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The Role of “Master Regulators” in Gene
Mutations and Disease
Researchers identify key proteins that help establish cell function

Researchers at the University of California, San Diego School of Medicine have developed a

new way to parse and understand how special proteins called “master regulators” read the

genome, and consequently turn genes on and off. 

Writing in the October 13, 2013 Advance Online Publication of Nature, the scientists say their

approach could make it quicker and easier to identify specific gene mutations associated with

increased disease risk – an essential step toward developing future targeted treatments,

preventions and cures for conditions ranging from diabetes to neurodegenerative disease.   

“Given the emerging ability to sequence the genomes of individual patients, a major goal is to

be able to interpret that DNA sequence with respect to disease risk. What diseases is a person

genetically predisposed to?” said principal investigator Christopher Glass, MD, PhD, a professor

in the departments of Medicine and Cellular and Molecular Medicine at UC San Diego.

“Mutations that occur in protein-coding regions of the genome are relatively straight forward,

but most mutations associated with disease risk actually occur in regions of the genome that

do not code for proteins,” said Glass. “A central challenge has been developing a strategy that

assesses the potential functional impact of these non-coding mutations. This paper lays the

foundation for doing so by examining how natural genetic variation alters the function of

genomic regions controlling gene expression in a cell specific-manner.”

Cells use hundreds of different proteins called transcription factors to “read” the genome,

employing those instructions to turn genes on and off. These factors tend to be bound close

together on the genome, forming functional units called “enhancers.” Glass and colleagues

hypothesized that while each cell has tens of thousands of enhancers consisting of myriad

combinations of factors, most enhancers are established by just a handful of special
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transcription factors called “master regulators.” These master regulators play crucial, even

disproportional, roles in defining each cell’s identity and function, such as whether it will be a

muscle, skin or heart cell.

“Our main idea was that the binding of these master regulators is necessary for the co-binding

of the other transcription factors that together enable enhancers to regulate the expression of

nearby genes,” Glass said.

The scientists tested and validated their hypothesis by looking at the effects of approximately 4

million DNA sequence differences affecting master regulators in macrophage cells in two

strains of mice. Macrophages are a type of immune response cell. They found that DNA

sequence mutations deciphered by master regulators not only affected how they bound to the

genome, but also impacted neighboring transcription factors needed to make functional

enhancers.

The findings have practical importance for scientists and doctors investigating the genetic

underpinnings of disease, said Glass. “Without actual knowledge of where the master regulator

binds, there is relatively little predictive value of the DNA sequence for non-coding variants.

Our work shows that by collecting a focused set of data for the master regulators of a particular

cell type, one can greatly reduce the ‘search space’ of the genome in a particular cell type that

would be susceptible to the effects of mutations. This allows prioritization of mutations for

subsequent analysis, which can lead to new discoveries and real-world benefits.”
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