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

Tailored specifically for GWAS fine mapping:




Huginn and Muninn <

From Wikipedia, the free encyclopedia

In Norse mythology, Huginn (from
Old Norse "thought"l'l) and Muninn
(Old Norse "memory"[?l or "mind"3))
are a pair of ravens that fly all over
the world, Midgard, and bring
information to the god Odin. Huginn
and Muninn are attested in the
Poetic Edda, compiled in the 13th
century from earlier traditional
sources: the Prose Edda and
Heimskringla, written in the 13th

illustration from an 18th-century Icelandic manuscript

century by Snorri Sturluson; in the Third Grammatical Treatise, compiled in the 13th
century by Olafr bordarson; and in the poetry of skalds. The names of the ravens are

sometimes modernly anglicized as Hugin and Munin.



HUGIN AND MUNIN

Hugin and Munin (pronounced “HOO-gin and
“MOO-nin"; Old Norse Huginn and Muninn, the

meaning of which will be discussed below) are

two ravens in Norse mythology who are helping
spirits of the god Odin. According to the

medieval Icelandic historian Snorri Sturluson,

Two ravens sit on his (Odin’s) shoulders
and whisper all the news which they see
and hear into his ear; they are called
Huginn and Muninn. He sends them out
in the morning to fly around the whole
world, and by breakfast they are back
again. Thus, he finds out many new
things and this is why he is called ‘raven-
god’ (hrafnagud).!]

A warrior, likely Odin, flanked by two ravens on an Iron Age
helmet from what is now Sweden
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HUGIN: Hi-C Unifying Genomic Interrogator

Hi-C Unitying Genomic Interrogator

HUGIR is designed to be a tool to explore the Hi-C interactions across multiple human cell lines and primary tissues. HUGIn incorporates data from multiple sources including Gene expression, SNPs and TAD

Iﬁ Boundaries and others, It was built using the hg19 (Genome Reference Consortium GRCh37) reference genome. For a tutorial on using HUGIn please see our Tutorial page,
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A Compendium of Hi-C Data

A Compendium of Chromatin Contact Maps Reveals
Spatially Active Regions in the Human Genome

Anthony D. Schmitt,:212.13 Ming Hu,3:2.14" Inkyung Jung,':'5 Zheng Xu,*:'%:11 Yunjiang Qiu,'-5 Catherine L. Tan,1:12
Yun Li,* Shin Lin,® Yiing Lin,” Cathy L. Barr,® and Bing Ren'.%:16."
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Highlight by Nature Reviews Genetics

Nature Reviews Genetics | Published online 13 Dec 2016: doi:10.1038/nrg.2016.161

RESEARCH HIGHLIGHTS

TADs, partoc-k in numerous intra- TAD inter-
actions and were contained within broader
regions of A-compartment active chromatin.
Further analyses, including integration

with profiles of histone modifications and
transcription, revealed that FIREs are highly
tissue-type-dependent, frequently occur near
(and transcriptionally regulate) cell-identity

The majority of disease-associated genetic a new type of unexplored regulatory element  genes and overlap substantially with chroma-
variants identified by genome-wide asso- that may need to be considered when genetic  tin features of active enhancers. Indeed, the
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Hi-C across 21 diverse primary human Darren J. Burgess en-

., tissues and cell types. Analysing an average
of 214 million unique chromosome contacts
per tissue type, they noticed that some
regions displayed particularly high local
contact frequencies, which they termed
frequently interacting regions (FIREs).
FIREs were distinct from previously defined
types of chromosome domains such as A/B

compartments, topologically associated
domains (TADs) and loops, although in
general they occurred towards the centre of
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HUGIN Interface

Hi-C Unifying Genomic Interrogatoy

HUGIn is designed to be a tool to explore the Hi-C interacjffons across
multiple human cell lines and primary tissues. HUGIn incgfrporates data
from multiple sources including Gene expression, SNPs ghd TAD Boundaries
and others. It was built using the hg19 (Genome Referegfe Consortium
GRCh37) reference genome. For a tutorial on using HUIn please see our

Tutorial page.
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One Example: Virtual 4C Plot
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Same Example: Heatmap View
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Another Example: rs6450176

rs6450176
Associated with risk of T2D
Associated with adiponectin
Located within ARL15 gene

Potential Target Gene: ??

