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Transcription by RNA polymerase II (Pol II) is dictated in
part by core promoter elements, which are DNA sequenc-
es flanking the transcription start site (TSS) that help di-
rect the proper initiation of transcription. Taking
advantage of recent advances in genome-wide sequencing
approaches, Vo ngoc and colleagues (pp. 6–11) identified
transcripts with focused sites of initiation and found
that many were transcribed from promoters containing a
new consensus sequence for the human initiator (Inr)
core promoter element.

Defining the proper initiation of RNA polymerase II (Pol
II) transcription requires a complex interplay of proteins,
DNA elements, and RNA that work together to dictate
where on the genome transcription begins. This entails
the regulated assembly of large multisubunit nucleopro-
tein complexes containing Pol II and many accessory fac-
tors; the platform for forming these large complexes is the
core promoter. The core promoter in human genes is the
region from −40 to +40 and flanks the transcription start
site (TSS) at +1. Although no single core promoter element
is contained in all human promoters, many contain one or
more of the following core elements (Fig. 1): the TATA
box, initiator (Inr), TFIIB recognition elements (BREu
and BREd), polypyrimidine initiator (TCT), motif ten ele-
ment (MTE), and downstream core promoter element
(DPE) (for review, see Danino et al. 2015). Of these, the
Inr element encompasses the TSS and is thought to be
the most common core promoter element, with previous
studies estimating that ∼50% of human core promoters
contain an Inr (Gershenzon and Ioshikhes 2005; Yang
et al. 2007). The commonly used consensus sequence for
the human Inr, which was derived from mutational anal-
yses, is YYANWYY from −2 to +5 (where, Y =C/T,W =A/
T, N =A/C/G/T, and +1 is underlined) (Javahery et al.
1994; Lo and Smale 1996). More recently, analysis of ge-
nome-wide CAGE (cap analysis gene expression) data
led to the considerably shorter Inr consensus of YR from

−1 to +1 (where, R =A/G, and +1 is underlined) (Carninci
et al. 2006; Frith et al. 2008). Other studies have also de-
fined somewhat different consensus sequences for the
Inr; however, all have an A at +1 in common (for review,
see Kadonaga 2012).
Kadonaga and colleagues (Vo ngoc et al. 2017) devised

and implemented a novel multistep approach that com-
bines experimental and computational methods to rein-
vestigate the human Inr consensus sequence. First, they
generated two 5′-GRO-seq (5′ end-selected global run-on
followed by sequencing) libraries with human MCF-7
cells to identify the 5′ ends of nascent capped transcripts.
Second, they developed a peak-calling algorithm named
FocusTSS to find transcripts in the 5′-GRO-seq data sets
that were initiated at a focused position on the genome,
hence identifying clear TSSs to enable analysis of Inr se-
quences. FocusTSS identified 7678 TSSs that were in
both data sets. Third, to identify sequencemotifs enriched
among the focused TSSs, they used theHOMERmotif dis-
covery tool (Heinz et al. 2010), which yielded an Inr-like
consensus sequence of BBCABW from −3 to +3 (where,
B = C/G/T, W =A/T, and +1 is underlined). Forty percent
of the focused TSSs contained a perfect match to the
BBCABW consensus Inr. Similar computational analyses
performed with data sets from three other human cell
lines yielded the same Inr consensus sequence. Interest-
ingly, their analyses also revealed that Inr-containing pro-
moters are less likely to have a TATA box than promoters
lacking an Inr and that there is no correlation between the
presence of BBCABW Inr elements and CpG islands.
The importance of the sequence at individual positions

in the BBCABW consensus Inr sequence was tested us-
ing in vitro transcription assays (Vo ngoc et al. 2017).
Two native core promoters that each contained a consen-
sus Inr were used, and single-point mutations were made
at each position from −3 to +3 that took the sequence
away from consensus. The sequences at positions −1 to
+3were themost important for setting levels of basal tran-
scription, withmutations at +1 and +3 showing the largest
reductions in transcription levels. In addition, 12 natural
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core promoters were chosen that each differed from con-
sensus at one position; these positions were mutated to
create the Inr consensus. Mutating positions −1 to +3 to-
ward consensus increased transcriptional activity, and,
again, the mutations at positions +1 and +3 had the great-
est effect.

This work provides a substantial step forward in under-
standing core promoter sequences, establishes a new ap-
proach to defining TSSs, and raises many interesting
questions that will guide future research. For example, al-
though the Inr is enriched at promoters with focused tran-
scriptional start sites, it is also found randomly
distributed throughout the genome. Hence, a consensus
Inr alone does not constitute a promoter. The data also
showed that promoters with consensus Inr sequences
are relatively deficient in TATA boxes. It will be interest-
ing to determine the interplay between other core promot-
er elements and the Inr at promoters with focused TSSs.
Although this work defines a clear correlation between
the presence of consensus Inr sequences and focused
TSSs, the extent to which the Inr itself causes start sites
to be focused remains to be determined. In addition, the
role of specific Inr positions in controlling cellular tran-
scription warrants further investigation. For example,
C−1 and A+1 were found most frequently in Inr sequences
identified in cells, but mutating C−1 away from consensus
did not have a strong effect on transcription in vitro. The
investigators suggest there is an additional constraint for
the use of C−1 in cells. Many of the questions raised by
this study could be answered by changing the sequences
of core promoters in the human genome to determine

the effects on the position of the TSS, level of transcrip-
tion, and occupancy of factors at the core promoter. Final-
ly, this work was limited to the analysis of core promoters
with focused TSSs. Although much more complicated, it
will be important to extend this new approach to promot-
ers with nonfocused start sites to investigate whether
such promoters contain Inr elements. This study illus-
trates that, despite years of research, much remains to
be learned about core promoters and how they set start
site positions and levels of transcription at human genes.
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Figure 1. Relative locations of select human core promoter ele-
ments and the Inr consensus sequence found in promoters with
focused TSSs. The promoter elements depicted include BREu
(the upstream TFIIB recognition element), TATA (the TATA
box), BREd (the downstream TFIIB recognition element), Inr
(new consensus sequence shown), MTE, and DPE.
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