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DNA Microarrays

Paradigm of High Throughput Technologies

Yield concentration measurements for : genes, SNP,
exons, mRNA ...

Measure ells 1n different biological conditions
In a genomic scale

Allow us conducting biological experiments

So... How do they work?



Central Dogma of Molecular Biology

For a cell,
at a particular time,
thousands of mMRNA
are created and sent
out of the nucleus to
be translated into
proteins.

Mucleus

Cytoplasm

Protein concentration
regulates biological

Protein - Systems

Ribosome
Translation




Determined the sequences that make up
human genome.

Gene 1

Identified the sequence of all genes,
transcripts, exons, SNP...

Gene 2
-

So the COMPLEMENTARY probes can
be build up into the array glass surface.

Genes




DNA Microarrays

Actual size of
GeneChip~ array

Millions of DNA strands built up in each location

500,000 locations on each GeneChip* array
Actual strand = 25 base pairs



We want to know which
genes are expressed
under particular biological
conditions.

We can extract

all mRNA molecules
that are being translated
within the cells

and provide an expression level
indicator of its concentration in the
biological sample.



RNA Extraction
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Labelling the Sample




Hybridization

~ RNA fragment hybridizes with DNA




Expression Measurement

Shining a laser light at GeneChipe array causes tagged DNA fragments that hybridized to glow If the fluorescent label

Is attached to one
spot we know that the
particular
complementary gene
transcript was present

In our cell sample.

The greater the
fluorescence the
greater the
concentration of
the transcript.

Hybridized DNA



Scanning the Microarray

Measuring

the intensity of the s\ . W
fluorescence in -~ > "“ “\ > egeta

each spot measu[re.mept of the
hybridization in
each spot of the
microarray




The Data

For each biological
sample (individual)

We get intensity
measurements for
thousands of
genetic transcripts.

The measured intensity
IS used as an indicator
of gene expression.
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Data Matrix

Gene 1
Gene 2
Gene 3
Gene 4
Gene 5
Gene 6
Gene 7
Gene 8
Gene 9
Gene 10
Gene 11
Gene 12
Gene 13
Gene 14
Gene 15
Gene 16

Array 1
5.53
7.07
6.05
742
71.77
9.47
8.58
7.14
9.62
5.45
10.27

5.7
9.25
11.5
7.79
6.98

Array 2
5.66
714
5.33
/.02
7.83
9.43
8.67

7.3
9.62
5.53

10.75
5.3
9.19

11.51
7.91
6.93

Array 3
5.52
7.05
5.35
/.02
7.79
9.34
8.52
7.19
9.22
5.3
10.41
5.59
9.24
11.35
7.76
6.91

Array 4
5.69
7.19
5.07
7.04
7.75
9.37
842
7.27
9.44
5.35

10.45
5.58
8.78

11.36
7.82
7.04

Array 5
5.62
7.05
5.29
7.22
1.77
9.44
8.52
7.32
9.16
5.44
10.3
5.67
8.86
11.25
7.74
6.8



Single channel hybridization.

= Each slide is hybridized with a single biological sample
labelled with a unique dye.

= Measured fluorescent intensities ideally represent
molecule abundance in the sample.

= Most new technologies follow this approach: Affymetrix,
Agilent, Codelink.



Two different
biological samples
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labelled
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Gene 13 12.79
Gene 14 13.61
Gene 15 13.32
Gene 16 12.5

g™ ™
Wt d B Wik on el oa s Gene 17 13.13
Gene 18 13.74
) fwm dauwas B e R R Gene 19 B.52
it ] Gene 20 9.99
T EERL" sdaasos ne

-l'nt_tallunll

Hybridized in the
same slide

Gene 12
I Gene 13
B Gene 14
Gene 15
| Gene 16
Gene 17
Gene 18
Gene19

Copyripght 4% 1919 bry Junsmy Fullsr Gene 20




Competitive hybridization

= Each slide 1s hybridized with a two biological samples
each labelled with a different dye.

= Log ratios of the two colour intensities 1deally represent
the relative abundance of the transcripts in one sample
compared to the transcripts in the other one.



