Quality control of microarrays




Different levels of quality control

* Array level
— Assess each spot and surroundings

— Making plots before and after preprocessing
of arrays

 Experiment level

— Comparing all arrays to identify outliers and
batch effects




Overview

Image analysis
Assessing measured signals

Visual inspection of Iimages and spatial
plots

Choice of Signal




Result from scanning

Spot color Signal strength Gene expression

yellow Control = perturbed unchanged




Processing of images

e Addressing or gridding
— Assigning coordinates to each of the spots

e Segmentation

— Classification of pixels either as foreground or as
background

 |ntensity extraction (for each spot)
— Foreground fluorescence intensity pairs (R, G)
— Background intensities
— Quality measures




Addressing and gridding

e The basic structure Is
known from the
oroducer

e Parameters:

— The overall position of
the array in the image

— Separation between
rows and cols of grids

— Separation between
rows and cols of spots
within each grid




Segmentation

e Segmentation methods :
— Fixed circle segmentation

— Adaptive circle
segmentation

— Adaptive shape
segmentation



Intensity extraction

e The total amount of hybridization for a spot
IS proportional to the total fluorescence at
the spot

e Spot intensity = sum of pixel intensities
within the spot mask

e To create ratios we can either use
— Sum of pixel intensities within the spot mask
— Mean of pixel intensities within the spot mask

— Median of pixel intensities within the spot
mask




Background intensity

e Motivation : spot’s measured intensity includes a
contribution of non-specific hybridization and other
chemicals on the glass

« Estimation of background intensity :
Local background, global background, negative controls

o O .
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o Some findings suggests that the binding of fluorescent

dyes to ‘negative control spots’ is lower than the binding
to the glass slide




Quality measures of signals

How good are foreground and background
measurements ?

— Spot size

— Circularity measure

— Uniformity

— Population outlier

— Spot intensity relative to background

Based on these measurements, one can flag a spot

Different image softwares have different measures
that is uses to flag potential unreliable spots




Steps In quality control at

array level
* Probe level
— Quality of expression levels of a particular
spots
* Array level

— Quality of expression levels of one array




Visual inspection

e Look for scratches and artefacts

— Uneven background or forground, areas
without hybridisation, ghosts



















Spatial plots

 Examples
— Background
— Forground
— Flags
— Differential expression






















Choice of signal

* Forground signal vs Bg-subtracted signal

 Median vs Mean
— Plot median vs mean signal




Background correction

Assumption for background subtraction is that
background is additive

Reduces spacial bias — increases variance

Estimated background depends on method
used. Gene pix and Feature Extraction use
different methods.

The decision to implement BS plays an
Important role in identifying differentially
expressed genes.

The decision of whether to perform BS has been
largely a matter of personal preference with few
guidelines for determining when BS is
appropriate




Diagnostic plots

ROBERT B. SCHARPF et al. Biostatistics. 2006




Summary

* Helps to have knowledge of how particular
Image analysis software works

— In particular which methods are used for signal
extraction

— Which spot quality checks are done (flags), as this
can be used to improve the overall quality of the array

during preprocessing
* Visual inspection of scan image(s) and plots of

spacial distribution of signals may help identify
problem arrays

 Decision of whether to subtract background or
not Is Important for the identification of
differentially expressed genes



