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ABSTRACT  Induced pluripotent stem cell (iPSC) technology is a promising approach for convert-

ing one type of a differentiated cell into another type of differentiated cell through a pluripotent

state as an intermediate step. Recent studies, however, indicate the possibility of directly

converting one cell type to another without going through a pluripotent state. This direct

reprogramming approach is dependent on a combination of highly potent transcription factors for

cell-type conversion, presumably skipping more physiological and multi-step differentiation

processes. A trial-and-error strategy is commonly used to screen many candidate transcription

factors to identify the correct combination of factors. We speculate, however, that a better

understanding of the functional mechanisms of exemplary transcriptional activators will facilitate

the identification of novel factor combinations capable of direct reprogramming. The purpose of

this review is to critically examine the literature on three highly potent transcriptional activators:

the herpes virus protein, VP16; the master regulator of skeletal muscle differentiation, MyoD and

the "pioneer" factor for hepatogenesis, FoxA. We discuss the roles of their functional protein

domains, interacting partners and chromatin remodeling mechanisms during gene activation to

understand how these factors open the chromatin of inactive genes and reset the transcriptional

pattern during cell type conversion.
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Introduction

Current research on the reprogramming of cell types by using
defined genes started with the discovery MyoD, a master tran-
scription factor for skeletal muscle differentiation (Davis et al.,
1987; Graf and Enver, 2009; Zhou and Melton, 2008). MyoD
activates skeletal muscle-specific genes in non-muscle cells and,
in some cases, converts differentiated cells into muscle cells
without additional exogenous genes (see below for more discus-
sion). Following the discovery of MyoD, several reports docu-
mented the conversion of one cell type into another, largely within
hematopoietic lineages, by introducing one or a few genes. For
instance, enforced expression of the transcription factor C/EBP
converts pre-B cells and pre-T cells into macrophages (Bussmann
et al., 2009; Laiosa et al., 2006). However, cell-type conversion by
using defined genes is most prominently exemplified by the
establishment of induced pluripotent stem cells (iPSCs), in which
four genes (Oct4, Sox2, Klf4 and c-Myc) were used to convert
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fibroblasts into pluripotent cells (Takahashi and Yamanaka, 2006).
This strategy of using defined genes was subsequently employed
to reprogram pancreatic exocrine cells into  cells with three
genes and to reprogram fibroblasts into neurons or cardiac
muscle cells with other three genes (Ieda et al., 2010; Vierbuchen
et al., 2010; Zhou et al., 2008). These spectacular studies have
taught us that the reprogramming of cell fate (nuclear reprogram-
ming) can be achieved more easily than previously thought once
the right combination of transcription factors is identified.

As successfully employed for iPSCs, the first step in the search
for the right combination of factors is to identify a list of all
candidate genes based on existing information about the genes,
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such as their expression profile and whether they are required for
the development of target cells in a physiological setting. A
general strategy to identify candidate transcription factors for
nuclear reprogramming is discussed in detail by Zhou and Melton
(Zhou and Melton, 2008). The next step is to introduce the genes
into host cells in various combinations until the expected cell
conversion is observed. Cell conversion is usually determined by
identifying cell changes that are representative of the destination
cell type, such as activation of key genes, morphological changes
and acquisition of new functions. Once some of these parameters
are met, the third step is to refine the factor combinations by
reducing the number of factors required for conversion until a
minimum number is identified. Finally, the authenticity of the
destination cells is validated by thoroughly comparing them to
their physiological counterpart at the global gene expression level
and functional level. This general strategy obviously relies on the
assumption that the initial gene list contains all the necessary
genes for the cell-fate conversion. Thus, successful artificial
nuclear reprogramming is largely dependent on two conditions:
initial inclusion of the right transcription factor genes and estab-
lishment of an efficient and reliable assay system.

Decisions on which genes to include in the initial list would be
improved by a better understanding of the general structure of
DNA-binding transcription factors and why some transcription
factors are exceptionally more potent than others. DNA-binding
transcription factors generally contain a minimum of two domains:
a DNA-binding domain (DBD) and a transcriptional activation
domain (TAD) (Latchman, 2008; Ptashne and Gann, 2002). The
DBD directs the transcription factor to the target gene by recog-

