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Outline

• Processing Raw Data 
– Normalization Concepts
– Affymetrix Power Tools

• Querying Public Gene Expression Database
– NCBI GEO
– Rules for Reusing Public Gene Expression Data

• Visualizing matrix as heat map
– Heat map concept
– matrix2png
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So far, Tools Covered in the Analytical Process in 
Microarray Experiments
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Complete Analytical Process in Microarray Experiments

gene expression 
data analysis

• Cluster analysis
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• Gene Set analysis
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Tools to Learn Today in the Complete Analytical Process in 
Microarray Experiments

gene expression 
data analysis

• Cluster analysis
• Candidate gene analysis
• Gene Set analysis

• Clusters
• Gene Lists
• Gene Sets
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• Public Databases

• Publication
• Deposit into Public 
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Extracting Signals from Microarray

• Image file to pixel
– Potential biases in scanner, distribution of the 

fluorescence dyes, over/under exposure of a 
particular corner in the array (Batch)

– Potential biases in sample preparation steps 
(Technical)

• Normalization is a way to account for 
these biases and hope to generate a 
comparable measurements across 
samples



Normalization Methods in Microarray

• Image file to pixel
– Potential biases in scanner, distribution of the 

fluorescence dyes, over/under exposure of a 
particular corner in the array (Batch)

– Potential biases in sample preparation steps 
(Technical)

• Normalization is a way to account for 
these biases and hope to generate a 
comparable measurements across 
samples for downstream analysis
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Affymetrix Power Tools
• Affymetrix Power Tools (APT) are a set of cross-platform 

command line programs that implement algorithms for 
analyzing and working with Affymetrix GeneChip® arrays. 

• APT is an open-source project licensed under the GNU 
General Public License (GPL). (Developers who need a non-
GPL license may purchase a commercial license from 
Affymetrix.) 

• APT programs are intended for "power users" who prefer 
programs that can be utilized in scripting environments and 
are sophisticated enough to handle the complexity of extra 
features and functionality. 

• The vision is that APT provides a platform for developing and 
deploying new algorithms without waiting for the GUI 
implementations.



How to get Affymetrix Power Tools?

Webpage: www.affymetrix.com
Register for Free
Login



User Manual (Help Page)
http://media.affymetrix.com/support/developer/powertools/changelog/apt-probeset-summarize.html



Usage

Call	the	
program

Type	of	
analysis

Chip	annotations:
-d	chip.CDF
or
-p	chip.pgf
-c	chip.clf

Output	
Folder

Input	
CEL	
files



NCBI GEO

http://www.ncbi.nlm.nih.gov/geo/



NCBI GEO Data Formats

GPL* GSM* GSE*

GSD*



NCBI GEO Data Formats

(e.g HG-U133	
Plus	2.0	
microarray)

(e.g Sample1)

(e.g
Cancer_vs_No
rmal)



NCBI GEO Data Formats



Querying NCBI GEO

Query by keyword

Look for Data Sets/
Samples





Read and Locate Data from NCBI GEO



Querying NCBI GEO by GSE ID

Query by GSE ID
GSE18088
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Types of Data Available for Download

SOFT data

MINiML data

SERIES data

RAW data



SOFT Format
SOFT/: This directory contains files in “Simple Omnibus Format in Text” 
(SOFT). SOFT files are generated for DataSet entries, as well as for Series 
and Platform entries (subdirectories are included for each entry type). The 
Series and Platform files are actually “family files” that include the metadata 
and complete data tables of all related entries in the family. In contrast, the 
DataSet SOFT files include the metadata of the DataSet entry only, plus a 
matrix table containing the extracted gene annotations and Sample values 
used in GEO Profiles.



MINiML format
MINiML/: This directory includes files in MINiML (MIAME Notation in Markup 
Language) format. MINiML is essentially an XML rendering of SOFT format, 
and the files provided here are the XML-equivalents of the Series and 
Platform family files provided in the SOFT/ directory.



