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Doing the Branch, Release
and Merge Waltz

Monday, June 30, 6:15pm FEAT H
Salon A
http://bit.ly/gcc2014mergebof

-

We will focus on branching and release management with regard to existing
instances which implement customized code within Galaxy. This may create
huge challenges in the future, especially for instances in production which
require a lot of maintenance and which run older versions of Galaxy. All Clouds
and Clusters which require multiple extensions like:

huge file management (upload, etc)

authentication issues

cluster/cloud connectivity

And the customization of these issues is not easy and
straightforward.




Galaxy End-User

Monday, June 30, 6:15pm

-

Multipurpose Room 324 FEATH

bit.ly/gcc2014usersbof

This Birds-of-a-Feather session will serve as a forum for end-users of the
Galaxy environment to share experiences and lessons learned, as well as

address and discuss issues that hinder progress from the end-user
perspective.

End-users of Galaxy who would like to share experiences (or listen to

those of others) and developers interested in the perspective of the end-
user should attend this BoF.




Break @ 3:00 - 3:30

Drinks and snacks will be available during the
break, and in all Training Day Rooms after this
workshop.




Network Options

Wifi

* eduroam

* hopkins

* GCC
g@|l@xycommittee

Ethernet: Just plug in.




Qutline

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
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Nuclear Organization:
regulation of the genome

(?)
o




Heterochromatin and euchromatin




Chromosomes are organized

Cremer and Cremer, 2001
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‘Nuclear domains’ Spector, Journal Cell Science



Factors Regulating Eukaryotic Gene Activity

I

Cis-elements and trans-acting factors

Higher-order
chromatin structure-
30nm fiber arranged on

. Scaffold every 1-2 MB
Local chromatin structure

Nuclear
compartmentalization



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

* Overview of data types
* Overview of scales/considerations
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(array or deep sequencing), both
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dimensional representation of data.
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DNA Adenine Methylase Identification
DamlID
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LADs are dynamic across cell types
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Histones have modifiable N-terminal tails that influence

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

gene activity

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



Large chromatin signatures/regions
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Chromatin States: large-ish
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Chromatin and transcription
state-smaller reqgions
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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)

Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Sequence using
restnction and mark pull down biotin paired-ends
enzyme with biotin

s '

7 U 1
\J} \)! \}l

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

Hindill
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Dixon et al., 2012



Putting it all together....
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Hands-on sessions

® Step by step recipe using Galaxy Pages
® |f 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
® chré6 in RWPEI cell-line
® Convert to GTrack format

® Visualize data as a heat map



Hands on |: 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



=
o ol

1 [ 1

| |

Points (P)

,L| 1

Valued Points (VP)

—{—_+1 {}
U -
Segments (S)
[l IJ -
Valued Segments (VS)
L1 | [ I |
Genome Partition (GP)
== 1]

Step Function (SF)

/—ﬂ/\.

&

Function (F)

SNPs, TFs

GWAS

Genes,

" histone modifications

' Gene expression

Cytobands,
restriction fragments
chromatin states

GC content

Melting
temperature

Genomic data:
/ basic track types

Gundersen et al. (201 1)



Linked Points (LP)
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Combination of track
types

® Combinations of track types give rise to
structured statistical questions

Points Segments Function Valued Points Valued Segments
Points Different frequencies? Located inside? Higher values at locations? Located in highly valued segments?
Segments Overlap? Higher values inside?
Function Correlated?
Valued Points Nearby values similar? Categories differentially located in targets?

Valued Segments

Sandve et al. (2010 & 2013)



Trackl Track2 Statistical investigation Description
type type

F F Correlated? Are the values of trackl and track2 more positively correlated than expected
by chance?

P F Higher values at locations? Are the values of track2 higher at the points of trackl, than what is
expected by chance?

S F Higher values inside? Are the values of track2 higher inside the segments of trackl, than what is
expected by chance?

P A Located in segments with high Does the number of trackl-points that fall in track2-segments depend on the

values? value of track2-segments?

S VP Higher values inside segments? Do the points of track2 that occur inside segments of trackl have higher
values than points occurring outside the segments of track1?

VP VP Nearby values similar? When trackl-points and track2-point are nearby each other, are the values
more similar than expected by chance?

P VS (c/c) Located in case segments Does the number of trackl-points that fall in track2-segments depend on
whether the track2-segments are marked as case or control?

VS (c/c) S Preferential overlap? Are the segments of trackl marked as case overlapping unexpectedly more
with the segments of track2 than the segments of trackl marked as
control?

