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Workshop 6 Outline 

Day 1:  
 Introduction to DNA methylation & WGBS 
 Quick review of linux, Hoffman2 and high-throughput 
 sequencing glossary.  
 Aligning WGBS reads using bwa-meth 

Day 2:  
 DNA methylation calling using Bis-SNP 
 Analysis of differentially methylated regions (DMRs) using 
 metilene 

Day 3:  
 Visualization of DNA methylation data 
 WGBS analysis using BS-Seeker2 



Day 2 



Methylation Calling using Bis-SNP 



Methylation Calling using Bis-SNP 

Liu et al 2012 



Methylation Calling using Bis-SNP 
Advantages: 

 Simultaneous variant calling to determine DNA 
 methylation and genomic variants 
 Calling of cytosines present in the context of GCH as 
 used in NOMe-seq assay 

 
Disadvantages: 

 Computationally intensive & slower 
 Currently only compatible with Java6 
 No alignment tool by itself 



Methylation Calling using Bis-SNP 



Methylation Calling using Bis-SNP 



Methylation Calling using Bis-SNP 
#bwa-meth v0.10 contains a wrapper for Bis-SNP 



Methylation Calling using Bis-SNP 

#bwa-meth contains a wrapper for Bis-SNP for easier use 
#load dependencies module 

 module load java/1.6.0_23 
 module load gatk 
 module load python/2.7.3 
 module load bwa 
 module load samtools/1.2 

python /u/home/galaxy/collaboratory/apps/bwa-meth-0.10/
bwameth.py tabulate --reference /u/scratch/f/flay/workshop6/
genome/hg19_rCRSchrm.fa --threads 5 --prefix N25_bissnp --
dbsnp /u/scratch/f/flay/workshop6/genome/dbsnp/
dbsnp_135.hg19.sort.vcf --bissnp /u/scratch/f/flay/workshop6/
tools/Bis-SNP/BisSNP-0.87.jar --context CG  N25.bam 



Methylation Calling using Bis-SNP 



Methylation Calling using Bis-SNP: 
Output Files 



Assessing Library Quality: Bisulfite 
Conversion Rate 

#open the summary file 
 

 view N25_bissnp.meth.vcf.MethySummarizeList.txt 



Quick Recap: Features and Variation of 
DNA Methylation 

Rakyan et al 2011 



Identifying Differentially Methylated 
Regions (DMRs) Using metilene 



metilene Workflow  

Juhling et al, 2015 



Identifying Differentially Methylated 
Regions (DMRs) Using metilene 

•  Installation 
ü Installing software 
ü Adding to environment ($PATH) 

•  Preparing bwa-meth output files for metilene 
ü Convert bed to bedgraph 
ü Generate metilene input files 

•  DMR analysis 
ü Running metilene 
ü Filtering 



Identifying Differentially Methylated 
Regions (DMRs) Using metilene 

•  Installation 
ü Installing software 
ü Adding to environment ($PATH) 

•  Preparing bwa-meth output files for metilene 
ü Convert bed to bedgraph 
ü Generate metilene input files 

•  DMR analysis 
ü Running metilene 
ü Filtering 



Install metilene 
#change directory to where metilene will be installed 

  mkdir $HOME/software 
  cd $HOME/software 

 

#download the latest version of metilene from 
http://www.bioinf.uni-leipzig.de/Software/metilene/ 
 
wget http://www.bioinf.uni-leipzig.de/Software/metilene/
metilene_v02-5.tar.gz   
 



Install metilene 
#unpack file 

  tar –xvzf metilene_v02-5.tar.gz 
 
#enter the directory 

  cd metilene_v0.2-5 
 
#always read the notes and instructions before doing anything 

  view README 
 
#to install 

  make  
 

   
 



#add the directory containing metilene into your $PATH by editing your 
~/.bash_profile 

  view ~/.bash_profile 
#to insert, type i and copy and paste the directory 

  i 
 
#to save changes 

  :wq! 
  source ~/.bash_profile 
	 		

Install metilene 



Install metilene 



Identifying Differentially Methylated 
Regions (DMRs) Using metilene 

•  Installation 
ü Installing software 
ü Adding to environment ($PATH) 

•  Preparing bwa-meth output files for metilene 
ü Convert bed to bedgraph 
ü Generate metilene input files 

•  DMR analysis 
ü Running metilene 
ü Filtering 



sed '1d' fileName.bed | awk '{print $1 "\t" $2 "\t" $3 "\t" $4}’ > fileName.bedgraph 

#Convert .bed file to .bedgraph 

Remove first line 
from file 

Print the first four columns 

Formatting Files To Input into metilene 



Formatting Files To Input into metilene 

#load dependency module 
 module load bedtools/2.23.0 
  
  
  

#sort all .bedgraph files 
 sortBed -i fileName.bedgraph > fileName_sort.bedgraph 

 
#Generate input files 

perl /u/home/f/flay/software/metilene/metilene_input.pl -in1 
file1.bedgraph file2.bedgraph -in2 name1.bedgraph 
name2.bedgraph -h1 file -h2 name -o 
metilene_file_name.input    



Formatting Files To Input into metilene 

#Today’s input files are already in  
/u/scratch/f/flay/workshop6/data/metilene/metilene_BL_FL.input 
 
#To see what the input file look like: 

 head metilene_BL_FL.input 

 chr pos file_1 file_2 file_... name_1 name_2 name_... 

