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Chips, or microarrays, are solid supports that have crosslinked probes of 
oligonucleotides in defined locations. The oligonucleotides hybridize (more or less) 
specifically with mRNA molecules from the fluorescent-labelled samples and thus 
have fluorescent spots. Since the location of the specific probes is known, the identity 
of the hybridized mRNA molecule can be inferred from the sequence of the probe. In 
this way spots are associated with genes. The intensity and color of fluorescence 
depends on the absolute and relative amounts of mRNA in the sample. In our 
example, a spot that contains more mRNA in the test sample (gene has been 
upregulated) will fluoresce red. 
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View of a “spotted array” image. This is the raw data from which microarray 
expression data are derived. 
Each spot provides an averaged view of the amount of mRNA that is present in the 
sample. 
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Microarray experiments have been almost completely replaced by RNAseq 
experiments. But these are very different types of data and they raise unique 
challenges. 
After sequencing samples and controls of suitably fragmented mRNA, reads are 
aligned to the reference genome. But to convert reads to counts of mRNA molecules, 
the probabilistic nature of the experiment has to be taken into account because reads 
are very much shorter than mRNA molecules. If we get two reads from different 
regions of an mRNA, does that mean there were two copies of the mRNA, or just 
one copy that was seen twice? And since the sampling is stochastic, most reads may 
come from a small number of highly expressed mRNAs – after all, the range of 
concentrations of individual mRNA molecules in the cell spans 5 to 7 orders of 
magnitude! Moreover the length of mRNA molecules can vary by 2 orders of 
magnitude and that significantly influences the probability of observing reads. 
Bottom line: technology is needed to convert reads to counts. 
 
 



The frist step of converting reads to counts is to align them to the genome and 
identify the gene they came from. 
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Aligned reads are stored in SAM (or BAM) files. 
BED files are often used to specify regions of interest in a SAM/BAM file. 
They contain Chromosome name, start, end and other annotation. and thus can be 
used to define complex subsets of a genome. 
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Alignment viewers give an overview of the alignment process. 
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After alignment, software exists to convert the mapped reads to counts. Different 
units are in use: 
FPKM incorporates a probabilistic model to reduce reads to transcripts. This is good 
for calculating fold- changes of expression levels. It is a robust, widely accepted 
measure. The cuffliknks program and other tools in the widely used Tuxedo suite use 
FKPM. 
Raw counts can feed into a number of different statistical procedures, which is 
important for the expert. They allow for more sophisticated experimental design and 
analysis. Raw counts are used by DEseq and edgeR. 
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The GEO database at the NCBI hosts Microarray and RNA seq expression data. 
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The European source for expression data is the EBI Expression Atlas. 
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