VP (cat) VS (cat) Category pairs differentially co- Which categories of trackl-points fall more inside which categories of

located? track2-segments?

LGP P Co-localized in 3D? Are the points of track2 closer in 3D (as defined by trackl) than expected
by chance?

P P Different frequencies? Where is the relative frequency of points of trackl different from the relative
frequency of points of track2, more than expected by chance?

P P Located nearby? Are the points of trackl closer to the points of track2 than expected by
chance?

P S Located inside? Are the points of trackl falling inside the segments of track2, more than
expected by chance?

P S Located non-uniformly inside? Do the points of trackl tend to accumulate more toward the borders of the
segments of track2?

P S Located nearby? Are the points of trackl closer to the segments of track2 than expected by
chance?

S S Similar segments? Are trackl-segments similar (in position and length) to track2-segments, more
than expected by chance?

S S Overlap? Are the segments of trackl overlapping the segments of track2, more than
expected by chance?

S S Located nearby? Are the segments of trackl closer to the segments of track2 than expected by

chance?



Trackl Track2 Statistical investigation Description

type type

F F Correlated? Are the values of trackl and track2 more positively correlated than expected
by chance?

P F Higher values at locations? Are the values of track2 higher at the points of trackl, than what is
expected by chance?

S F Higher values inside? Are the values of track2 higher inside the segments of trackl, than what is
expected by chance?

P A Located in segments with high Does the number of trackl-points that fall in track2-segments depend on the

values? value of track2-segments?

S VP Higher values inside segments? Do the points of track2 that occur inside segments of trackl have higher
values than points occurring outside the segments of track1?

VP VP Nearby values similar? When trackl-points and track2-point are nearby each other, are the values
more similar than expected by chance?

P VS (c/c) Located in case segments Does the number of trackl-points that fall in track2-segments depend on
whether the track2-segments are marked as case or control?

VS (c/c) S Preferential overlap? Are the segments of trackl marked as case overlapping unexpectedly more
with the segments of track2 than the segments of trackl marked as
control?

VP (cat) VS (cat) Category pairs differentially co- Which categories of trackl-points fall more inside which categories of

located? track2-segments?

LGP P Co-localized in 3D? Are the points of track2 closer in 3D (as defined by trackl) than expected
by chance?

P P Different frequencies? Where is the relative frequency of points of trackl different from the relative
frequency of points of track2, more than expected by chance?

P P Located nearby? Are the points of trackl closer to the points of track2 than expected by
chance?

P

S Located inside? Are the points of trackl falling inside the segments of track2, more than

S S Similar segments? Are trackl-segments similar (in position and length) to track2-segments, more
than expected by chance?

S S Overlap? Are the segments of trackl overlapping the segments of track2, more than
expected by chance?

S S Located nearby? Are the segments of trackl closer to the segments of track2 than expected by

chance?



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

Are insulators/CTCF found at the borders of TADs!?

Dixon et al. (2012)

T8 § .
g é 8 0 B p "' »
Chré: éoc;odooFT n 5"‘566‘6# 52000600| 53000000 | 54000000 |
Domains . |‘ . f—(a.—f—
50 : - . ‘ .
DI Points
50_{1 o o 0 Ll L1 1 1 L1
HMM state '] [ 33 [529933333333393 | 33333333333 [ 3333333 | 3333 CTC F | ] | | | | | | I |
cter 3| | UG L Lol T 40 ( )
varames, LI [alal . 1 1) il |
3 I- el uld semmil w0 dbmage Biddl s s il paw I L I L. 5 | ) IIL . TR PR | S o |
RNA PoIIIO g : | Al [ : | S t
. Pl PO o " o o B 1y o " ' L.L i | " Lia ala o 1 . ' &
3 egments
1 S— DDV umuu N Y 5 _ J— )
aamet, § | ol TADs
0.2 i fbaddes. . - ul..lhnu.lll el A0kt st e il n ek bR
tk31H N 'ﬂMgfo CI‘ Cbx:li Skap2Wva1l J 1I'Hm| CrebSI‘HC n2 ki
ﬁﬁ1 0003K1 5R|k 5 INpvf  Nfe2l3 Hoxat1l adh Tril
‘gf2bp3 Osbpl3M+ Hnrmpa2b 1 Hoxa2| lHoxag Tax1bp1 CpviiH
Tra2a 5430402013Riks Mir148a! Hoxa3® 9430076C15Rik*
Ccdc1261 C530044C16Rikn Snx10vd  Hoxa4|'Mir196b
1D330028D13Rik

Hoxa5 |IHoxa10

Hoxa6 llHoxa11
Mirai|Hoxa13

Hoxa7| 15730457N03Rik



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

® Visualize enrichment of CTCF at borders

of TADs
® Jest whether the enrichment is statistically
significant
(E?llrg;) H 1  — H
Segments

(TADs)




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

Go to:

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



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

What is hypothesis testing?