14



Rs6450176 Virtual 4C Plot
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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:

Potential Target Gene: ??
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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

eQTL for FST but not ARL15 in subcutaneous
adipose tissue

Potential Target Gene: ??

Civerek et al 2017 AJHG 100: 428-43. 18



3rd example: FTO rs9930506
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FTO rs9930506 heatmap view
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FTO rs9930506 w/ additional info. in LCL

) T —— . —
e 'CHDY RBL2 RPGRlPﬂ Teroum frxa won ©
EKTIP FTO
FIREs
Enhancers I I | | ‘ ‘
CTCE ' ‘ T
Peaks | | |
:h"’—SBtI:]2 replicate 1]
H3K27ac replicate 2
o i —_— M =
ChiP-Set;
H3Kdmel -
— et b e o -_———— e — .
ChiP-Sel?
L2 Amad
s [l == — _F —
70 z Observed Counts
st Lymphoblastoid Cell Expecied Counfsl-u
60 -logl0{p-value) §+2.4
55 =22__
L1 RSP B R R R S A, i
S 5%
o == g
g30 ...|.'2-—
T — [ L=l _8_1
20 -08 '
15 =06
10 [ =04
5 =02
1 \ 1 1 1 1
52,830,464 53,030,464 53,230,464 53,430,464 53,630,464 : ]563,93%6430 54,030,464 54,230,464 54,430,464 54,630,464 54,830,464
chr i se

21



FTO rs9930506 w/ additional info. in NPC
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equently 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
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Better Gene Set Enrichment

o # (%) of GWAS # (%) of HUGIn
. # of GWAS # of #( /'.') IIELIE e # of GWAS c(ats:log genes gelges )overlapping
Disease HUGIn being the closest to . .
SNPs catalog genes ~ being the closest  with GWAS catalog
genes LRI to GWAS SNPs genes
Schizophrenia 407 471 35 (7.4%) 676 120 (17.8%) 69 (14.6%)
Leukemia 56 56 2 (3.6%) 82 19 (23.2%) 7(12.5%)
Alzheimer's disease 203 228 14 (6.1%) 343 56 (16.3%) 31 (13.6%)
Autism 37 36 2 (5.6%) 61 6 (9.8%) 4 (11.1%)
Depression 133 172 7 (4.1%) 226 31 (13.7%) 18 (10.5%)
Type | diabetes 38 57 2 (3.5%) 68 19 (27.9%) 6 (10.5%)
Type 2 diabetes 124 120 12 (10.0%) 180 46 (25.6%) 17 (14.2%)
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Better Gene Set Enrichment
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Better Gene Set Enrichment
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HUGIn output/information types

Virtual 4C plot
Heatmap

Text information
Association
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InformationType:[TextInformation v] Anchor Position:‘rs9930506 ‘[ RUM " RESET
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Text Information
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Excerpt of Text Information

et | Cilohened | CalBapened | cal | el Progetr | Newnl Pogaior | Seunl gt
Count Count logl0(pValue) i ’
52840000 6 7.59521 0.11418 1 3.85092 0.00933
52880000 | 2 7.95852 0.00136 6 4.00916 0.66494
52920000 11 8.34400 0.65825 <] 4.17524 0.39216
52960000 7 8.75363 0.11360 3 4.35348 0.09191
53000000 15 9.18937 1.31943 l 4.54898 0.00462
54680000 9 8.34400 0.34165 23 4.17524 9.86795
54720000 8 7.95852 0.26661 16 4.00916 5.29830
54760000 12 7.59521 1.07091 10 3.85092 2.19817
54800000 11 7.25233 0.93035 12 3.69954 3.32820

Save to File
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Excerpt of Text Information
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Association: rs9930506 example

