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Goal of Microarra Workshop IGoal of Microarray Workshop I 
• Provide training for the analysis of microarray gene 

i d texpression data
– Use statistical computing environment, R

• BioconductorBioconductor
• R/maanova (Dr. Gary Churchill)

– Two specific array platforms:
• Affymetrix Mouse 430v2 GeneChip
• Agilent Zebrafish 44k array
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Co rse MaterialsCourse Materials
• Course web site

– http://www.maineidea.net/Core/bioinformatics_workshop.html

• R installation instructions 
– Bioconductor and R/maanovaBioconductor and R/maanova

• Files for Affymetrix Mouse 430v2 Experiment (published)
– Data files
– R script

• Files for Agilent Zebrafish 44k Experiment (unpublished)
– Data files (please don’t distribute)Data files (please don t distribute)
– R script
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O tline of Introd ctionOutline of Introduction

• Microarray platforms
• Experimental design

O i f l i kfl• Overview of analysis workflow
• Raw data formats
• Major data repositories• Major data repositories
• Shopping for data
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Microarra PlatformsMicroarray Platforms

• Two-color
– Two samples simultaneously assayed per array using different dyes

• Green dye – Cyanine 3 (Cy3) excited maximally at 550nMGreen dye Cyanine 3 (Cy3) excited maximally at 550nM
• Red dye – Cyanine 5 (Cy5) excited maximally at 649nM

– e.g., Agilent Zebrafish 44k array

One color• One-color
– One sample assayed per array
– e.g., Affymetrix Mouse 430v2 array
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Example One-Color Platform Experimentp p

Pparg ldi Mutant Adipocytes Wild-type Control Adipocytes

RNA samples assayed using Affymetrix 430 v2 GeneChips

Kim et al. PNAS (2007) 104(42): 16627-32.
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Example Two-Color Platform Experimentp p
RNA Reference Pool (Cy3)

Arsenic Treated
(Test Group Cy5)

Water Treated
(Control Group Cy5)
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E perimental DesignExperimental Design
• Attempt to control for as many factors as practically p y p y

possible:
– e.g., Age and sex match 

Bi l i l li ti i i t t• Biological replication is very important
– Use more replicates when response is variable or want more 

sensitive detection
• e.g., may use 3 replicates in inbred mice
• e.g., may use 10 replicates to study disease progression

– Balanced number of replicatesp

• Technical replication often used with two-color platforms
– Dye-flip
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Microarra Data Anal sis WorkfloMicroarray Data Analysis Workflow
PreprocessingRaw Data

Compare 
Sample

Evaluate

• Raw Data

& DiagnosticsRaw Data Sample
Groups

“Hit List”

– Get intensities for each probe or probe set
– Document design

• Data Preprocessing and Diagnostics
• Compare Sample Groups (ANOVA)

Evaluate “Hit List”• Evaluate “Hit List”
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Get Intensities From Ra DataGet Intensities From Raw Data

• Use raw intensities for diagnostics
– Look for spatial bias or other anomalies in data

E l li ti th d– Explore normalization methods
– Examine variance within and between sample groups

• Use processed intensities to compare sample groups
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Affymetrix Raw Data Files (Mouse 430v2 Gene Chip)

• Raw Data
– Intensities stored in .CEL files (binary format)( y )
– Require a Chip Description File (.CDF)

• Location of all 25-mer probes on array
• Describes how groups of 11 probes map to a probe set (gene)• Describes how groups of 11 probes map to a probe set (gene)

• Summarized Data
– “Average” intensity for each probe set

• Annotation Data
• Annotation for each probe set available on Affymetrix web site 

(NetAffx)(NetAffx)
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Summarization of Affy Probe Intensities
5’ 3’
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Two summarization methods:
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• Robust Multi-Chip Averaging (RMA) – Use Perfect Match (PM) probes
• MAS5 (.CHP file)

– Uses intensities from Perfect Match (PM) and Mismatch (MM) Probes
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Agilent Raw Data Files (Agilent Zebrafish v2 44k array)Agilent Raw Data Files (Agilent Zebrafish v2 44k array) 

• Agilent feature extraction file (plain text)
Values computed from scanner image files– Values computed from scanner image files

• Cy3 and Cy5 foreground intensities in separate columns

– Contains annotation

• Other two-color platforms often use GenePix software for 
f t t tifeature extraction
– Generates intensities from scanner image files
– Requires a .GAL file that describes probe location on array (block, q p y ( ,

row, column)
– End result is a plain text file
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Major Microarra Data RepositoriesMajor Microarray Data Repositories
• Most journals require that microarray data be deposited 

prior to publication
• Gene Expression Omnibus (GEO) at NCBI

• Platform record (GPLXXXXX)• Platform record (GPLXXXXX)
– Can be multiple for same array

• Sample record (GSMXXXXX) – Describes samples on an array
• Series record (GSEXXXXX) – Describes experiment( ) p

– GEO Data Sets and GEO Profiles

• ArrayExpress at EBI
I d d t it f GEO h i d t– Independent repository from GEO - may have some unique data

– MAGE-TAB files to describe experimental design

15



Search by keyword
(e.g., author)

Browse platforms and 
view experiments
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Shopping For Data
• Best experiments will feature biological replication
• Want raw data (.CEL files or text files with intensities)
• Need information about experimental designNeed information about experimental design

– How each sample maps to a raw data file

R/maanova design file
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