HO: null hypothesis (a neutral baseline)
HIl:alternative hypothesis (what you really want to show)

Test statistic: T

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

given HO

A

Distribution of T is known: (analytic test) i .
p=P(T >t obs)

Distribution of T is unknown: (permutation test)
Zle ](tr > tobS) + 1

[

b= R+1 Lol

Observation unlikely -> low p value -> reject HO, left with H|



Analysis of Hi-C data in
RyperBrowser



HiBrowse
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200‘ HyperBl'owser v1.6 (powered by Galaxy) Analyze Data  Workflow  Shared Data  Visualization Admin  Help  User
L. Options = The Cenomic HyperBrowser (v1.6) ey ot Options =
Statistical analysis of tracks Canome bulld: ST PRt 3008 Wi L9/ HCHS ) )0
* Analyze genomic tracks First Track
. : : 10 Enrichment of 3D co- ®0n
::ol:::::;’:n:f:i(:‘:fk:urks (“ il i :) (4 P v :j Iocali';::io::'tr:r :’inkedc:umenls Qmaimai:ing
Y What is a genomic track? categories)
Text-based analysis Interface
B 9; Enrichment of 3D co-localization ® {/ 2
31D tools Vol. 30 no. 11 2014’ pages 1620-1622 for linked elements
APPLICA TIONS NOTE doi:10.1093/biocinformatics/btu082 8: Linked elements co-localized in @ 0
~y 3D (maintini ries)?
. : '}:ur\'-.l.'..r'm'-. file from unstructured 34.4 Kb
j"" AL oAl i format html, database: hgl9
" Corwen Tomeaeqery 810 10 nked Genome analysis Advance Access publication February 7, 2014 RO TN 5 R 0% DG T
GTrack 919" as bins
¢« Convert from two category BED to - - & .l L - w Vo
e soria e ok HiBrowse: multi-purpose statistical analysis of genome-wide g
. ::;rzi‘[‘f:'}‘b’”‘"' Zation of track Chromatln 3D organlzatlon 7: Linked elements co-localized in @ { 32
30>
* Enrichment of colocalization of track 1 o . . ' 2 . 3 . . 4 . . 5 S
clements (0 30) Jonas Paulsen ', Geir Kjetil Sandve®, Sveinung Gundersen®, Tonje G. Lien™, Kai Trengereid T e
* Colocalization between two point and Eivind HOVig1 12)31* {Jmpi‘rtrﬁ'cnu'(CTr:ck)\ ‘

tracks too

¢ Find significant difference between

two Hi-C datasets

HyperBrowser track repository

Customize tracks
Cenerate tracks

Format and convert tracks

Export and import tracks
GTrack tools
IFl
The differential disease requlome
MCFDR
Transcription factor analysis

Cene tools

Admin of genomes and tracks

Assorted tools

Get Data
Send Data
ENCODE Tools
Lift-Over

Text Manipulation

TInstitute for Cancer Genetics and Informatics, Oslo University Hospital, PO Box 4950, Nydalen, 0424 Oslo, Department
of Informatics, University of Oslo, Problemveien 7, 0313 Oslo, *Department of Tumor Biology, Institute for Cancer
Research, Oslo University Hospital, PO Box 4950, Nydalen, 0424 Oslo, “Department of Mathematics, University of Oslo,
Problemveien 7, 0313 Oslo and ®ELIXIR project, Department of Informatics, University of Oslo, Problemveien 7,

0313 Oslo, Norway

Associate Editor: Michael Brudno

MCFDR tAresho

MCFDR threshold on FOR
What do the MCFDR options mean?
4

our guestion here?

Region and scale

Compare .r.[ Chromosome arms :]

Which: * comma separated list of chromosome arms, * means all. (E.g. chrlp,chrlq,chrip)
?
O 1nspect parameters of the analysis

Sart analyiin

I 3: Linked fusion genes (CTrack) ® 05

I 2:trans fusions hESC compbed @0 R
I 1 trans fusionsbed ® R




IDIFOWSE

3D
co-localization

Data Investigation Result
e o0 o *?

