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Summary 

Methylmap is a tool developed for visualization of modified nucleotide frequencies per position, 

especially for large numbers of samples. Various input possibilities are supported, including the 

standardized BAM/CRAM files containing MM and ML tags.  

Availability and implementation 

Methylmap is written in Python3 and available through PyPI and bioconda. The source code is released 

under MIT license and can be found at https://github.com/EliseCoopman/methylmap.   

 

1 Introduction 

In recent years, the study of epigenetics has become a crucial topic of interest for understanding of 

biological functions. Nucleotide modifications have physiological functions such as transcription 

silencing, genomic imprinting, X-chromosome inactivation, regulation of expression during germline 

and embryonic development and repression of transposons (Greenberg and Bourc'his 2019) and are 

known to be involved in various disorders including cancer, neurodevelopmental disorders, 

neurodegenerative and neurological diseases and autoimmune diseases (Portela and Esteller 2010). 

Chemical and enzymatic methods have been used to investigate nucleotide modifications, mainly 

cytosine methylation, the most extensively studied epigenetic modification, with short-read 

sequencing (Zhao, Song et al. 2020). Third-generation single-molecule long-read sequencing 

technologies such as Oxford Nanopore Technology (ONT) and PacBio Single-Molecule Real-Time 

(SMRT) sequencing have transformed our ability for modification detection by enabling phasing reads 

into parental haplotypes, allowing for analysis of allele-specific modification information across large 

distances (Kelleher, Murphy et al. 2018) (Liu, Fang et al. 2019). Due to ongoing developments in the 

field of long-read sequencing technologies, they are now being applied in population-scale (epigenetic) 

sequencing projects (De Coster, Weissensteiner et al. 2021). Several tools for visualization of 

nucleotide modification patterns in one or a limited number of individuals are available (De Coster, 

Stovner et al. 2020) (Pryszcz and Novoa 2021) (Su, Gouil et al. 2021) (Cheetham, Kindlova et al. 2022), 

however, to our knowledge, there is no software available for large cohort sizes. 
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2 Materials and methods 

We developed methylmap, a tool for visualization of nucleotide modification frequencies per position 

for a large number of individuals and/or haplotypes in heatmap format for a genomic region of 

interest. Methylmap supports several input possibilities such as the recently standardized BAM or 

CRAM files with MM and ML tags, generated by for example remora (ONT) or primrose (PacBio). Other 

input possibilities are tab separated files from the nanopolish methylation caller (Simpson, Workman 

et al. 2017) and an own overview tab separated table with modification frequencies. A possibility to 

order input samples by experimental group is present. Tabix (Li 2011) is used for fast and efficient 

retrieval of the region of interest of the input files, making the tool applicable for large numbers of 

samples. Methylmap depends on the pandas (McKinney 2010), numpy (Harris, Millman et al. 2020), 

plotly (Plotly Technologies Inc. 2015), modbam2bed (ONT) and the argparse Python module (Van 

Rossum and Drake 2009). Optionally, there is the presence of a gene or transcript annotation track, 

supported by a GTF or GFF input file. Output of methylmap is an heatmap visualization in dynamic 

HTML format and its overview table with modification frequencies as tab separated file. Our software 

is implemented in Python (Van Rossum and Drake 2009), installable via PyPi, and available through 

Bioconda (Gruning, Dale et al. 2018).  

The data for the example in figure 1 is generated from 87 frontal cortex brain samples (Mayo Clinic 

Brain Bank) and sequenced using the ONT PromethION. Data was base called using guppy (ONT), 

aligned with minimap2 (Li 2018) and phased by longshot (Edge and Bansal 2019). Methylation was 

detected with nanopolish (Simpson, Workman et al. 2017). The data was further processed using 

scripts originally available with methplotlib (De Coster, Stovner et al. 2020) resulting in two haplotype 

files per sample, making it possible to visualize allele-specific modifications. Figure 1 shows the GNAS 

locus (genomic location chr20:58,839,718-58,911,192). GNAS has known imprinted regions that 

alternate haplotype (Plagge and Kelsey 2006), as is visible in the heatmap. An annotation track, 

extracted from a GENCODE (Frankish, Diekhans et al. 2021) GFF file, displays the gene-exon structure. 

Generating figure 1 takes <10s and generates a 4.60 Mb plot in HTML format. 

 

 

Figure 1: Methylation frequency of the known imprinted gene GNAS of 87 phased samples, showing the alternating haplotype 
imprinting pattern. At the left side, annotation of the region shows gene exon structure. The heatmap shows methylation 
frequencies with high methylated positions in yellow and low methylated positions in purple. 
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3 Conclusion 

Over the past years, increased interest in epigenetic modifications resulted in extensive developments 

of technologies making it possible to perform population-scale epigenetic studies. We developed 

methylmap, a tool for visualization of modification frequencies of large cohort sizes. Methylmap is a 

technology-agnostic tool supporting standardized BAM/CRAM, nanopolish and own modification 

frequency table input, which can, together with other features, be expanded in the future. 
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