
HUGIn: a handy online 
visualization tool for 
across-tissue chromatin 
spatial organization data

Tailored specifically for GWAS fine mapping:
• target gene(s) identification
• functional prioritization
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HUGIn

4Martin et al 2017 Bioinfo. [epub ahead of print] 



HUGIn: Hi-C Unifying Genomic Interrogator

http://yunliweb.its.unc.edu/HUGIn/
5



A Compendium of Hi-C Data
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7 human cell lines 14 human primary tissues
Schmitt et al 2016 Cell Rep. 17: 2042-59.



Highlight by Nature Reviews Genetics
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HUGIn Interface
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Data Availability Snapshot
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Data Availability Snapshot
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One Example: Virtual 4C Plot
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 Iotchkova et al (Nature Genetics 2016) 
reported interaction between platelet 
count associated SNP rs2546979 and 
gene CCNJL. 

 Evidence of physical interaction from 
BLUEPRINT Epigenomic project.

 We found: SNP rs2546979 
 shows long range interaction with 

gene CCNJL in GM12878 cell line 
and much weaker in hippocampus, 
but not in liver tissue.

 near a GM12878 typical enhancer.
 in a Hippocampus typical enhancer

 Using GTEx
 In whole blood, rs2546979 is NOT 

eQTL of CCNJL, FABP6 or 
PWWP2A.

 only eQTL for FABP6 in Skin-Sun 
Exposed (lower leg) (P=7.3e-7), 
arguably the wrong gene or wrong 
tissue, or both. 

Iotchkova et al 2016 Nat Genet 48: 1303-12. 



Same Example: Heatmap View

12

rs2546979



Same Example: Heatmap View
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rs2546979



Another Example: rs6450176 
 rs6450176 

 Associated with risk of T2D
 Associated with adiponectin
 Located within ARL15 gene
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Potential Target Gene: ??



Rs6450176 Virtual 4C Plot
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Y max: 38

Y max: 12

Y max: 4



Heatmap for rs6450176
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Another Example: rs6450176 
 rs6450176 

 Associated with risk of T2D
 Associated with adiponectin
 Located within ARL15 gene

 Now with multi-tissue/cell-line Hi-C data:
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Potential Target Gene: ??



Another Example: rs6450176 
 rs6450176 

 Associated with risk of T2D
 Associated with adiponectin
 Located within ARL15 gene

 Now with multi-tissue/cell-line Hi-C data
 eQTL for FST but not ARL15 in subcutaneous 

adipose tissue
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Potential Target Gene: ??

Civerek et al 2017 AJHG 100: 428-43. 



A 3rd example: FTO rs9930506

19Smemo et al 2014 Nature 507: 371-5. 

Y max: 2.6

Y max: 2.6

Y max: 11



FTO rs9930506 heatmap view
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FTO rs9930506 w/ additional info. in LCL
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FTO rs9930506 w/ additional info. in NPC

Frequently Interacting Regions (FIREs) (Schmitt et al 2016 Cell Rep):
• are tissue/cell-type specific (in contrast to TADs);
• are enriched of tissue/cell-type specific enhancers;
• are enriched of tissue/cell-type specifically expressed genes;
• are conserved in human and mouse
• are enriched of GWAS SNPs for relevant traits



Better Gene Set Enrichment
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Better Gene Set Enrichment
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Better Gene Set Enrichment
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HUGIn output/information types
1. Virtual 4C plot
2. Heatmap
3. Text information
4. Association
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Text information
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Excerpt of Text Information
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Excerpt of Text Information
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Association: rs9930506 example
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Association: rs9930506 example
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Association: rs9930506 example
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Updates planned: 
Hi-C Data currently being analyzed 
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Tissue or Cell Line
SeqDepth (in

millions of reads 
per sample)

Source

3 adult & 3 fetal human 
brain tissues 338-1,016 Sullivan lab#

GM12878, IMR90, h1 ES 
and 4  h1-derived CLs 600-1,079 Ren lab22

7 human CLs and 
14 human primary tissues 56-541 Ren lab22

20 human LCLs 454-1,068 Ren lab#
Modified mES CL with 

16p11.2 deletion (a human
ASD locus)

~500 Pombo lab#
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Tissue or Cell Linea Data Type SeqDepth Source
Mouse ES CL (FangData) PLAC-Seq ~300 Ren lab3

Mouse brain tissue from 8 
developmental stages PLAC-Seq ~300 Ren lab#

8 mouse tissues at the same 
developmental stage PLAC-Seq ~300 Ren lab#

h1 ES, h1 ES-derived CLs PLAC-Seq ~300 Ren lab#
brain tissue from 20 mouse 

RIXc lines PLAC-Seq ~300 Shen labf#

Human NPCd and 4 
differentiated CLs PLAC-Seq ~300 Shen lab#

GM12878 Smc1, mES Oct4, 
mES cohesin HiChIP ~300 Chang 

lab8

Updates planned: 
H/P Data currently being analyzed 



H/P Data: ~Hi-C + IP (Immuno-Precipitation)

35Mumbach et al 2016 Nat Methods 13: 919-22.

Hi-ChIP

PLAC-Seq
proximity ligation-
assisted ChIP-seq

Fang et al 2016 Cell res. 26: 1345-8.



Designs of selected datasets: 1
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7 human cell lines 14 human primary tissues
Schmitt et al 2016 Cell Rep. 17: 2042-59.
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Designs of selected datasets: 2

GM12878, IMR90, h1 ES 
and 4  h1-derived CLs 600-1,079 Ren lab22

h1 ES, h1 ES-derived CLs PLAC-Seq ~300 Ren lab#
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Designs of selected datasets: 3

E11.
5

P0: 
newborn

P56: 56 days after 
birth 

Forebrain

Midbrain

Hindbrain

Neural tube

Heart

Liver

Limb
Craniofacial 
prominence

For forebrain tissue, time-
course data, from 11.5 days 
post conception to 56 days 

after birth.   

8 different mouse tissues at 
the same development 
stage (12.5 days post 

conception) 

E12.
5

E13.
5

E14.
5

E15.
5

E16.
5

Design of a multi-tissue 
and time course 

interactomic project.
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Designs of selected datasets: 3

E11.
5

P0: 
newborn

P56: 56 days after 
birth 

Forebrain

Midbrain

Hindbrain

Neural tube

Heart

Liver

Limb
Craniofacial 
prominence

For forebrain tissue, time-
course data, from 11.5 days 
post conception to 56 days 

after birth.   

8 different mouse tissues at 
the same development 
stage (12.5 days post 

conception) 

E12.
5

E13.
5

E14.
5

E15.
5

E16.
5

Design of a multi-tissue 
and time course 

interactomic project.

Mouse brain tissue from 8 
developmental stages PLAC-Seq ~300 Ren lab#

8 mouse tissues at the same 
developmental stage PLAC-Seq ~300 Ren lab#



Brief Summary
 HUGIn: a handy online visualization tool 
 Primary goal: help identify potential target gene(s) 

of regulatory SNPs in a tissue/cell-type specific 
manner

 4 different output formats
 Rich data behind: 7 human cell lines and 14 

human primary tissues. Will add more (analyzing!)
 Rigorous statistics w/ FDR & Bonferroni correction
 Caveats:

 Different sequencing depths across tissues/cell-lines
 Mostly 40Kb resolution. We are getting at 4-10Kb. 
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URL: 
http://yunliweb.its.unc.edu/hugin/

Please use it!!
We update & maintain!!

THANK YOU!!
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