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We will cover the basic analysis of gene expression matrices 

• No working with raw data 

The focus is on being able to do a quick analysis, not the perfect one 

 

Materials and slides are available at Google Drive 

About the module 

2 



Exploring gene expression datasets 

Simple analysis methods 

Working with public datasets 

Outline 
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Overall gene expression pipeline 
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https://www.ebi.ac.uk/training/online/course/functional-genomics-ii-common-technologies-
and-data-analysis-methods/analysis-microarray-data 

This workshop 



GENE-E: software for working with gene 
expression data (obsolete) 
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Developed at Broad Institute (by Joshua Gould) 

Works in browser 

Fully client-side application 

• data is not sent to server! 

Open source 

Limited functionality 

 

Morpheus – heatmap visualization software 
replacing GENE-E 
 

https://software.broadinstitute.org/morpheus/ 6 



An extension developed by Daria Zenkova & Vlad 
Kamenev at ITMO University 

Server-side application -> requires internet access 

• unless installed locally 

Can be easily extended to support different 
R/Bioconductor packages 

Free and open-source 

 

Feedback is welcome! 

 

Phantasus – Morpheus integrated 
with R environment 

https://github.com/ctlab/phantasus 7 



Online: 

https://ctlab.itmo.ru/phantasus/ 

https://artyomovlab.wustl.edu/phantasus/ 

It can be installed locally from Bioconductor 

http://bioconductor.org/packages/phantasus  

As a docker image: 

https://hub.docker.com/r/dzenkova/phantasus 

Phantasus can be accessed in multiple ways 
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From papers! 

Where datasets are coming from? 

http://www.nature.com/nature/journal/v509/n7499/full/nature13152.html 9 



There is a mention of microarray 

Check the methods 
section 

“accession number 
GSE53986” 

The data should be available from somewhere! 
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Let’s google that 
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Let’s look at GSE53986 
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE53986 
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Samples from GSE53986 
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A lot of datasets can be found at GEO 
(will come back to this later) 
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Open https://ctlab.itmo.ru/phantasus/ or 

Open https://artyomovlab.wustl.edu/phantasus/ 

Load dataset into phantasus: 

• Choose a file/GEO Datasets/GSE53986 

 

Let’s explore this dataset 
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Interface overview 
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Samples 

Probes/genes 

Dataset dimension 

Expression value (color scheme is relative) 

Sample  
annotations 
(right click 
for context 
menu) 



Exploring individual genes 
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1. Enter “Acod1” 2. Click to scroll to 
the next hit 



Select all columns and Acod1 row 

Tools/Plots/Chart 

 

Row profile chart 
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row profile 

condition 

gene symbol 

Data is in linear scale! 



Let’s look at Actb as a control 
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1. Enter “Actb” 

2. Click “Matches to top” 



Actb expression chart: high variation 
(but in a linear scale) 
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Select all columns 

row profile 

condition 



Close the chart window 

Tools/Adjust, check 
“Log 2” 

Redo the plot 

 

Log 2 normalization 
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Now log-scale  

But still some variation 



Close the chart window 

Tools/Adjust, check 
“quantile” 

Redo the plot 

 

Log2 and quantile can be 
done in one step 

Don’t do Log2 twice, twice 
quantile is OK 

 

 

Quantile normalization 
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Almost horizontal now 



There are multiple probes per gene in microarrays 
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Tools/Collapse 

 

Collapsing duplicated probes to genes: 
keeping only one probe per gene 
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Grouping by  
Gene ID 

method = maximum 
median probe 



No more duplicates 
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But ~20000 genes, 
some of them are not 
expressed 



Tools/Create Calculated Annotation 

 

Filtering lowly expressed genes: 
calculating mean expression 
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Operation: Mean 

Optional name 
(e.g. “mean_expression”) 



Filtering lowly expressed genes: 
calculating mean expression result 
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Tools/Filter 

Add 

Field <- Mean 

Switch to top filter 

N <- 12000 

 

Filtering lowly expressed genes: 
keeping only top 12000 genes 
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Select all genes (click on 
any gene and Ctrl+A) 

Hit Ctrl-X to create new 
dataset (or Tools/New 
Heat Map) 

Filtering lowly expressed genes: 
creating new dataset 
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File/Save Dataset 

 

Saving dataset 
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Name here 



Open gct file in Excel/Calc/Notepad 

Let’s look at what we got 
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File/Open, choose 
GSE53986_norm.gct  

 

Loading a gct file in Phantasus 
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https://artyomovlab.wustl.edu/publications/supp_materials/SBW2018-StL/GSE53986_norm.gct 



Tools/Plots/PCA 
plot 

 

Exploring dataset: principal component analysis 
(PCA) plot 
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color <-  
treatment 

label <- title 

Outliers! 

Scale should be ~10-100, not 1000000 



What is PCA? 

34 https://www.ncbi.nlm.nih.gov/pubmed/25426857 



PCA of the fish 

35 https://commons.wikimedia.org/wiki/File:PCA_fish.png 



Exploring dataset: principal components can be 
meaningful 
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LPS response 

IFNg response 



Tools/Clustering/k-means 

Number of cluster = 16 

 

Exploring dataset: k-means 
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“clusters” column appeared 



Exploring dataset: k-means, bird’s eye view 
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Select “Fit To Window” 

Sort by “clusters” 

Our outliers 



Select k random centers 

Assign each gene to the closes 
cluster center 

Refine center 

Repeat until convergence 

How k-means clustering works 
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Tools/Hierarchical clustering 

Metric <- 1 - pearson correlation 

 

Exploring dataset: hierarchical clustering 
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Select good samples 

Tools/New heatmap (Ctrl-X) 

 

Very bad outlier should be 
removed at the start of the 
analysis, before normalization 

 

Filtering outliers 
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File/Save dataset 

Name like GSE53986_filtered.gct 

Saving filtered dataset 
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Check expression scale (should be log2) 

Data should be normalized 

Do a quality check by looking at markers, PCA, k-means and hierarchical 
clustering 

Save processed datasets 

 

Next: doing a differential expression analysis 

 

Summary 
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