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Goals

• Create new statistical methods for use with 
3D genome data

• Develop user-friendly tools for researchers



Why is this interesting?

(Ethier et al. 2012)
http://www.sciencedirect.com/science/article/pii/S1874939911002227

http://www.sciencedirect.com/science/article/pii/S1874939911002227
http://www.sciencedirect.com/science/article/pii/S1874939911002227


The data

Restriction fragments:

Equally-sized bins:

Hi-C:

Images: Lieberman-Aiden et al. (2009)
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Different categories of 
questions

• “Query-set”

vs• Difference between treatments

• Descriptive statistics



Complex data



Strategy

• Subtract background signal 
from the data

• Permutation test

• Dependencies are taken 
into account in the 
permutation

Paulsen et al. NAR (2013):
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Effect size - enrichment 
score

• Ratio of observed over 
expected interaction 
frequencies

• Exp is estimated using 
two components: 
sequenced based distance 
and the signal coming 
from domain etc. 
properties

Paulsen et al. NAR (2013)



http://hyperbrowser.uio.no/3d-coloc

Previously published version:

http://hyperbrowser.uio.no/3d-coloc
http://hyperbrowser.uio.no/3d-coloc


http://hyperbrowser.uio.no/3d-coloc

Previously published version:

http://hyperbrowser.uio.no/3d-coloc
http://hyperbrowser.uio.no/3d-coloc


Available hypothesis 
tests

More/less co-localized in 3D?

BED

Track 1 more/less co-localized with 
track 2 in 3D?

2 x BED

vs
Identify significant differences between the 

two 3D tracks

2 x LGP

Linked elements more/less 
co-localized in 3D?

LP

Linked elements more/less co-
localized in 3D, maintaining node 

category?

LVP

Case-links more/less co-localized in 3D 
than controls?

LP (c/c)



Descriptive statistics

Visualize query set as 
matrix/heat map, cluster 

elements

Conditional expectation
Conditional variance
Number of nodes
Number of edges
Sum of weights
...

PCA based on a set of 3D 
datasets.  Visualise 

eigenvectors 

Visualize query set as 
graph



SubMatrixStat

DeltaToExp-

MappingStat

DeltaToSd-

MappingStat

ExpMatrixStatSdMatrixStat

ExpAndSdCorrected-

MatrixStat

ColocalizationIn3DStat
ExpectationBiasOfSd

WeightedEdgeWeights

Stat

SdWeightedAvgEdge

WeightStat

SdWeightedAvgExpEdge

WeightStat

DeltaMatrixStat

RandomizationManager

Stat

ColocalizationEnrichment

3DStat

RandomizationManager

Stat

3D Graph Track

Point Track

• Modular

• Code re-use

• Easy to add new query-
tracks



Example: Fusion transcripts

• Read-through

• Trans-splicing

• Translocation

• Inversion

• Deletion

Structural Post-transcriptional

Image:  Rgocs / Wikimedia Commons 
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BED-file Linked Elements

Linked elements co-
localized in 3D?

chr1  151 152 0 1;4 

chr1  121 122 1 0 

chr3  312 313 2 3

chr3  613 614 3 2

chr5  521 522 4 1

.

.

.

Conversion tool

Example: Fusion transcripts
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BED-file Linked Elements

Linked elements co-
localized in 3D?

chr1  151 152 0 1;4 

chr1  121 122 1 0 

chr3  312 313 2 3

chr3  613 614 3 2

chr5  521 522 4 1
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Linked elements co-
localized in 3D, 

maintaining 
categories?

Conversion tool
chr1  151 152 0 0 1;4 

chr1  121 122 1 1 0 

chr3  312 313 1 2 3

chr3  613 614 0 3 2

chr5  521 522 1 4 1

.

.

.

Conversion tool

Example: Fusion transcripts







Position1 Position2 Gene1 Gene2 GM06990 hESC IMR90 K562

chr11:3*1M chr9:135*1M NUP214 INS-IGF2

chr11:66*1M chr16:90*1M SPG7;RPL13 MALAT1

chr11:66*1M chr19:2*1M MBD3 MALAT1

chr11:66*1M chr19:3*1M NEAT1 DOT1L

chr11:66*1M chr19:5*1M MAP2K2 MALAT1

chr13:30*1M chr9:36*1M TMEM8B MTUS2

chr16:3*1M chr11:65*1M SRRM2 ATG2A

chr16:3*1M chr17:8*1M TRAF7 EIF4A1

chr16:30*1M chr16:90*1M CPNE7 BOLA2

chr16:31*1M chr19:5*1M ORAI3 DPP9

chr17:41*1M chr16:2*1M IFT140 ATP6V0A1

chr17:41*1M chr16:3*1M PDPK1 CNTNAP1

chr17:41*1M chr19:3*1M PSME3 LMNB2

chr17:5*1M chr16:30*1M PFN1 BOLA2

chr17:81*1M chr11:66*1M TBCD NEAT1

chr17:81*1M chr19:4*1M EEF2 CSNK1D

chr17:81*1M chr9:132*1M SPTAN1;GOLGA2 GPS1;FN3KRP

chr19:11*1M chr11:66*1M MALAT1 DNMT1;DNM2

chr19:18*1M chr17:74*1M WBP2 UNC13A

chr19:2*1M chr1:2*1M SSU72 CNN2

chr19:46*1M chr16:90*1M RPL13 CLPTM1

chr19:46*1M chr9:132*1M CERCAM CD3EAP

chr19:50*1M chr17:74*1M WBP2 FTL

chr19:50*1M chr6:32*1M PPP1R15A HSPA1A

chr21:48*1M chr16:16*1M NDE1 LSS

chr21:48*1M chr16:2*1M COL6A2 CACNA1H

chr21:48*1M chr19:3*1M DOT1L COL6A1

chr3:50*1M chr11:66*1M NEAT1 DAG1

chr3:50*1M chr19:51*1M QARS AP2A1

chr7:2*1M chr19:2*1M MAD1L1 DAZAP1

chr7:45*1M chr7:7*1M EIF2AK1 DBNL0%
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Results

• All 4 cell lines P < 0.01, even 
when correcting for domain 
architecture

• Enrichment goes down when 
correcting for chromatin 
domains, but is still present 

• Some trans-spliced are proximal 
in several cell-lines

Top gene pairs:



Summary

• 3D structure of chromatin makes statistical 
models of data challenging

• We develop a range of tools, implemented 
in a Galaxy-framework (Hyperbrowser)

• Relatively simple to do complex analysis

• http://hyperbrowser.uio.no/3d-coloc/

http://hyperbrowser.uio.no/3d-coloc/
http://hyperbrowser.uio.no/3d-coloc/