nizing a specific DNA sequence. The DBD is categorized by a
handful of structurally conserved motifs, such as the basic helix-
loop-helix (bHLH), zinc finger and winged helix. Once recruited to
the right target genes, the TAD serves as a scaffold to recruit and
assemble additional transcription factors and chromatin remodel-
ing proteins to initiate transcription. In contrast to the DBD, the
structural motifs of the TADs are not well defined. The most
common, and thus best studied, TAD is characterized by an
abundance of acidic and hydrophobic amino acids, but the exact
amino acid sequence is quite variable. Overall negative charge,
rather than the exact sequence, appears to be the crucial deter-
minant of the potency of the TADs. Reflecting this sequence
variability, the acidic TADs do not take a specific conserved three
dimensional structure in the absence of binding partners; how-
ever, when bound to interacting proteins, they will adopt an -
helical conformation as described in the VP16 section below. Two
other TAD motifs, the proline-rich domain and the glutamine-rich
domain, are weaker gene activators and less well characterized.
Importantly, the TADs can be physically separated from the DBD
and linked to heterologous DBDs to activate new target genes.
For instance, the fusion protein containing the DBD of the yeast
transcription factor Gal4 and the TAD of the herpes simplex virus
transcription factor VP16 (Gal4-VP16) activates target genes that
contain Gal4-binding sites in their promoters (Sadowski et al.,
1988). This system and its variants are frequently used as a
potent transcriptional activation (transactivation) model in gene
reporter assays and yeast two hybrid assays.

An important question that has emerged from the study of
TADs is why some are such powerful gene activators that they can

Fig. 1. Domain structure and interacting proteins of herpes virus protein VP16. (A) Domain structure
of VP16. The amino acid number for the TAD sequence varies slightly depending on the literature source.
The numbers used here were taken from Walker et al. (Walker et al., 1993). (B) Proteins that interact with
VP16 during gene activation.

initiate the program of cell differen-
tiation. In the current review article,
we will discuss three highly potent
transactivators – VP16, MyoD and
FoxA – and examine the roles of
their functional protein domains and
interacting partners during gene ac-
tivation. VP16 is one of the most
extensively studied transactivators
and serves as a prototype in under-
standing how transactivators regu-
late target gene activity. The skel-
etal muscle-specific transactivator
MyoD can activate muscle genes
embedded in closed chromatin
thereby initiating conversion of non-
muscle cells into muscle cells. MyoD
is the best characterized
transactivator capable of inducing
nuclear reprogramming. FoxA is an-
other example of a transactivator
that can recognize its target DNA
sequence in closed chromatin ear-
lier than any other relevant factors,
in this case, during liver develop-
ment. Unlike MyoD, the unique
structure of the DBD of FoxA can
potentially explain why this protein
can gain access to closed chroma-
tin more efficiently than other
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transactivators. Understanding the exceptional potency of these
factors is important to efforts to improve nuclear reprogramming
which is largely dependent on the capability of transactivators to
activate a set of new genes embedded in closed chromatin.

VP16: prototype transactivator

VP16 is a transcription factor of herpes simplex virus (HSV)
type 1 that is involved in the activation of the viral immediate-early
genes (Flint and Shenk, 1997; Wysocka and Herr, 2003). VP16
has 490 amino acids with a core domain in its central region
required for indirect DNA binding and a carboxy-terminal TAD
located within its last 81 amino acids (Fig. 1A) (Greaves and
O’Hare, 1989; Triezenberg et al., 1988). VP16 is originally con-
tained within the virion (virus particle) of the HSV and released
into animal cells upon infection. VP16 first binds to the host
nuclear protein HCF through its core domain and subsequently
binds to another host nuclear protein Oct-1 to form a three-
component protein complex (Fig. 1B). This complex then binds to
its target DNA sequence TAATGARAT (R is a purine) in the
promoters of immediate-early genes. This is achieved through
interactions between Oct-1 and the target DNA sequence or a
consensus octamer motif that overlaps the 5’ portion of this
sequence. HCF then stabilizes the interaction between VP16 and
Oct1. Once recruited to immediate-early genes, VP16 activates
genes through interactions between the TAD and many of the
transcription factors described below.

The TAD of VP16 is one of the most potent TADs and is widely
fused to host transcription factors to amplify their activity. For
instance, the pancreatic transcription factor Pdx1 fused with the
VP16 TAD was about 10 times more effective than wild-type Pdx1
in a luciferase reporter assay (Kaneto et al., 2005). VP16 TAD is
also frequently fused to DBDs of other transcription factors to
study the mechanism of gene regulation. In addition to the GAL4-
VP16 fusion protein mentioned earlier, this TAD has been fused
with MyoD for domain analyses of the MyoD protein (see below).

