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e Conventional modeling of enhancer readouts may lead to
incorrect conclusions

e A model ensemble can capture many distinct hypotheses
plausible with data

e Filtering and analysis of a model ensemble can reveal new
testable hypotheses

e Ensemble modeling improved current understanding of ind
regulation in Drosophila
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In Brief

A systematically constructed ensemble
of sequence-to-expression models
captures many distinct, biologically
plausible hypotheses. Systematic
analysis and filtering of the models,
followed by in vivo experiments, improve
our understanding of combinatorial
regulation of the Drosophila ind gene.
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SUMMARY

To understand the relationship between an enhancer
DNA sequence and quantitative gene expression,
thermodynamics-driven mathematical models of
transcription are often employed. These “sequence-
to-expression” models can describe an incomplete
or even incorrect set of regulatory relationships if
the parameter space is not searched systematically.
Here, we focus on an enhancer of the Drosophila
gene ind and demonstrate how a systematic search
of parameter space can reveal amore comprehensive
picture of a gene’s regulatory mechanisms, resolve
outstanding ambiguities, and suggest testable hy-
potheses. We describe an approach that generates
an ensemble of ind models; all of these models are
technically acceptable solutions to the sequence-
to-expression problem in light of wild-type data,
and some represent mechanistically distinct hypoth-
eses about the regulation of ind. This ensemble can
be restricted to biologically plausible models using
requirements gleaned from in vivo perturbation ex-
periments. Biologically plausible models make uni-
que predictions about how specific ind enhancer
sequences affect ind expression; we validate these
predictions in vivo through site mutagenesis in trans-
genic Drosophila embryos.

INTRODUCTION

Transcription factors (TFs) work in concert with other DNA-
binding molecules to regulate gene expression. These mole-
cules act as inputs at enhancers, distinct genomic regions
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that contain binding sites for TFs and can regulate the tran-
scription of target genes (Shlyueva et al., 2014). Maintaining a
quantitative relationship between input and transcriptional
output is key to the precise patterning of gene expression.
Accordingly, as the levels of inputs vary across different cell
types, the enhancer-controlled levels of gene expression (also
termed as the “readout” of the enhancer) also vary (Yafez-
Cuna et al., 2013). These relationships are a direct function of
the enhancer’s DNA sequence. However, a detailed under-
standing of how enhancer sequence affects a gene’s expres-
sion level remains elusive (Yanez-Cuna et al., 2013). Such un-
derstanding may be achieved by interrogating a mathematical
model that explains the available experimental results about
the gene both qualitatively and quantitatively, suggests exper-
iments to improve upon the current model, and is capable of
predicting the gene’s expression pattern upon cis or trans per-
turbations. Here, we refer to such models as “sequence-to-
expression” models, and we show how they can form the basis
of a systematic, unbiased enquiry into gene regulation by mul-
tiple TFs.

A common paradigm of sequence-to-expression modeling
is based on equilibrium thermodynamics (Shea and Ackers,
1985). This approach models the rate of transcription initiation
based on quantitative descriptions of variable site affinities
(“motifs”) (Stormo, 2000) and expression levels of TFs.
Because they can incorporate the DNA-sequence-dependent
characteristics of TF binding, sequence-to-expression thermo-
dynamic models of this genre are arguably more realistic than
thermodynamic models where all TF-binding sites are assumed
to have the same affinity (Cohen et al., 2014; Fakhouri et al.,
2010; Papatsenko and Levine, 2008; Zinzen and Papatsenko,
2007) or only classified as “strong” versus “weak” (Bintu
et al., 2005; Gertz et al., 2009; Parker et al., 2011; White
et al., 2012). We previously reported one such sequence-
to-expression model called GEMSTAT (Gene Expression
Modeling based on Statistical Thermodynamics) and used it

P

@ CrossMark


mailto:sinhas@illinois.edu
http://dx.doi.org/10.1016/j.cels.2015.12.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cels.2015.12.002&domain=pdf

Download English Version:

https://daneshyari.com/en/article/2068076

Download Persian Version:

https://daneshyari.com/article/2068076

Daneshyari.com


https://daneshyari.com/en/article/2068076
https://daneshyari.com/article/2068076
https://daneshyari.com/

