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Webbased Course Resource 
• The course for now can be found at:

https://r2-training-courses.readthedocs.io/en/latest/R2IntroductionWorkshop2024_day1.html

Contact us at r2-support@amsterdamumc.nl
• If this document can no longer be found at this location
• If you want your dataset or a dataset from a public resource 

uploaded to R2
• If you have any questions related to R2

https://r2-training-courses.readthedocs.io/en/latest/R2IntroductionWorkshop2024_day1.html
mailto:r2-support@amsterdamumc.nl
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1.2.2 Investigating single genes / Expression of key genes

• What is the relation between the track MYCN amplification and 
MYCN expression?

• Patients that were found to have clinically proven mycn amplification 
show high mycn expression, as you can see from the red colored 
mycn amp annotation that are positioned on the right side of the 
graph,  with the highest values of mycn expression

• In R2 the expression values in this module are depicted with a log2 
transformation. This ensures a more compact view in which 
extreme values are less dominant and smaller values are better 
visible. It is good though, to realize that this transformation might 
create a skewed view. To see the untransformed values in the 
graph, change the Transformation setting underneath the plot to 
None and you will find the difference between the expression 
values of the mycn_amp:yes samples and the rest of the dataset 
even more apparent.

• What do you notice about inss staging versus mycn 
amplification when you look at the annotation underneath the 
graph?

• All but one mycn_amp patients were diagnosed with high risk inss 
stage 4 (inss red color), one patient was diagnosed with inss stage 3 
(orange color). 

• We also see that it is a subgroup of the stage 4 patients that was 
found to have a mycn amplification. 

N.B. To see the values of samples for the tracks, you can either hover 
your mouse over dots in the plot, hover your mouse over the 
annotation squares underneath the plot or draw the legend by 
changing the setting to yes in the menu that opens with the settings 
wheel 

Click settings icon to save plot, or to change 
the looks of your plot, e.g. draw legend

Want to know more? 
https://r2-tutorials.readthedocs.io/en/latest/One_Gene_View.html

https://r2-tutorials.readthedocs.io/en/latest/One_Gene_View.html
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1.2.2 Investigating single genes vs tracks  | description

• What is MYCN?
• Under the graph a short description: oncogene

• Link to National Center for Bioinformatics database: 
more in-depth description of the proto-oncogene MYCN.
• N.B.  A proto-oncogene proto-oncogene is a normal gene that plays a key role in 

the regulation of cell growth, differentiation, and survival. An oncogene is a 
mutated or overexpressed version of a proto-oncogene that drives uncontrolled 
cell proliferation and contributes to the development of cancer.N.B. To assess whether the averages of the mycn_amp track groups are 

statistically different from each other in mycn expression:
• Use CliniSnitch from the options on the right 

• https://r2-tutorials.readthedocs.io/en/latest/One_Gene_View.html#step-9-find-best-track-
separation-with-clinisnitch

• Or you can change the Analysis type in gene vs track. You 
find the p-value of the association of the mycn expression 
values with  the mycn_amp track values. 

Want to know more? 
https://r2-tutorials.readthedocs.io/en/latest/One_Gene_View.html?highlight=anova#step-9-find-best-track-separation-with-clinisnitch

https://r2-tutorials.readthedocs.io/en/latest/One_Gene_View.html#step-9-find-best-track-separation-with-clinisnitch
https://r2-tutorials.readthedocs.io/en/latest/One_Gene_View.html?highlight=anova#step-9-find-best-track-separation-with-clinisnitch
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1.2.2 Investigating single genes > reporters in Genome Browser

• Do you think it is a wise idea to average the signal for MYCN 
over all the reporters and why?

• The large difference in the signals, with the lowest average signal 
being very low, this would not be a good idea. There might be 
something wrong with the low signal reporters. 

• In the reporter overview you can see indeed that the low signal 
reporters did not measure signal in most samples 

• If you follow the View all link, you will see the expression per reporter 
in a heatmap and a piece of the Genome Browser. The TView link 
brings you directly to the Genome Browser such that you can also 
zoom in and out (as is done here in the pic below) and look around on 
its genomic location. Both show you that one of the reporters has the 
opposite reading direction

• Green alignments indicate a 5`-> 3` mapping on the positive strand 
of the genome, while a red mapping represents a 5`->3`mapping on 
the negative strand of the genome (reverse complement 
orientation)’. That means something was faulty with that reporter.

• So, in this case where both the large signal difference and the 
opposite reading direction are indications that something is faulty 
with the reporter, it is not a good idea to average the signal of all 
reporters.

