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Overview of the presentation

1. Image analysis 

2. Quality Control (QC)– general concepts 

3. Examples:
• QC of Illumina arrays
• QC of Agilent arrays

4. Outlier detection – QC on between-arrays level
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Image analysis
• Results from scanning: 
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repressedControl > perturbedgreen

inducedControl < perturbedred

unchangedControl = perturbedyellow

Gene expressionSignal strengthSpot color



Processing of images

• Addressing or gridding
– Assigning coordinates to each of the spots

• Segmentation
– Classification of pixels either as foreground or 

as background
• Intensity extraction (for each spot)

– Foreground fluorescence intensity pairs (R, 
G)

– Background intensities

– Quality measures
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Addressing and gridding

• The basic structure is 
known from the producer

• 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
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Segmentation

• Segmentation methods :
– Fixed circle 

segmentation
– Adaptive circle 

segmentation
– Adaptive shape 

segmentation
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Intensity extraction I

• The total amount of hybridization for a spot is 
proportional to the total fluorescence at the spot

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

• 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
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Intensity extraction II

• For most commercial platforms the software 
extracts signals and digitalize signal intensities
automatically

• For other platforms/scanners it is wise to do a 
manual visual inspection of spots, and output 
values to ensure good quality data
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Visual inspection of images
m
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Background intensity

• 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

• Some findings suggests that the binding of fluorescent 
dyes to ‘negative control spots’ is lower than the binding 
to the glass slide
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Why quality control?

• Many steps that influence the data:
– Sampling
– Extraction
– Labelling
– Hybridization
– Scanning
– Extraction of data

• Are we measuring biological differences? Or other
technical differences? 

• Are the arrays uniform enough to compare against each
other?
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Levels of quality control

• Array level
– Assess each spot and surroundings. Quality of 

expression levels of a particular spot
– Control spots
– Spike ins
– Flags
– Uniformity between probes of the same type

• Experiment level
– Comparing all arrays in the experiment to identify 

outliers and batch effects
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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
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Flags
• Flagging is used to mark spots, probes, etc that should 

be paid attention to, have bad quality
• Automated process for commercial platforms

– Yes/no
– thresholds

• Custom platform: more manual process
• Different types of flags

– Spot size
– Circularity
– Uniformity
– Signal strength

• Flags used to filter data and remove bad spots
– Don’t flag too many spots!! Be discerning!

m
icroarray.no



Different controls on the array

• Process-controls
– Labelling controls, several steps

– Hybridization controls (stringency controls)

• Positive and negative control spots
– Grid control (positive spots)

– Background controls (negative/empty spots)

m
icroarray.no



Spots used for placing grid



Spike ins

• RNA Spike-ins are positive controls for monitoring the 
microarray workflow from sample amplification and 
labeling to microarray processing

• RNA optimized to anneal to their complementary probes 
on the microarray, platform specific kits

• Amplified and labeled together with RNA, known 
concentrations
– You have to add it yourself!

• Confidence in the experimental data is increased when it 
is compared to control transcripts of known 
concentrations and ratios

• Help in normalizing data
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Spike-ins used in QC



Summary I

• 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
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Summary II
• Quality control of microarrays

– Array level
• Spot quality
• Control spots
• Flags

– Experment level
• Next presentation!
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