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Visualization of modified nucleotides
The presence of covalent nucleotide modifications such as methylcytosine can be

detected directly from the Oxford Nanopore Technologies sequencers MinlON or frequency A NumPy
PromethlON, as these marks will affect the current signal. We have developed . w
methplotlib, software for the quality control, visualization and further processing of ¢ Pandas
nucleotide modifications, compatible with nanopolish, nanocompore and direct
methylation calling using the Guppy basecaller, compatible with MM and MP tags in o EFRROLER Lk R T LT
CRAM format. The plots are in dynamic HTML enabling zooming and selection of the E i '*'-z-*%g._‘..»-g oo

most interesting part of the visualization. The visualizations can be made for multiple
samples and contain the modified frequency or the raw per read per position
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probabilities of modifications, together with annotations in GTF and BED format on R
gene structure and e.g. CpG islands or other regulatory features. e v I P S N
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Quality assessment

In addition to the visualization of the signal also
various QC plots are created, including barcharts of
the number of assayed sites, box plots of the

locus-wide  methylation frequency, a pairwise IIIIIII I l
correlation plot matrix of the methylation frequencies, . l =

a principal components analysis and overlapped
histogram of methylated frequencies, all with the aim P ———
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Histogram of modified fractions

to provide a birds-eye overview of the data and to : )
enable the detection of large, presumably technical ¥ . :
differences. The plots to the right show differences in a3 . 2 :
sequencing depth (s10, s12) and an outlier due to > ]
different tissue origin (s10). :
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Statistical evaluation

The methylation profile can be separated by parental haplotypes by phasing the reads based on SNV genotypes, using e.g. WhatsHap. Methplotlib comes with a
couple of companion scripts to split nanopolish results by phase and search for allele-specific methylation deviations using a Fisher Exact test, identify multiple loci
such as promoters affected by X chromosome silencing (below left) and non-coding RNAs with parental imprinting (below middle and right). In larger cohorts this will
have powerful implications e.g. for the discovery of methylation quantitative trait loci (meQTL) and the evaluation the effect of regulatory variants on local
modifications.
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Collaborations, suggestions, feedback:
https://github.com/wdecoster/methplotlib
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