Group 1 with n samples Group 2 with n samples 



Identifying Differentially Methylated 
Regions (DMRs) Using metilene 

•  Installation 
ü Installing software 
ü Adding to environment ($PATH) 

•  Preparing bwa-meth output files for metilene 
ü Convert bed to bedgraph 
ü Generate metilene input files 

•  DMR analysis 
ü Running metilene 
ü Filtering 



metilene Options 



Running metilene: Identify DMRs 

#Run metilene on default mode: 
 
metilene -a BL -b FL metilene_BL_FL.input | sort -V -k1,1 -k2,2n 
> metilene_BL_FL.output 
  

chr start stop q-
value 

Mean 
meth. 
diff. 

#CpG p(MWU) p(2D KS) Mean 
methylati
on group 
1 (-a) 

Mean 
methyl
ation 
group 2 
(-b) 
 

#How many DMRs were identified at this stage? 
  wc -l metilene_BL_FL.output 
   

    1101 



Running metilene: Filter DMRs 

#Let’s look at our DMRs more closely: 
 

 module load R 
 

  
 
  

perl /u/home/f/flay/software/metilene_v0.2-5/metilene_output.pl -q 
metilene_BL_FL.output -o metilene_BL_FL.filter -a BL -b FL 



Running metilene: Output 



DMR Statistics 



DMR Statistics 



DMR Statistics 



Visualization of DNA Methylation: IGV 

#download IGV Browser to your desktop 
#IGV already contains built-in genomes for some common 
ones 



IGV Browser 



IGV Browser 



IGV Browser 



Visualization File Formats 

#For visualization on IGV, use bedgraph or bigwig files. 
#convert .bed file output of bwa-meth/Bis-SNP to .bedgraph 
#We did this already when preparing files for metilene 
 
sed '1d' fileName.bed | awk '{print $1 "\t" $2 "\t" $3 "\t" $4}’ > fileName.bedgraph 
 
 
 
 
 
 
 



#Use UCSC Tools to convert between bedgraph to wig and bigwig formats.  
 http://hgdownload.soe.ucsc.edu/admin/exe/linux.x86_64/ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
#Tools are also available through Galaxy 

Visualization File Formats 



UCSC Tools 
#To install these tools, get the download link of the tool of interest: 
#For example, in your installation directory: 
 
wget http://hgdownload.soe.ucsc.edu/admin/exe/linux.x86_64/bedCoverage 
 
#Make a specific file executable: 

 chmod +x bedCoverage 
  
#or make all files in the directory executable: 

 chmod a+x 
 
#Add installation directory to $PATH for easy access or specify full 
path/directory when calling the executable script 
 
#For the tools we need today, they are already in: 

  /u/scratch/f/flay/workshop6/tools/ucsc/ 
 
 



# Convert bedgraph to bigwig file 
#Input bedgraph must be sorted 

UCSC Tools:bedGraphToBigWig 

bedGraphToBigWig fileName_sort.bedgraph /u/scratch/f/
flay/workshop6/tools/ucsc/hg19.chrom.sizes fileName.bw 



IGV Browser 



IGV Browser 



#Use R to make heatmap – R is covered in Workshop 3 
 module load R 

 
#call R by typing R in command line 
#load R packages when R is booted: 

 library(‘RColorBrewer’) 
 library(‘gplots’) 

 
#to read the methylation data into R 
met = read.delim("metilene_BL_FL.input", sep="\t") 
 
#make a data matrix file 
met.ma = as.matrix(met[,3:20]) 
 
 

Make Heatmap 



#calculate variance across all samples in each CG site. 
met.ma.var = apply(met.ma,1,var) 
 
#extract the top 1% most variable CG sites in the dataset and write 
as a new matrix 
met.var = met.ma[met.ma.var>quantile(met.ma.var,0.99),] 
 
#perform clustering of data matrix 
met.hclust=hclust(dist(met.var)) 
 
#Generate a heatmap 
 
pdf(“heatmap.pdf”) 
heatmap.2(met.var,col=colorRampPalette(c("blue","yellow")), Colv = 
"FALSE", dendrogram= "row", Rowv=as.dendrogram(met.hclust)) 
dev.off() 
 
 

Make Heatmap 



 
#download pdf on to your desktop 
 

Make Heatmap 

 
scp -r flay@hoffman2.idre.ucla.edu:/u/scratch/f/flay/workshop6/data/raw/heatmap.pdf 
~/Desktop 



Make Heatmap 
#To alter plotting parameters, check the various arguments for the 
function by typing: 

  ?heatmap.2 



Smooth Scatter Density Plot 
#Use a built-in function smoothScatter 
 

 pdf("smoothScatter.pdf") 
 smoothScatter(met.ma[,1], met.ma[,11], 
 colramp=colorRampPalette(brewer.pal(8,"YlGnBu"))) 
 dev.off() 



#brewer.pal is a function of RColorBrewer package 
#For more brewer.pal color options:
http://www.personal.psu.edu/cab38/ColorBrewer/
ColorBrewer.html 
 
 
#Other color options: 
https://www.nceas.ucsb.edu/~frazier/RSpatialGuides/
colorPaletteCheatsheet.pdf 
 

Colors in R Plot 



Other Commonly Used WGBS Tools 

Aligners and Methylation Callers: 
•  BSMAP v2.9 https://code.google.com/archive/p/bsmap/ 
•  BS-Seeker2 http://pellegrini.mcdb.ucla.edu/BS_Seeker2/ 
•  Bis-mark 

http://www.bioinformatics.babraham.ac.uk/projects/bismark/ 
 
DMR Callers: 
•  bsseq 

http://bioconductor.org/packages/release/bioc/html/bsseq.html 
•  MOABS https://code.google.com/archive/p/moabs/ 
 
 
 


