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The R2 platform
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Increase expression

The R2 platform
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Different types of Omics data available in the R2 Platform

http://r2.amc.nl/
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Example: Differential Expression Analysis

http://r2.amc.nl/
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Example: Differential Expression Analysis

Gene Set Analyses

Gene Ontology

Chromosome Map

K-means

http://r2.amc.nl/
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Neuroblastoma
• Childhood neuro endocrine tumor

• Incidence Netherlands ~25-40 / year

• Peripheral nervous system
• Neural crest
• Neuroblast should normally form neuronal cells

• Young children (mostly 0-3 years)

• Variable clinical outcome
• Low INSS stages

• Good prognosis
• Numeric changes of chromosomal copy numbers

• High INSS stages
• Poor prognosis
• Structural chromosomal defects (MYCN amp / LOH1p / 11q etc.)

• Dept. OncoGenomics collected cohort of patient samples with 
decades of omics data generation to help understand the disease

http://r2.amc.nl/
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R2 organic development closely link with wetlab department
• R2 started as a department resource where the introduction of new technologies resulted in extensions for the

platform 

SAGE aCGH

methylation

microarrays

SNP WGS Single cell RNA

ChIP

http://r2.amc.nl/
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‘Multi’Omics
• R2 designed to assist biomedical researchers on their data mining quests

• Data integrations are relatively straight-forward associations between 2 types of data.

• Will show examples on findings where R2 was an important component over the last decade
• Nearly all visualizations are coming from R2

http://r2.amc.nl/
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mRNA vs qRT miRNA

DNA 
amplification?

M
olenaaret al, N

at G
enet, 2012

Indeed focal amplification
Around LIN28B

http://r2.amc.nl/
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WGS 87 Tumor / Normal pairs
M

olenaar&
 Koster et al, N

ature, 2012

avg= 11.7 +/-1.1substitution
snv
insertion
deletion

CDS impacting somatic mutations

Only 3 genes recurrent n>2 (ALK / FSIP2 / TIAM1),  21 genes n=2

Within gene aberrations

http://r2.amc.nl/
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Aberrations in Neuritogenesis pathway as high risk group

p=0.025 (Fisher’s Exact)
Obstruction of Neuritogenesis as a 

NB group with dismal survival

M
olenaar&

 Koster et al, N
ature, 2012

http://r2.amc.nl/
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atypical cases

Neuroblastoma Tumor DNA Landscape

http://r2.amc.nl/
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Detailed Sample focused views

http://r2.amc.nl/
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Neuroblastoma patient with single event
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FOXR1 only expressed in combination with promoter hijacking
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Early human embryogenesis
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FOXR1
Induction of FOXR1 expression drives 
growth of  normal non-malignant neuroblasts

Other NB patient

http://r2.amc.nl/
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Structural Variations

19
Valentijn & Koster et al, Nat. Genet, 2015

http://r2.amc.nl/
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Scan for Enrichment in SV
• Are there hotspots of SV in the neuroblastoma genome?

http://r2.amc.nl/
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TERT region has gains, losses and inversions in 23% of high stage NB

Valentijn &
 Koster et al 2015 N

at. Genet

http://r2.amc.nl/
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TERT gene expression affected

• Affy / PCR
Valentijn &

 Koster et al 2015 N
at. Genet

Tutorial chapter 4

http://r2.amc.nl/
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TERT upstream region mostly quiescent / repressed
Valentijn &

 Koster et al 2015 N
at. Genet
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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

http://r2.amc.nl/
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Valentijn &
 Koster et al 2015 N

at. Genet

TERT translocates to super-enhancers

H3
K2

7a
c

En
ha

nc
er

 m
ar

k

Super enhancers

H3
K2

7a
c

En
ha

nc
er

 m
ar

k

Super enhancers

http://r2.amc.nl/


OncoGenomicshttp://r2.amc.nl

TERT translocates to super-enhancers
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Valentijn & Koster et al, Nat. Genet, 2015
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TERT translocates to super-enhancers (enhancer hijacking)

100,000 iterations of random breakpoints

Valentijn &
 Koster et al 2015 N

at. Genet

http://r2.amc.nl/
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Longer telomeres, Nb is a telomere disease

http://r2.amc.nl/


OncoGenomicshttp://r2.amc.nl

• Patient derived cell lines
• Multiple lines from same 

patient
• 2 phenotypes

• Adrenergic (epithelial 
like)

• Mesenchymal (stem 
cell like)

• mRNA clustering
• By phenotype

• Experiments show
• Types can interconvert

• Epigenenic?

Neuroblastoma sub-clones
van Groningen &

 Koster et al 2017 N
at. Genet 

mRNA Geneset score

http://r2.amc.nl/
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Super Enhancer Landscape
• Assessed enhancer landscape in 9 samples

• 4 X MES
• 5 X ADN

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

http://r2.amc.nl/
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SuperEnhancer Landscape MES/ADN

ADN MES

van Groningen &
 Koster et al 2017 N

at. Genet 

http://r2.amc.nl/
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SuperEnhancer Landscape MES/ADN

MES (4) ADN (4)
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van Groningen &
 Koster et al 2017 N

at. Genet 

http://r2.amc.nl/
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NOTCH3-IC forces ADRN cell line towards MES state (Gex and SE) 
van Groningen et al 2019 N

at. Com
m

. 

H3K27ac

Tumor plasticity (ADRN <=> MES) also affects drug-sensitivity

http://r2.amc.nl/
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Single cell analysis to understand the 2 cell types 
Trajectories

UMAP sweeps

tSNE sweeps

http://r2.amc.nl/
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Interested in R2?

Readthedocs / Tutorial book
>250 pages

• Visit us via http://r2.amc.nl or http://r2platform.com

R2-support@amc.nl

http://r2.amc.nl/
http://r2.amc.nl/
http://r2platform.com/
mailto:R2-support@amc.nl
https://youtube.com/r2genomicsplatform
https://r2-tutorials.readthedocs.io/en/latest/
https://r2-tutorials.readthedocs.io/en/latest/
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