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An introduction to Removing Unwanted
Variation (RUV) with negative controls

Terry Speed, Walter & Eliza Hall Institute of Medical Research, Australia
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I'll begin discussing the simplest version of our approach, RUV-2, which was introduced in a 2012 paper
(PMID: 22101192). This will be illustrated with gene expression data from microarrays and RNA-seq. After
showing some limitations to RUV-2, I'll explain and illustrate RUV-4, which improves on RUV-2 in most
respects, see http://statistics.berkeley.edu/tech-reports/820). Here we see an interesting connection to
generalized least squares. I'll also discuss the question of what are good negative controls, and how one finds
them in different contexts. All of the foregoing applied to analyses using a standard linear model, estimating
the usual parameter beta while dealing with what people call batch effects, but which we view more generally
as unwanted variation. The next step will be to show how replicates can be viewed as another source of
information on unwanted variation (by taking differences), and how we get extra value when we have both
replicates and negative controls. This connects us with the broad topic in the omics literature of
normalization. After this I'll discuss the modifications to our approach that are necessary when the statistical
goals include classification, clustering or correlating, as always, in the presence of unwanted variation. Along
the way, I'll be drawing attention to ways in which we assess the effectiveness of our removal of unwanted
variation, and illustrate with examples from the omics. If time permits, I’ll mention the connection between
our work and the use of instrumental variables in econometrics.

This workshop is based on joint work with Johann Gagnon-Bartsch of the University of Michigan, and Laurent
Jacob of the CNRS, Lyon.



