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ENCODE Project

• ENCODE pilot project covered only 1% of human genome. 
Phase II ENCODE is full-genome on human and mouse.
Phase III is starting now.  DCC at Stanford, UCSC hosts data.

• 32 biology labs organized into 19 grants + Analysis Working 
Group and Data Coordination Center (DCC)

• Goal:  identify and characterize all functional elements of the 
genome.

• ENCODE DCC’s job is to make data accessible and clear, to 
put it in UCSC Genome Browser, and to help other databases 
at NCBI, EBI, and elsewhere import ENCODE data as well.



ENCODE assays on regulation of 
transcription

• Opening/closing chromatin
– DNase hypersensitivity, FAIRE-seq
– Chromatin immunoprecipitation & sequencing (ChIP-

seq) of histone marks

• Binding expressive/inhibitory transcription factors.
– ChIP-seq of various transcription factors

• RNA transcription (or not)
– mRNA sequencing of ENCODE cell lines
– RNA seq fractionation:  short/long polyA+/- localized to 

nucleus, cytoplasm, polysome,  nucleoplasm, nuclear 
matrix, mitochondria, etc.



ENCODE DNase Hypersensitivity

• Several genome-wide high-throughput methods used 
in ENCODE.  All involve DNA-seq

• Data currently available for 388 cell lines and tissues
• Main alignment artifacts to watch for:

– DNA present in cell in multiple copies:
• Mitochondria,  centromeric repeats, other repeats
• Generally such regions ignored except in “raw” data.

– Sequencing biases (highly GC-rich regions etc.)
– In general, sequencing artifacts are easier to work around 

than those associated with DNA-chip based assays.



UW DNaseI at Hemoglobin Beta

Top track shows genes in the Hemoglobin beta (HBB) locus.  
Next track shows RNA levels in GM12878 and K562 cell lines.  
The last track is density plots of DNAse hypersensitivity in many cell lines.  
K562, a cell line similar to a red blood cell precursor, shows much RNA and 
DNAase activity.



A more typical locus - PICALM

DNase patterns typically are less specific to a 
single cell type as seen here



Histone Mark and related ChIP-seq

• Various histone marks give a broad picture of promoters, 
enhancers, repressed regions, transcribed regions

• ENCODE data sets currently include 12 histone marks + 
CTCF (insulator mark) in 67 cell lines.  ~12 cell lines have 
near complete histone mark coverage





Histone marks on 2 cell lines

Histone mark data at the same locus in two cell lines, 
GM12878 (red) and K562 (blue).  Different marks are 
associated with promoters,  transcribed regions, 
silencers, enhancers, etc.  Most marks are darker in 
K562, which is more actively transcribing this region.



Transcription Factor ChIP-Seq

ENCODE has data 
on 160 factors – in 
many cell lines 
where they are 
expressed.  



Making data fit on a single screen

• All of the ENCODE data are excellent, but 
there is so much of it, it can be hard to 
know if you’ve seen everything relevant.

• Problem most acute in transcription factor 
ChIP-seq, but really a problem everywhere.

• UCSC has developed several ways of 
visually summarizing the data.
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Rainbow overlay for histone marks



Integrated regulatory tracks in context with 
other genomics information at UCSC



• ENCODE regulatory data:
– Histone marks –characterization of large regions into 

promoter/enhancer/repressed
– DNAse hypersensitivity - defines smaller regions as regulatory
– Transcription factor chromatin immunoprecipitation – what 

regulatory factors bind in a smaller region.
– Chromatin conformation capture – just starting to ramp up.  

• Available at http://genome.ucsc.edu



Accessing ENCODE Data at DCC

• http://www.encodeproject.org
– ENCODE portal. Describes project overall, 

project news, tables and spreadsheets for all 
experiments

• http://genome.ucsc.edu
– ENCODE data integrated into UCSC Genome 

Browser on hg19 and mm9 assemblies

Much of the data also is at NCBI (GEO) and Ensembl.





Experiment matrix link off of ENCODE Portal, provides overview of number of experiments
of various types on various cells.  Clicking on a cell brings up list of individual tracks or files.
It’s a big matrix, note size on scrollbar.



ChIP-seq experiments have their own submatrix.   This is an even bigger matrix.  Note size on 
both horizontal and vertical scrollbars.



Track Search

• Can do a free-form (Google-style) search or 
search metadata field-by-field



Free-text search



Advanced field-by-field search
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Hands-on Exercises

p 31 – questions, steps     (Module 3)
p 22 – solutions (screen grab)   (Module2) 



http://    genome.ucsc.edu

My data,  Sessions:

user:    korea2014

pwd:    ******
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