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Environment à Epigenetics change



A single winter of overeating as a youngster 

Could lead to shorter life expectancy for one’s grandchildren







Epigenetics: (heritable) changes on genetics that do NOT involve changes to 
the underlying DNA sequence.  
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Function of DNA methylation

• Important in gene regulation
• Methylation of promoter regions can suppress gene expression

• Plays crucial role in cell development
• Heritable during cell division
• Helps cells establish identity during cell/tissue differentiation

• Can be influenced by environment
• Good candidate to mediate GxE interactions



Sequencing approaches for DNA methylation

• Capture-based or enrichment-based sequencing
• Use methyl-binding proteins or antibodies to capture methylated DNA 

fragments, then sequence fragments
• Resolution is low: can typically quantify the amount of DNA methylation in 

100-200 bp regions



Capture-based or enrichment-based 
sequencing
Two-Steps:
1. Capture of methylated DNA region
2. Sequencing 

• MeDIP-seq (Methylated DNA ImmunoPrecipitation)1

– uses antibody against methylated DNA 
– Assesses relative rather than absolute methylation levels 
– MEDIPS2 is a popular tool for analysis 

• Other similar approaches: MBD-seq3, MIRA-seq4, methylCap-seq5, 

MRE-seq6

1Weber et al. (2005) Nat Genet; 2Chavez et al. (2010) Gen Res; 3Serre et al. (2010) NAR; 
4Rauch et al. (2010) Methods; 5Brinkman et al. (2010) Methods; 6Maunakea et al. (2010) Nature 
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BS-seq alignment software
• Bismark
• Faster than other programs
• User-friendly in terms of extracting data, interfacing with other software



Bismark usage

1. Mapping

2. Methylation data extraction 



BS-seq alignment summary



BS-seq extracted data summary



Study design for BS-seq studies



Single sample analysis: smoothing



Bioconductor package: bsseq



Multiple sample analysis: differential methylation

• Goal: identify differentially methylated regions (DMRs) between 
groups.
• BS-seq data from cancer patients
• BS-seq data from healthy controls
• Find the genomic regions that have methylation difference!!! 
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• Why Fisher’s and t-test are not good choices?
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Beta-binomial hierarchical model 



Estimating dispersion parameter



DMR identification



Bioconductor package: DSS



DNA methylation summary

• Methylation plays important roles in many biological processes (stem 
cell generation, aging, caner, etc.) 
• Analysis of BS-seq data presents unique challenges
• Alignment of sequencing reads
• Limited sample size + multiple testing
• Splitting biological variability and technical variability

• Beta-binomial model is widely used 
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ChIP-seq experimental procedures



DNA with proteins



Protein/DNA Crosslinking in vivo



Sonication (cut DNA into pieces)



Capture using specific antibody



Immunoprecipitation (IP)



Reverse Crosslink and DNA Purification



Amplification (PCR)



Methods and software for ChIP-seq peak calling



Data from ChIP-seq



ChIP-seq ‘peak’ detection



Simple ideas for peak detection





Peak detection software













Bioconductor packages for ChIP-seq



ChIP-seq for histone modification









Summary for ChIP-seq peak calling

• ChIP-seq detects protein binding and histone modification along the 
genome
• Detect regions with enriched reads
• Control sample is important
• Need to incorporate some special characteristics of the data to 

improve peak detection
• Calling long peaks is challenging 
• Various software available



ATAC-seq

• ATAC-seq: Assay for Transposase-Accessible Chromatin + sequencing
• Assess genome-wide chromatin accessibility
• Faster and more sensitive than old approach (DNase-seq, MNase-seq)

Yan et al. GB (2020) 21:22



ATAC-seq workflow

https://www.biostars.org/p/393678/

https://www.biostars.org/p/393678/


ATAC-seq data analysis: peak calling

• Can be adopted from ChIP-seq with the assumption that ATAC-seq
peak patterns share the same properties
• Default software: MACS2
• A review is provided by Yan et al. on Genome Biology (2020)



ATAC-seq data analysis

Yan et al. GB (2020) 21:22



Single-cell ATAC-seq (scATAC-seq)

Source: 10X Genomics
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scATAC-seq data analysis

• Seurat (R, Bioconductor)
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Other emerging methods

• scBS-seq: single-cell bisulfite sequencing

• NOME-seq: Nucleosome Occupancy + MEthylation

• scNMT-seq: single-cell Nucleosome, Methylation and Transcription 
sequencing

• MeRIP-seq: mRNA epigenetics modifications (m6A)



Internship positions in statistical bioinformatics are available!


