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e Development of the best computational method for enhancer detection, capable of
identifying enhancers from ChIP-chip and ChIP-seq libraries with a better comparative
performance than other published methods for enhancer prediction (Fernandez and
Miranda—-Saavedra, 2012).

e Development of a novel method for the reconstruction of Transcriptional Regulatory
Modules (TRMs) (Hutchins et al, 2013).

e The above methods have provided new and fundamental insights into the STAT3 controlled
anti—inflammatory response network (Hutchins et al, Blood, 2012; Hutchins et al, JAK-STAT,
2013).
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1. BFFEBRAA L) DO 5 transcriptional regulatory networks, 1i.e.

(1) No general method exists for the . .
without Kknowing the most relevant

bottom—u reconstruction of . .
P transcription factors (TFs) involved.




(2) We need to understand not only where
a key TF may bind but also understand what
other transcription factors and
co—factors assemble with the master TF to

achieve genomic binding specificity.

2. WHED AR

(1) Develop methods that will facilitate
the identification of the most important
genomic and proteomic elements that will
allow one to reconstruct transcriptional

regulatory networks from the bottom—up.

3. Wik
(1) Computational analysis of
next—generation sequencing data,

protein—protein 1interaction data and
bioinformatic predictions of TF binding
sites.

(2) Artificial intelligence techniques

(support vector machines, genetic
algorithms).
(3) Experimental: Next—generation

sequencing (ChIP-seq and RNA-seq) and

standard biochemical and molecular

biology techniques
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The research plan for FY2011 included: (a)
Location of the enhancer controlling the
expression of the Fas receptor gene (Fas)
upon T-cell receptor activation; (b)
enhancer

Experimental validation of

function using enhancer-GFP  stable
transfects; (c) downstream computational
analysis to identify putative regulatory
transcription factors

We tried to locate the enhancer

regulating the expression of Fas by doing
ChIP-seq for the epigenetic marks H3K4mel
and H3K4me3, which are characteristic of
enhancers and transcription start sites
(TSS), respectively. We also profiled p300
(a transcriptional co—activator and bona
fide mark for enhancers) by ChIP-seq. The
p300 experiment was not successful in our
hands. However, the H3K4mel and H3K4me3
ChIP-seq experiments were successful and
allowed us to visually identify a number
of peaks that were potential enhancers.
Two such putative enhancers were cloned
and their activity was determined using a
luciferase assay. However, the result was
ambiguous and we could not determine
activity at these loci. We did further
bioinformatics analysis of the ChIP-seq
libraries that we generated and concluded
that, although H3K4mel and H3K4me3 are
typically used in combination to
discriminate enhancers from promoters,
the identification of enhancers is in
practice a much more complex task. We
considered that the current experimental
and computational methods for enhancer
prediction from ChIP-chip/ChIP-seq data
are not ideal because they either (i)
consider a smaller number of marks than
those necessary to define the various
enhancer classes or (ii) work with an
excessive number of marks, which 1is
experimentally unviable. As part of this
project and in order to overcome the
limitations of the current methods for
enhancer detection, we developed a new
method for

computational predicting

enhancers from ChIP-chip or ChIP-seq



libraries called ChromaGenSVM  (see
publications).

We also produced a transcriptional
profile of naive and activated CD4+ T cells

using RNA-seq (see publications)

In FY2012 We have continued working on the
experimental  identification of  the
enhancer (s) controlling the regulation of
Fas, which has proven more difficult than
previously thought. One important problem
that we have anticipated 1is the
identification of the transcription
factors (s) (TFs) controlling the
expression of Fas. TFs are known to combine
with co—factors to form transcriptional
(TRM),

regulatory modules which are

responsible for controlling gene
expression programs with spatiotemporal
specificity. To this end, we have
developed a novel and generic method for
the reconstruction of TRMs. Our method,
rTRM, combines experimentally determined
genomic sites with local motif enrichment
analysis, cell type-specific expression
data and protein—protein interactions

The selective advantage of rTRM over other
methods lies in the incorporation of
protein—protein interaction data as
proteins need to physically interact with
other proteins to perform their functions.
Upon evaluation rTRM has been shown to be
highly specific and allowed us to predict
and experimentally verify specific and

important interactions between E2F1 and

STAT3 during the interleukin 10-mediated

anti—inflammatory response in macrophages.

Therefore rTRM is a novel and powerful

method that will help us analyse the TRMs
involved in controlling the expression of
Fas and other genes in the near future
(Diez, Hutchins and Miranda—Saavedra
(2013) Inreview). In summary, in these two
years of research we have significantly
met the broad objective of the proposed
project ( “Methods for the bottom—up
reconstruction of gene—regulatory
networks” ) and advanced the field of
transcriptional regulation by developing
novel and powerful computational tools,
together with the experimental

verification of a select set of important

predictions. The reviews I have been
invited to write by  prestigious
international journals (Briefings in

Functional Genomics and JAK-STAT) are
testimony to the international standing of

our research.
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