
DNA Methylation 
Sequencing (Bisulfite-seq) 

Kunde Ramamoorthy Govindarajan 
(Govind) 



  Overview 

•  Importance of DNA methylation 
•  Bisulfite-seq Technology 
•  Mapping challenges 
•  QC & analysis workflow 
•  Case study: Sorghum bicolor 
•  Reads & Mapping statistics 
•  Results & Summary 
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  Why DNA methylation? 
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Major roles in fundamental cellular activities. 

 -control of gene expression 
 -maintenance of genome integrity 
 -control of genomic imprinting 

 
70-80% of all CpG di-nucleotides are methylated. 

 -most of this occurs in repetitive elements or 
 -regions of low CpG density 

 
CpG rich regions (CpG Islands): 

 -often found in gene promoters 
 - ‘generally’ unmethylated 

Context: 
CpG, CHG, CHH  
H – stands for A, T or C  



  Bisulfite Modification of DNA 

Unmodified sequence: 
GTCmGAACCGTTCATGTTGCmGAGCTG  

Bisulfite Modification 

GTCmGAAUUGTTUATGTTGCmGAGUTG 
PCR 

GT CG AATTGTTTATGTTG CG AGTTG 



  Bisulfite-seq 
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PCR amplification 

    mC      C            C 

Bisulfite reaction 

Sample: gDNA (1 ug)  

Adaptor ligation 

C  mC  

G     GU  mC   G 

   C      TG    G    T 
   G      AC    C    A 

    C       CA    G  C  
G       GT   C  G  

C à U à T 

mC à C à C 

C  mC  
mC      C            C 

 mC      UG    G    U 

DNA spike-in 
-Conversion efficiency 



  
Methylation Data Analysis 
Software 

Software Features 
BISMARK Supports both single end and pair-end reads. 

Uses bowtie aligner. 
PASH 3.0 Methylation & SNP’s. 

Uses low memory & Slow speed alignment 
BSMAP Maps both single/pair-end reads. 

Uses SOAP aligner. 
Methylcoder Maps both single/pair-end reads. 

Handles also color space reads (SOLiD). 
BS-Seq Uses Gaussian Mixture model (GMM) to identify the 

probability of A vs G vs C vs T. 
GMM available only to Arabidopsis genome 

BRAT Maps both single/pair-end reads. 
Trims low quality bases. 
Improves unique mapping for pair-end reads. 

Kismeth Web-based tool. 
Designed for plant methylation data. 



  BISMARK algorithm 

Bismark output 

Felix Krueger & Simon R. Andrews Bioinformatics 2011 



  BISMARK algorithm 

•  Simple to use and widely used in the DNA 
methylation community. 

•  Bismark uses Bowtie2 mapper for 
alignment. 

•  Post-processing scripts to parse aligned 
reads to identify methylated and 
unmethylated C’s. 

•  Handles both single and pair-end libraries. 
•  Output both C’s context and % methylation.  



  JGI Workflow: QC & Analysis  
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Methyl-seq 
(DNA seq) 

Contaminants 
screening 

Adaptor trimming/
Quality filtering 

Genome mapping 

Remove duplicate reads  
(PCR amplification) 

•  Coverage 
•  Methylation calls & 

% methylation 
–  CpG, CHG, CHH 

 

Bisulfite conversion 
(spike-ins) 



  Sorghum bicolor 

4/8/15 10 

Siobhan M Brady (In prep) 

Genome Information: 
Genome size: ~ 700 Mbp 
# of Cytosines: 306.4 millions 

CG: "
16.3%"

CHG: "
16.3%"CHH: "

67.6%"

Samples: 
•  Root 
•  Shoot 
•  Vascular 
•  Nonvascular 

Bisulfite-seq RNA-Seq 

Plant secondary cell walls (SCWs) contains 
important polymers for the production of 
biofuels. 
 
Identification of Tissue specific TF’s through 
gene expression and methylations that regulate 
SCW’s. 



  
Mapping & Bisulfite-conversion 
efficiency 
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~ 75 % of the reads are mapped to genomes 
(unique and multiple hits) 
 
Bisulfite conversion efficiency is very high (> 99 %) 



  Example: Global DNA methylation 
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CGs are hypermethylated in gene bodies and 
hypomethylated near TSS as expected. 

Siobhan M Brady (In prep) 



  Differential methylation 
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Nonvascular 
DNA Methylation
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overlap between DMR and DE 

DMR = Differentially methylated regions 
DE = Differentially expressed genes 

Siobhan M Brady (In prep) 



  Summary 
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At JGI, we have the capability to carry out DNA 
methylation projects/studies. 
 
Sorghum bicolor Bisulfite-seq data shows high genome 
mapping and Bisulfite conversion efficiency. 
 
Identification of Tissue specific TF’s through gene 
expression and methylation that regulate SCW’s, we 
can develop stronger and thicker walls resulting in 
higher biomass.  
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