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Oligo Arrays

Use short 25mer DNA sequences (oligo = 
few)
Need 16-20 different 25mer sequences to 
uniquely characterise a gene

Probe = individual 25mer sequence
Probe Set = set of 25mer sequences 
corresponding to a particular gene or EST
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Probes Built up Systematically
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Hybridization of RNA to Probes
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Affymetrix GeneChip Arrays
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Perfect Matches vs Mis-Matches

Perfect Match (PM) = correct 25mer 
sequence
Mis-Match (MM) = 25mer sequence with 
middle nucleotide changed

In an attempt to measure cross-
hybridization, Affymetrix has included a 
complete set of MM sequences on every 
GeneChip
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5’ 3’

mRNA reference sequence

PM: CAGACATAGTGTCTGTGTTTCTTCT
MM CAGACATAGTGTGTGTGTTTCTTCT

MM
Fluorescent probe intensity

For one gene (probe set)

PM
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Chip dat file – checkered board – close up w/ grid

Courtesy:  F. Colin
Image Analysis DAT file (TIFF file data)
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Chip dat file – checkered board – close up pixel selection
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CEL and CDF files

Image analysis of each scanned Affy array 
produces a CEL file containing the mean 
intensity (and other statistics) for each square 
probe cell
To do anything with this file you also need the 
CDF (Chip Description File) which specifies the 
probe and the probe set that each cell belongs 
to
CDF information is provided by CDF packages 
for R which can be downloaded from 
Bioconductor for the standard Affymetrix chips
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Pre-Processing Steps

Background correction
Normalization
Probe set summaries

Computing expression values for each 
probe set requires 3-steps
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Most Popular Approaches

Affymetrix’s own MAS 5 or GCOS 1.0 
algorithms
RMA (Robust Multichip Analysis)
Irizarry, Bolstad, Collin, Cope, Hobbs, Speed
(2003), Summaries of Affymetrix GeneChip
probe level data.  NAR 31(4):e15

dChip http://www.dchip.org
Li and Wong (2001). Model-based analysis of 
oligonucleotide arrays: expression index 
computation and outlier detection. PNAS 98, 31-
36.
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MAS

j = probe

Background correction
Ej = PMj - MMj*

where MMj* is chosen so that Ej is non-negative

Normalization
Scale so that mean Ej is same for each chip

Probe Set Summary
log(Signal Intensity) = TukeyBiweight(log Ej)
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dChip

i = array, j = probe

Background correction

Eij = PMij - MMij

Probe Set Summary

Eij = qij j +  eij

Probe set signal = qi

16

RMA
Background Correction

Ignore MM, fit model to PM

PM = Background + Signal

N(0,s2) Exponential(a)

+=
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PM data on log2 scale: raw and  fitted model
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Background corrected intensity is

Eij = E(Signalij | Observed PMij)

Observed PM

E
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Adaptive 
background 
correction 
produces 
positive signal



Statistics for Microarray Data
Lecture 2: Affymetrix Arrays

11 July 2004
IBC Short Course

4

19

RMA: Normalization

Force the empirical distribution of probe 
intensities to be the same for every chip in 
an experiment
The common distribution is obtained by 
averaging each quantile across chips
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One distribution for all: the black curve
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RMA
Probe Set Summary

log2 Eij = ai + bj + eij

Robustly fit the two-way model for each 
probe set

log2 Signal = bj

i = array, j = probe

Fit may be by median polish (quick) or by M-
estimation (slower but yields standard errors 
and good quality diagnostic tools)
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M v A plots of chip pairs: before normalization
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M v A plots of chip pairs: after quantile normalization
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RMA reduces variability without losing the 
ability to detect differential expression 
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Qualitative quality assessment for 
Affymetrix

Quality weights
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Affymetrix annotation
NETAFFX (main page): 
http://www.affymetrix.com/analysis/index.affx
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