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For over a decade now, normalization of transcriptomic, genomic 
and more recently metabolomic and proteomic data has been 
something you do to “raw” data to remove biases, technical 
artifacts and other systematic non-biological features. These 
features could be due to sample preparation and storage, 
reagents, equipment, people and so on. It was a “one-off” fix to 
what I’m going to call removing unwanted variation. Since around 
2007, a more nuanced approach has been available, due to JT 
Leek and J Storey (SVA) and O Stegle et al (PEER). These new 
approaches do two things differently. The first is that they do not 
assume the sources of unwanted variation are known in advance, 
they are inferred from the data. And secondly, they deal with the 

unwanted variation in a model-based way, not “up front.” That is, 
they do it in a problem-specific manner, where different inference 
problems warrant different model-based solutions. For example, 
the solution for removing unwanted variation in estimation not 
necessarily being the same as doing for prediction. Over the last 
few years, I have been working with Johann Gagnon-Bartsch and 
Laurent Jacob on these same problems through making use of 
positive and negative controls, a strategy which we think has 
some advantages. In this talk I’ll review the area, and highlight 
some of the advantages of working with controls. Illustrations will 
be from microarray, mass spec and RNA-seq data.
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Scientists have now mapped the human genome - the next 
frontier is understanding human epigenomes; the ‘instructions’ 
which tell the DNA whether to make skin cells or blood cells or 
other body parts. Apart from a few exceptions, the DNA sequence 
of an organism is the same whatever cell is considered. So why 
are the blood, nerve, skin and muscle cells so different and what 
mechanism is employed to create this difference? The answer lies 
in epigenetics. If we compare the genome sequence to text, the 

epigenome is the punctuation and shows how the DNA should 
be read. Advances in DNA sequencing in the last 5-8 years have 
allowed large amounts of DNA sequence data to be compiled. 
For every single reference human genome, there will be literally 
hundreds of reference epigenomes, and their analysis will occupy 
biologists, bioinformaticians and biostatisticians for some time 
to come. In this talk I will introduce the topic and the data, and 
outline some of the challenges.
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