Rapid Real time Squiggle-level Classification for Read-Until Using
RawMap
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I Introduction I Results

RawMap complements Minimap2 and improves overall pipeline accuracy as
depicted in figure 4. RawMap's accuracy on alignable and unalignable reads are also
shown (C and UC).

Read-Until enables Oxford Nanopore (ONT) sequencers to selectively sequence
target reads of interest in real-time. Read-Until achieves rapid target enrichment for
applications such as microbiome abundance estimation where the metagenomic
sample has a significant fraction of non-target reads (>99% can be human reads).
However, Read-Until requires a fast and accurate classifier that analyzes a short Figure 4: RawMap improves Read-Until accuracy
orefix of a read and determines whether the read belongs to one of the target 100
species. The conventional read-until pipeline using a seqguence of basecaller (eg.
Guppy), aligner (e.g, Minimap?2), and classifier (e.g, Centrifuge) cannot classity 10% of
the reads. In figure 1, we show that our proposed pipeline yields significant savings
N terms of basepairs saved from forward translocation, cost and speedup on a 991
human-zymo DNA mix where the average read length is 20Kbp. Here, cost savings 0
refers to increased lifetime of the flowcell and speedup refers to improvement in
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end-to-end sequencing time. é
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Figure 1: Read-Until savings can be improved J
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The underlying problem with the unaligned 10% of the reads using £
Minimap2/BLAST is traced back to their low translocation rates as shown in figure 2. 9 0
This problem necessitates a squiggle-domain classifier for further reducing the
non-target reads using Read-Until.
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Figure 2: Unclassified reads (10%) are slow moving g
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Figure 6 explains the benefits of adding RawMap to the conventional read-until
pipeline in an experiment where the read length is 20Kbp and human:zymo is 99:1.

I Methodology

Figure 6: Adding RawMap after Minimap2 yields significant benefits

We present RawMap, a direct squiggle-space metagenomic classifier for filtering
non-target reads. Inspired by brain EEG characterization, RawMap uses a Support

3®
Vector Machine (SVM) with an RBF kernel, which is trained to capture the non-linear N 40
and non-stationary characteristics of the nanopore squiggles. Each normalized :é 50
squiggle segment y corresponding to 450 basepairs of a read is mapped to a 3-D %
feature space. Features are derived from a modified version of Hjorth parameters, 2 Lo
where the mean and standard deviation are replaced with median and median ‘E
absolute deviation respectively. Activity captures the signal power, mobility is the =
mMean frequency and complexity is the change in frequency. RawMap has two SVM §
mModels, one trained on fast and other on slow moving reads. g 0
| E BP saved from Cost Savings Reative non-target SpeedUp
Activity = var(y) ; = ponard
12 ' Guppy->Minimap2->RawMap
. var(y') © 2

Mobility = >3 :

var(y) . S I Conclusion

mobility(y') B o 0s 08 1012 14 18 e RawMap is an efficient squiggle-space classifier ‘;hat complemgnts M?n.imapz
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Graphical representation of Zymo (target) separation

e Cuppy-followed-by-Minimap2-followed-by-RawMap is recommended for cases
where reduced time to answer is critical such as rapid microbiome abundance
estimation .

where y is the normalized raw data segment corresponding to 450basepairs, y' is the first-order
difference of the signal and var is the modified variance.

RawMap is combined with Minimap2 for rapid microbiome abundance estimation. Future work includes integrating RawMap with an event detection algorithm to

Here, Minimap?2 acts as the primary classifier for target vs non-target while RawMap classify reads into slow/fast moving in real-time. The benefits of using RawMap as
acts as secondary classifier that identifies the non-target reads Minimap2 missed. the primary classifier followed by Minimap2 is also being explored.
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Please contact hariss@umich.edu for any queries.
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