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Introduction

Errors in sequencing data depend on various factors such as library
preparation, flowcell chemistry, and basecalling software. Moreover,
sequencing errors can be context dependent, i.e. non-uniformly
distributed. To better understand these errors, we developed counterr,
a lightweight command line tool that characterizes the context
dependent error profile of sequencing reads using their alignment to a
reference genome. We used counterr to characterize the error
distributions in both amplified and native microbial ONT MinlON
sequencing data. Our results confirm a widely held belief that errors in
MinlON data strongly depend on sequence context. We hope that this
improved error characterization can be useful for read error correction.

Data: An amplified DNA dataset was created from 9 bacterial isolates
(comprising E. coli, P. aeruginosa, S. aureus, and K. pnuemoniae)
individually prepped with the PCR-based SQK-RPB004 and sequencec
on a MinlON (R9.4.1). Reads were basecalled with Albacore v2.3 anc
aligned with Minimap2 to matched short-read assemblies (generatec
with paired-end Illumina NextSeq data, assembled with SPAdes v3.8.1).
Native genomic DNA was obtained from [1] (K. pneumoniae sequenced
with MinlON R9.4.1 and basecalled with Albacore v1.1.2).
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Context Dependent Substitution/Deletion

We examined the context around errors to see if certain k-mers are
more (or less) subject to substitution or deletion errors. We show the
percent of time the central letter of the 5-mer (indicated in bold) is
incorrectly called, along with observed errors for each base. In
amplified DNA k-mers can have as little as 2% errors and as high as
30% errors. In the native genomic DNA, errors go from <12.5% to

>50% for CCTGG and CCAGG due to Dcm methylation [2].
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Context Dependent Insertion

We similarly examined which kmers are most subject to insertion
errors. We show the percent of times there is an erroneous insertion
between the two central letters (indicated in bold) within a 6-mer. The
rate of insertion of each base is indicated by the corresponding
column. Most insertions are single base insertions (not shown). The
insertion rate ranges from 0.10% to 11.5%. The least erroneous cases
have a T-dimer in the middle, showing insertions between T’s is rare.
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Homopolymer Length Errors

We examined the lengths of homopolymers in MinlON data and found
that their distribution has high variance and a biased mode relative to
the true homopolymer length. The mode and mean of the distribution
are smaller than the true length, leading to systematic under-
estimation of the true homopolymer length when consensus
correction is used. Interestingly, the length distributions for the four
bases differ in shape.
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Try our error profiler counterr!

Figures and tables were generated by our open source package

counterr available at https://github.com/dayzerodx/counterr:
counterr align.bam ref.fasta —--outdilr results
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