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Lecture 1: The Structure of Affymetrix Data

• What are we trying to measure, and how?

• Mechanics – the data files produced and used

• Getting numbers: normalization and quantification
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The role of gene expression
Your genome consists of pairs of DNA molecules
(chromosomes) held together by complementary nucleotide
base pairs (in total, about 3× 109 base pairs). The structure
of DNA provides an explanation for heredity, by copying
individual strands and maintaining complementarity.

All of your cells contain the same genetic information, but
your skin cells are different from liver cells or kidney cells or
brain cells.

These differences come about because different genes are
expressed at high levels in different tissues.

So, how are genes “expressed”?
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The Central Dogma: DNA and Protein
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The Central Dogma: RNA
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The Central Dogma
DNA makes RNA makes protein

DNA – sequence

mRNA – sequence and abundance

protein – sequence, abundance and shape

Microarrays measure mRNA expression.

c© Copyright 2004-2007 Kevin R. Coombes and Keith A. Baggerly GS01 0163: ANALYSIS OF MICROARRAY DATA



INTRODUCTION TO MICROARRAYS 6

An idealized expression profile
If we could count the number of mRNA molecules from each
gene in a single cell at a particular time, we might get this:

But how do we make these measurements?
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How do microarrays work?
The biological principle involved is that sequences of DNA or
RNA molecules containing complementary base pairs have a
natural tendency to bind together.

...AAAAAGCTAGTCGATGCTAG...

...TTTTTCGATCAGCTACGATC...
If we know the target mRNA sequence we can build a probe
for it using the complementary sequence. The probe location
tells us the identity of the gene. Two variants are common:

• Reverse transcription from mRNA to cDNA

• Photolithographic synthesis of short subsequences (oligos)
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Hyb Pic 1

from Bioconductor, ENAR03 Workshop Slides
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Hyb Pic 2

from Bioconductor, ENAR03 Workshop Slides
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How do Affymetrix chips work?
In general, the probes are shorter than the genes. This is
driven by the manufacturing process.

Critical note: Different probes for the same gene have
different binding affinities. These affinities are unknown.
Thus, it’s difficult to say “gene A beats gene B”, as opposed to
“there’s more gene A here than there was there”. Microarrays
produce relative measurements of gene expression.
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How do we choose probes?
Given unknown affinities, we can provide some security by
using several different probes for the same gene, but the
optimal number is not clear. Sequential generations of Affy
chips have used 20, 16, and 11 probes.

Some further difficulties:

• some genes are short (overlap)

• genes have an orientation (3’ bias)

• the gene may not be what we think it is (DB evolution)

• probes can “cross-hybridize” to the wrong targets
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Perfect Match and Mismatch (Probe-Pairs)
PM: GCTAGTCGATGCTAGCTTACTAGTC
MM: GCTAGTCGATGCAAGCTTACTAGTC

Affymetrix has tried to control for cross-hybridization by
coupling multiple probes that should work paired with those
that shouldn’t. These are known as the Perfect Match (PM)
and Mismatch (MM) probes, and constitute “probe pairs”.
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