The VP16 TAD interacts with numerous proteins involved in
gene activation (Fig. 1B). For instance, the interacting partners
include basal transcription factors, such as TFIIA (Kobayashi et
al., 1995), TFIIB (Lin et al., 1991), TFIIF (Zhu et al., 1994), TFIIH
(Xiao et al., 1994) and subunits of TFIID including TBP (Stringer
et al., 1990), hTAFII31 (Uesugi et al., 1997) and hTAFII32 (Klemm
et al., 1995). This TAD also binds to the Mediator complex through
direct interactions with the two subunits MED17 (Ito et al., 1999)
and MED25 (Mittler et al., 2003). Furthermore, the VP16 TAD
interacts with the general cofactor PC4 (Ge and Roeder, 1994;
Kretzschmar et al., 1994). These multiple interactions indicate
that the VP16 TAD facilitates the assembly of the pre-initiation
complex at several distinct steps (Choy and Green, 1993). The
VP16 TAD also recruits histone acetyltransferases – such as the
SAGA complex and the NuA4 complex (Utley et al., 1998; Vignali
et al., 2000), p300 (Kundu et al., 2000) and PCAF (Tumbar et al.,
1999), as well as the SWI/SNF ATPase complex – to promoters
(Neely et al., 1999). Chromatin decondensation by VP16 during
gene activation appears to have a wide-spread effect since it can
be detected by fluorescence microscopes (Carpenter et al., 2005;
Tumbar et al., 1999).

The VP16 TAD does not usually take a specific three dimen-
sional structure on its own; however, it will adopt an -helical

conformation upon binding to target proteins, such as TFIID
(Shen et al., 1996; Uesugi et al., 1997). The TAD of VP16 can be
divided into two independent regions, H1 (amino acids 410-452)
and H2 (453-490) with distinct protein-protein interactions (Walker
et al., 1993). While the H2 region is dispensable for binding to
TFIIB (Lin et al., 1991), it is necessary for binding to TFIID (Ingles
et al., 1991), TFIIH (Xiao et al., 1994) and CBP (Ikeda et al., 2002).

This wide spectrum of binding partners is not a specific feature
to VP16. The TAD of the Tax protein of human T-lymphotropic
virus type 1 (HTLV-1) interacts with basal transcription factors
(TFIIA and TFIID), histone acetyltransferases (p300/CBP and
PCAF), components of the SWI/SNF complexes (BRG1, BAF53,
BAF57 and BAF155), the histone methyltransferase SUVH39H1
(methylation of lysine 9 on histone H3) and the histone demethylase
JMJD2A (demethylation of lysines 9 and 36 on histone H3)
(Boxus et al., 2008). The TAD of the Tat transactivator of human
immunodeficiency virus type 1 (HIV-1) also binds to TFIID, p300/
CBP and PCAF (Pumfery et al., 2003; Romani et al., 2010). The
Gal4 TAD also interacts with TFIIB, TFIID, the SAGA complex and
the SWI/SNF complex (Traven et al., 2006). Thus, binding to
some of the basal transcription factors, histone acetyltransferases
and the SWI/SNF complexes is a common feature of TADs.
Nonetheless, these transactivators display a distinct potency for
transactivation depending on the assay conditions. For instance,
VP16 transcribes a target gene with more than 100-fold higher
efficiency than Tat in a specific reporter assay (Blau et al., 1996).
VP16 and Tat exert a synergistic effect in another reporter assay,
suggesting that they function in different manners (Ghosh et al.,
1993). Although the TADs of VP16, Tax and Tat belong to an
acidic transactivator group, they do not share homology of amino
acid sequences. The differential activity and regulation among
different TADs needs to be empirically determined.

MyoD: master regulator of muscle differentiation

MyoD is a classic example of a master control gene for cell
differentiation in the sense that transduction of this gene is
sufficient to activate the whole genetic program of muscle differ-
entiation in non-muscle cells (Berkes and Tapscott, 2005; Tapscott,
2005). Indeed, the key to identifying this gene was its self-
sufficient nature. Treatment of the mouse embryonic fibroblast
cell line C3H10T1/2 with 5-azacytidine (5-azaC), an inhibitor of
DNA methylation, induced differentiation of these cells to skeletal
muscle cells (Constantinides et al., 1977). This observation led to
the hypothesis that demethylation and the resulting activation of
unidentified genes were responsible for the conversion to muscle
cells. Subsequently, a transfection experiment with genomic DNA
fragments prepared from 5-azaC-induced myoblasts suggested
that only one gene that was activated by 5-azaC was sufficient for
the conversion (Lassar et al., 1986). Finally, a subtractive hybrid-
ization experiment comparing untreated and 5-azaC-treated fi-
broblasts led to the identification of a cDNA encoding MyoD
(Davis et al., 1987). The myogenic function of MyoD was con-
firmed by the conversion of several fibroblast cell lines to skeletal
muscle cells after transfection of the gene.

