
0

Magnipore
Differential single nucleotide changes of Oxford Nanopore Technologies sequencing signals for 
detection of RNA modification positions at the example of SARS-CoV-2

Compares two related ONT samples on a signal level

Jannes Spangenberg
Dr. Christian Höner zu Siederdissen
Dr. med. Andi Krumbholz
Dr. Manja Marz

38th TBI Winterseminar Bled 2023

Jannes Spangenberg



1

Outline

• Introduction into Oxford Nanopore 
Technologies sequencing

• Magnipore pipeline
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nanoporetech.com
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nanoporetech.com
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Nanopore
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Nanopore signal
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Magnipore
• Aim:

• Find genomewide signal changes between two related
samples (like virus variants)

• Task:
• Samples should share alignable comparable regions
• Compare normalised ONT signal, aggregated from 

multiple reads
• Find significant signal changes between two samples

• Sources for signal changes
• Bad signal segmentation
• Molecular changes

• Mutations
• Modifications

Garalde, D., Snell, E., Jachimowicz, D. et al. Highly parallel direct RNA 
sequencing on an array of nanopores. Nat Methods 15, 201–206 (2018)
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• Compare distributions positionwise for

• aligned position 𝒊 from sample 𝟏

• and position 𝒋 from sample 𝟐

• Significance threshold:

• μ1,𝑖– μ2,𝑗 >
𝜎1,𝑖+ 𝜎2,𝑗

2

• Classify significant signal shifts

• Mutation: reference mismatch around

the significant position (+/- 3 bases)

• Potential modification: references

completely match around the

significant position

Magnipore pipeline
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Magnipore

SARS-CoV-2 alpha vs delta
Mean difference vs standard deviation

• Mean difference: μ1,𝑖– μ2,𝑗

• Average stdev: 
𝜎1,𝑖+ 𝜎2,𝑗

2

• Mutations show a strong shifts

• Potential modifications show smaller

shifts compared to mutations
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Looking at multiple comparisons
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Looking at multiple comparisons



13

Jannes Spangenberg



14

Jannes Spangenberg

Base signal distribution not always normal
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Upcoming problems to solve

• Resquiggling cannot distinguish between mutation

and basecalling error

• Improve signal segmentation

• Find better distribution models (mixture)

• Find differentiating signals within a single

sample
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Signal segmentation

• IVT RNA data (not modified)

• 5-mer segment lengths tend to 

follow a negative binomial

distribution?
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Base signal distribution normal?



19

Jannes Spangenberg



20

Jannes Spangenberg

Where are differential signals with matching reference sequences?
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How many mutations
are found by Magnipore
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Further classification of significant differential signals
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Low coverage in ORF1ab
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SARS-CoV-2 coverage
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SARS-CoV-2
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