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What is epigenetics



DNA methylation





Epigenetic modification prediction tools based on the type of 
epigenetic mechanism (information until March 2020).

Bioinformatic tools for DNA methylation and histone modification: A survey, Chenarani et al., Genomics, 2011



BS experiment design



Restrited BS

• Whole-genome methylation – 
expensive

• Restrictive enzymes
• Analyzing only CpG islands



Bisulfite-seq workflow



Software survey



Library preparation

Non-directional:
• Significantly cheaper
• By far more popular



Preparing reads

Standard approaches:
• FastQC
• Trimmomatic
• Cutadapt



BS: Alignment

• Bisulfite treatment introduces mutations into genomic DNA in a 
methylation dependent manner 

• Alignment of BS-seq reads is more challenging 
• Standard alignment methods cannot be used directly  

• Standard tools: Bismarck, BSMap, BWA-Metha
• Bismark tool uses the following approach to map BS-seq reads

• Reads from a BS-seq experiment are converted into a C-to-T version and a G-to-
A version

• The same conversion for the genome 
• External mapper (Bowtie) alignment to the genome
• A unique best alignment is determined from four parallel alignment processes



Bismarck
C-to-T and a G-to-A 

•Type: Command-line tool.
•Features: Bismark is widely used for 
bisulfite sequencing data analysis. It 
aligns bisulfite-treated sequencing 
reads to a reference genome and can 
perform DNA methylation calling.



Methylation calling

• Bismarck, BSMAP and other mappers also perform calling
• Separate software, such as Bis-SNP also available
• For each initial fastq file, we get a call that for each cytosine includes 

coverage, and methylation frequency 
• Now, we need some way to do statistical analysis of such results



Segmentation: identification of DMR

• Different statistical models
• Fisher’s exact test, BSmooth, methylKit, methylSig, DSS, 

metilene, RADMeth, and Biseq



Different tools for DMR calling
Tool Version Model Assumption Differential 

Methylation Test Segmentation Language Smoothing

Fisher’s 1.8.2 - Fisher’s exact test tilling window R No

BSmooth 1.8.2 binomial distribution modified t-test merging consecutive 
CpGs R Yes

methylKit 0.99.2 logistic regression logistic regression 
test

tilling window or 
predefined regions R No

methylSig 0.4.4 beta-binomial 
model likelihood ratio test tilling window R No

DSS 2.12.0 Bayesian 
hierarchical model Wald test merging CpGs 

based on p-value R No

metilene 0.2–6 Nonparametric 
method

2D Kolmogorov–
Smirnov

circular binary 
segmentation C No

RADMeth - beta-binomial 
regression

log-likelihood ratio 
test

correlation 
between p-value 
pairs within a bin

C++ No

Biseq 1.12.0 Beta regression 
model Wald test merging consecutive 

CpGs R Yes

• Notable variations among methods, and no single method consistently performed best in all benchmarking

• For DMR analysis, methylKit and Fisher’s exact test covered more DMRs than other methods

Comprehensive Evaluation of Differential Methylation 
Analysis Methods for Bisulfite Sequencing Data, Int. J. 
Environ. Res. Public Health 2021, 18(15), 7975;



Methylkit for BS-seq data analysis



Annotation
• Function of differently methylated genes, comparing 

with known databases
• “clusterProfiler” is an example of R package to 

perform:
• single-gene GO 
• KEGG enrichment. 
• GSEA enrichment analysis



Annotation
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