•

Want to know more? 
https://r2-tutorials.readthedocs.io/en/latest/Using_The_Genome_Browser.html?highlight=genome%20browser

https://r2-tutorials.readthedocs.io/en/latest/Using_The_Genome_Browser.html?highlight=genome%20browser
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1.2.3 Finding correlating Genes | chromosomal overrepresentation

• Approximately, how many genes were found by the test?
• 2184 to be exact:1130 positive/ 1054 negative

• Where are overrepresented genes primarily located with respect to 
their chromosome location. ?

• Chrom 1p, which corresponds to the knowledge that with an mycn 
aplification often a loss is seen of the 1p arm. 

• In neuroblastoma, at the DNA level, MYCN amplification and loss of 1 copy 
of the chromosome 1p arm is a well established connection. It is described 
in literature that a number of tumor suppressor genes are located on 
chromosome 1p. 1p loss of heterozygosity (LOH) is frequently observed in 
MYCN amplified tumors. Interestingly, we can even ‘see’ this loss in the 
mRNA profiles, since at least a proportion of the genes show reduced 
expression in patients with elevated MYCN expression.

Over-representation quantifies the notion that a subset of genes from a 
larger set can harbor more genes that have a certain characteristic than 
you would expect by chance. On the p-arm of chromosome 1 for example, 
there are 1157 genes located of the grand total of 21300 known genes. 
From our set of 2229 genes (only slightly more than 10% of the total 
number) some 210 are present on this arm. This is 18.2%, an enrichment 
above what you would expect by chance. This can be quantified using a 
2X2 contingency table with a chi-squared test that produces a p-value to 
establish whether this difference is significant.

Want to know more? 
https://r2-tutorials.readthedocs.io/en/latest/Correlating_Genes.html

https://r2-tutorials.readthedocs.io/en/latest/Correlating_Genes.html
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1.2.4 Finding differentially expressed genes + pathways 

• How many genes are differentially expressed between the alive “no” 
and “yes” group?

• 2620

• Which KEGG pathway is the most significant?
• DNA replication. All genes in this process have a consistent positive 

correlation (as can be seen by the green color).

Columns: set = KEGG pathway name | R# =  number of genes annotated to be in that 
geneset | # = number of genes from our list of Diff expr genes that were annotated to be 
part of this KEGG pathway | p_value = 

An overrepresentation analysis is performed on all gene members of the pathways in 
the KEGG database

• Can you find the function of the MCM2-7 complex in the picture? For 
which group of our analysis are these genes upregulated? 

MCM2-7 genes are in the figure for eukaryotes, and are involved in helicase. These 
genes show upregulation in the alive: no group.Minichromosome maintenance 2 
(MCM2) is a member of the minichromosomal maintenance family of proteins that 
mainly regulates DNA replication and the cell cycle and is involved in regulating cancer 
cell proliferation in various cancers. Previous studies have reported that MCM2 plays a 
pivotal role in cell proliferation and cancer development

Want to know more?
https://r2-tutorials.readthedocs.io/en/latest/Correlating_Genes.html?#step-7-gene-list-in-pathway-context

https://r2-tutorials.readthedocs.io/en/latest/Correlating_Genes.html?#step-7-gene-list-in-pathway-context
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1.2.5. Using annotation and the Kaplan Meier curve

• What does a drop in the curves mean? And the little vertical tick-mark on the horizontal 
parts of the curves? Scroll over the drops and the tick-marks of the curves to see clinical 
details of patients.

The horizontal axis (x-axis) represents time in months, and the vertical axis (y-axis) shows the 
probability of surviving or the proportion of people surviving. The lines represent survival 
curves of the five groups. A vertical drop in the curves indicates an event (here:death). The 
vertical tick mark on the curves means that a patient was censored at this time.

N.B. Hovering over vertical drops or ticks shows the annotation information of that patient. In 
this case we see that stage 4 has the worst prognosis. Stage 1 and stage 4s both have a survival 
probability of 1, i.e. they are drawn on top of each other. 

• Do you observe a significant difference between the groups?

Yes, age_group <=1 has a good prognosis, agegroup > 1 has a bad prognosis,   p=4.94e-09. 
Children that were older than 1 year when they got diagnosed with neuroblastoma, had a 
significantly worse prognosis

For mycn_amp, the difference in survival chances is significant as well: 1.22e-08

Want to know more?
https://r2-tutorials.readthedocs.io/en/latest/Kaplan_Meier.html

https://r2-tutorials.readthedocs.io/en/latest/Kaplan_Meier.html?highlight=kaplan%20scan#step-2-kaplan-meier-by-gene-expression-the-kaplan-scan
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1.2.6. Kaplan Meier: Validating prognostic factors such as gene expression

• What is the survival chance for high and low MYCN expression, 
as assessed by the kaplan scan (use the extreme right values)?

