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Training'Day'is'Sponsored'by'



Doing'the'Branch,'Release'

and'Merge'Waltz'

We'will'focus'on'branching'and'release'management'with'regard'to'exis<ng'

instances'which'implement'customized'code'within'Galaxy.'This'may'create'

huge'challenges'in'the'future,'especially'for'instances'in'produc<on'which'

require'a'lot'of'maintenance'and'which'run'older'versions'of'Galaxy.'All'Clouds'

and'Clusters'which'require'mul<ple'extensions'like:'

•  huge'file'management'(upload,'etc)'

•  authen<ca<on'issues'

•  cluster/cloud'connec<vity'

•  And'the'customiza<on'of'these'issues'is'not'easy'and''

straighXorward.'

Monday,'June'30,'6:15pm'

Salon'A''

hEp://bit.ly/gcc2014mergebof'



Galaxy'EndXUser'

Monday,'June'30,'6:15pm'

MulApurpose'Room'324''

This'BirdsXofXaXFeather'session'will'serve'as'a'forum'for'endXusers'of'the'

Galaxy'environment'to'share'experiences'and'lessons'learned,'as'well'as'

address'and'discuss'issues'that'hinder'progress'from'the'endXuser'

perspecAve.'

EndXusers'of'Galaxy'who'would'like'to'share'experiences'(or'listen'to'

those'of'others)'and'developers'interested'in'the'perspecAve'of'the'endX

user'should'aUend'this'BoF.'

bit.ly/gcc2014usersbof '



Break'@'3:00']'3:30'

Drinks'and'snacks'will'be'available'during'the'

break,'and'in'all'Training'Day'Rooms'a^er'this'

workshop.'



Network'Op<ons'

Wifi'

•  eduroam'

•  hopkins'

•  GCC ''

'g@l@xycommiEee'

Ethernet:'Just'plug'in.'



Outline
• Introduction to nuclear 3D organization

• Uploading and visualizing Hi-C

• Basics of data representation (genomic data types 
and tracks)

• Statistical analysis: descriptive and hypothesis testing

• Visualization of results

• 4 hands-on sessions 



Nuclear Organization: 
regulation of the genome

(?)



Heterochromatin and euchromatin 

Dennis Kunkel Microscopy, Inc 
TEM image of a liver cell nucleus 
Magnification:-- x2,730
 
 




Chromosomes are organized

Cremer and Cremer, 2001



Processes (proteins) are organized
‘Nuclear domains’ Spector, Journal Cell Science



Factors Regulating Eukaryotic Gene Activity

Cis-elements and trans-acting factors

Local chromatin structure

             Nuclear 

compartmentalization 

Higher-order 

chromatin structure-

30nm fiber arranged on 

Scaffold every 1-2 MB



Understanding how the 3D genome functions 
requires analysis of disparate types of data (‘tracks’)

• Overview of data types 

• Overview of scales/considerations



Reddy and Feinberg, 2012



DNA Adenine Methylase Identification
DamID



LADs are dynamic across cell types
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Immunoglobulin Heavy Chain (Igh) locus and surrounding 
region

Igh Locus



Histones have modifiable N-terminal tails that influence 
gene activity

Nucleosomes can 
harbor post 
translational 
modifications that 
cause condensation 
and repression 
(heterochromatin) –
Often lysine 
methylation

Alternatively, lysine 
acetlylation can lead 
to transcription 
upregulation and/or 
elongation

These modifications are added by specific enzymes 
and can act as a histone code for other molecules



Large chromatin signatures/regions

NIH3T3
LAD

pro-B
LAD

NIH3T3
LOCK 

pro-B
LOCK



Chromatin States: large-ish 
(medium)

19
Harr et al, under revision JCB



Chromatin and transcription 
state-smaller regions

Zullo et al., Cell (2012)



Other data types

• Nucleotide skewing (GC rich/AT rich)

• LINE, SINE or other elements

• Cytobands

• DNA breakpoints

• Gene rich/gene poor

• Conservation

• Non-coding transcripts



Chromosome conformation 
Capture (Hi C)

Hi-C: A Method to Study the Three-dimensional Architecture of Genomes.
Nynke L. van Berkum, Erez Lieberman-Aiden, Louise Williams, Maxim Imakaev, 

Andreas Gnirke, Leonid A. Mirny, Job Dekker, Eric S. Lander



Dixon et al., 2012

Dekker Lab



Putting it all together….



Phillips-Cremens et al., 2013



Chromosomes organized into loops AND 
scaffolded at the nuclear periphery



Hands-on sessions

• Step by step recipe using Galaxy Pages

• If you’re stuck - ask us or a neighbor

• All steps will be shown after you have tried 
on your own



Technical notes

• Do not submit large jobs on your own during 
the course

• We are many people submitting jobs at the 
same time!

• Might be some queueing of runs or slow GUI

• Might be some DB operational errors (just 
refresh)



Create account

• Go to http://hyperbrowser.uio.no/3d

• Create an account

http://hyperbrowser.uio.no
http://hyperbrowser.uio.no


Hands on: Uploading 
and visualizing Hi-C data

• Upload a file containing Hi-C data

• chr6 in RWPE1 cell-line

• Convert to GTrack format

• Visualize data as a heat map



Hands on 1: Uploading 
and visualizing Hi-C data

Go to:

https://hyperbrowser.uio.no/3d/u/gcc2014/p/visualization

https://hyperbrowser.uio.no/3d/u/gcc2014/p/visualization
https://hyperbrowser.uio.no/3d/u/gcc2014/p/visualization


Demo



Analysis of genomic 
data in HyperBrowser



Genomic data: 
7 basic track types

SNPs, TFs

GWAS

Genes, 
histone modifications

Gene expression

Cytobands, 
restriction fragments

chromatin states

GC content

Melting 
temperature

Gundersen et al. (2011)



ChIA-PET

5C, Hi-C

Linked track types

Gundersen et al. (2011)



Combination of track 
types

• Combinations of track types give rise to 
structured statistical questions

Sandve et al. (2010 & 2013)







Are insulators/CTCF found at the borders of TADs?