Hypothesis testing

Significant
interaction
identification

*

Significant
differential
interactions

*]

© Genomic elements (query set)
[ Considered interactions

* Significant result

Descriptive/visualization

analysis
Species Cell-line/tissue | Treatment | Bin-size(s) Ref
Human GMO06990 100k, 200k, 500k, 1M 2]
Human K562 100k, 200k, 500k, 1M 2]
Human GM12878 100k, 200k, 500k, 1M [57]
Human hESC 100k, 200k, 500k, 1M [4]
Human IMR90 100k, 200k, 500k, 1M [4]
Human RWPE1 ERG 200k, 500k, 1M [28]
Human RWPE1 GFP 200k, 500k, 1M [28]
1 Mouse mESC 100k, 200k, 500k, 1M 4
Database Of PUbIICIY Mouse cortex 100k, 200k, 500k, 1M %4}
. . Mouse pre-pro-B 100k, 200k, 500k, 1M [30]
ava||ab|e H |-C datasets Mouse pro-B 100k, 200k, 500k, 1M [30]
D. melanogaster | embryo 10k, 20k, 40k, 80k, 160k | [58]
A. thaliana Col WT 200k, 500k, 1M [31]
A. thaliana Col atmorc6-1 | 200k, 500k, 1M [31]




Statistical analysis of
Hi-C data

Data Investigation Result

*?

*
*
*
*
*
*

3D
co-localization

Significant
interaction
identification

Significant 2~ A
differential @Tv,‘ % u vs. u
interactions s eV s Y

O Genomic elements (query set)
[ ] Considered interactions

* Significant result



Types of 3D co-
localization

Data Investigation
N © 00 O
A ©
\b-'l‘\ O

//A«\s‘" O
\
Data Investigation

© 00 O

Result

Result




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

® Try to replicate some of the findings in Veron et al. (201 |)

chr159012767 59120353 pairl
chrl 67610044 67630390 pairl
chr159012767 59120353 pair2
chr9 27300620 27325091 pair2 Dh | Bh
chr1 93835340 93905158 pair3 . I
chr4 10001 533317 pair3 Breal;promt e G
Pal human
[ N N J



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

® Upload data fromVeron et al. (201 1)
® Convert to linked GTrack
® Hypothesis testing of 3D co-localization of linked elements

o GMO06990 was used inVeéron et al (201 1).

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

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

Go to:

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



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

Demo



What was seen in Veron et al.
(201 1)?

Distance only Distance + DNase Distance + Gene Density
8- g.
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Figure 3 Locus pairs containing a breakpoint pair have more reads than expected. Histogram of values obtained by sampling 500 times
the pairwise read count data, using pairs without breakpoints but at the same distance (left), same distance and same DNasel sensitivity
(middle), same distance and same gene density (right) as those in the breakpoint sets. The red vertical bar show the value for the actual
breakpoint set.

Figure from Veron et al. (201 1)



More details on
hypothesis testing of
3D co-localization
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Investigation Result
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Track 2: Hi-C
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Permutation:




Data Investigation Result
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Descriptive statistic

Histogram of test_statistic
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A P-value in itself is not enough:
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Enrichment score:
indicates the amount of 3D co-localization
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|dentification 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 2~ £
differential (/Ab,‘ //é‘»g‘
interactions / LV / &

T




Hands-on:
Finding differential 3D interactions
between normal and prostate cancer cells

® 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)

® |dentify significant differences between Hi-C datasets from prostate
cancer cells (RWPEI-ERG) and normal prostate cells (RWPE|-GFP)

® Visualize results using network and circos plots

® chré



Hands-on 4:
Finding differential 3D interactions
between normal and prostate cancer cells

Go to:

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



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

VVhat was seen in
Rickman et al. (2012)?
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network hints at

importance of 7 7 i~
interactions! y
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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



Reproducibility

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

Saved Histories

search history names and tags
Advanced Search

Name

Datasets Tags Sharing Size on Disk Created Last Updated t Status
imported: Finding differential 3D interactions between normal and prostate cancer cells ~ 0 Tags 3.7 Mb 15 minutes ago 2 minutes ago current history
imported: Are evolutionary breakpoints co-localized in 3D? ~ |E| 0 Tags 107.2 Kb 33 minutes ago 22 minutes ago
imported: Insulators ~ E| 0 Tags 95.7 Kb 39 minutes ago 34 minutes ago
imported: Uploading and visualizing Hi-C data ~ E] 0 Tags 1.3 Mb ~ 1 hour ago ~ 1 hour ago
Unnamed history ~ 0 Tags 0 bytes ~ 1 hour ago ~ 1 hour ago
For 0 selected histories: | Rename || Delete || Delete Permanently || Undelete
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