MIAME

Six Parts of MIAME
1. Experimental design: the set of hybridization experiments as a whole
2. Array design: each array used and each element (spot, feature) on the array
3. Samples: samples used, extract preparation and labeling
4. Hybridizations: procedures and parameters
5. Measurements: images, quantification and specifications
6. Normalization controls: types, values and specifications



Series Matrix Format

SeriesMatrix/: This directory contains 
tab-delimited value-matrices 
generated from the VALUE column 
of the Sample tables of each Series 
entry. Files also include Series and 
Sample metadata and are ideal for 
opening in spreadsheet applications 
such as MicrosoftExcel. Most users 
find SeriesMatrix files the most 
convenient format for handling data 
that have not been assembled into a 
DataSet



Series Information



Sample Descriptions



Start of the table
(!series_matrix_table_begin)



End of the table
(!series_matrix_table_end)



GEO2R Analysis Pipeline

GEO2R Analysis Pipeline



GEO2R - Analysis



GEO2R – Samples in the Series



GEO2R – Define Groups



GEO2R – Define Samples



GEO2R – Run Analysis



GEO2R – Top250 DEG



GEO2R – Box Plot Distributions



GEO2R – Options for Analysis



GEO2R – Profile Graph



GEO2R – R Script



Reuse of public genome-wide gene 
expression data 



Major Microarray Data Repositories

(Rung & Brazma, Nat Rev Genetics 2013)



Disease Specific Microarray Data Databases

(Rung & Brazma, Nat Rev Genetics 2013)



Other Microarray Data Repositories

(Rung & Brazma, Nat Rev Genetics 2013)



Things to Consider when Reusing of Raw 
Data from Public Databases

1. Quality control. 
• Public archives store data as they have been received from the 

submitter. 
• Include only arrays that pass quality-control criteria in further analysis. 
• Be aware that some studies, often from the same laboratory, contain 

identical raw data files, such as when a set of control samples has been 
used independently in two different studies. 

2. Revise annotation. 
• Annotation of public data can be incomplete, not-up-to-date or conflicting 

(different terms to annotate samples and experimental factors). 
3. Array selection. 

• Experiments that reuse data need experimental design (like new 
experiment). 

• Include only arrays in the study that address the intended question. 
• By excluding non-informative arrays, decrease the data heterogeneity 

and improve the conditions for accurate statistical tests concerning the 
goal of the study. 

(Rung & Brazma, Nat Rev Genetics 2013)



Things to Consider when Reusing of Raw 
Data from Public Databases

4. Define and annotate probe sets. 
• Different platforms, and sometimes even different versions of arrays, 

may define probe sets or the individual probe sequences differently.
• Original manufacturer annotation may be outdated. 
• This may have a serious impact on the data analysis

5. Normalize and analyze across all arrays and experimental conditions as if it 
were a single data set. 
• Cross-platform normalization needs special attention and should be dealt 

with carefully, or the biases introduced may outweigh the benefit of 
combining many samples. 

• In downstream analysis, adjusting for study effect and other biases may 
be necessary. 

(Rung & Brazma, Nat Rev Genetics 2013)



Presenting the Microarray Results:
Gene List vs Heat Map

vs



Heat map
• Heat maps represent two-dimensional tables of 

numbers as shades of colors. 
• This is a popular plotting technique in biology, used 

to depict gene expression and other multivariate 
data. 

• The dense and intuitive display makes heat maps 
well-suited for presentation of high-throughput data. 

• Hundreds of rows and columns can be displayed on a 
screen. 

• Heat maps rely fundamentally on color encoding and 
on meaningful reordering of the rows and columns. 

• When either of these components is compromised, the 
utility of the visualization suffers.

(Gehlenborg & Wong, Nat Methods 2012)



Examples of Heat maps

(Gehlenborg & Wong, Nat Methods 2012)



matrix2png - Heat map Generation Tool

http://www.chibi.ubc.ca/matrix2png/



matrix2png
http://www.chibi.ubc.ca/matrix2png/



Examples of matrix2png
http://www.chibi.ubc.ca/matrix2png/



Examples of matrix2png

http://www.chibi.ubc.ca/matrix2png/



Examples of Heat maps

(Tan et al, Bioinformatics 2005)



Examples of Heat maps

(Diamond et al, Clinical 
Cancer Research 2013)



Take Home Message
Know your data 

• Know how to extract and normalize your microarray gene expression 
data. 

• If data set was downloaded from public databases, know how the data 
were processed. Best to download raw data and do your own 
normalization.

Know where to find data
• Know how to locate public data from published papers.
• Know how to download data sets for correlative analysis / meta-

analysis.
• Know how to integrate data for hypothesis generation / discovery.

Know how to present your data analysis
• Heat map is one of the methods to visualize gene expression and 

other high-throughput data.
• Need to know how to add value to heat map.


