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Affymetrix GeneChip© Arrays

Human U95a 12k genes 
U133a 22k genes 
U133+ 50k genes(?)

Splice variants,  
alternative oligos

Gene: 25mer oligo Probe set

Affymetrix web site



Affymetrix Probes

(25-mer)

Affymetrix.com



“Low Level” Data Processing

Scanning

Background noise - corrections 

Gross errors, defects

Gene probe sets: 

Perfect Match & MisMatch

PM     MM

Probe intensities: 75%tile of central 
pixels

Probe effects evident

Cross-hybridization: MM signals 

Overall mRNA expression estimate?

Rafael Irizarry web site: Affy package for R

Affymetrix web site

Bioconductor R software



Oligo Array Data: Probe Effects

ER gene

20 probes 
Early HU6800 array

50 breast tumours

Concordant patterns

Empirical estimates 
of probe effects



=*.DAT file, image file of chip in Affymetrix software format  43,754 KB

= *.CEL file, contains individual probe cell measurements  32,148 KB
*.RPT file, contains control information  3 KB
*.CHP file, contains results in Affymetrix software format  11,953 KB
*.EXP file, contains info about wash/stain/scan  2 KB

= *_v5a.txt, contains control info with scaling factor for chip 1 KB
*_v5p.txt, contains raw data for chip  14,005 KB

Average total size of data for one array (one sample) = 101,866 KB

Affymetrix Array Data



.DAT file and .CEL file



*_v5a.txt



Methods & Models: Basics

background correct PM, MM

ave(PM-MM)

robust ave(PM-MM)

log scale (base 2 – fold change)

Affyx MAS 5.0 Signal:

robust ave (log (PM-mm))

mm=f(MM,background)

PM     MM
Rafael Irizarry web site: Affy package for R

Affymetrix web site

Bioconductor R software



Methods & Models: Normalization

Comparability across samples

Variability in process: Normalize 

Affyx scaling: Scale Factor

Average level of set of genes 
same across n samples 

SF as a crude quality metric

Linear scaling

Rafael Irizarry web site: Affy package for R

Affymetrix web site

Bioconductor R software

NCI Genomics & Bioinformatics web site

Nonlinear Normalization: 

Match some or all quantiles
across samples

Match selected quantiles to 
median across samples

Match empirical CDF of each 
chip to median chip

• West et al PNAS 2001

• Wong & Li (dChip) 2001 

• Speed, Bolstad, Irizarry (2001-now) 

• Bioconductor site
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WHY?  



Mouse tumour data: Huang et al 2004 Nature Genetics

Effects of Quantile Normalization 

2000 genes
Replicate chips

MAS5.0 Signal
Scaled with SF

(0.52, 0.56) 

same genes, chips

quantile normalized



‘Low Level’ Statistical Models

dChip (Li & Wong 2001+)

One gene

Sample(chip) i, probe j
Expression  E on sample i

Expression levels and probe 
effects

ijjiijij EMMPM εφ +=− Similar to MAS 5.0

Cross-Hybridization 
issues

Signal in MM

Under development

Bioconductor



RMA (Speed, Irizzary, Bolstad 2001+)

‘Low Level’ Statistical Models

Background corrected, probe 
level q-normalized 

Robust fitting: outlier probes 
(10-15%) 

(chip) i, probe j
Expression index A

ijjiij BApm ε++=)(log2
Similar to MAS 5.0

Improved resolution at 
low levels of expression 

Bias at low-moderate 
levels

Under development

Bioconductor
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