Information Tvpe Association

.
List of SNPs to analyze

| Chi Fil

No'tie-chosen Human Cell Lines

ey 3 HUALAN EMBRYONIC STEM[CELL FETAL LUNG FISROELAST CZLL (DIRH) MESENDODERM CELL MESENCHYMAL STEM CELL 3
rs993a5
TROPHOBLAST-LIKE CELL
Human Primary Tissues
ADRENAL AORTA ELADDER DORSOLATERAL FREFRONTAL CORTEX HIPPOCAMPUS LUNG
LIVER. LEFT VENTRICLE RIGHT VENTRICLE OVARY PANCREAS PS04S
SMALL BOWEL SPLEEN
/
SNP location GM12878 (-logl0(p-value)/counts/expected) NPC (-logl0{p-value)/counts/expected)
139930506 chrl6:53830464 RBL2 (1.66/26/16) IRX3 (8.35/27/6)
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Association: rs9930506 example

Information Tvpe: Association

:
List of SNPs to analyze

Human Cell Lines
| Choose File |Mo file chosen
SUBMIT - - "
5330506 YMFHOBLASTOID CELL (CMI12375) ) HUMAN EMBRVONIC STEM CELL FETALLUNG FISROBLAST CZLL (MFS)
rs9%3a5

MESENDODERMCELL MESENCHYMAL STEM CELL i
TROPHOBLAST-LIKE CELL
Human Primary Tissues
ADRENAL AORTA BLADDER DORSOLATERAL FREFRONTAL CORTEX HIFPOCAMETS LUNG
LIVER LEFT VENTRICLE RIGHT VENTRICLE OVARY PANCREAS PS0AS
SMALL BOWEL SPLEEN
/ e
SNP location GM12878 (-logl0(p-value)/counts/expected) NPC (-logl0(p-value)/counts/expected)
159930506 chrl6:53830464 RBL2 (1.66/26/16) IRX3 (8.3527/6)
(o it |
.
SNP location

GM12878 (-logl10(p-value)/counts/expected)

rs9930506

chr16:53830464

RBL2 (1.66/26/16)




Association: rs9930506 example

Information Tvpe: Association

:
List of SNPs to analyze

Human Cell Lines
| Choose File |Mo file chosen
SUBMIT - - "
5330506 YMFHOBLASTOID CELL (CMI12375) ) HUMAN EMBRVONIC STEM CELL FETALLUNG FISROBLAST CZLL (MFS)
rs9%3a5
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ADRENAL AORTA BLADDER DORSOLATERAL FREFRONTAL CORTEX HIFPOCAMETS LUNG
LIVER LEFT VENTRICLE RIGHT VENTRICLE OVARY PANCREAS PS0AS
SMALL BOWEL SPLEEN
/ e
SNP location GM12878 (-logl0(p-value)/counts/expected) NPC (-logl0(p-value)/counts/expected)
159930506 chrl6:53830464 RBL2 (1.66/26/16) IRX3 (8.3527/6)
(o it |
.
SNP location

GM12878 (-logl10(p-value)/counts/expected)
rs9930506

NPC (-logl0(p-value)/counts/expected)

chr16:53830464

RBL2 (1.66/26/16)

IRX3 (8.35/27/6)
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Updates planned:

Hi-C Data currently being analyzed

Tissue or Cell Line

SeqDepth (in
millions of reads
per sample)

Source

3 adult & 3 fetal human

e 338-1,016 Sullivan lab#
brain tissues
GM12878, IMR90, h1 ES -
and 4 h1-derived CLs 600-1,079 Ren lab
7 human CLs and 56-541 Ren lab?2
14 human primary tissues
20 human LCLs 454-1,068 Ren lab#
Modified mES CL with

16p11.2 deletion (a human ~500 Pombo lab#

ASD locus)
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Updates planned:
H/P Data currently being analyzed

Tissue or Cell Line? Data Type SeqDepth Source
Mouse ES CL (FangData) PLAC-Seq ~300 Ren lab®
Mouse brain tissue from 8 PLAC-Seq ~300 Ren lab#
developmental stages
8 mouse tissues at the same PLAC-Seq ~300 Ren lab#
developmental stage |
h1 ES, h1 ES-derived CLs PLAC-Seq ~300 Ren lab#
brain tissue frc?m 20 mouse PLAC-Seq ~300 Shen labf#
RIX¢ lines |
Human NPC9 and 4
differentiated CLs PLAC-Seq 300 Shen lab#
GM12878 Smc1, m.ES Oct4, HiChIP ~300 Chang
mES cohesin lab?
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H/P Data: ~Hi-C + IP (Immuno-Precipitation)

o In vivo crosslinking

Nuclei isolation and in situ
Hi-C contact generation

(: ::} y Biotin
Protein of interast
oy | ®

Other DNA-binding

m @ Proteins

Muclei lysis, sonication, and
Mein isolation (ChiP)

CT >

Reverse crosslinking, DNA isolation,

and biotin capture of HI-C contacts

l On-bead Tn5 library generation

.

