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Outline 
  Brief  overview of  work since last group meeting 

  Review of  current trends in long-range interactions 
  Chromatin Conformation Capture Family 
  Chromatin Interaction Analysis by Paired-End diTag 

Sequencing (ChIA-PET) 

  Selected Results from a pilot ChIA-PET RNAPII experiment 

  Discussion of  possible ChIP-Seq tool set 
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Selected Papers 
  modENCODE 

  Analysis of  the C. elegans genome (Gerstein et al) 
  Characterization of  Pol II binding and gene expression 

  A Genome-Wide View of  Chromatin Remodeling 
  Euskirchen and Auerbach et al., PLoS Genetics 
  Atypical trancription factors, data quality and integration, new techniques and 

approaches 

  Characterization of  Long-Range Interactions in Multiple Cell Lines Using 
ChIA-PET 
  Li, Ruan, and Auerbach, et al. 
  In revision 
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Before We Begin… 
  Disclaimers 

  I am not an experimentalist 

  LRI methods are still under active development 
  This is a pilot project 
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LRI: The Basics 
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Genomic Life in 1-D… 

Pol IIPol IIPol II Pol II
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And Now in 3-D  
(with Looping) 

Heidi Sutherland & Wendy A. Bickmore. Transcription factories: gene 
expression in unions? Nature Reviews Genetics 10, 457-466 (July 2009). 

TFs 

7 



The Case for Transcription 
Factories 

  Thought to be over ~8,000 RNAPII and ~2,000 
RNAPIII factories in the nucleoplasm 
  Erythroid cells.  Fewer in tissues. 

  More genes need to be transcribed at a faster rate 
than physically possible 
  Bind and slide, random binding, etc. 

  Instead, bring the DNA to the TFs 

  Confirmed by FISH 

  Nucleolus and RNAPI 
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Targeted Recruitment 

PJ Farnham, Nature Reviews Genetics, 2009 

Isolated by ChIP 
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Current Methods in LRI 
Analysis 

  Chromatin Conformation Capture 
  UMass 
  Advantage: Can be targeted to a specific locus or extended 

to all chromosomal contacts genome-wide 
  Disadvantage: Can’t isolate by site-specific properties. A lot 

of  primer design.  Noise issues. 

  ChIA-PET 
  Genome Institute of  Singapore 
  Advantage: One can get a complete set of  all interactions 

involving a particular TF. 
  Disadvantage: Interaction catalog is not generalized, no 

obvious way to filter noise across chromosomes. 
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Chromatin Conformation 
Capture Family 

Wikipedia 
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5c Data on UCSC 
  UMass 

  5c interactions between ENCODE Pilot Regions 

  GM12878, H1-hESC, HeLa-S3, and K562 
  Replicates Not Combined 

  UW 
  A bunch of  lines 

  Mainly focuses on Myc 
  Replicates Not Combined 
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What You Will See on UCSC 

13 



What is the Matrix? 
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Range of  Values (K562) 
Zoomed 
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ChIA-PET Schematic 

Fullwood et al,, Nature, 
2009 
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Interaction Types 
Cluster 1 Cluster 2 Cluster 3 

Cluster 1 Cluster 2 

Cluster 1 

Complex 

Duplex 

Self-
ligation 
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ChIA-PET for ENCODE  
(so far) 

  Pol II for five cancer lines and one normal line 
  HeLa (ovarian cancer) 
  MCF-7 (breast cancer) 
  HCT116 (colorectal cancer) 
  NB4 (acute promyelocytic leukemia) 
  K562 (acute myelogenous leukemia) 
  GM12878 (very recent development) 

  Fullwood et al. (ER-alpha in MCF7) 

  Ali Mortazavi’s mouse experiments 
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ChIA-PET Pilot Project (Pol II) 
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Project Goals 
  Emphasis of  GIS 

  Characterize long-range interactions and define 
general transcriptional mechanisms 

  My emphasis 
  Use ENCODE data to characterize the interacting 

regions and draw conclusions about various 
complexes that we can’t discern from ChIP-Seq alone. 
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Raw Sequencing Stats 
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Using ChIA-PET to Explore 
Transcription and Nuclear 

Organization 

22 



General Profile and Signal 
Characteristics 
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Example of  Domain 
Segmentation 
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Epigenomic Features of  
Chromatin Interaction Models 
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RNAPII and Gene 
Expression 
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ChIA-PET and TF 
Complexes 
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Targeted Recruitment 

PJ Farnham, Nature Reviews Genetics, 2009 

Isolated by ChIP 

29 



ChIA-PET Anchors and 
 TF Complexes in 

Chroperons (K562) 
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Promoter-associated TFs 
RNAPII E2F4 E2F6 Cmyc 

Yy1 Znf263 RNAPIII 
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Distal TFs 
Cfos Cjun Gata1 Gata2 

Max JunD Stat2 Stat1 

Nfe2 
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Interesting Factors 

Rad21 Ini1 Brg1 CTCF 
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Conclusions 
  Chroperon Structure 

  Expression patterns and histone modification profiles 

  A better sense of  which complexes arise due to 
looping 
  Also which components are proximal vs. distal 
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Switching Gears 

No, it isn’t (quite) Mt. Everest… 
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Project Goals 
  Design a set of  tools to assist the average user with 

analyzing ChIP-Seq data 
  Tool to identify putative TF complexes 

  BEDTools does a similar task, but less user friendly for a 
biologist 

  Other tools being discussed with Arif  and Joel 
  Tool or method to relate shapes of  peaks 

  Tool to combine multiple signal tracks into a single track 
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Tool to Identify TF 
Complexes 

  Designed for ease of  use 
  Java Web Start, portable, GUI 

  Link: http://homes.gersteinlab.org/people/rka24/
BIMT/launch.html 

  Manual: http://homes.gersteinlab.org/people/rka24/
BIMT/BIMT_Manual.doc 
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Input 
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Graphical Results 
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Text Results 
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Future Plans 
  Finish revisions for ChIA-PET manuscript and analyses 

  Creation of  a computational tool or tool set relating to 
ChIP-Seq data 

  Interview 

  Give another group meeting 
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