A Noisy Process

+ intensity [> + hybridization [> + DNA/RNA concentration in the sample

But there is always
* noise from technical irregularities
» that produces signal effects not due to biological reasons

Background effects Scale variability
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Each spot in the array 1s measured in its own scale:

with different origin of the measurements

with different unit of change
Problems may arise when comparin%v
spots within the same array /

the same spot between arrays

900 000
o900




Objective

= Achieve a measurement scale such that:
= has the same origin (zero or other) for all spots
= uses the same unit for all spots and microarrays

= has a linear relationship with the DNA/RNA biological
= has good statistical properties (good for future analyses)

= Deal with the particular characteristics of each platform

and experiment

= Colour differences

= Reference sample

=  Summarize information of each gene
= Affymetrix PM-MM



Hypotheses (biological)

Most normalization methodologies make two major
assumptions about the data.

= When comparing different samples, only few genes are over-
expressed or under-expressed in one relative to the others.

= The number of genes over-expressed in a condition 1s similar to
the number of genes under-expressed.

This assumptions should agree with your experimental
context.

They mean that no overall pattern should be 1n your data.



Normalization Steps

Background Correction

Within Array Correction - Dye bias correction

Between Array Scaling - Normalization

Feature Summarization



Background Correction

=  Applied to each intensity channel separately
BT "SRRG - R

= Depends on the technology

RMA: (robust multiarray average)

Observed Intensity = Background + Signal
(Normal dist.) (Exp. dist.)

Affymetrix:

* N0 space between spots
* local background estimation

* MM probes to control crosshybridization

Observed background intensities (HGMP 2b Cy5)

Agilent, GenePix, spotted arrays :
e inter spot gaps

 background estimation for each feature
« Background subtraction (or half)

o




Just for two color arrays (Agilent, GenePix)

Provide a unique measurement for each feature log ratio

: Gene! 658 Gene1  -6.98
ene p

Gene 3 665 Gene 2 0.19
B Gene 4 8.01 Gene 3 -1.66
i Gene 5 8.59 Gene 4 -0.24
Gene8 943 Gene5  -1.07
Gene7 1144 Gene®  -1.57

x Gene 8 12.08
W ceneg 1257 Gene 7 -0.27
Gene 10 76 Gene 8 -0.52
Gene 11 10.89 Gene 9 -0.07
£ Gene12 1173 Gene 10 .54

Gene 13 12.48
Gene1d 1361 Gene 11 -0.14
Gene15 1345 Gene 12  0.37
7.53 Gene 16 1204 Gene 13 -0.01
8.38 Gene 17 1341 Gene 14 0.04
7.9 Gene 18 1377 Gene 15 0.34

976 Gene 19 7.68
9.45 Gene 20 92 Gene 16 -3.21
10.29 Gene 17 -0.08
12 Gene 18 -0.18
12.48 Re d Gene 19 0.2
1281 Gene 20  0.23

log

11.19 2

Green
1279

Gene 14 13.61

Gene 15 13.32

Gene 16 125

Gene 17 1313

Gene 18  13.74

Gene 19 8.52

Gene 20 9.99




Just for two color arrays (Agilent, GenePix)
Provide a unique measurement for each feature log ratio
Correct dye-bias. Example: loess normalization (MA plots)

R

log R+1log G

:log\/R-G

M=1log R—logG=log

-1

-3 -z




Within Array Correction

= Just for two color arrays (GenePix)
= Provide a unique measurement for each feature log ratio

= Correct dye-bias. Example: print tip loess normalization (MA plots)

M=log R—logG=log g A= log R+log &

4 mm

=10g\/R-G
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Between Array Scaling

Usually just a scale transtormation

Example: quantile normalization

PM intensities of the raw data Processed Intensities

Tissue2 CEL Tissuel.CEL



Feature Summarization

Remove control spots and non biological features

Summarize all probes from the same gene into a unique
signal.

Usually signal averagin.

There 1s a choice of the universe of features left for the
analysis

Steps not always in this order
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