Several studies have examined the ability of MyoD to fully
activate the muscle differentiation program using both in vitro and
in vivo model systems. Retroviral transduction of MyoD was found
to activate such skeletal muscle-specific genes as desmin and
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proteins that are involved in skeletal muscle differentiation (Pownall
et al., 2002). During the early phase of myogenesis, MyoD and
Myf5 are essential for the establishment and maintenance of
myogenic precursor cells. Myogenin is important for myogenic
terminal differentiation, and MRF4 is involved in both early and
terminal myogenesis. All four myogenic bHLH proteins contain
four conserved domains: a TAD in the amino terminal region, a
histidine/cystein rich domain (H/C domain) and a bHLH in the
central region and an amphipathic  helix domain (helix III) in the
carboxy terminal region (Fig. 2A) (Berkes et al., 2004; Gerber et
al., 1997). The basic amino acids in the bHLH are important for
DNA binding as well as for the maintenance of the TAD conforma-
tion, which is critical for the activation of muscle genes (Brennan
et al., 1991; Huang et al., 1998; Molkentin et al., 1996). In addition,
the basic region contains an alanine-threonine sequence called
the myogenic code, which is conserved in all myogenic bHLH
proteins from worm to human and allows myogenic bHLH proteins
to specifically activate muscle genes (Brennan et al., 1991; Davis
et al., 1990). When the corresponding sequence of the non-
myogenic bHLH protein E12 is replaced with alanine-threonine-
lysine, this replacement confers myogenic capability to E12
(Davis and Weintraub, 1992).

The HLH is responsible for homo- or hetero-dimerization with
ubiquitously expressed bHLH proteins called E2A proteins. The
dimerized bHLH proteins then bind to the E box consensus

sequence (CANNTG), which is found in the promoters and en-
hancers of muscle-specific genes. The TAD, which contains 12
acidic amino acids out of a total of 54 amino acids, belongs to the
classic acidic TAD groups. This TAD can activate a reporter gene
when fused to the DBD of the Gal4 protein (Weintraub et al.,
1991). Importantly, this fusion protein can activate the reporter
gene 20-fold higher than the fusion protein of full-length MyoD and
the Gal4 domain, suggesting that inhibitory roles are played by the
non-TAD regions of MyoD. It is not known whether this inhibitory
effect is due to specific interactions between the non-TAD regions
and other molecules.

The TAD is also important for the interaction between MyoD
and the histone acetyltransferase p300/CBP (Sartorelli et al.,
1997). MyoD interacts with two histone acetyltransferases, PCAF
and p300/CBP, which play distinct roles in transactivation by
MyoD. Although p300 and CBP are different proteins, they are
frequently referred to as p300/CBP and thought of as a single
entity because they are considered homologs. Both PCAF and
p300/CBP can acetylate lysines in MyoD, which increases the
affinity of MyoD to its target DNA sequences as well as to p300/
CBP (Polesskaya and Harel-Bellan, 2001; Polesskaya et al.,
2001; Sartorelli et al., 1999). p300/CBP then acetylates histones
H3 and H4 at the MyoD-binding loci, facilitating gene activation
(Dilworth et al., 2004). Besides binding to histone
acetyltransferases, the TAD of VP16 and that of MyoD share

Fig. 2. Domain structure and functions of MyoD. (A) Structure and functions of MyoD
domains. Amino acid numbers are shown above the protein domains. Amino acids
numbers are taken from Bergstrom and Tapscott (Bergstrom and Tapscott, 2001; Gerber
et al., 1997). (B) Recruitment of binding proteins and resulting chromatin relaxation by
MyoD during gene activation.

