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ABSTRACT

JASPAR (http://jaspar.genereg.net) is an open-
access database of curated, non-redundant tran-
scription factor (TF)-binding profiles stored as posi-
tion frequency matrices (PFMs) and TF flexible mod-
els (TFFMs) for TFs across multiple species in six tax-
onomic groups. In the 2018 release of JASPAR, the
CORE collection has been expanded with 322 new
PFMs (60 for vertebrates and 262 for plants) and 33
PFMs were updated (24 for vertebrates, 8 for plants
and 1 for insects). These new profiles represent a
30% expansion compared to the 2016 release. In ad-
dition, we have introduced 316 TFFMs (95 for verte-
brates, 218 for plants and 3 for insects). This release
incorporates clusters of similar PFMs in each taxon
and each TF class per taxon. The JASPAR 2018 CORE
vertebrate collection of PFMs was used to predict

TF-binding sites in the human genome. The predic-
tions are made available to the scientific community
through a UCSC Genome Browser track data hub. Fi-
nally, this update comes with a new web framework
with an interactive and responsive user-interface,
along with new features. All the underlying data can
be retrieved programmatically using a RESTful API
and through the JASPAR 2018 R/Bioconductor pack-
age.

INTRODUCTION

Transcription factors (TFs) are sequence-specific DNA-
binding proteins involved in the transcriptional regulation
of gene expression (1). TFs bind to DNA through their
DNA-binding domain(s) (DBDs), which are used for TF
classification (2). DNA regions at which TFs bind are de-
fined as TF-binding sites (TFBSs) and can be identified
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Table 1. Overview of the growth of the number of PFMs in the JASPAR 2018 CORE collection compared to the JASPAR 2016 CORE collection

Taxonomic group

Non-redundant
PFMs in JASPAR
2016

New non-redundant
PFMs in JASPAR
2018

Updated PFMs in
JASPAR 2018

Total PFMs
(non-redundant) in
JASPAR 2018

Total PFMs (all versions)
in JASPAR 2018

Vertebrates 519 60 24 579 719
Plants 227 262 8 489 501
Insects 133 0 1 133 140
Nematodes 26 0 0 26 26
Fungi 176 0 0 176 177
Urochordata 1 0 0 1 1
Total 1082 322 33 1404 1564

in vivo by methods such as chromatin immunoprecipita-
tion (ChIP) or in vitro by methods based on binding of
large pools of DNA fragments (e.g. Systematic evolution
of ligands by exponential enrichment (SELEX) or protein-
binding microarrays (PBM)) (reviewed in (3)). Analysis of
TFBSs for a given TF provides models for its specific DNA-
binding preferences, which in turn can be used to predict
TFBSs in DNA sequences (4). This is important as exper-
iments can only identify TFBSs that are bound in the cell
and state analyzed.

The computational representation of TF binding prefer-
ences has evolved over the years, from simple consensus se-
quences to position frequency matrices (PFMs). A PFM
summarizes experimentally determined DNA sequences
bound by an individual TF by counting the number of oc-
currences of each nucleotide at each position within aligned
TFBSs. Such matrices can be converted into position weight
matrices (PWMs), also known as position-specific scoring
matrices, which are probabilistic models that can be used to
predict TFBSs in DNA sequences (reviewed in (5)).

PFMs/PWMs have been the standard models for de-
scribing binding preferences of TFs for many years. The
JASPAR database is among the most popular and longest
maintained databases for PFMs and a standard resource
in the field. In particular, the JASPAR CORE collection of
the database, which is the most used, stores non-redundant
TF binding profiles, providing a single representative DNA
binding model per TF decided by expert curators. Excep-
tionally, multiple TF-binding profiles are associated to a
TF when it is known to interact with DNA with multi-
ple distinct sequence preferences, due to differential splic-
ing for example (6,7). JASPAR was created and persists un-
der three guiding principles: (i) unrestricted open-access; (ii)
manual curation and non-redundancy of profiles; and (iii)
ease-of-use. The 2016 release of the JASPAR CORE collec-
tion stored 1082 non-redundant and manually curated TF-
binding profiles as PFMs for TFs from six different taxo-
nomic groups (vertebrates, plants, insects, nematodes, fungi
and urochordata) (8).

An intrinsic limitation to PFMs/PWMs is that they ig-
nore inter-nucleotide dependencies within TFBSs (9–13).
TF–DNA interaction data derived from next-generation se-
quencing assays has improved the computational modeling
of TF binding (14–19). For example, the TF flexible models
(TFFMs) (14), based on first-order hidden Markov models,
capture dinucleotide dependencies within TFBSs and were
introduced in the 2016 release of the JASPAR database.

In this report, we describe the seventh release of JASPAR
(8,20–24), which comes with a major expansion and update
of the CORE collection of TF-binding profiles as PFMs and
TFFMs. These models have been manually assessed by ex-
pert curators who reconciled recent high-throughput data
with available literature and linked the models to the classifi-
cation of their TF DBDs from TFClass (2). The CORE col-
lection expansion is supported by a range of new functional-
ities and resources, including PFM clustering, genome-wide
UCSC tracks of predicted TFBSs and fully redesigned user
and programming interfaces.

