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Workshop 10 Outline 
Day 1:  

 Introduction to the 3D genome 
 Overview of Hi-C experiments: wet lab and computational 
 consideration 
 Quick review of linux, Hoffman2 and high-throughput 
 sequencing glossary.  
 Aligning Hi-C library using HiC-Pro 

Day 2:  
 Aligning Hi-C library using HiC-Pro, continued. 
 Visualization of data using HiC-Plotter 

 
  Day 3:  
 Identification of significant chromatin interactions using 
 GOTHiC. 
 Calculate directionality index using HiTC.  
 Overview of other useful Hi-C tools: hicup, HOMER 



Day 1 



Higher-Order Chromatin Structures 

Ea et al Genes 2015 



Pombo & Dillon, Nature Rev Mol Cell Bio, 2015 

Enhancer-Promoter Looping 



Chromatin Interaction Assays 

Risca & Greenleaf, Trends in Genetics 2015 



Hi-C Protocol Overview 

Rao et al 2015 



Ligation Junction 
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Hi-C Quality Control 

Lane 1: Undigested Templated 
Lane 2: Digestion Products 
Lane 3: Ligation Products 



Hi-C Protocol Overview 

Rao et al 2015 



Hi-C Protocol Overview 

Nagano et al 2015 

Dilution 
(Lieberman-
Aiden et al 

2009) 

In-Situ 
(Rao et al 

2014) 



Dilution In-Situ 
# Cells 1-2.5x107 2-5x106  

Fixative 1% Formaldehyde 1%Formaldehyde 

Restriction Enzyme 6-Cutter (HindIII) 4-Cutter (MboI) 

Digestion Time O/N 2hrs-O/N 

Solubilization SDS, 65C N/A 

Ligation Time 4hrs-O/N 4hrs 

Sequencing 
Method 

50PE (Lieberman-
Aiden et al 2009) 

100PE (Rao et al, 
2014) 

Coverage Needed ~1 billion paired-
reads 

~300 million 
paired-reads 

Hi-C Protocol Overview 





In-Situ Hi-C Generates Higher Resolution 
Interaction Data 

Rao et al 2014 



Paired-end Alignment 
Reference 
Genome 

Insert 



Common Artifacts in Hi-C Mapping 

Crosslinked 
Genome 

Digested 
Genome 

Ligation 

Digestion 
Hi-C Ligation 

Valid Pair 

Invalid Pair: 
Internal 

Self-ligation Invalid Pair 

Re-ligation Invalid Pair 

Invalid Pair 
Contiguous 

Invalid Pair Dangling End 

Sonication 



Hi-C Mapping Strategy 

Ay & Noble Genome Biol 2015 



Source of Biases 

•  Fragment Length 
•  Digestion and Ligation efficiency 
•  Mappability 
•  Coverage 
•  GC Content 
•  Genomic Distance 
•  Restriction site density 
•  Chromatin state: open/closed 

 
 

  



Iterative Correction (Matrix Balancing) 



Iterative Correction (Matrix Balancing) 

Imakaev et al 2011 



Ay & Noble 2015 

Software Tools for Hi-C Analysis 





HiC-Pro Workflow 

Servant et al Genome Biol 2015 



HiC-Pro Mapping and Filtering 

Servant et al Genome Biol 2015 



Useful UNIX Commands: Covered in 
Workshop 1 & 2 

•  Where am I?     pwd 
•  Change directory    cd   cd ~/data 
•  Move up one level    cd .. 
•  List files in folder     ls 
•  Look at a file      less fileName 
•  Copy a file      cp ~/data/file ~/otherdir/ 
•  Delete a file      rm fileName 
•  Delete a directory    rmdir ~/dirName/ 
•  Move a file      mv ~/data/file ~/otherdir/file 
•  Secure copy      scp user@host1:dir/file user@host2:dir/file 
•  Compress a file     gzip –c file > file.gz 
•  Uncompress a file    gunzip file.gz      
•  Make a new folder    mkdir data2  
•  Current directory     ./ 
•  Home directory     ~/ 
•  Count lines in a file    wc –l fileName 



Questions/In Doubt/Lost? 

•  Unix manual: man functionX 
 
•  Google is your best friend! 