• 0.08 for the high group, and 0.74 for the low group

• Which method gives the clearest prognostic groups? Is there a 
consequence for the statistics and P-value of the scanning 
method?

• The p-value is the most significant for the scan cut-off (scan p=6.1e-
09/ bonf p 4.48e-07, median p=0.037, average p=1.08e-05)  with 
most distinct prognostic groups

• N.B. If you want to report the p-value of a Kaplan Scan, use the 
bonferroni p-value due to correction for multiple testing

Want to know more?
https://r2-tutorials.readthedocs.io/en/latest/Kaplan_Meier.html?highlight=kaplan%20scan#step-2-kaplan-meier-by-gene-expression-the-kaplan-scan

N.B. The Kaplan scanner separates the samples of a dataset into two groups based on the gene expression of one gene. In the order of expression, it will use every increasing 
expression value as a cutoff to create 2 groups and test the p-value in a logrank test. The highest value is then reported, accompanied by a Kaplan Meier picture

https://r2-tutorials.readthedocs.io/en/latest/Kaplan_Meier.html?highlight=kaplan%20scan#step-2-kaplan-meier-by-gene-expression-the-kaplan-scan
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1.3 Different expression patterns between subgroups and the underlying biology

• What do you note about the morphology of the cell lines?
• MES: cells grew attached, formed lamellipodia and were motile,
• ADRN: More semi attached spheres and most likely less migration properties

• The two types were found in each patient

• Do you recognize any genes from figure 5 when you scroll down through the list? I.e. genes 
that come into play in the development of the sympatho-adrenal lineage from the neural 
crest?

• TH (Rank 28), INSM1 (Rank 35), PHOX2B (Rank 41), DBH (Rank 83)

N.B. TopLister is used to investigate the presence of subgroups without using annotation information in a dataset 
or to find a list of genes with the highest variation in gene expression

TopLister is an unsupervised algorithm, meaning it does not use any annotation to guide its 
analyses. It uses the gene expression values only. It is interesting that even without any 
guidance of what to focus on, several genes from the sympathoadrenal lineage are in the list 
of the top 100 genes with the highest variation in gene expression. Meaning, within this 
dataset, samples seem to behave in different ways with respect to these genes. 

• Roughly how many groups of samples do you see in the heatmap, showing similar expression 
profiles within that group? Is this what you expected?

• Although it’s not a complete clear-cut black white division, you can see two groups in the heatmap.

• What feature determines the clustering of the samples?
• The samples seem to cluster in agreement with the cell_type track, not with the patient 

track. This hints to two differing gene expression programs that are switched on per cell 
type. 1) Group Orange: Includes SHEP2, which clusters with mesenchymal origin tumors; 
migration capability; grows attached to the dish as loose cells 2) Group Blue: Includes 
SY5Y, clusters with neuro-ectodermal origin tumors; no migration; grows semi-attached 
in spheres together

Want to know more?
https://r2-tutorials.readthedocs.io/en/latest/Using_Genesets_creating_Heatmaps.html#step-4-unsupervised-hierarchical-clustering-with-a-geneset

N.B. This heatmap shows the samples on the columns, the genes on the rows and their color coded zscore of the 
expression values in the squares (see legend underneath). An unsupervised hierarchical clustering algorithm re-orders the 
samples and the genes on their similarity in z-score expression profiles and you can see the clustering trees of the genes 
on the side in the dendogram, and of the samples underneath. Thus, samples that show similar expression profiles over 
the geneset are grouping together. 

https://r2-tutorials.readthedocs.io/en/latest/Using_Genesets_creating_Heatmaps.html#step-4-unsupervised-hierarchical-clustering-with-a-geneset
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1.3.2. Which genes make a difference? Creating signatures

• How is this Differential expression between two groups heatmap figure different from the former?
• The heatmap is very cleanly divided. That is not strange because we asked for the most differentially expressed 

genes between these two subsets of samples. A supervised search, in which the cell type labels were provided 
to the algorithm, next to the expression data. It is therefore only logical that we get such a clean division of 
upregulated genes in the one group where they are downregulated in the other group.

N.B. The heatmap itself is still clustered unsupervised, so you can see that the cells indeed 
group together with their respective groups, and this that these genes make a clear distinction 
between the two groups. 

