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The term “master regulator” or “master regulatory gene” was first coined by Susumu Ohno
over 30 years ago for a “gene that occupies the very top of a regulatory hierarchy,” which,
“by its very definition should not be under the regulatory influence of any other gene” [1].
While this term was originally proposed to hypothesize a sex determination mechanism, it
was subsequently extended to other disciplines to describe the hierarchy of cell specification
in yeasts [2,3], Drosophila [4,5] and plants [6]. Although sex determination could
conceivably be imagined to be independent of prior regulatory influences, cell type
specification clearly requires some sort of prior regulatory influence, and although “other
genes” per se might not have been imagined upstream in the earliest usages of the term, as
mechanisms of transcriptional control of development were revealed, this original concept
of a gene with nothing upstream was forgotten. However the term “master regulator” stayed
attached to these earliest developmental specification factors. The meaning evolved to
connote governance over a developmental lineage, but without a proper definition as to what
sort of governance specifically was referred to. If any gene that is necessary for the
establishment of a given lineage is a master regulator, then the genome might have more
masters than servants. On the other hand, if the term master can only be applied when a
single unique factor governs a specific lineage, then almost no lineages might qualify to
have a master regulator. Use of the term is increasing: Google Scholar identifies 139
publications containing the phrase “master regulator” from 1997 and slightly over 7,000
from 2012. Tracking the presence of the term “master regulator” within all publications that
mention the term “regulator” over the past decade and a half demonstrates further how
popular the term has become (Figure 1), perhaps to the detriment of scientific clarity. Given
that the term is not likely to go away, it would be valuable to agree on parameters of
definition that would incorporate the current general sense of meaning, but also provide
specificity.

The current vogue for reprogramming, i.e. converting one lineage in development into
another or one cell type into another, by overexpression of a transcription factor, provides a
useful metric. We propose that the best interpretation of the term master regulator is a gene
that is expressed at the inception of a developmental lineage or cell type, participates in the
specification of that lineage by regulating multiple downstream genes either directly or
through a cascade of gene expression changes, and critically, when misexpressed, has the
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ability to respecify the fate of cells destined to form other lineages. This may be most easily
tested by ectopic overexpression during embryonic development. The concept of
respecification is critical as it provides a distinction between a master and a mere
administrator. A master can force cells doing something else to drop what they are doing
and attend to a new task, whereas an administrator has little authority outside of their own
department.

The classic example of cellular reprogramming by a master regulator is that accomplished
by the myogenic transcription factor MyoD [7]. In fact, MyoD was initially identified by the
discovery that it converted fibroblasts into myoblasts [8,9]. The extraordinary
reprogramming ability of MyoD was further demonstrated in subsequent reports, which
showed that it was able to reprogram cell types derived from other non-mesoderm germ
layers such as neural and liver cells to acquire a myogenic phenotype [10]. Another example
of a master regulator is the hematopoietic transcription factor SCL. Not only does it play a
critical early role in the specification of the hematopoietic lineage [11,12], but ectopic
expression of SCL in zebrafish embryos can convert non-hematopoietic tissues into
hematopoietic precursors [13].

It is important to emphasize that the absence of a particular lineage resulting from a
knockout does not entitle the factor in question to be a master regulator under this definition.
A prime example is the transcription factor Mesp1. Mesp1 is expressed in nascent
mesoderm early during embryo development, and fate-mapping studies showed that Mesp1-
expressing progenitors establish all cardiac lineages [14]. The knockout of Mesp1 caused
lethal cardiac defects in embryos [15] and Mesp1;Mesp2-null cells had no contribution to
cardiac tissues in a chimeric mouse analysis [16]. These observations, together with the
report that Mesp1 induced the expression of many cardiogenic transcription factors in vitro,
encouraged the notion that Mesp1 is the master regulator of cardiac specification [17].
However, overexpression of Mesp1 alone is insufficient to reprogram fibroblasts into
cardiomyocytes [18], and Mesp1 is dispensable in many such cellular reprogramming
cocktails [18-20]. It is thus difficult to reconcile these results with the expected properties of
a master regulator. We have recently demonstrated that, instead of solely regulating cardiac
specification, Mesp1 actually patterns mesoderm into multiple lineages in a context-
dependent manner [21]. In early mesoderm, Mesp1 induction leads to a hematopoietic fate,
while slightly later, depending on the signaling environment, a cardiac or skeletal myogenic
phenotype will be acquired. Furthermore, Mesp1-expressing progenitors mark functional
adult hematopoietic and muscle stem cells, and Mesp1-null embryos have defects in yolk
sac hematopoiesis [21]. These observations thus strongly argue against the concept of
Mesp1 as the master regulator of the cardiac lineage. Nonetheless, it remains possible that
Mesp1 is a general mesoderm master regulator.

Recent years have witnessed tremendous excitement in the field of cellular reprogramming,
with many investigators pursuing the goal of generating scarce cell types for potential
clinical applications. While identifying the master regulators for cell specification is of
paramount interest, the ambiguity of the usage of this terminology has provoked confusion,
and in some cases hampered progress. For these reasons, it would be valuable to come to a
consensus on appropriate usage, and we propose that the definition suggested herein both
encompasses the general sense of current common usage of the term and provides
meaningful limitations on its application.
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Figure 1. Frequency of the term “master regulator” within publications that contain the term
“regulator”
The number of publications mentioning the term “master regulator” is increasing
exponentially, but the exponential increase in the total number of publications makes this
true of most words. However, by normalizing to the number of publications that mention the
term “regulator”, a trend to increased usage of “master regulator” becomes apparent. Data
source: Google Scholar.
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