Dixon et al. (2012)

Hands on 2: are insulators/CTCF 
found at the borders of TADs?

Points
(CTCF)

Segments
(TADs)



• Visualize enrichment of CTCF at borders 
of TADs

• Test whether the enrichment is statistically 
significant

Hands on 2: are insulators/CTCF 
found at the borders of TADs?

Points
(CTCF)

Segments
(TADs)



• hyperbrowser.uio.no/3d/u/gcc2014/p/insulators

Go to:

Hands on 2: are insulators/CTCF 
found at the borders of TADs?

https://hyperbrowser.uio.no/3d/u/gcc2014/p/visualization
https://hyperbrowser.uio.no/3d/u/gcc2014/p/visualization


• H0: null hypothesis (a neutral baseline)

	

   H1: alternative hypothesis (what you really want to show)

• Test statistic:  T

• P value: How likely is our observation (or more extreme), 
given H0

	

 	

 Distribution of  T is known:  (analytic test)
p = P(T > t_obs )

	

 	

 Distribution of T is unknown: (permutation test)
	

 	

 	

 	

 	

 	



• Observation unlikely -> low p value -> reject H0, left with H1

p =

∑
R

r=1
I(tr ≥ tobs) + 1

R + 1

What is hypothesis testing?



Analysis of Hi-C data in 
HyperBrowser



HiBrowse



HiBrowse
• Hypothesis testing

• Descriptive/visualization
analysis

• Database of publicly 
available Hi-C datasets

*
*

*

*
*

*

*
3D

co-localization

Significant 
interaction

identification

Significant
differential
interactions

*

Genomic elements (query set)

Considered interactions

Significant result

?

Data Investigation Result

vs.



Statistical analysis of 
Hi-C data

*
*

*

*
*

*

*
3D

co-localization

Significant 
interaction

identification

Significant
differential
interactions

*

Genomic elements (query set)
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Significant result

?

Data Investigation Result

vs.



Types of 3D co-
localization

*
All-vs-all

?

Data Investigation Result

*
Focused

?

Data Investigation Result



Hands-on:
Are evolutionary breakpoints between 
human and mouse co-localized in 3D?

chr1!59012767!59120353!pair1

chr1!67610044!67630390!pair1

chr1!59012767!59120353!pair2

chr9!27300620!27325091!pair2

chr1!93835340!93905158!pair3

chr4!10001! 533317! pair3

...

• Try to replicate some of the findings in Véron et al. (2011)



*
Focused

?

Data Investigation Result

• Upload data from Véron et al. (2011)

• Convert to linked GTrack

• Hypothesis testing of 3D co-localization of linked elements

• GM06990 was used in Véron et al (2011).

• Try out same analysis, also on different cell-lines

Hands-on:
Are evolutionary breakpoints between 
human and mouse co-localized in 3D?



• https://hyperbrowser.uio.no/3d/u/gcc2014/p/breakpoints

Go to:

Hands-on 3:
Are evolutionary breakpoints between 
human and mouse co-localized in 3D?

https://hyperbrowser.uio.no/3d/u/gcc2014/p/breakpoints
https://hyperbrowser.uio.no/3d/u/gcc2014/p/breakpoints


Demo



What was seen in Véron et al. 
(2011)?

Figure from Véron et al. (2011)



More details on 
hypothesis testing of 
3D co-localization



The test statistic

Test statistic

Genomic distance 
correction

Image: Lieberman-Aiden (2009)
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Permutation test *
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Descriptive statistic

A P-value in itself is not enough: 

Enrichment score:
indicates the amount of 3D co-localization

Ratio of observed co-localization 
compared to expected. 

=1   : Neither more nor less
>1 : More than expected
<1 : Less than expected 

e.g. 1.1 = 10% higher 



Identification of differential 
Hi-C interactions

• Two treatments

• Biological/technical replicates

• Where are the differences between the two treatments?

• “Similar” to differential gene expression

• Analytical test: Assume interaction counts follow a negative binomial 
distribution over replicates

*
*

*Significant
differential
interactions

vs.



• Try to replicate some of the findings in 
Rickman et al. (2012)

• Upload data from Rickman et al. (2012) (four biological replicates for 
each sample)

• Identify significant differences between Hi-C datasets from prostate 
cancer cells (RWPE1-ERG) and normal prostate cells (RWPE1-GFP)

• Visualize results using network and circos plots

• chr6

Hands-on:
Finding differential 3D interactions 

between normal and prostate cancer cells



• https://hyperbrowser.uio.no/3d/u/gcc2014/p/differential

Go to:

Hands-on 4:
Finding differential 3D interactions 

between normal and prostate cancer cells

https://hyperbrowser.uio.no/3d/u/gcc2014/p/differential
https://hyperbrowser.uio.no/3d/u/gcc2014/p/differential


What was seen in 
Rickman et al. (2012)?



Centrality in the 
network hints at 
importance of 
interactions!



MOXD1

chr6:133*1M



Conclusions



What have we learned?

• Genomic 3D organization

• Track types + combination of pairs of tracks

• hyperbrowser.uio.no/3d

• Uploading + visualization of Hi-C data

• 3D co-localization

• Differential interactions

• Descriptive/visualization analysis



• All the analyses that we did are all 
documented in your histories - and can 
easily scrutinized, changed, re-run.

Reproducibility