• You also see these two neat genesets that now characterise the cell types:
• one geneset is upregulated in the mesenchymal cell types, and downregulated in the adrenergic cell 

types. 
• and the other way around: one geneset is upregulated in the adrenergic cell types, and downregulated in 

the mesenchymal. 
• The result of this analysis was previously stored in R2: these two genesets we will use as gene 

signatures: 
• the genes that are upregulated in the mesenchymal like cells is stored as a mesenchymal signature

geneset and was named r2_mesadrn_mes
• and the genes that are upregulated in the other andrenergic like cells is stored as a andrenergic signature

geneset and was named r2_mesadrn_adrn

Want to know more?
https://r2-tutorials.readthedocs.io/en/latest/Using_Signatures.html

https://r2-tutorials.readthedocs.io/en/latest/Using_Signatures.html
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1.3.2. Which genes make a difference? Gene set analyses

• What can you say about the function of the differentially expressed 
genes?

• The table is color coded, and the color coding is seen above the table.  Be 
aware that this color coding is independent from the color coding on the 
previous slide. The red – green color scheme in the Gene Ontology table 
depends on your chosen cell type as Group 1 and which group is put in 
Group 2 in the Differential Expression Between Two Groups analysis and 
thus could be swapped. Always check above the table for the color coding.

• In our case red colored genes are higher expressed in Mesenchymal type 
cells and green colored genes are higher expressed in Adrenergic type 
cells. 

• In the table you see many biological functions popping up that you might 
have heard before in the context of neuroblastoma: collagen binding 
(most genes higher expressed in mes type), focal adhesion (important for 
cell motility, most genes higher expressed in mes type) and neuron related 
gene sets (most genes higher expressed in adrn type)  

• What can you say about the function of the differentially expressed 
genes when looking only at adrn < mes genes?

• We see many gene sets that deal with the extracellular
matrix and are motility related

• Gene set analysis: Which hallmark category of genes pops up as most 
important? Can you explain this?

• HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION: the difference 
between these two subgroups seems to have to do with the epithilial to 
mesenchymal trasition

Want to know more?
https://r2-tutorials.readthedocs.io/en/latest/Correlating_Genes.html?highlight=gene%20ontology#step-5-establishing-overrepresentation-in-other-domains

https://r2-tutorials.readthedocs.io/en/latest/Correlating_Genes.html?highlight=gene%20ontology#step-5-establishing-overrepresentation-in-other-domains
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1.3.2. Which genes make a difference? Corroborate in another dataset, also two groups?

• Reflection:
• Using a supervised (i.e. labeled) approach we found a set of genes that is 

specifically expressed in each cell type. We call this a signature (geneset, 
category). We stored them as r2_mesadrn_adrn and as r2_mesadrn_mes

• The MES signature set seems to associate with the EMT transition
• =>  the genes higher expressed in the MES type associate with motility

• Now we want to corroborate these signatures in another dataset

• What cell_type of the samples are assocciated with the 2 groups?
• In this dataset, again you have the annotation of the morphological 

phenotype of each cell. In the heatmap of the two signature gene sets 
together, the samples cluster by cell type again. 

• In which cluster are the neural crest cells positioned, and does that 
make sense?

• The expression profiles of the mesenchymal type cells are similar to the 
neural crest cells. Thus you can see that the clustered groups relate to the 
stages of differentiation, in which the lineage commited andrenergic group 
separates from the undifferentiated mesenchymal and neural crest cells

N.B. Under the heatmap, R2 shows two lines of values: one color coded line for 
r2_mesadrn_adrn and one for r2_mesadrn_mes. For each sample (so for each 
column): 

• the average is calculated of the sample’s z-scores of the r2_mesadrn_adrn genes 
(i.e. the adrn signature score) 

• and the average of the sample’s z-scores of the r2_mesadrn_mes genes (i.e. the 
mes signature score), resulting in two signature scores per sample. 

Want to know more?
https://r2-tutorials.readthedocs.io/en/latest/Using_Signatures.html

https://r2-tutorials.readthedocs.io/en/latest/Using_Signatures.html?highlight=signature%20score#step-1-creating-a-geneset-signature-a-track-within-r2
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1.3.2. Which genes make a difference? Corroborate in another dataset, also two groups?

• What is the relationship between MES and ADRN scores?
• Reflection:

• Now that we have summarized the expression of two genesets in two single values –
which therefore characterize the cells like these gene expression profiles did, we start to 
see a pattern 

• The genes in the mRNA signatures were used to calculate MES and ADRN scores for 22 
adrenergic, 7 mesenchymal neuroblastoma cell lines, and 5 neural crest cell lines. 

