
R2-Platform

R2 Introduction Workshop
Advanced

26-March-2024

Lieke Hoyng , on behalf of the R2 Team

Dept. CEMM | Location AMC

Amsterdam University Medical Centers (AUMC)

University of Amsterdam, the Netherlands

R2 Support: r2-support@amsterdamumc.nl

Jan Koster: jankoster@amsterdamumc.nl

r2platform.com

R2platform.com


R2-support@amsterdamumc.nl R2-Platform

Schedule (+/-)

This morning
9:30 - 11:00 Presentation Data / Advanced

11:00 - 11:15 Tea / coffee
11:15 - 13:00  R2 play time | Jan visit
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Genome Browser
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Genome Browser

Depending on how you approach the genome 
browser, different panels will become available 
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Genome Browser
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Genome Browser

R2 has 338 tracks implemented over the 
different versions and access groups
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Genome Browser from basic gene expression view

Click on Expression 
to go to xgeneview
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Other data types than mRNA
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• Thus far mostly looked at mRNA
• Similar functionalities for the other datatypes

• aCGH / SNP / miRNA / methylation / drug response / mutation

• Some with specific extentions/views



R2-support@amsterdamumc.nl R2-Platform

aCGH / aCGH-like
• Visualization of aCGH(-like) data in the embedded genome browser of R2

• aCGH, NGS coverage based (Whole Genome or QDNAseq)
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aCGH / aCGH-like

Color intensity by coverage
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aCGH / aCGH-like cohort
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aCGH / aCGH-like cohort dataset
• Efficient CBSbin datasets

• Circular Binary Segmentation on raw reporter values

• Extend segments to meet halfway

• Superimpose (SI) all segments within a cohort

• Annotate SI segments by overlap with gene bodies
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CGH patterns as dataset
• 30k profiles

_mut
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Methylation data
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Somatic mutation data



R2-support@amsterdamumc.nl R2-Platform

Integrative Analyses

17
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Integrative analyses
• Multiple types of measurement on the same samples

• R2 can perform analyses on the basis of overlapping sample names in 2 
different data types
• E.g. mRNA vs miRNA

• ‘Across datasets’ option from R2 perspective

• R2 will automatically determine the intersection of overlapping samples
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Dataset Extender (2 types)

‘Dataset Extender’
• Within: only data on common genes will be 

analyzed.
e.g. mRNA of MYCN vs copynumber of MYCN etc..

• Between: all vs all
e.g. mRNA of MYCN vs all miRNA identifiers

‘View a gene in 2 datatypes’
Only look at a single 
combination
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mRNA vs miRNA
• Assess, which miRNAs are correlated with LIN28B mRNA expression

Molenaar et al, Nat Genet, 2012
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mRNA vs miRNA
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mRNA vs miRNA
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mRNA vs miRNA

Molenaar et al, Nat Genet, 2012

DNA 

amplification?
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mRNA vs aCGH

Indeed focal amplification

Around LIN28B
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Best correlating pairs miRNA vs gene express
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Relate Gene Expression to drug sensitivity
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Drug (IC50) data
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Correlate within genes (Gex vs Copynumber)
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Correlate within genes (Gex vs Copynumber)
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View all reporters for a gene (module)

30
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Methylation arrays
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+
Integration Methylation vs Gene Expression

Hovestadt et al, Nature, 2014
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Whole genome sequencing data in R2
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Whole genome sequencing data in R2

Molenaar & Koster et al, Nature, 2012
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Whole genome sequencing data in R2

Molenaar & Koster et al, Nature, 2012

Only ~12 aa affecting mutations

Structural variations affecting single genes

Chromothripsis frequent in high stage disease
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Whole genome sequencing data in R2

Molenaar & Koster et al, Nature, 2012
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Whole genome sequencing data in R2

38
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Whole genome sequencing data in R2

Neuroblastoma Tumor DNA Landscape
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Neuroblastoma patient with single event

Santo et al, Oncogene, 2012



R2-support@amsterdamumc.nl R2-Platform

Neuroblastoma patient with single event

Santo et al, Oncogene, 2012
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FOXR1 only expressed in combination with Structural Variation
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FOXR1 causes growth maintenance in non malignant mouse neuroblasts

Immortalized by 4-oht regulated cMYC expression
Removal of 4-oht > terminal differentiation 

Santo et al, Oncogene, 2012
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Later on other patient with only a FOXR1 event

44
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Tumor board Patient overview
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Patient overview
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Patient overview



R2-support@amsterdamumc.nl R2-Platform

Patient overview
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Patient overview
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Patient overview
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CiViC / Clinvar
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Gene Expression

Below, button to 
scan all genes
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Copy number events by genes

