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Many previous studies have shown that by using variants of “guilt-by-association”, gene function 
predictions can be made with very high statistical confidence. In these studies, it is assumed that the 
“associations” in the data (e.g., protein interaction partners) of a gene are necessary in establishing 
“guilt”. In this work, we show that multifunctionality, rather than association, is a primary driver of 
gene function prediction. We first show that knowledge of the degree of multifunctionality alone 
can produce astonishingly strong performance when used as a predictor of gene function. We then 
demonstrate how multifunctionality is encoded in gene interaction data (such as protein interactions 
and coexpression networks) and how this can feed forward into gene function prediction algorithms. 
We find that high-quality gene function predictions can be made using data that possesses no 
information on which gene interacts with which. By examining a wide range of networks from 
mouse, human and yeast, as well as multiple prediction methods and evaluation metrics, we provide 
evidence that this problem is pervasive and does not reflect the failings of any particular algorithm 
or data type. We propose computational controls that can be used to provide more meaningful 
control when estimating gene function prediction performance. We suggest that this source of bias 
due to multifunctionality is important to control for, with widespread implications for the 
interpretation of genomics studies.