• This graph is a very insightful representation that summarizes the 800 genes that we were 
looking at in the previous heatmap

• There is a negative correlation between the MES and ADRN scores. You can see a 
gradient of the ADRN and MES scores. 

• We see that MES samples lay close to the neural crest samples in the graph, and the 
adrn samples further away. which is in agreement with our biological knowledge of 
these cell lines types.

• This suggests again that the MES cells show behavior more simlar to precursors of 
the adrenergic lineage

• The samples linked in this picture are originating from the same patient material. 
Therefore it shows heterogeneity in the tumor

Want to know more?
https://r2-tutorials.readthedocs.io/en/latest/Using_Signatures.html?highlight=signature%20score#step-4-plot-signature-scores-using-the-relate-2-tracks-module

https://r2-tutorials.readthedocs.io/en/latest/Using_Signatures.html?highlight=signature%20score#step-4-plot-signature-scores-using-the-relate-2-tracks-module
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1.3.2. Which genes make a difference? Corroborate in a Single cell dataset with UMAP 

• Can you see the route(s) of development in the representation?
• Dataset https://communities.springernature.com/posts/on-a-quest-to-identify-

the-origin-of-neuroblastoma :“For the present study, we analysed 17 human 
adrenal glands from different developmental time points (seven weeks - 17 
weeks postconception) by single-nucleus RNA sequencing. We annotated all cells 
based on their expression of marker genes”

• In the UMAP you can see the identified cells cluster according to their different 
developmental time points. A starting point of Schwann cell precursors (SCPs), 
and two end points of chromaffin cells and sympathetic neuroblasts. “In addition, 
some cells from the early time points seven and eight weeks postconception 
formed transient populations of bridge cells (connecting SCPs and chromaffin 
cells) and connecting progenitor cells (located between the chromaffin cell, 
neuroblast and bridge cell clusters). Cells from later developmental time points 
clustered separately, allowing discrimination between more differentiated late 
and cycling cell populations. ”

• Do the signatures ‘light up’ the expected regions in the UMAP ?
• Yes. We overlay this UMAP with the signature scores of this dataset for the 

earlier discussed r2_mesadrn_adrn and r2_mesadrn_mes genesets
• The Schwann cell precursor cluster has a high r2_mesadrn_mes signature score 
• The  more differentiated cell types have a high r2_mesadrn_adrn signature score

Want to know more?
https://r2-tutorials.readthedocs.io/en/latest/tSNE_dimensionality_reduction.html

https://communities.springernature.com/posts/on-a-quest-to-identify-the-origin-of-neuroblastoma
https://r2-tutorials.readthedocs.io/en/latest/tSNE_dimensionality_reduction.html
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What’s next? 
R2 Training Courses 
• Help => Training Courses
• http://r2platform.com/courses

Next:
• Look into other courses in the course material
• Datascopes

• Look for datascopes that have similar type of data as yours and look at the 
kind of analyses that were done for inspiration

• Find publicly available datasets and email us to get them
uploaded

• Create you own data and email us to upload

Do your own research with available datasets in the grid
• Find a public dataset of your interest in R2 dataset grid
• Think about a good biological research question
• Try to find the analyses that can help you gain insight

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
• Perform the same analysis on another dataset of your interest

r2-support@amsterdamumc.nl

http://r2platform.com/courses

	R2 Introduction Workshop �Finding causes in Neuroblastoma genomics data �Answers
	Webbased Course Resource 
	1.2.2 Investigating single genes / Expression of key genes	
	1.2.2 Investigating single genes vs tracks  | description
	1.2.2 Investigating single genes > reporters in Genome Browser
	1.2.3 Finding correlating Genes | chromosomal overrepresentation
	1.2.4 Finding differentially expressed genes + pathways 
	1.2.5. Using annotation and the Kaplan Meier curve
	1.2.6. Kaplan Meier: Validating prognostic factors such as gene expression
	1.3 Different expression patterns between subgroups and the underlying biology
	1.3.2. Which genes make a difference? Creating signatures
	1.3.2. Which genes make a difference? Gene set analyses
	1.3.2. Which genes make a difference? Corroborate in another dataset, also two groups?
	1.3.2. Which genes make a difference? Corroborate in another dataset, also two groups?
	1.3.2. Which genes make a difference? Corroborate in a Single cell dataset with UMAP 
	What’s next? 