myosin heavy chain in non-muscle cells, including
melanoma and neuroblastoma cells (Weintraub et
al., 1989). During this process MyoD does not
suppress the genes specific to the parent cells;
thus, the MyoD-induced muscle program and the
parent cell-specific program co-exist in these cells.
In some cases, however, MyoD fully converts non-
muscle cells, such as pigmented epithelial cells, to
functional myotubes in about 10 days (Choi et al.,
1990). The frequency of the conversion is not high,
ranging from 1 to 5% of cells, as calculated by
dividing the number of nuclei within the myotubes,
which contain multiple nuclei due to cell fusion, by
the total number of nuclei in a given culture dish.
Although MyoD demonstrates an impressive capa-
bility for activating muscle-specific genes in tissue
culture cells, the same is not necessarily true when
ectopically expressed in embryos. For instance,
injection of MyoD mRNA into Xenopus embryos
activates muscle-specific genes in prospective en-
doderm cells but fails to initiate muscle differentia-
tion (Hopwood and Gurdon, 1990). Similarly, micro-
injection of MyoD cDNA into fertilized mouse oo-
cytes activates some muscle genes in non-muscle
cells but does not induce overt myogenic conver-
sion of the cells (Faerman et al., 1993). The current
interpretation of these results is that MyoD activates
some of its target genes when overexpressed but
additional signaling mechanisms are required to
activate the entire muscle differentiation program in
vivo. This conclusion is not surprising given the
complexity of cell-cell interactions in vivo, unlike the
homogenous and simple culture system in vitro.

 MyoD is one of the four members of the bHLH
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similarities and differences. For instance, the TAD of VP16
functionally replaces that of MyoD in a reporter assay, but the
VP16 TAD is not influenced by the presence of the basic amino
acids in the bHLH, unlike the MyoD TAD (Weintraub et al., 1991).
While transactivation by the MyoD TAD is suppressed by the
MEK1 kinase, the VP16 TAD is not influenced by the kinase (Perry
et al., 2001).

MyoD and Myf5 can remodel the chromatin of suppressed
muscle genes and activate the genes more efficiently than
myogenin. The source of this difference primarily lies in the
sequences of the H/C region and the helix III region (Bergstrom
and Tapscott, 2001; Gerber et al., 1997). These two regions allow
MyoD to bind to its target promoters through interaction with an
adjacent complex containing the homeodomain proteins, Pbx and
Meis (Berkes et al., 2004). However, the H/C domain and helix III
appear to be essential for activation of only a subset of MyoD
target genes (de la Serna et al., 2001); it remains to be studied
how other target genes are differentially activated by MyoD and
myogenin.

To integrate our understanding of these protein interactions,
the following cascade of chromatin events has been proposed
during target gene activation by MyoD (Fig. 2B) (de la Serna et al.,
2005). MyoD is recruited to its target gene promoters via interac-
tion with the Pbx-Meis complex which is constitutively bound to
the genes in fibroblasts and myoblasts. PCAF and/or p300/CBP
are recruited to the target promoters through MyoD and then
acetylate histones H3 and H4, relaxing chromatin. Subsequently,
a BRG1-containing SWI/SNF complex is also recruited to the
promoters which remodels nucleosomes and stabilizes the DNA
binding of MyoD. The order of events may vary depending on the
MyoD target genes; nonetheless, this model provides a frame-
work to further investigate the detailed mechanisms of gene
activation by MyoD. It is not known whether the Pbx-Meis complex
constitutively exists at muscle gene promoters in other non-
muscle cells. If it is not present, another mechanism must exist by

and , respectively, until 2000 when the standardized nomencla-
ture was introduced (Kaestner et al., 2000).

 The FoxA proteins regulate many liver-specific genes and
control the development of liver as well as the metabolism of adult
liver (Friedman and Kaestner, 2006; Zaret, 2008). Double-knock-
out mice of Foxa1 and 2 (“a” is used for mouse nomenclature)
completely lack liver from the earliest stage of development, with
the liver bud failing to form in the foregut region and no expression
of  fetoprotein, an early marker of hepatogenesis (Lee et al.,
2005). At the molecular level, in vivo footprinting experiments
detected protein occupancy of the FoxA-binding site and the
GATA4-binding site in the enhancer of the liver-specific albumin
gene, supposedly by FoxA and GATA4, respectively, in the liver
precursor region of the gut. Chromatin binding of these proteins
takes place earlier than any other proteins in the region and before
transcription of the albumin gene commences (Bossard and
Zaret, 1998; Gualdi et al., 1996). In addition, FoxA opens com-
pacted chromatin in nucleosome arrays containing the albumin
enhancer in vitro, independent of the SWI/SNF chromatin remod-
eling ATPases which are frequently required for chromatin open-
ing (Cirillo et al., 2002). Because of its ability to open chromatin
and thus increase the accessibility of other transcription factors to
their target genes, FoxA is called a “pioneer” factor (Zaret, 2008).

