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Accessible and robust base modification analysis
with Modkit, the multi-tool for nanopore epigenetics

Leveraging DNA and RNA methylation data in your experiment shouldn’t be hard — so we made a tool
to make it easy. Modkit is open source and integrated into EPIZME™ workflows

Contact: art.rand@nanoporetech.com More information at: nanoporetech.github.io/modkit/

@ 5mC @ 5hmC
CG CG CG
90 90 90
CG CG CG
D) D) Q0]
bedMethy!
CG CG CG
Do) Q0] Q0]
chr10:25,175,621-25,175,661
. . chr20:27,389,259-27,392,293
42
25,175,630 bp 25,175,640 bp 25,175,650 bp 25,175,660 bp
| M . | Ly h 3,036 bp
5mC [0-0.41] _ 27,390,000 bp 27,391,000 bp 27,392,000 bp
—— I I I I
5hmC [0-0.29] ||
—p— =" = " o i
= E E=E I i i
— —_— = — — — N Il | I
= = = Il | I
= — = Nl Il | I
— — — [Nl [l | I
= = = [ | | |
= = = I | I
— = = = o | i |
= = = b | | |
— ; ; : _ Dupl i | |
= == I o : :
Native = = = Il i [ |
HG002 =_ = = I | \ |
= = = i [ I I
— — _ 1 | I I
= = = I 1 (A i 1 I
E = = Hi vl | o | Il I Il -t (&
! = = = mmCmmC-C  mmC --C mmC --C -~C -~C_ mmC -mC mmC --C 4+C -2C  +=C -~C-~C
= = E m,m,C mm,C mm,C mm,C mm,C mm,Cmm,C mm,.C m,m,C m,m,C -h,C mm,C mm,C m,m,C
o T TE T = ET = Duplex wme heeoomee e
- e o o e - "
pileup m .Q. m m m m m m Pileup -m,C
.
Sequence= : 4 ¢ ¢ 4 1 ¢ 1 1 m ¢ ¢ Aok a1 ¢ ¢ ¢ » » T ¢ ¢ oc a1 » Sequence #

Fig. 1 Genome browser showing methylation tracks generated by Modkit

The first step in base modification steps:
‘pileup’ and ‘extract’

Modified base detection is integrated into Oxford Nanopore basecalling software Dorado

and MinKNOW™._ The first step is to aggregate base modification counts across genomic

or transcriptomic positions. This can be done by performing the ‘pileup’ command, or

the duplex-enabled cousin ‘pileup-hemi’. These tables, bedMethyl tables, are the input to
many downstream steps and can be parsed with common analytics software. The ‘extract’
command will generate per-read tables allowing deeper investigation into single-molecule
base modifications. The ‘pileup-hemi’ command will count the occurrences of double-stranded
methylation patterns (hemi-methylation) when provided with duplex reads. Finally, ‘stats’ will
collapse genomic windows or regions into summary statistics.
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Fig. 3 Genome browser showing automatic detection of differentially methylated regions
(DMRs), and high scoring CpG island

Explore differentially methylated regions
with automatic segmentation, using ‘dmr’
and ‘entropy’

The Modkit tool suite contains flexible and intuitive differential methylation analysis algorithms
that leverage multiple modification types (e.g. 5mC and 5hmC). A bedMethyl table (generated
by ‘pileup’) along with regions of interest (for example, CpG islands) can be quickly scanned for
differential methylation, ranked, and triaged. Emphasis has been placed on making the output
intuitive and enabling exploratory data analysis. Alternatively, de novo segmentation can be
performed, as shown for the COLO829 tumor-normal research samples (Fig. 3a); differentially
methylated regions are highlighted in purple. Direct RNA sequencing of HEK296 samples
revealed a distribution of methylation entropy (Fig. 3b), with an example high-entropy transcript
shown here (Fig. 3c).

Information correct at time of publication. May be subject to change.

a) CTCF, 5mC — smoothed 10 bp b) TSS, 5mC — smoothed 10 bp
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Fig. 2 Inspect modification patterns localised to genomic features of interest

Visualise and compare methylation patterns
across genomic annotations with ‘localize’

Changes in base modification patterns can be indicative of biological mechanisms. The
localize’ command quickly aggregates base modification rates localised to genomic features
of interest. The tabulation is fast, speeding up iteration and exploratory data analysis.
Aggregation is performed per base modification, allowing inspection of, for example, 5mC
and 5hmC in the same sample. Example plots show 5mC patterns at CTCF binding locations
(Fig. 2a) and transcription start sites (TSS) (Fig. 2b). Peaks of 5hmC can be seen at DNAse
hypersensitivitysites (Fig. 2c) and TSS (Fig. 2d).
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Fig. 4 Genome browser showing discovered methylation motifs and example output table

Automatically find sequence motifs enriched
for methylation with ‘find-motifs’

Methyltransferase enzymes will methylate specific sequence motifs. Nanopore sequencing

can detect the most common prokaryotic modifications (4mC/5mC and 6mA) at the same time,
allowing the discovery of adenine and cytosine methyltransferase motifs. In (Fig. 4a), we show
a browser shot of Helicobacter pylori sequencing reads with 4mC, 5mC, and 6mA discovered
motifs. In an example table from the same organism (Fig. 4b), 23 de novo discovered motifs are
seen, with varying levels of modification and specificity.

Oxford Nanopore Technologies, the Wheel icon, ElyslION, EPI2ZME, Flongle, GridION, MinlON, MinKNOW, and PromethlON are registered trademarks or the subject of trademark applications of Oxford Nanopore Technologies plc in various countries. Information contained herein may be protected by
patents or patents pending of Oxford Nanopore Technologies plc. All other brands and names contained are the property of their respective owners. © 2024 Oxford Nanopore Technologies plc. All rights reserved. Oxford Nanopore Technologies products are not intended for use for health assessment

or to diagnose, treat, mitigate, cure, or prevent any disease or condition. PO_1268(EN)_V1_29_08Aug2024



