Bioinformatics Resources

David Crossman
Bioinformatics Director
Heflin Center for Genomic Science



Main Principles of DNA methylation
analysis

Pretreatment  Analytical step
Locus-specific analysis Gel-based analysis Array-based analysis NGS-based analysis

Enzyme * Hpall-PCR * Southern blot * DMH * Methyl-seq
digestion * RLGS * MCAM * MCA-seq
* MS-AP-PCR * HELP * HELP-seq
* AIMS * MethylScope * MSCC
* CHARM
* MMASS
Affinity * MeDIP-PCR * MeDIP * MeDIP-seq
enrichment * mDIP * MIRA-seq
* mCIP
* MIRA
Sodium * MethyLight * Sanger BS * BiMP * RRBS
bisulphite * EpiTYPER * MSP * GoldenGate * BC—seq
* Pyrosequencing * MS-SNuPE ® Infinium * BSPP
* COBRA * WGSBS

AIMS, amplification of inter-methylated sites; BC—seq, bisulphite conversion followed by capture and sequencing; BiMP, bisulphite
methylation profiling; BS, bisulphite sequencing; BSPP, bisulphite padlock probes; CHARM, comprehensive high-throughput arrays
for relative methylation; COBRA, combined bisulphite restriction analysis; DMH, differential methylation hybridization; HELP, Hpall
tiny fragment enrichment by ligation-mediated PCR; MCA, methylated CpG island amplification; MCAM, MCA with microarray
hybridization; MeDIP, mDIP and mCIP, methylated DNA immunoprecipitation; MIRA, methylated CpG island recovery assay;
MMASS, microarray-based methylation assessment of single samples; MS-AP-PCR, methylation-sensitive arbitrarily primed PCR;
MSCC, methylation-sensitive cut counting; MSP, methylation-specific PCR; MS-SNuPE, methylation-sensitive single nucleotide
primer extension; NGS, next-generation sequencing; RLGS, restriction landmark genome scanning; RRBS, reduced representation
bisulphite sequencing; -seq, followed by sequencing; WGSBS, whole-genome shotgun bisulphite sequencing.

Laird, P. W. Principles and challenges of genome-wide DNA methylation analysis. Nature Review Genetics. 11, 191-203 (2010).



Technology

Infinium
Enzyme-chip
MeDIP-chip
BSPP

BC-seq
RRBS
Enzyme-seq
MeDIP-seq
WGSBS

Features and Sources of Bias for
Various Techniques
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Full repeat-masked
genome coverage

Potential sources of bias
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Bisulphite PCR bias

Cross-hybridization bias

DNA methylation

status bias

GC content bias

CpG density bias

‘e’ indicates that the method has this feature or potentially has this bias; (¢) indicates that the method has this feature to a limited extent or in some circumstances.

BC-seq, bisulphite conversion followed by capture and sequencing; BSPP, bisulphite padlock probes; ~chip, followed by microarray; MeDIP, methylated DNA

immunoprecipitation; RRBS, reduced representation bisulphite sequencing; —seq, followed by sequencing; WGSBS, whole-genome shotgun bisulphite sequencing.

Laird, P. W. Principles and challenges of genome-wide DNA methylation analysis. Nature Review Genetics. 11, 191-203 (2010).



Sample Throughput versus Genome
Coverage

Number of CpGs analysed per sample genome
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Laird, P. W. Principles and challenges of genome-wide DNA methylation analysis. Nature Review Genetics. 11, 191-203 (2010).



Bismark

BS-Seeker

B-SOLANA

BRAT

Laird, P. W. Principles and challenges of genome-wide DNA methylation analysis. Nature Review Genetics. 11, 191-203 (2010).

Resource

Batman

BDPC

BSMAP

CpG Analyzer
CpGecluster
CpGFinder

CpG Island Explorer
CpG Island Searcher
CpG PatternFinder
CpG Promoter

CpG ratio and GC
content Plotter

CpGviewer

CyMATE

EMBOSS CpGPlot/
CpGReport/lsochore

Epigenomics Roadmap
Epinexus
MEDME

methBLAST

MethDB

MethPrimer
methPrimerDB
MethTools
MethyCancer Database
Methyl Primer Express

Methylumi

Methylyzer
mPod

PubMeth
QUMA
TCGA Data Portal

Purpose

MeDIP DNA methylation analysis tool

DNA methylation analysis platform
Whole-genome bisulphite sequence mapping
Windows-based program for bisulphite DNA
CpG island identification

Online program for CpG island identification
Online program for CpG Island identification
Online program for CpG Island identification
Windows-based program for bisulphite DNA
Large-scale promoter mapping using CpG islands

Online program for plotting the
observed:expected ratio of CpG

Bisulphite DNA sequencing viewer
Bisulphite-based analysis of plant genomic DNA
Online program for plotting CpG-rich regions

NIH Epigenomics Roadmap Initiative homepage
DNA methylation analysis tools

Software package (using R) for modelling MeDIP
experimental data

Similarity search program for bisulphite-modified
DNA

Database for DNA methylation data
Primer design for bisulphite PCR

PCR primers for DNA methylation analysis
Bisulphite sequence data analysis tool
Database of cancer DNA methylation data
Primer design for bisulphite PCR

Bioconductor package for analysing DNA
methylation data from lllumina platforms

Bisulphite DNA sequence visualization tool

Genome-wide DNA methylation viewer integrated  http://www.compbio.group.cam.ac.uk/Projects/
pameth.html

with the Ensembl genome browser
Database of DNA methylation literature
Quantification tool for methylation analysis
Database of TCGA DNA methylation data

http://www.pubmeth.org
htto:// TN
http://cancergenome.nih.gov/dataportal
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BDPC, Bisulphite Sequencing Data Presentation and Compilation; BSMAP, Bisulphite Sequence Mapping Program; CyMATE, Cytosine Methylation Analysis Tool for
Everyone; EMBOSS, European Molecular Biology Open Software Suite; MeDIP, methylated DNA immunoprecipitation; MEDME, Modelling Experimental Data with
MeDIP Enrichment; NIH, US National Institutes of Health; QUMA, Quantification Tool For Methylation Analysis; TCGA, The Cancer Genome Atlas.

MethylCoder

RMAP-BS

SOCS-B

And others



Quality Control

Sequence Alignment

Methylation calling

Raw fastqg sequences

Quality-controlled
seguences

Quality-trimmed
seguences

Adapter-trimmed
sequences

Aligned sequences

Methylation calls

Quality control report

Quality control report

Check duplication

Deduplicate
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Bioinformatics Resources

Heflin Center

— David Crossman, Ph.D.

* dkcrossm@uab.edu
* (205) 996-4045

CCTS-BMI

— Elliot Lefkowitz, Ph.D.
* Elliotl@uab.edu
*  (205) 934-1946
Section on Statistical Genetics (School of Public Health)
— Hemant Tiwari, Ph.D.

e Htiwari@soph.uab.edu.
* (205) 934-4907

Department of Pathology Division of Informatics

— Jonas Almeida, Ph.D.
* jalmeida@uab.edu
* (205)975-3286

Comprehensive Cancer Center (CCC) Biostatistics and Bioinformatics

— Karan Singh, Ph.D.
* kpsingh@uab.edu
«  (205)996-6122




