
Introduction
Studying DNA methylation patterns in biological samples using next 

generation sequencing (NGS) methods are becoming increasingly 

common. There were several tools available to detect differentially 

methylated cytosine (DMC) or differentially methylated region (DMR). 

However, detections of DMR based on gene body features associated 

with CpG islands are scarce, such as the DMRs in a promoter (DMP), 

exon (DME) and intron (DMI), or a specific gene (DMG). Here, we 

provide an R package that calculates methylation levels using bisulfite 

sequencing datasets like whole genome bisulfite sequencing (WGBS) 

or reduced representation bisulfite sequencing (RRBS) within a single 

gene as one entity or gene body interacted with CpG islands, and then 

help identify the gene-based differentially methylated regions 

(GeneDMRs) or other interactive regions.
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Summary

GeneDMRs, a user-friendly R package, can facilitate computing gene 

based methylation rate using NGS-based methylome data. This 

package aims to analyze the methylation levels in 

gene/promoter/exon/intron/CpG island/CpG island shore and their 

interactive regions. Then, the differentially hyper/hypo-methylated 

genes can be visualized for enrichments of GO terms and pathways 

and reveal the biological mechanism accordingly. Such gene-based 

methylation analyses contributes to interpreting complex interplay 

between methylation levels and gene expression differences or 

similarities across physiological conditions or disease states. 

Method
The gene-based regions could be divided into single window, gene, 

promoter, exon, intron, CpG island and CpG island shore and their 

interactive feature regions including gene-CpG island, gene-CpG island 

shore, promoter-CpG island, promoter-CpG island shore, exon-CpG

island, exon-CpG island shore, intron-CpG island and intron-CpG island 

shore. 
The analyzed targets in the 

GeneDMRs package including widows, 

genes (promoters, exons, introns), 

CpG islands (CpGis, Shores) and the 

interactive feature regions (e.g., A: 

Promoter-Shore1, B: Exon1-Shore1, C: 

Exon1-CpGi, D: Intron1-CpGi, E: 

Exon2-CpGi, F: Exon2-Shore2, A + B: 

Gene-Shore1, C + D + E: Gene-CpGi, 

F + G: Gene-Shore2).

Overall workflow of GeneDMRs package.

Availability and implementation

GeneDMRs is freely available at https://github.com/xiaowangCN/GeneDMRs

Methylation patterns of all DMGs for different groups in 

different CpG island regions. Note: P value is calculated 

by the methylation comparison between CpG island and 

CpG island shore with Student’s t-tests.

The GO terms can be 

visualized in 

no/one/two categories 

by incorporating 

hyper/hypo-methylated 

and up/down-

regulated gene 

information. Thus, 

based on the DMGs 

and enrichments for 

GO term and pathway, 

GeneDMRs package 

can help to detect the 

specific significant 

regions, reveal the 

biological mechanism 

and enhance the 

previous studies that 

methylation pattern 

changes in specific-

regions were involved 

in causing diseases. 

GO terms with two categories of hyper/hypo-methylated and up/down-regulated genes. 

Circular graph of the global DMC-based methylation levels. Note: From the 

outermost track to innermost circle, the circles indicate genome chromosomes (i.e., 

mouse), DMGs, gene densities, CpG island densities, CpG island shore densities 

and methylation levels. The densities and methylation levels were calculated by 

1,000,000 base pair (bp) windows.

GeneDMRs package can only use the DMCs to recalculate the 

methylation mean by replacing the original cytosine sites. It is because 

the total number of hypotheses affects the Q-values by the rank of 

combined P-values, so statistical efficiency can be potentially improved 

by removing globally unmethylated sites with less methylation 

differences.
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where 𝑀𝑅𝑖𝑗 and 𝑇𝑅𝑖𝑗 are methylated and total reads number of the involved cytosine/DMC 

𝑗 sites at a given gene/CpGi/other region of individual 𝑖, 𝑚 is total number of cytosine/DMC 

sites involved in this region, 𝑛 is the total individual number of one group and 𝑊𝑖𝑗 is the 

weight of reads of the involved cytosine/DMC 𝑗 sites of individual 𝑖. 

ln
πi

1−πi
= u + βTi + e,

where πi is the 

methylation mean at a 

given window or gene-

based region or site, u is 

the intercept, Ti is the 

group indicator and e is 

the residual.

Results and discussion
Generally, the detected DMGs were more representative of the 

methylation level than the DMCs within those genes and tended to be 

more biologically relevant.

Manhattan plots for all genes. Note: The red line indicates the significant level 

of Q-value < 0.01.
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