•  Any of your friendly QCB fellows  



Logging into Hoffman2 

ssh flay@hoffman2.idre.ucla.edu 

change to your user ID 



Logging into Hoffman2 



Useful Tools on Hoffman2 
module available 



Useful Tools on Hoffman2 
ls /u/local/apps/ 



cd /u/home/galaxy/collaboratory/apps/ 

Useful Tools on Hoffman2 Galaxy 



Adding Tools to PATH  
#what is in your environment? 

 echo $PATH 

 
 
#what shell are you using? 

 echo $SHELL 



Adding Tools to PATH  
##HiC-Pro 
/u/home/galaxy/collaboratory/apps/hic-pro/HiC-Pro_2.7.6/bin 
 
 
 
##hicup 
/u/home/galaxy/collaboratory/apps/hicup_v0.5.8 
 
 
 
 



#add the directories of tools in to your environment for quicker 
access 
#the following example is for if you are in bash 

  vi ~/.bash_profile 

#Add the path to HiC-Pro and 
hicup 
 
Type i to insert 
Once added, press esc 
 
##to save, type 

 :wq! 
 
 

Adding Tools to PATH  



#Two methods to save changes to your environment: 
1.  After exiting .bash_profile, type: 

  source ~/.bash_profile 
 
2.  Log out of Hoffman2 session and log back in. The 

changes should be saved.  
 
3.  To check, type: 

 echo $PATH 
 
or call, HiC-Pro directly: 

 HiC-Pro 

Adding Tools to PATH  



Alignment Using HiC-Pro: On Hoffman2 
Interactively 

#grab a Hoffman2 session: 
  

qrsh -now n -l i,mem=5G,time=02:00:00,exclusive=TRUE -pe shared 6 

time limit of the session 
 (default is 2 hours, 
24hrs max) 

Request exact configuration Reserve the whole node 

Memory requested per 
core (default is 1G) 

qrsh	

or	

Request 6 cores 



#copy all the files you need to scratch folder 
 

  cd /u/scratch/f/flay/ 
   
  cp /u/scratch/f/flay/workshop10.tar.gz . 
   
  tar -xvzf workshop10.tar.gz 
   
  cd workshop10 
   
  ls  

 

change to your ID 

Alignment Using HiC-Pro: Copy Files 

Indicates 
current 
directory 



Alignment Using HiC-Pro: Loading 
Modules 

##Load all the necessary modules: 
##must use the exact versions 

 module load python/2.7.3 
 module load R/3.2.3 
 module load bowtie2 
 module load samtools/1.2 

 

##check if you have ‘iced’ python package, by typing: 
  python 
  import iced 

 

##if iced is not already installed, install by typing the following 
on command line: 

  pip install iced --user 



##Find the recognition sites of restriction enzyme 
##This example dataset uses HindIII 
 

HindIII 

https://www.neb.com/products/restriction-endonucleases	

Alignment Using HiC-Pro: Prepare 
Digested Fragment File 



Alignment Using HiC-Pro: Prepare 
Digested Fragment File 

##Use digest_genome.py utility in HiC-Pro to create a .bed file 
containing all digested fragments 
 



Alignment Using HiC-Pro: Prepare 
Digested Fragment File 

python /u/home/galaxy/collaboratory/apps/hic-pro/HiC-
Pro_2.7.6/bin/utils/digest_genome.py -r A^AGCTT -o hic-
hg19_HindIII.bed /u/scratch/f/flay/workshop10/genome/
hg19_rCRSchrm.fa  



Alignment Using HiC-Pro: Prepare 
Digested Fragment File 

## how many HindIII fragments are generated? 

## what do the output file look like? 



Alignment Using HiC-Pro: Configure 
Alignment Settings 

## config-hicpro.txt file must be specified 
##to edit, type on command line: 

  view config-hicpro.txt 
 
##alternatively, download the file on to your desktop, open and 
edit using your text editor of choice.  
 
##detailed description for each parameter is discussed here: 
http://nservant.github.io/HiC-Pro/MANUAL.html 
 



Alignment Using HiC-Pro: Configure 
Alignment Settings 

#change to the directory 
where your bwt2.index is 
stored 
 
 

#follow naming convention of 
your raw fastq files 
 
 



Alignment Using HiC-Pro: Configure 
Alignment Settings 

#change to the directory where 
your chrom sizes file is stored 
 
 

#specify the location and name of  
digested fragment file 
#specify ligation junction 
#specify fragment and insert sizes 
 
 
 



Alignment Using HiC-Pro: Configure 
Alignment Settings 

#bin size of contact matrix 
 
 

##save edited config file 
##make sure they are in your working directory before 
proceeding 



Alignment Using HiC-Pro: Run HiC-Pro 

##to see the HiC-Pro command options, type: 
  HiC-Pro -h 



HiC-Pro -i /u/scratch/f/flay/workshop10/data -o output -c 
config-hicpro.txt 

Alignment Using HiC-Pro: Run HiC-Pro 



Alignment Using HiC-Pro: Run HiC-Pro 