J' PCR amplification

Hi-ChiP

Bh

O/

3h

1.5h

0.5h

Total time: 2d

A

Restriction enzyme C e
cutting and biotin fillin ~ Proximity ligation

8 Sy St <

- »
b :?T:'_Qf..r.-z;r, #’
=1 TR
1] W
1 LN

4 —
Sonication and DNA purification Pair-end
immunoprecipitation and biotin enrichment  Sequencing

PLAC-Seq
proximity ligation-
assisted ChlP-seq

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

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



Designs of selected datasets: 1

A Compendium of Chromatin Contact Maps Reveals
Spatially Active Regions in the Human Genome

Anthony D. Schmitt,:212.13 Ming Hu,3:2.14" Inkyung Jung,':'5 Zheng Xu,*:'%:11 Yunjiang Qiu,'-5 Catherine L. Tan,1:12
Yun Li,* Shin Lin,® Yiing Lin,” Cathy L. Barr,® and Bing Ren'.%:16."

co _ it o Ectoderm
A il i AR SRS
HC : Prefrontal Cortex (CO)
. 2

A ok SR N Hippocampus (HC)

ES/ES-derived SB il i o Lund|(S

Embryonic Stem Cell (H1) PA - bR e Small Bowel (SE

Mesendoderm (MES) Ll‘}""" o e e Pjancreas (PA)

Mesenchymal Stem Cell (MSC) P e b, LivER(EN

Neural Progenitor Cell (NPC) Fully Differentiated A S

Trophoblasts-like Cell (TRO) Fibroblast (IMR90) ‘Bladde ) o
Lymphoblast (GM12878) Ovary {OV) nghtVentrlcle (RV)

Psoas Muscle (PO) Spleen (SX)

Aorta (AO) Adrenal Gland (AD)

A, i i, "MR90

; .. GM12878 BL - G : Lv
MSC S G IR NP - . e e R e
i PR 1 ovj ; il s N s 4 : & A RV
!' . b " . E o E g o il sl s . Al R 8 L Y &mmm
TRO : PO o s aiiin, e oo S B, SX
e i e i i i S oy

14 human primary tlssues

Schmitt et al 2016 Cell Rep. 17: 2042-59.

7 human cell lines



Designs of selected datasets: 2
A

OP9 coculture -> colony-forming
Mesenchymal

-> colony subculture
Stem Cell (MSC)
19-22 days
Noggin + SB431542 Neural Progenitor

hESC (H1) /7—) Cell (NPC)

days
BMP4 Trophoblast-like Cell
5 days (TBL)
FGF2 + BMP4 Mesendoderm
2 days (ME)

h1 ES

- 22
and 4 h1-derived CLs 600-1,079 Ren lab

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

9993

E13. E14. E15. E16. ~ Po: P56: 56 days after i~

---------------------------------------------------------------------------------------------------------------------------------------------

Midbrain (85
Hindbrain (&%)

Neural tube

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

8 different mouse tissues at
the same development

stage (12.5 days post after birth.
Heart conception)
Liver _ o
- Design of a multi-tissue
Im .
Craniofacial and time course
prominence interactomic project.
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Designs of selected datasets: 3

a333@

E11. E12. E13. E14. E15. E16. PO: P56: 56 days after i-

.............. :"A“ :.".".".".".".".".".".".".".".".".".".".".".".".".".".->.r:h."""""""""" ssmssEmsEEEEEEEEE .."“‘

Forebrain: <’9
Midbrain :
@ For forebrain tissue, time-

Mouse brain tissue from 8

PLAC-Seq ~300 Ren lab#
developmental stages

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

developmental stage

Liver : —
- Design of a multi-tissue
Im .
- and time course
raniofacial - _ . .
prominence Interactomic project.
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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!!



