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In this talk

Introduction to two-colour microarrays
Comparison of precision for several two-
colour microarray platforms and Affymetrix
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Microarrays Measure Gene Expression

Basic idea: measure the activity level of 
each gene (its expression level), in a 
particular cell at a particular time, by 
measuring the concentration of each gene 
in the cell’s mRNA
Immobilize fragments (spots) of 
complementary DNA on a glass slide
Wash RNA over the slide, see how much 
binds (hybridizes) to each spot
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Types of Microarrays
Two-colour spotted arrays:

cDNA microarrays: fragments of DNA, 300-3000 
base pairs, on a glass slide
long-oligonucleotide spotted arrays: shorter but 
uniform length nucleotide sequences, 60-90 
base pairs
commercial spotted arrays, usually also long-
oligo (e.g., Agilent inkjet technology)

Single channel arrays:
high-density oligonucleotide arrays (e.g. 
Affymetrix): 20-25 base pairs, single-channel
Other commercial arrays (e.g., Applied 
Biosystems AB1700)
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Channel 1
Exci tat ion 

(Red HeNe Laser)

Channel 1
Emission 

Channel 2
Emission 

Channel 2
Exci tation 

(Red GreNe Laser)

Normal Cell Mutant Cell

Isolate RNA and
prepared fluorescently

labeled cDNA

Hybridize and Wash

Image Acquisition
Using 2 laser confocal

scanning system

Two colour 
arrays compare 
two RNA 
samples, e.g., 
normal vs mutant

Channel 1
emission 
proportion to 
gene expression 
in mutant RNA, 
Channel 2 to 
normal RNA 6

Two channels:

� Red

� Green

Shown here is false-coloured 
image with two channels 
overlaid

AGRF NIA 15k mouse array

cDNA Microarray Image
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Log-Intensities

*
2log ( )f bR R R= -

*
2log ( )f bG G G= -

For each spot

* For some analyses, may need to ensure 
Rf – Rb >0 and Gf – Gb > 0
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Means and Differences

M R G= -

( ) / 2A R G= +

For each spot

“minus”

“add”
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MA Plot
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Microarray Experiments

Observe a series of two-colour arrays

Target RNA

Target RNA
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Data Summaries

G1 R1 G2 R2 G3 R3 G4 R4

A1M1 A2M2 A3M3 A4M4

For each gene
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Differential Expression Studies

Up to 55,000 genes/ESTs on a chip or 
glass slide
Typically analyse by fitting a linear model
to the expression data for each gene
Responses are log(R/G) log-ratios or (for 
Affymetrix) log-intensities
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Parallel Inference for Genes

Small data sets: inference for individual 
genes is uncertain
Curse of dimensionality:
Need to adjust for multiple testing, e.g., 
control family-wise error rate or false 
discovery rate
Boon of parallelism:
Can borrow information from one gene to 
another
Just doing genewise analyses is not 
enough
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Truth-experiment to compare
different gene ranking methods

Identify DE genes using two cDNA arrays
(Jurkatt cell line vs Jurkatt/MCF7 mixture)
Compare to “truth” determined from 
independent run of 120 replicate arrays
using same 10.5k clone library (extracted 
from PMCI quality control runs)
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Numbers of false discoveries
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Platform comparisons:
A mixture experiment
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Compare Four Microarray Platforms

cDNA

Long Oligo

Agilent

Affymetrix

Two colour

Single channel
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Hybridizations

cDNA arrays, 10.5k human library, printed 
and hybridised at Peter Mac
long oligo arrays, 19.2k Compugen 70mer 
human library, printed and hybrised at 
Peter Mac
Agilent human 60mer arrays, hybridised at 
Peter Mac
Affymetrix arrays hybridised and scanned 
by Affymetrix
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Agilent inkjet technology
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Platform Comparisons

Usual approach is to try to match probes
across platforms
Probe matching is imperfect and often 
ambiguous
Can only test whether platforms agree, not 
which is more accurate

Our design gets around these issues
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Our Experiment

Designed to produce predictable 
behaviour for every probe on the arrays
Not necessary to know the “true” 
expression of any gene
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Made 6 mixtures of 2 cell lines
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For each platform,
hybridize mixtures to 12 arrays

Jurkatt

MCF7

24
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Theoretical log-ratios from arrays
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Fit Curve for each Gene

Match the best fitting curve to the 
expression profile for each gene
Gives an consensus estimate of the MCF7 
vs Jurkatt fold change
Variability of log-ratios around fitted curve 
give an estimate of the precision of the 
technology
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Non-linear regressions

log(Mixture / ) log( 1 )p p F p FJ c R c= + -

log(Mixture ) log( (1 ) )p F p F pc F c J= + -
For Affymetrix fit

Recover residual standard deviation and 
consensus ratio:

/p p pR F J=

Recover residual standard deviation and Rp

For two-colour platforms fit

Fp=MCF7 Jp=Jurkat
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3 actual genes (cDNA arrays)

lo
g-

ra
tio
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Correcting for gene-specific dye effects

30

Simple Comparison

Simple comparison between two RNA sources

A B Direct: one two-colour array

A B
Two single colour arrays

Ref A Indirect: two two-colour 
arrays, common referenceRef B
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95% intervals for log-ratio
supposing true fold change is 2

Results for typical gene
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Platform precision (simple comparison)
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Comparing Pre-processing Methods
for Affymetrix Chips

We used RMA (Robust Multichip Analysis) 
developed by Speed and co-workers to 
obtain expression values from Affy arrays
What if we had used Affymetrix’s own 
MAS 5 algorithm?
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95% intervals for log-ratio
supposing true fold change is 2

Results for typical gene
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PLIER vs RMA vs MAS 5

36

Platform concordance
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Matching Probes

Match probes across platforms using 
UniGene ID, where available (3600 genes)
On each platform, multiple probes may 
share the same UniGene ID – choose the 
probe with the highest expression level
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Heat maps with matched probes

 

    cDNA  Oligo          Agilent      Affymetrix 
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Pairs plot of estimated log-ratios

40

Decompose platform disagreements

2 2
1 2 1 2( ) var( ) var( ) BiasE P P P P- = + +

1P = estimated log-ratio from platform 1

2P = estimated log-ratio from platform 2
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cDNA vs Agilent

42

Conclusions

All four platforms are reasonably precise—
give reproducible results—although the 
commercial platforms are best
Estimating and removing gene-specific 
dye biases improves the precision of the 
two-colour platforms
The four platforms broadly agree
Almost all platform disagreement is due to 
systematic (sequence) differences, not to 
noise
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