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Experimentally verified transcription factor-binding sites represent an information-rich and highly applicable data type that
aptly summarizes the results of time-consuming experiments and inference processes. Currently, there is no centralized reposi-
tory for this type of data, which is routinely embedded in articles and extremely hard to mine. CollecTF provides the first stan-
dardized resource for submission and deposition of these data into the NCBI RefSeq database, maximizing its accessibility and
prompting the community to adopt direct submission policies.

In order to tackle the complexity of living systems, research in
biology has become increasingly reliant on the sharing, avail-

ability, and reuse of experimental data. The usefulness of experi-
mental data depends on its specific nature and quality, underlying
documentation and standards, availability, and range of applica-
bility. The results of DNA sequencing assays were recognized early
in the history of bioinformatics as a precise and broadly usable
type of data, leading to the creation of open repositories, the def-
inition of worldwide standards for the submission of DNA se-
quence data, and eventually, the mandatory requirement for its
submission to open repositories when publishing results based on
its analysis (1–3). The policy of direct submission by authors has
since been adopted for the results of many other experimental
protocols. Due to the sheer volume of data generated, policies,
standards, and dedicated repositories for direct submission have
been created primarily for high-throughput assays such as DNA
arrays, high-throughput RNA sequencing (RNA-seq), chromatin
immunoprecipitation-DNA sequencing (ChIP-seq), X-ray crys-
tallography, or metagenomic sequencing (4–8). In contrast, data
compilation for many other types of experimental results often
relies on the manual or automated curation of published literature
and lacks central repositories and standards, limiting the availabil-
ity, visibility, and applicability of a large volume of experimental
research in biology.

The identification of transcription factor (TF)-binding sites in
the Bacteria domain provides an illustrative example of the draw-
backs originating from the lack of standards, submission policies,
and central repositories that still applies to many experimental
protocols. An experimentally validated TF-binding site is a high-
quality, information-dense annotation element that subsumes
several lines of experimental evidence and prior knowledge to
define with base pair resolution the location, span, and sequence
of a region bound by a transcription factor on a bacterial DNA
molecule. Identifying and validating the precise binding locations
of a transcription factor and the regulatory effects of such binding
is a time-consuming process that typically combines several ex-
perimental steps (e.g., DNase footprinting, electromobility shift
assays, beta-galactosidase reporter assays, and ChIP-PCR) with
inference based on prior knowledge (e.g., protein structure, bind-
ing motif, or promoter architecture). Due to their high specificity
and precision and their mapping to a high-quality reference (ge-
nome sequence), bacterial TF-binding site annotations can be ef-
fectively reused in multiple settings. Known TF-binding sites on a

given genome can for instance complement and provide a refer-
ence for other data sources (e.g., transcriptomic data) in inferring
regulatory networks, and collections of aligned binding sites for a
given transcription factor can be used to perform prospective
searches for additional genomic targets or leveraged in compara-
tive genomics analyses of regulatory networks (9–15).

The significant investment required for the experimental iden-
tification of TF-binding sites and their manifest applicability in
subsequent research make them ideal targets for systematic anno-
tation and dissemination using centralized repositories and stan-
dards for direct submission. In practice, however, the lack of these
resources means that reports of TF-binding sites are typically em-
bedded in articles. The variety of formats in which TF-binding
sites are reported (e.g., as coordinates in a table or as boxed se-
quences in a figure) and the multiple sources of evidence, prior
knowledge, and lines of inference usually employed in their iden-
tification make it extremely difficult to create automated mining
algorithms capable of extracting and documenting this informa-
tion in a reliable manner. As a result, efforts to compile bacterial
TF-binding site information must rely on the manual curation of
published literature by trained biocurators, with recent efforts at
automation focusing only on prefetching of relevant articles (16–
22). With limited funding, reliance on time-consuming manual
curation of published literature imposes severe restrictions on the
breadth and completeness of databases dedicated to annotating
TF-binding sites. Given these constraints, many databases have
opted to limit their scope to specific model organisms, allowing
them to focus the curation effort and enhance the quality and
completeness of the data compiled (16, 17, 19, 20). RegulonDB,
which annotates transcriptional regulatory data for Escherichia
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coli, is a prime exponent of this strategy, and the use of RegulonDB
data sets in hundreds of published research papers illustrates the
broad applicability of high-quality TF-binding site data (20). By
definition, however, organism-based databases omit the substan-
tial body of experimental research performed on nonmodel or-
ganisms, providing a fragmented picture of transcriptional regu-
lation in Bacteria. Furthermore, the available data remain
scattered across several databases, and the use of different stan-
dards complicates the compilation of multispecies data sets for
comparative studies. Some attempts at domain-wide, unified an-
notation of bacterial TF-binding sites have been made, but the reli-
ance on manual curation by a relatively small team of curators means
that these resources eventually struggle to keep up with an increasing
amount of experimental research (18, 21). Efforts directed at expand-
ing the pool of curators by involving the research community in the
annotation process, such as the ORegAnno database on eukaryotic
regulatory elements, have also met with limited success due to the
substantial amount of time required for proper curation and the lack
of clear incentives for participation (23).

