Analyzing 3D chromatin
data in a Galaxy framework
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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!?
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(Ethier et al. 2012)
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Different categories of
questions
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Complex data

a)Sequence-based distance b) Transitivity relations
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Handling realistic assumptions in hypothesis testing
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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 (201 3)
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HYPIREROWSER INTERNAL TOOLS

Development tools
Assorted tools

STANDARD CALAXY TOOLS

Get Data

Notice

This Is an specialized version of The Genomic HyperBrowser providing analysis of 30 co-localization of genomic elements. The system is currently
in development. For other uses, we recommend the stable 30 co-localization version of the HyperBrowser. The user and history database is not the
same between the different versions.

If you have a genomic track, this is the place to analyze it!

To analyze a track, simply:

1. Click Statistical analysis of tracks: Analyze genomic tracks in the left-hand menu,
2. Select tracks from your Galaxy history of browse our collection.
(To load a track to your history, click Get data: Upload file)
3. Select the analysis you are interested in:
o any property of a single track
o any relation between a pair of tracks

For help using the system:

1. Click The Genomic Hyperbrowser: Help in the left-hand menu.
2. Or, look through the following screencasts:
(further screencasts are available from the help menu)

Previously published version:

http://hyperbrowser.uio.no/3d-coloc
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Specialized analysis of tracks
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Transcription factor analysis
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Admin of genomes and tracks
Development tools

Assorted tools

STANDARD CALAXY TOOLS

Get Data

Notice

This Is an specialized version of The Genomic HyperBrowser providing analysis of 30 co-localization of genomic elements. The system is currently
in development. For other uses, we recommend the stable 30 co-localization version of the HyperBrowser. The user and history database is not the
same between the different versions.

If you have a genomic track, this is the place to analyze it!
To analyze a track, simply:

1. Click Statistical analysis of tracks: Analyze genomic tracks in the left-hand menu,
2. Select tracks from your Galaxy history of browse our collection.
(To load a track to your history, click Get data: Upload file)
3. Select the analysis you are interested in:
o any property of a single track
o any relation between a pair of tracks

For help using the system:

1. Click The Genomic Hyperbrowser: Help in the left-hand menu.
2. Or, look through the following screencasts:
(further screencasts are available from the help menu)

Previously published version:

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

tests
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Descriptive statistics
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Visualize query set as
graph
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Conditional expectation
Conditional variance
Number of nodes
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Sum of weights
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Visualize query set as
matrix/heat map, cluster
elements

PCA based on a set of 3D
datasets. Visualise
eigenvectors
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Example: Fusion transcripts

" Structural
»E

® T[ranslocation
® |nversion

® Deletion

~N

'Post-transcriptional

pre-mRNA / pre-mRNA
(Gene 1) (Gene 2)
e R

mRNA ‘_—%-
(fused) A

® Read-through

® T[rans-splicing

\_ J

Image: Rgocs / Wikimedia Commons



Example: Fusion transcripts

BED-file Linked Elements
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Convert from categorical BED file to linked GTrack

Select a specific genome?

Select Categorical BED file: ( 1 - trans_fusions.bed 14)

0 Corresponding batch command line:

The Genomic HyperBrowser (v1.6)

Genome bulld: [ Human Feb. 2009 (hg19/GRCh37) :)0

~First Track
[ DNA structure $)
I.{ HI-C :)
I_[ Inter- and intrachromosomal $)
I-{ GM0O6990-all-1M 3

~Second Track

( == From history (bed, wig, ...) == $)( 6: Linked fusion genes [hg19] :)

~Analysis

Category: [ Hypothesis testing  + J [ Colocalized in 3D according to query-gri )7
Are the points linked by edges in 'Linked fusion genes (6)' closer in 3D (as defined by 'CM06990-all-1M (Inter- and intrachromosomal)’) than expected by chance? ]

~Track type
Treat 'CM06990-all-1M (Inter- and intrachromosomal)’ as: | Original format ('Linked genome partitiol ﬂ

Treat 'Linked fusion genes (6)' as: [ The upstream end point of every segmer &)
?

~Options

Alternative hypothesis: | closer el
Null mode!: (Preserve 3D graph (T1) and Query graph #)

Is a null model?

Minimal number of MC samples:
Maximal number of MC samples:
Sequential MC threshold (m):

MCFDR threshold on global P-value:
MCFDR threshold on FDR:

Result output: ( Global and local results $)

Wh. ions mean?

?

Did you not find your question here?




You asked:
Are the points linked by edges in 'Linked fusion genes' closer in 3D (as defined by 'CM06990-all-1M (Inter- and intrachromosomal)’) than expected by chance?

Simplistic answer:
Yes - the data suggests this (p-value: 0.009901)

Precise answer:
The p-value is 0.009901 for the test
HO: The points of track 2 are located independently in 3D, as defined by track 1

H1: The points of track 2 are located closer in 3D, as defined by track 1

Low p-values are evidence against HO.
The test was also performed for each bin separately, resulting in 0 significant bins out of 22, at 10% FDR* (2 bins excluded from FDR-analysis due to lacking p-values).
Please note that both the effect size and the p-value should be considered in order to assess the practical significance of a result,

* False Discovery Rate: The expected proportion of false positive results among the significant bins is no more than 10%.

P-values were computed under the null model defined by the following preservation and randomization rules:

Preserve 3D graph (T1) and Query graph (T2), randomize IDs in T2

The test statistic used is:
Main result of analysis

The value of the test statistic is 0.3773.

The p-values may be subject to further parameter choices, which are listed in the run description.

See full details of the results in table form.
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Enrichment score
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Results

® All4cell lines P<0.0l, 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

B Non-corrected
B Corrected

hESC

IMR90 GM06990 K562

Top gene pairs:

Position1 Position2 Genetl Gene2 GM06990
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 CPNE?7 BOLA2
chr16:31*1M chr19:5*1M ORAI3 DPP9
chr17:41*1M chr16:2*1M IFT140 ATP6VOA1
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 MALATA1 DNMT1;DNM2
chr19:18*1M chr17:74*1M WBP2 UNC13A
chr19:2*1M chr1:2*1M SSuU72 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 DAGH1
chr3:50*1M chr19:51*1M QARS AP2A1
chr7:2*1M chr19:2*1M MAD1L1 DAZAP1
chr7:45*1M chr7:7*1M EIF2AK1 DBNL




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/
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