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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 3 



Dixon et at 2012 

Topological Associated Domains (TADs) 



Dixon et al Nature 2012 

Identification of TADs by Directionality 
Index (DI) 



Hi-C Analysis Using Bioconductor 
Packages 

##HiTC, for more information:
http://bioconductor.org/packages/release/bioc/html/HiTC.html 
 
 
##GOTHiC 
http://bioconductor.org/packages/release/bioc/html/GOTHiC.html 
 



Hi-C Analysis Using HiTC: Calculating DI 
##load R session: 

 module load R/3.2.3 
 R 

 

##the following R packages and their dependencies will be used: 
  BSgenome.Hsapiens.UCSC.hg19 
  HiTC   
  GOTHiC 

 

##set working directory 
 setwd(“/u/scratch/f/flay/workshop10/matrix/”) 

 

##load these libraries: 
 library(‘BSgenome.Hsapiens.UCSC.hg19’) 
 library(‘HiTC’)   
 library(‘GOTHiC’) 

 



##to install these libraries: 
  source("http://bioconductor.org/biocLite.R") 

biocLite("BSgenome.Hsapiens.UCSC.hg19") 
biocLite(”HiTC") 
biocLite(“GOTHiC") 
 
 ##if prompted to install updates for other packages, type in no.   

Hi-C Analysis Using HiTC: Calculating DI 



##to import Hi-C data: 
 iced=importC("rawdata_500000_iced.matrix", 
 xgi.bed="rawdata_500000_abs.bed") 
  

Hi-C Analysis Using HiTC: Calculating DI 



##summary of interactions in chr8: 
 detail(iced$chr8chr8) 
  

Hi-C Analysis Using HiTC: Calculating DI 



Hi-C Analysis Using HiTC: Calculating DI 
##let’s focus on a region in the genome. 

 chr = extractRegion(iced$chr8chr8, chr=“chr8”, from=1, 
 to=140e6)  

 
##plot this region: 

 pdf(“chr8.pdf”) 
 plot(chr) 
 dev.off() 
  



Hi-C Analysis Using HiTC: Calculating DI 
##calculate DI: 

 di=directionalityIndex(chr) 
 
##plot DI: 

 pdf(“chr_di.pdf”) 
 barplot(di, col=ifelse(di>0, “darkred”, “darkgreen”)) 
 dev.off() 
  



Hi-C Analysis Using HiTC: Visualize DI 



Hi-C Analysis Using GOTHiC: Identifying 
Significant Interactions 

##need to convert .bam file into GOTHiC readable format 
 cd /u/scratch/f/flay/workshop10/output/bowtie_results/bwt2/
 rawdata 

 
 

  



##we will use tools from the hicup the software: 
http://www.bioinformatics.babraham.ac.uk/projects/hicup/ 
 
##prepare hicup-compatible digested genome 

 hicup_digester 
 
 

  

Hi-C Analysis Using GOTHiC: Identifying 
Significant Interactions 



Hi-C Analysis Using GOTHiC: Identifying 
Significant Interactions 

hicup_digester --genome hg19 --re1 ^GATC,MboI /u/
scratch/f/flay/workshop10/genome/hg19_rCRSchrm.fa 

##run hicup_digester for MboI 
 
 

  

##output file 



Hi-C Analysis Using GOTHiC: Identifying 
Significant Interactions 

##convert .bam file into GOTHiC format 
/u/home/galaxy/collaboratory/apps/hicup_v0.5.8/
Conversion/hicup2gothic 



Hi-C Analysis Using GOTHiC: Identifying 
Significant Interactions 

##convert .bam file into GOTHiC format 
module load samtools/1.2 
 
/u/home/galaxy/collaboratory/apps/hicup_v0.5.8/
Conversion/hicup2gothic test_dataset_hg19.bwt2pairs.bam  

##output file 



Hi-C Analysis Using GOTHiC: Identifying 
Significant Interactions 

##load R 
 library(‘GOTHiC’) 
 library(‘BSgenome.Hsapiens.UCSC.hg19’) 

 
##calculate binomial  
 
binom=GOTHiChicup("test_dataset_hg19.bwt2pairs.bam.gothic", 
sampleName="test_gothic", res=500000, 
restrictionFile="Digest_hg19_MboI_None_21-50-09_05-05-2016.txt", 
cistrans="all") 
 
##turn off graphic setting after run to generate the summary plot 
dev.off() 



Hi-C Analysis Using GOTHiC: Identifying 
Significant Interactions 

##binomial test result assumes biases affect both ends 
independently 
##output is data frame 



Hi-C Analysis Using GOTHiC: Identifying 
Significant Interactions 

##p-value distribution 





OPTIONAL SEGMENTS 



Hi-C Analysis Using HOMER 
##Detailed documentation can be found in 
http://homer.salk.edu/homer/interactions/ 
 



/u/home/galaxy/collaboratory/apps/hicup_v0.5.8/
Conversion/hicup2homer test_dataset_hg19.bwt2pairs.bam 

Hi-C Analysis Using HOMER 

##convert HiC-Pro output to homer-compatible file 

##homer format 



Hi-C Analysis Using HOMER 
##load homer 

 module load homer/4.7 
 

##make tag directory 
 makeTagDirectory tag/ -format HiCsummary 
 test_dataset_hg19.bwt2pairs.bam.homer 

 



Hi-C Analysis Using HOMER 



Hi-C Analysis Using HOMER 



Hi-C Analysis Using HOMER 



Hi-C Analysis Using HOMER 
##create background model  

 analyzeHiC tag/ -res 1000000 -bgonly  
   

 



Hi-C Analysis Using HOMER 
##create “normalized” interaction matrix for the whole genome 
##large memory required 

 analyzeHiC tag/ -res 1000000 -norm -override > 
 test_whole_genome_matrix.txt 

 
   

 

##create normalized interaction matrix for one chromosome 
 analyzeHiC tag/ -res 1000000 -norm -chr chr8  > 
 test_chr8_matrix.txt 



Hi-C Analysis Using HOMER 
##run principal component analysis on Hi-C data: 

 runHiCpca.pl test_pca tag/ -res 1000000 -superRes 1000000 
 -genome hg19 -corrDepth 1 



Hi-C Analysis Using HOMER 
##output files of pca analysis 



##visualize pca using HiCPlotter 

Hi-C Analysis Using HOMER 

python /u/home/galaxy/collaboratory/apps/HiCPlotter/
HiCPlotter.py -f rawdata_500000.matrix -bed 
rawdata_500000_abs.bed -n raw -chr chr8 -o raw_chr8 -tri 1 
-r 500000 -hmc 5 -mm 10 -ptr 1 -pcd 1 -pcdf 
hESC_domains_hg19.bed -hist pca_fl4_500k.PC1.bedGraph 
-hl pca -hm 30 



Hi-C Analysis Using HOMER 



Hi-C Analysis Using HOMER 



Hi-C Analysis Using HOMER 

##identify significant interactions 
analyzeHiC tag/ -res 1000000 -superRes 1000000 -
interactions test_significantInteractions.txt -nomatrix 



Hi-C Analysis Using HOMER 