With the advent of high-throughput techniques for mapping TF-
binding sites (e.g., ChIP-seq) and the increasing standardization, par-
allelization, and ability to outsource more traditional methods (e.g.,
electrophoretic mobility shift assay [EMSA]), it has become increas-
ingly apparent that manual curation of published literature is not a
sustainable model for centralizing and making available domain-
wide TF-binding site data. As is the case with genomic sequences or
DNA array experiments, the only sustainable model for compiling
TF-binding site information on a domain-wide level is to promote its
direct submission by authors. This entails the creation of standards

and interfaces for submission of this information to a stable and
highly accessible public repository. CollecTF was born as an effort to
provide an open platform for the sustainable annotation of informa-
tion on TF-binding sites and their regulatory effects across the Bacte-
ria domain (24). To achieve this goal, CollecTF implements a dual
annotation process that combines in-house curation of published
literature by trained biocurators with direct submissions from au-
thors. CollecTF annotates experimentally validated, naturally oc-
curring TF-binding sites in Bacteria, documenting the experimen-
tal evidence supporting them through a standardized vocabulary
and mapping transcription factors, their verified sites, and regu-
lated genes to reference sequence databases. When available,
CollecTF also stores links to the primary data sources used in the
annotation, such as GEO or ArrayExpress accession numbers for
ChIP-seq reads (5, 8). Submitted annotation data are fully acces-
sible, and users can customize data retrieval at multiple levels,
such as defining the level of experimental support or aggregating
data across taxonomic groups or transcription factor families (Fig.
1). Direct annotation of TF-binding sites by authors is facilitated
by means of an easy-to-use graphical interface that automates the
mapping process and guides the author through the annotation
process, ensuring compliance with defined standards and accurate
database cross-references (Fig. 2).

A fundamental component in the genesis of CollecTF was the
realization that TF-binding sites represent well-defined elements
of genomic sequences: the binding of a protein to a specific loca-
tion and sequence of the DNA molecule that is often associated
with regulatory effects on nearby genes. Hence, much like coding
sequences, experimentally verified TF-binding sites and their reg-

FIG 1 Example of the customizable query system implemented in CollecTF. (A to D) Dynamically generated sequence logos (28) for queries on Fur-binding sites
detected through EMSA or DNase footprinting in Gammaproteobacteria (A), reported by chromatin immunoprecipitation with microarray technology (ChIP-
chip) or ChIP-seq in Gammaproteobacteria (B), reported by ChIP-chip or ChIP-seq in Vibrio cholerae (C) and as reported for E. coli (D) in a reference manuscript
(29). To generate logos, sites matching the query are dynamically aligned using LASAGNA to define site orientation and the window of conservation above
background (30). All the site data and metadata used to generate the logos are available for download in a variety of export formats (e.g., FASTA, CSV, or PSSM).

Commentary

August 2015 Volume 197 Number 15 jb.asm.org 2455Journal of Bacteriology

http://jb.asm.org


ulatory effects can and should be annotated as features in genome
records. In collaboration with the NCBI RefSeq team, CollecTF
has developed standards for the inclusion of TF-binding site in-
formation in RefSeq genome sequences using the “protein_bind”
feature identifier (Fig. 3). These records define the genomic loca-
tion of the TF-binding site as well as the bound protein, and cap-
ture the experimental evidence for TF-binding sites using “/exper-
iment” tags that include the PubMed identifier of the publications
providing such evidence. Data deposited in CollecTF are period-
ically submitted to the NCBI to populate RefSeq genomes. In ad-
dition, CollecTF is currently working to incorporate gene ontol-
ogy (GO) and evidence ontology (ECO) terms in its annotations
to provide interoperability with the EBI UniProt database (25–
27). Hence, in contrast to previous initiatives, CollecTF operates
both as a conventional database and as a portal for submission of
TF-binding site annotations to NCBI. As a database, CollecTF
facilitates direct and highly customizable access to annotated TF-
binding site data for its application in subsequent research. As a
portal, CollecTF provides the means to maximize the visibility and
guarantee the long-term accessibility of submitted data by incor-

porating it into a centralized, stable, and widely accessed reference
resource for genomic data.

At CollecTF we firmly believe that the future of biological research
hinges on its ability to effectively disseminate and reuse experimental
data. Experimental evidence for TF-binding sites is currently not de-
posited in any centralized repository, and consequently, the signifi-
cant investment required for its generation can yield only limited
returns in terms of scientific impact. The CollecTF team is committed
to maintaining its curation effort to make bacterial TF-binding site
annotations widely available, but the ultimate success of this initiative
depends on the adoption of a culture of direct submission by exper-
imental researchers. Journal of Bacteriology articles currently repre-
sent more than one-third of curated manuscripts in CollecTF, and
the Editorial Board of the Journal of Bacteriology has graciously en-
dorsed CollecTF as a vehicle for the public deposition of TF-binding
site information to the NCBI. On behalf of the CollecTF team, I urge
the readership of this journal to consider submitting the results of
upcoming experiments on transcriptional regulation to CollecTF.
There are obvious advantages to submitting your results to CollecTF
and having it populate NCBI RefSeq genomes, such as increased vis-

FIG 2 Details of the CollecTF site annotation step, where submitters select the specific techniques used to identify sites, as well as the mode of action and
conformation, if known, of the transcription factor. Annotation is performed on sites entered as sequences or coordinates and previously mapped to the RefSeq
genome record (inlet). Extensive documentation for the curation process is available on the CollecTF website (http://www.collectf.org/static/CollecTF
_submission_guide.pdf) (24).

FIG 3 Details of a CollecTF “protein_bind” feature extracted from the Pseudomonas aeruginosa PAO1 genome sequence (NC_002516.2). The transcription
factor (LasR) is identified as the “/bound_moiety,” and its protein accession number is provided in the “/note” field, together with regulated genes. The
experimental support for this LasR-binding site comes several lines of evidence reported using the “/experiment” tag. The PubMed identifiers (PMID) for the
scientific papers providing such evidence are listed next to the evidence description. A “/db_xref” field provides a link to the CollecTF record to explore the data
integration and curation process for the reported site.
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ibility that may result in additional citations and spur collaborations,
but the key incentive for submission should lie in the knowledge that
by making your results broadly accessible, you are driving forward
research in your field of interest. As the CollecTF team is fond of
saying: in transcriptional regulation, every site counts; help us make
yours count too.
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