 FoxA proteins contain a DBD in a central winged helix domain
and a TAD in both its amino terminal region and carboxy terminal
region (Fig. 3A) (Qian and Costa, 1995). The winged helix domain
binds to the consensus DNA sequence A(A/T)TRTT(G/T)RYTY,
where R indicates purine and Y pyrimidine (Cereghini, 1996).
FoxA proteins are thought to open chromatin through replace-
ment of linker histone using its winged helix domain whose
structure is highly similar to that of linker histone (Fig. 3B) (Cirillo
et al., 1998; Clark et al., 1993; Ramakrishnan et al., 1993). The
presence of the carboxy terminal region (amino acids 295-468 of
FoxA3), which is longer than the TAD, is also required for
transactivation, probably through binding to core histones H3 and

Fig. 3. Domain structure of FoxA and its function as a pioneer factor. (A) Domain
structure of FoxA2. FoxA1 and A3 share similar structures. The amino acid number
for the carboxyl terminus sequence varies depending on the literature source. The
numbers used here were taken from Qian and Costa. (Qian and Costa, 1995). (B)

Replacement of the linker histone H1 by FoxA and subsequent relaxation of
chromatin during gene activation.
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which MyoD detects its target genes while they are still
embedded in closed chromatin. The nature of this
mechanism is one of the remaining and most critical
questions in gene activation by MyoD.

FoxA: pioneer factor for hepatic differentiation

VP16 and MyoD use their TADs as the primary
domain for the activation of their target genes. In con-
trast, the FoxA family proteins use their DBDs as the
central player for gene activation. The FoxA proteins
belong to the large forkhead box (Fox) gene family
characterized by the presence of a winged helix DBD in
its central region (Carlsson and Mahlapuu, 2002; Fried-
man and Kaestner, 2006). This domain comprises three
-helices placed in a helix-turn-helix configuration
flanked by a loop on each side, like wings. The terms –
winged helix domain proteins and forkhead box proteins
– are interchangeably used. Forkhead is named after
the Drosophila gene forkhead whose mutation displays
defects in head fold involution (Weigel et al., 1989).
Because mammalian FoxA proteins were first identified
in the liver cell nucleus as hepatocyte nuclear factor-3
(HNF-3), FoxA1, 2 and 3 used to be called HNF-3, 
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H4 (Cirillo et al., 2002). Direct binding to core histones is consis-
tent with an earlier finding that FoxA proteins bind more stably to
nucleosome core particles than to free DNA. The histone binding
is not affected by histone acetylation but is facilitated by
dimethylation of histone H3 lysine 4 (Cirillo and Zaret, 1999;
Lupien et al., 2008).

 In addition to the albumin gene, FoxA has been shown to
function as a pioneer factor for other genes, such as  fetoprotein
and the mouse mammary tumor virus long terminal repeat (MMTV
LTR) (Crowe et al., 1999; Holmqvist et al., 2005). However, of the
43 members in the mammalian Fox gene family, it is not known if
other members besides FoxA function as pioneer factors (Katoh,
2004).

Conclusion

Comparison of VP16, MyoD and other transactivators men-
tioned above demonstrates that each TAD interacts with an
overlapping but different set of proteins during gene activation.
Despite extensive research on a variety of TADs, we still do not
know why some TADs are more potent than others. Although
several assay systems have empirically shown that the TAD of
VP16 is one of the most potent, the reason for its extraordinary
potency is unclear. To address this fundamental question, it
would be necessary to comprehensively compare a diverse range
of TADs using a common assay. For such an assay to be
complete, it would need to be both plasmid-based (transient
transfection with a reporter construct) and chromatin-based (ac-
tivation of an endogenous gene). A plasmid-based approach is
needed to measure the capability of a TAD to recruit basal
transcription factors, Mediators and other coactivators, while a
chromatin-based approach is needed to reveal additional interac-
tions with histone- and chromatin-modifying enzymes. The chro-
matin-based approach is especially important if we are to apply
the knowledge on TAD functionality to nuclear reprogramming.
Once a robust comparison of different TADs is complete with
these two approaches, the next step would be the identification
and comparison of each TAD’s interacting partners. This second
step is critical to understand the molecular basis for the differential
potency of each TAD. This comprehensive comparison of the
functions and binding proteins of a diverse range of TADs would
benefit not only the study of stem cell biology and nuclear
reprogramming but also research on transcriptional regulation in
general.
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