What you still might want to know about
microarrays
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Brief history

Late 1980s: Lennon, Lehrach: cDNAs spotted on nylon membranes

1990s: Affymetrix adapts microchip production technology for in situ
oligonucleotide synthesis (commercial, patent-fenced)

1990s: Brown lab in Stanford develops two-colour spotted array
technology (open and free)

1998: Yeast cell cycle expression profiling on spotted arrays
(Spellmann) and Affymetrix (Cho)

1999: Tumor type discrimination based on mRNA profiles (Golub)
2000-ca. 2004: Affymetrix dominates the microarray market
Since ~2003: Nimblegen, lllumina, Agilent (and others)
Throughout 2000‘s: CGH, CNVs, SNPs, ChlIP, tiling arrays

Since ~2007: 2nd-generation sequencing (454, Solexa)



Oligonucleotide microarrays

1.28 cm

B

Actual size of
GeneChip*® array

Millions of DNA strands built up in each location "

%'

5 um, 25602 = 6.5 Mio features Actual strand = 25 base pairs



Base Pairing

I-( Adenine Thymine
Cytosine

Guanine

Ability to use hybridisation for constructing specific +
sensitive probes at will is unique to DNA (cf. proteins,
RNA, metabolites)



Oligonucleotide microarrays

Hybridized Probe Celi
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GeneChip
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Target - single stranded cDNA

oligonucleotide probe— //

Sum
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a specific
oligonucleotide

probe molecule per
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Probe sets

GeneChip® Expression Array Design

mRNA reference sequence

s RS Spaced DNA probe pairs
Reference sequence o7 \

$

- TGTGATGGTGGGAATGGGTCAGAAGGACTCCTATGTGGGTGACGAGGCC ---

J—TTACCCAGTCTT@C!bTGAGGATACACCCAC Perfect Match Oligo
| TTACCCAGTCTTIGCTGAGGATACACCCAC Mismatch Oligo

| S—

f

e Perfect match probe cells
Fluorescence Intensity Image /

N
Mismatch probe cells

Figure 1-3 Expression tiling strategy




Terminology for transcription arrays

Each target molecule (transcript) is represented by
several oligonucleotides of (intended) length 25
bases

Probe: one of these 25-mer oligonucleotides

Probe set: a collection of probes (e.g. 11) targeting
the same transcript

MGED/MIAME: ,,probe* is ambiguous!

Reporter: the sequence

Feature: a physical patch on the array with
molecules intended to have the same reporter
sequence (one reporter can be represented by
multiple features)



Image analysis

» several dozen
pixels per feature

* segmentation

« summarisation into
one number
representing the
intensity level for
this feature

- CEL file




uarray data

arrays:
probes =
gene-specific
DNA strands
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samples:
MRNA from
tissue
biopsies,
cell lines

uarray data

arrays:
probes =
gene-specific
DNA strands
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arrays:
probes =
gene-specific
DNA strands



samples:
MRNA from
tissue
biopsies,
cell lines

uarray data

fluorescent detection

of the amount of

sample-probe binding

tissue A tissue B tissue C
ErbB2 0.02 1.12 212
ViM 1.1 5.8 1.8
ALDH4 2.2 0.6 1.0
CASP4 0.01 0.72 0.12
LAMA4 1.32 1.67 0.67
MCAM 4.2 2.93 3.31

arrays:
probes =
gene-specific
DNA strands



Microarray
Infrastructure in
Bioconductor



Platform-specific data import and initial processing

Affymetrix 3’ IVT (e.g. Human U133 Plus 2.0, Mouse 430 2.0):
affy

Affymetrix Exon (e.g. Human Exon 1.0 ST):
oligo, exonmap, xps

Affymetrix SNP arrays:
oligo

Nimblegen tiling arrays (e.g. for ChlP-chip):

Ringo

Affymetrix tiling arrays (e.g. for ChiP-chip):
Starr

lllumina bead arrays:
beadarray, lumi

http://www.bioconductor.orq/docs/workflows/oligoarravs


http://www.affymetrix.com/estore/browse/products.jsp?productId=131455&categoryId=35760
http://www.affymetrix.com/estore/browse/products.jsp?productId=131455&categoryId=35760
http://www.affymetrix.com/estore/browse/products.jsp?productId=131477&categoryId=35924
http://www.affymetrix.com/estore/browse/products.jsp?productId=131477&categoryId=35924
http://www.bioconductor.org/docs/workflows/oligoarrays/
http://www.bioconductor.org/docs/workflows/oligoarrays/

