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Table 3 2D read alignment statistics for each nanopore run

Run Norm. 2D Aligned (q1) Aligned (q2) Full 2D Aligned (q1) Aligned (q2)
1 R7 18489 85.7% 82.7% 1598 75.5% 69.7%
2 R7.3 2260 26.5% 22.4% 9563 86.9% 66.2%

1 (option -b1). Values of 1 (-q1) and 2 (-g2) were tried for
the nucleotide substitution penalty parameters. Read per-
centage identity is defined as 100 * matches/(matches +
deletions + insertions + mismatches). Fraction of read
aligned is defined as (alignment length + insertions - dele-
tions)/(alignment length + unaligned length - deletions +
insertions). Scripts used to generate alignments and plots
are available in Github [9].

Results

MinlON™ reads can be classified into three types: tem-
plate, complement and two-direction (2D). Template
reads result from the first of two strands presented to the
pore. Template strands are slowed down by a proprietary
processive motor enzyme which is ligated to the leader
adapter. Complement reads may be present if a hairpin
has been successfully ligated. The shift from template to
complement is recognised by an abasic site on the hair-
pin which produces a characteristic signal when in contact
with the pore. The complement strand is slowed down
by a second enzyme termed the HP motor. For optimal
results, each molecule presented to the MinlION™ should
have a motor enzyme, tether, hairpin and hairpin motor
ligated successfully (Figure 1).

The first run (R7) produced 43,656 template reads (272
Mb) and 23,338 complement reads (125 Mb). Of these, a
total of 20,087 were converted into 2D reads (131 Mb) of
which 8% (10 Mb) were classified as full 2D~ (explained
in detail below). The mean fragment length for 2D reads
was 6,543. The second run (R7.3) produced 39,819 tem-
plate reads (163 Mb) and 18,889 complement reads (84
Mb). Of these, 11,823 were converted into 2D reads (64.53
Mb) of which 86% (55.68 Mb) were full 2D (Table 1 and
Table 2). The mean fragment length for 2D reads was
5,458 (Figure 2).

When both template and complement strands are
sequenced these are combined by the base-calling algo-
rithm to produce 2D reads, which may be divided into
two types. Normal 2D are defined by having fewer events
detected in the complement strand than in the template
strand. This suggests that there was no HP motor bound
to the hairpin to retard its process through the pore. Full
2D reads are defined as having more or equal comple-
ment events than template events. These are the optimal
type of reads for analysis as they are of the highest quality
(Figure 3).

Since 2D reads contain information from both tem-
plate and complement strands, a non-redundant dataset

would consist of 2D reads plus any remaining template or
complement reads which did not get turned into 2D reads.

We compared the alignment characteristics of full 2D
sequences, as well their underlying template and com-
plementary strand sequences, using the LAST aligner
with two different parameter settings (see Methods). We
observe a marked increase in the identity and the pro-
portion of the read aligned when employing equivalent
mismatch, gap introduction, and gap extension penalties
(Figure 4). The effect is particularly pronounced for the
more accurate full 2D reads, and this effect is consistent
for both R7 and R7.3. Notably, the proportion of Full 2D
reads was substantially higher (22.6% vs. 3.9%) in the R7.3
run, suggesting the possibility that future improvements
to the chemistry will increase the yield of the highest qual-
ity and most biologically informative reads (the alignment
performance of Normal and Full 2D reads is summarized
in Table 3).

Discussion

We show that the MinION™ is able to sequence entire bac-
terial genomes in a single run. Further work is required to
determine appropriate algorithms for common secondary
analysis tasks such as variant calling and de novo assem-
bly. We anticipate and hope this dataset will help stimulate
the development of novel methods for handling Oxford
Nanopore data.

Availability of supporting data

The datasets supporting the results of this article are
available in the GigaDB repository, [6] and the European
Nucleotide Archive under accession number ERP0O07108.
This DOI also contains two further MinION™ runs (file-
name Ecoli_ R7_NONLtgz) using R7 chemistry, in which
the HP motor incubation was increased from 30 minutes
to overnight which was found to increase the percentage
of full 2D reads (data not presented in this manuscript).
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