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• Sanger sequencing

• long read (~500 bp)

• self-assembly by overlapping

• de novo sequencing

• Next-generation sequencing

• high throughput (>1 Gb per run)

• mapping to a reference genome

• resequencing : variant detection or counting





Synonyms

• NGS

• Next-generation sequencing

• New-generation sequencing

• Massively parallel sequencing

• Deep sequencing



Vendor Chemistry Machine

Illumina SolexaTM Genome Analyzer
HiSeq2000

Applied Biosystems SOLiDTM SOLiD system

Roche 
(454 Life Sciences) pyrosequencing GS FLX 454

Helicos BioSciences tSMSTM HeliScope

Pacific Biosciences SMRTTM PacBio RS
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SMRTTM

How does this technology enable longer reads?



signal chemistry is similar to pyrosequencing but
- no amplification

- four different fluorescent labels used instead of 
pyrophosphate detection, which enables RT signal detection
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“The difference between genetics and epigenetics can probably 
be compared to the difference between writing and reading a 
book. Once a book is written, the text (the genes or DNA: 
stored information) will be the same in all the copies 
distributed to the interested audience. However, each 
individual reader of a given book may interpret the story 
slightly differently, with varying emotions and projections as 
they continue to unfold the chapters. In a very similar manner, 
epigenetics would allow different interpretations of a fixed 
template (the book or genetic code) and result in different read-
outs, dependent upon the variable conditions under which this 
template is interrogated.” 



Epigenetics : mechanisms that regulate gene 
expression (behavior or function) without 
influencing genetic codes 

Gene expression is initiated by TF binding to 
promoters or enhancers 

TF binding is determined by surrounding 
structure of DNA  

Surrounding structure of DNA is controlled by 
epigenetic mechanisms 



Epigenetics

• DNA methylation

• Nucleosome positioning

• Histone modification



! Open chromatin 
!  Sparse nucleosome positioning 
! Histone acetylations & 

activating histone methylations 

! Close chromatin 
!  Compact nucleosome positioning 
!  Lack of histone acetylations & 

repressing histone methylations 

DNA methylation



Histone code



Nucleosome code
! hot paper 

!  Nature cover, News & Views, ESI hot paper, 
NY Times, Nature Review Genetics, Faculty 
of 1000 review, Codes and Enigmas, about the 
authors 

! DNA sequence encodes not only protein 
production but also its own physical 
packaging 

! Nucleosome positioning, part of 
epigenetic information, is governed by 
genetic codes 

Dr. Eran Segal
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chromatin = the complex of DNA and protein 

Chromatin 
Immuno 
Precipitation 



By analyzing the bound DNA, 
 we can know… 

1. DNA location >  
     genomic location of the protein of question 

2. DNA counts >  
     affinity of protein-DNA interaction 



ChIP-seq
workflow



tag counting





Experiment techniques 
for NGS

• DNA methylation

• Histone modification

• Nucleosome positioning

• Open chromatin for regulatory function



DNA methylation

• Bisulphite-seq

• conversion of unmethylated C to T

• MeDIP-seq

• methylated DNA immunoprecipitation

• MBD-seq

• methyl-binding-domain protein







MeDIP



Histone modification
• ChIP-seq

• antibodies against various histone modifications 
or modifying enzymes

39 histone acetylations and methylations

5 HATs & 4 HDACs



Nucleosome positioning
or open chromatin

• ChIP-seq

• antibodies against histones

• MNase-seq

• capture nucleosomal DNA

• DNase-seq

• capture nucleosome-free regions



MNase digestion
or



Profiling regulatory elements





formaldehyde-
assisted  
isolation of  
regulatory elements 
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BED format
(Browser extensible data)



BEDTools
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WIG (wiggle) format
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http://biowhat.ucsd.edu/homer

http://biowhat.ucsd.edu/homer
http://biowhat.ucsd.edu/homer












Visualization of bedGraph
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Thank you