Flexible data import

Using generic R |I/O functions and constructors

Biobase
1 imma

Chapter Two Color Arrays in the useR-book.
limma user guide



Normalisation and quality

assessment
preprocessCore
1l imma
vsSin

arrayQualityMetrics



NChannelSet

assayData can contain N=1, 2, ..., matrices of the same size

phenoData
(AnnotatedDataframe)
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Annotation / Metadata

Keeping data together with the metadata (about reporters,
target genes, samples, experimental conditions, ...) is one
of the major principles of Bioconductor

¢ avoid alignment bugs
e facilitate discovery

Often, the same microarray design is used for multiple
experiments. Duplicating that metadata every time would be
inefficient, and gene annotation for reporters can get out of
date =

instead of featureData, just keep a pointer to an
annotation package.

(In principle, one could also want to do this for samples.)



Annotation infrastructure for
Affymetrix

For affy:

hgul33plus2probe nucleotide sequence of
the features (for preprocessing e.g. gcrma; for
own annotation)

hgul33plus2cdf maps the physical features
on the array to probe sets

hgul33plus2.db maps probe sets to target
genes and provides target gene annotation
collected from public databases



Genotyping

crlmm Genotype Calling (CRLMM) and Copy Number

Analysis tool for Affymetrix SNP 5.0 and 6.0 and
lllumina arrays.

snpMatrix

.... others See also:

Genome-wide association study of CNVs in
16,000 cases of eight common diseases and
3,000 shared controls, The Wellcome Trust
Case Control Consortium, Nature 464 (2010),
p. 713-720(Box 1).



http://www.nature.com/nature/journal/v464/n7289/full/nature08979.html
http://www.nature.com/nature/journal/v464/n7289/full/nature08979.html
http://www.nature.com/nature/journal/v464/n7289/full/nature08979.html
http://www.nature.com/nature/journal/v464/n7289/full/nature08979.html
http://www.nature.com/nature/journal/v464/n7289/full/nature08979.html
http://www.nature.com/nature/journal/v464/n7289/full/nature08979.html

Gene expression
analysis with
microarrays



Microarray Analysis Tasks

Data import
reformating and setup/curation of the metadata

Normalisation
Quality assessment & control

Florian Hahne Hubs
Robert Gentleman - Seth Fakor

Differential expression

Using gene-level annotation
Gene set enrichment analysis

Clustering & Classification

Integration of other datasets



» What is wrong with microarray data?

Many data are measured in
definite units:

 time in seconds

* lengths in meters

e energy in Joule, etc.

Climb Mount Plose (2465 m) from
Brixen (559 m) with weight of
76 kg, working against a
gravitation field of strength
9.81 m/s?:

(2465 - 559) - 76 - 9.81 m kg m/s?
=1 421 037 kg m2s-
=1421.037 kJ



» What is wrong with microarray data?

Many data are measured in
definite units:
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e energy in Joule, etc.

Climb Mount Plose (2465 m) from
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76 kg, working against a
gravitation field of strength
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= 1 421 037 kg m2 s-2
= 1 421.037 kJ



A complex measurement process lies between
MRNA concentrations and intensities

o RNA
degradation

o amplification
efficiency

O reverse
transcription
efficiency

o hybridization
efficiency and
specificity

o labeling
efficiency

o quality of actual
probe sequences

(vs intended)

o scratches and
spatial gradients

on the array

o cross-talk
across features

O Cross-
hybridisation

o optical noise

o image
segmentation

o signal
quantification

o signal
"preprocessing”



A complex measurement process lies between

MRNA concentrations and intensities

o RNA o quality of actual o image
degradation probe sequences segmentation
0 ¢

eff

The problem is less that these
steps are ‘not perfect’; it is that

or

tra they vary from array to array,
eff experiment to experiment.

ol

eff

SPLerrrery

o labeling o optical noise

efficiency



Background signal and
non-linearities



“mild” non-linearity
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Log,, Observed

» ratio compression
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Preprocessing Terminology

Calibration, normalisation: adjust for systematic drifts
associated with dye, array (and sometimes position
within array)

Background correction: adjust for the non-linearity at the
lower end of the dynamic range

Transformation: bring data to a scale appropriate for the
analysis (e.g. logarithm; variance stabilisation)

Log-ratio: adjust for unknown scale (units) of the data

Existing approaches differ in the order in which these
steps are done, some are exactly stepwise (,,greedy*),
others aim to gain strength by doing things
simultaneously.



Statistical issues




log10(R)

» Which genes are differentially transcribed?

sdame-same

log10(G)



» Which genes are differentially transcribed?

same-same tumor-normal

log10(R)

log10(G)























































































































































































