Space Center. b)
Loading the library onto the MinIONTM. Angling the pipette perpendicular to the pore was necessary to
avoid introducing air bubbles. c) The MinIONTM setup on the plane. The flow cell was connected to a
tablet running Oxford Nanopore Technologies’ MinKNOWTM sequencing software via a USB 3.0 cable.
We noted significant glare off of the tablet screen.
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Figure 2: a) Current distributions by 5-mer for flight data, ground data, and MetrichorTM’s Hidden
Markov Model. Standard deviations of the mean were calculated across reads for the flight and ground
data, while the stored standard deviation was taken for the HMM 5-mers. The two measures are not
directly comparable. b-d) Histograms of the number of stays per base, number of skips per base called,
and noise for ground data reads. The orange arrows mark the approximate positions of the flight data
reads. Median noise is calculated by MinKNOWTM for each read.
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Figure 3: a) Blastn results for template strands from the ground control experiment. BLAST hits were
preferentially counted towards the sample species even if others scored higher. In the case of ambiguity
between multiple sample species, only the highest scoring was considered a hit. b) A comparison of
BLAST and Oxford Nanopore Technologies’ WIMP using the 2D reads from the ground experiment. We
ran both bacteria and virus versions of WIMP. Here we include any read mapping to Escherichia coli or a
strain thereof as Ecoli, and any read mapping to Lambdalikevirus as Lambda, although the algorithm
was not able to identify reads beyond the genus level for viruses.
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Figure 4: Spectrogram of the second flight data read (length = 1752) showing frequencies over time.
Parameters used for the fast Fourier transform included a sampling rate of 50, a window size of 128,
and an overlap between windows of 64. Peaks with amplitudes over a certain threshold (here, 1.3 on
the log10 scale, marked in read) are identified and paired to construct fingerprints.

13

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted December 10, 2015. ; https://doi.org/10.1101/032342doi: bioRxiv preprint 

https://doi.org/10.1101/032342
http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure 5: a) Benchmarking results for UNFOG using 5000 base pair fragments of reference genomes.
The percent of reads correctly identified as the reference species was 65%, but dropped precipitously as
we induced errors into the fragments, with greater tolerance to mismatches than to indels. b) UNFOG
results for the ground data. E. coli was the top hit, as for BLAST and WIMP using 2D reads, and all three
species in the sample were in the top 5 hits among 22 reference species.
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Figure 6: a) The flight data read with the highest mapping score and the subset of Escherichia coli
genome to which it aligned in entropy space. The reference sequence is shown resampled to match
the length of the read, with both signals smoothed by taking the mean over a sliding window of 20.
Similarity was found to be 0.01 (p = 0.5) between the entropy signals using Pearson’s correlation.
The approximate region of alignment for the BLAST hit is marked as the burgundy line above the
plot, although indices do not correspond between event space and the base-called sequence due to
the presence of stays and skips in the event space read. b) Entropy signals for a ground data read
with a stays per base called ratio of 0.0009, far lower than the mean for these data (2.11). Query
coverage for the BLAST alignment of this read to Lambda phage was 58%, with 68% identity. The cross
correlation between the entropy signals after smoothing was low, r = 0.15, but positive and significant
(p = 1.25x10-17). c) Similarly smoothed event signals for the same ground data read and reference
sequence as shown in b), which resulted in lower correlation, r = 0.04 (p = 0.06), suggesting that taking
the signal entropy may help match event space representations to references.
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