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Figure 1 | Overview of quantitative models for computing expression from DNA sequences. Flow diagram of the
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computational approach for a simplified regulatory sequence with nucleosomes and one transcription
factor|as
the
input binding molecules. Each of the input molecules has intrinsic binding affinities for every possible sequence of
length k (top panels, left and right), in which k is the number of base pairs recognized by the binding molecule. These
intrinsic molecule affinities dictate how every DNA sequence is ‘translated’ into a unique binding affinity landscape
for each molecule along the sequence (top panel, centre). For each factor concentration (c; bottom panel, left), the
model uses these binding affinity landscapes to compute a probability (P) distribution over configurations of bound
molecules (see BOX 1 for details); a small subset of these configurations is illustrated (bottom panel, centre).
Configurations in which two bound molecules overlap are not allowed owing to steric hindrance constraints, thereby
modelling binding competition between molecules (see the bottom configuration, which has a probability of zero).
Finally, each configuration results in a particular transcriptional output (bottom panel, right); the final expression is
then the sum of the expression contribution of each configuration, weighted by their probability.

Binding configuration
A particular arrangement of
molecules along a DNA
sequence, which includes
specification of the precise
position and orientation (or
DNA strand) at which each
molecule is bound.
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binding affinity landscape leads to a distinct distribution of molecule binding configurations for a particular
sequence and, consequently, to a distinct transcriptional
behaviour for any given combination of a DNA sequence
and binding molecules [Au:OK?] (FIG. 1).
As transcriptional regulation across different organisms uses the same types of molecules, which interact
according to the universal laws of physical chemistry, the
basic rules of this framework apply broadly. Indeed, different aspects of the approach presented here were shown
in bacteria11–14, yeast 7,8,15–17, flies10 and mammals18,19.
We start by reviewing the substantial progress that
has been made in understanding the intrinsic affinities
of various molecules for DNA. This progress has been
achieved using experiments that directly measure the

binding affinity landscapes of different types of molecule
and computational models that identify the sequence
rules that underlie and predict these affinity landscapes
across several organisms. We then present different
models that aim to connect these affinity landscapes to
molecule-binding configurations and transcriptional
outputs. Less is known about the mapping of binding
affinity landscapes to transcriptional outputs, and we
therefore highlight the areas in which crucial information is needed. We show that the framework presented
here explains a broad range of experimental observations related to transcriptional regulation, including the
binding patterns of transcription factors and nucleosomes and the dynamics of transcriptional activation.
We end by discussing how these models can be used to
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