53

Th
e cn

 level o
f gen

e
-sp

an
 o

f a 
se

lectio
n

 o
f gen

es is sh
o

w
n



R2-support@amsterdamumc.nl R2-Platform

Structural Variations

54Valentijn & Koster et al, Nat. Genet, 2015
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Scan for Enrichment in SV
• Are there hotspots of SV in the neuroblastoma genome?
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TERT region has gains, losses and inversions in 23% of high stage NB
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TERT expression affected

• Affy / PCR
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Tutorial chapter 4

View Multiple Genes
Genes in order of genome
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TERT upstream region mostly quiescent / repressed
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TERT rearrangements have many different translocation partners
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Enhancers

http://atvb.ahajournals.org/content/35/11/2297

http://www.cell.com/trends/genetics/fulltext/S0168-9525(12)00033-9

Active enhancers are marked by H3K27Ac

Super Enhancers are the most ‘active / enriched’ enhancers  
http://www.nature.com/ng/journal/v47/n1/full/ng.3167.html
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TERT translocates to super-enhancers
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TERT translocates to super-enhancers

62
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Valentijn & Koster et al, Nat. Genet, 2015
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TERT translocates to super-enhancers

100,000 iterations of random breakpoints
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ATRX impairment => ALT
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Telomeres length NGS

Telomeres are (TTAGGG)n
Search for reads containing multiple 
instances (>=4) of this sequence and 
relate to total reads
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Chromothripsis
• 5 chromothripsis cases directly affect TERT
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Clinical / Molecular association
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Clinical / Molecular association
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ChIPseq analysis

69
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ChIPseq analysis

70
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ChIPseq analysis

71
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TSS graphs 
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ChIP Pincher

73

This is an average of ALL
Including silent TSSes

Exclude genes (e.g. Amplified regions)

Click on a dot to redraw with that separation

Perform a GO analysis on the current selection
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TSS geneset scans

74
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ChIPseq genome browser

75
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Multiple ChIP profiles

76
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Enhancer Landscape
• ROSE SE data of multiple samples

• Find overlapping SE’s and assemble set of SE’s seen more than once

E.g. 4 sets of ROSE SE regions

Overlay all sets and determine regions

Align regions SE>= 2 cell lines

Exclude transcription induced signals

Merge to point estimates
Cluster on samples

Order on diff. Signals (MES/ADN)

Cluster Profiles

Replace point estimates by SE peak 
profiles (+/- 1mb)

Prepare for visualization
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SuperEnhancer Landscape MES/ADN
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SuperEnhancer Landscape MES/ADN
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ChIPseq analysis
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http://genome.ucsc.edu/cgi-bin/hgTrackUi?db=hg19&g=wgEncodeRegTfbsClusteredV3

Peaks for 161 transcription factors in
91 cell types are combined here into
clusters to produce a summary display
showing occupancy regions for each
factor and motif sites within the
regions when identified.

Scores were assigned to peaks by
multiplying the input signal values by a
normalization factor calculated as the
ratio of the maximum score value
(1000) to the signal value at one
standard deviation from the mean.
The cluster score is the highest score
for any peak contributing to the
cluster
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Core Regulatory Circuitries (CRC)

https://royalsocietypublishing.org/doi/10.1098/rsob.200121
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Core Regulatory Circuitries (CRC)

https://royalsocietypublishing.org/doi/10.1098/rsob.200121
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Core Regulatory Circuitries (CRC)

https://royalsocietypublishing.org/doi/10.1098/rsob.200121
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Identification of CRCs with CRC-Mapper

https://www.nature.com/articles/s41388-020-01459-w

In CRC mapper all 
information is inferred from 
a single H3K27ac profile
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CRC graph in R2

HCT116
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CRC normal vs colon tumor
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CRC normal vs colon tumors

Work in progress



R2-support@amsterdamumc.nl R2-Platform

Fun things to do: 

R2 Butterfly Training Courses

• Help => Training Courses => Butterfly Training Courses
• Read carefully and follow the research line step by step
• Feel free to toy around

• Who knows

Tutorial
• Go to a chapter of interest and follow the examples
• Toy around with a similar pipeline on a different dataset
• Perform a follow up analysis from the tutorial

Do your own research
• Find a dataset of your interest
• Think about a good biological research question
• Try to find the analyses that can help you gain insight

Datascopes
• Find an interesting datascope to dive into
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Ither datascope
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http://r2platform.com   

Thanx to all authors who used the R2 platform in their research (n=1909)

R2 Platform Team

Rianne van Drimmelen

Romeo Willinge Prins

Danny Zwijnenburg

Richard Volckmann

Christian Griffioen

Lieke Hoyng

Jan Koster

http://facebook.com/r2platform

http://twitter.com/r2_platform
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