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Background: The Oxford MinlON nanopore sequencer is the recently appealing third-generation genome sequencing
device that is portable and no larger than a cellphone. Despite the benefits of Minl(ON to sequence ulira-long reads in
real-time, the high error rate of the existing base-calling methods, especially indels (insertions and deletions), prevents

its use in a variety ol applications.

Methods: In this paper, we show that such indel errors are largely due to the sepmentation process on the input
electrical current signal from MinlON. All existing methods conduct segmentation and nucleotide label prediction in

a sequential manner, in which the errors accumulated in the first step will irreversibly influence the final base-calling.

‘We lurther show that the indel issue can be significantly reduced via accurale labeling of nucleotide and move labels
directly from the raw signal, which can then be efficiently learned by a bi-directional WaveNet model simultancously
through feature sharing. Our bi-directional WaveNet model with residual blocks and skip connections is able to
capiure the extremely long dependency in the raw signal. Taking the predicted move as the scgmentation guidance, we
employ the Viterbi decoding 1o abtain the final base-calling results from the smoothed nucleatide probability matrix.
Results: Our proposed base-caller, WaveNano, achicves good performance on real MinlON sequencing data from
Lambda phage. =y s
Conclusions: The signal-level nanopore base-caller WaveNano can obtain higher base-calling accuracy, i generiie - | -
fewer insertions'deletions in the base-called sequences.
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Figure 1. Mechanism of MinlON nanopore sequencer and the two signal-level labels. (A) The MinlON nanopore-based
sequencing device. Sequencing 15 performed by adding the DNA sample to the flowcell. (B) When DNA molecules pass through the
nanopore, each five-luple DNA (dencled as 5-mer, e.g., "ATTTC") inside the pore will cause a change in the magnitude of the cument
Such comespondence between S-mers and the expecled current signal is denoled as the pore model. For consecutive. " e points, ihe 5-
mer either stays in the pore (shown in red) or moves by one nuclectide (shown in green). Such stayimove labec. . s=ibe 25 (te
segmentation guidance to convert the current signal to a >-mer event sequence,
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Figure 2, Comparison of the conventional base-calling methods and the WaveNano model. (A) Conver®-nal bmallmg
methods conduct segmentation and decoding in a sequential manner. (B) WaveNano predicls 5-mer labels | e fhl.ls
simultanecusly, and then performs segmentation guided decoding.
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Figure 3. The overall pipeline of WaveNano. WaveNano takes the curment signal X with length £, as the input. The calculated 2-
score of the current signal feeds into the causal one-dimensional (10) convolutional neural network (CNN) and stacked residual blocks
with skip connections. Different from the oniginal WaveNet which was proposed as a generative model, WavaMNano employs bi-directional
rizsidual blocks as we can conduct base-calling with the dependency of the entire current signal. On top of the concatenated feature maps
from the bi-directional blocks, 10 CNN with a 1 = 1| kemed is used for tha S-mer label (1024-class classification) and = ve Ial:ml tl'n gr»,.r
classification) prediction. Using the move label prediction as the segmentation guidance, Viterbi decoding is lwaragedﬂ -.h-. G
S-mer label probability matrix to obtain the final base-calling with length L.. "C" donates concalenalion.
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Tabhle 1  Base-calling performance on the Lambda phage genome (48.5 Kh)

3-mer prediciion Move prediction Seqlld, Seqlly, sSeqlly Gl
Metrichor ! Rl 9.6 852 8.8
Albacore ! 7.8 #8.4 859 8.2
WaveMNanog 632 04,7 956 93.2 923 5.6
wio bi-WaveMet 59.7 92.2 9.7 91.3 594 7.1
wio move guidance 564 1.1 246 833 12.8

“5-meer prediction” refers 1o the 5-mer label prediction accuracy, which is a 1024-class classification problem, “Move prediction” refers to the move
labse] Frl'l;l:lil_'[hm BCCUrACY, which is a t‘r:il:‘lur}' claszification '|:|r|.|l‘.l|.1,'|l'|. ."'k:l.||.|}| » Soeqily, ."'k:l.|||}, (i are defined in the Section of « (-~ u"'ly:'l.:":_;.:_.. TEE and

shown in percentage.
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