EXPANSION AND UPDATE OF THE JASPAR CORE
COLLECTION

In this 2018 release of the JASPAR database, we added
355 new PFMs for TFs from plants (270), vertebrates (84)
and insects (1) to the JASPAR CORE collection (Table 1).
Specifically, we added 322 PFMs (262 for plants, a 118%
increase and 60 for vertebrates, an 11% increase) for TF
monomers and dimers that were not previously present in
JASPAR and updated 33 (8 in plants, 3% of JASPAR 2016,
24 in vertebrates, 5% of JASPAR 2016 and 1 in insects).
The PFMs were manually curated using independent exter-
nal literature supporting the candidate TF-binding prefer-
ences, as previously described in (23). The curated PFMs
were derived from ChIP-seq (from ReMap (25) and (26–
30)), DAP-seq (31), SMiLE-seq (32), PBM (33) and HT-
SELEX (34) experiments. The JASPAR CORE collection
now includes 1404 non-redundant PFMs (579 for verte-
brates, 489 for plants, 176 for fungi, 133 for insects, 26 for
nematodes and 1 for urochordata) (Table 1).

We continued with the incorporation of TFFM models,
initiated in JASPAR 2016. In this release of JASPAR, we in-
troduced 316 new TFFMs for vertebrates (95), plants (218)
and Drosophila (3), which represents a 243% increase in the
number of non-redundant TFFMs stored in the JASPAR
CORE collection.

HIERARCHICAL CLUSTERING OF TF-BINDING PRO-
FILES

While the non-redundancy of binding profiles is one of the
guiding principles of JASPAR, TFs with similar DBDs of-
ten have similar binding preferences (35,36). To facilitate the
exploration of similar profiles in the JASPAR CORE col-
lection, we performed hierarchical clustering of PFMs us-
ing the RSAT matrix-clustering tool (37). Specifically, the
tool was applied to PFMs in each taxon independently as
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Figure 1. JASPAR PFM clustering. (A) Radial tree representing the clusterization of the JASPAR CORE vertebrate PFMs. (B) Zoom in view of the radial
tree where the predicted clusters are highlighted at the branches and the TF classes are indicated with different colors at the leaves. (C) Clicking on a leaf
in the radial tree will open a link to the corresponding motif description page on the JASPAR website (the MA0148.3 profile associated to FOXA1 is
provided here as an example).
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Figure 2. Overview of the JASPAR 2018 new web interface with interactive searching activity. (A) A quick and detailed search feature on the homepage.
(B) A responsive table lists the searched profile(s), which can be further selected and added to the cart listed on the right panel for users to perform their
own analyses. (C) A detailed page for the GATA3 matrix profile, which is divided into sub-panels including the profile summary, sequence logo, PFM, TF-
binding information, external links, version information, ChIP-seq centrality, TFFM and other details. (D) The PFM for the GATA3 profile (MA0037.2)
is downloaded in MEME format using the RESTful API.

well as in each TF class per taxon. The clustering results are
provided as radial trees (Figure 1), which can further be ex-
plored through dedicated web pages (http://jaspar.genereg.
net/matrix-clusters).

JASPAR UCSC TRACKS FOR GENOME-WIDE ANAL-
YSES OF TFBSs

A typical application of JASPAR TF-binding profiles in
gene regulation studies is the identification of TFBSs in
DNA sequences for further analyses. Although, we recog-
nize that genome-wide PWM-based predictions contain a
high number false positives, we believe that they are a pow-
erful resource for the research community in the context

of a variety of genomic information, including transcrip-
tion start site activity, DNA accessibility, histone marks,
evolutionary conservation or in vivo TF binding (38–46).
To facilitate such integrative analyses, we have performed
TFBS predictions on the human genome using the JASPAR
CORE vertebrate PFMs (see Supplementary Data for de-
tails on the computation). The predicted TFBSs are publicly
available through a UCSC Genome Browser data hub (47)
containing tracks for the human genome assemblies hg19
and hg38 (http://jaspar.genereg.net/genome-tracks/).
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A NEW, POWERFUL AND USER-FRIENDLY WEB IN-
TERFACE

A new web interface

The JASPAR 2018 release comes with a completely re-
designed web interface that meets modern web standards.
This interactive web framework is implemented using
Django, a model-view-controller based web-framework for
Python. We used MySQL as a backend database to store
profile metadata and Bootstrap as a frontend template en-
gine. We have greatly improved the visibility and usability
of existing functionality, created easier navigation with se-
mantic URLs, and enhanced browsing and searching. On
the homepage, we provide a dynamic tour of JASPAR 2018,
walking users through the main features of the new website.
A video of the tour is available at http://jaspar.genereg.net/
tour. The database can be browsed for individual collections
by using the navigation links on the left sidebar. Moreover,
it can be searched for each of the six different taxonomic
groups included in the JASPAR CORE collection using
the tabs available on the homepage (Figure 2). TF-binding
profiles can be further filtered through the case insensi-
tive search option available on the homepage. In addition,
through the ‘Advanced Options’, the search criteria can be
further restricted (Figure 2A). Search results are presented
in a responsive and paginated table along with sequence lo-
gos of the PFMs, which can be selected for download or to
perform a variety of analyses available on the right panel
(Figure 2B). All information in the tables can be down-
loaded as comma-separated value files. Profile IDs and se-
quence logos can be clicked to view the detailed profile
pages (Figure 2C). PFMs can be downloaded in several for-
mats including JASPAR, TRANSFAC and MEME (Figure
2D). Furthermore, we have incorporated new features to the
web interface, such as ‘Add to Cart’, where users can add TF
profiles of interest for download or further analyses (Figure
2B). Finally, we have introduced semantic URLs to facili-
tate external linking to the detailed pages of individual pro-
files (e.g. http://jaspar.genereg.net/matrix/MA0059.1/). We
have implemented a URL redirection mechanism to cor-
rectly direct the links pointing to previous JASPAR URL
patterns from external resources.

RESTful API

In previous releases, the underlying data could be retrieved
as flat files or by using programming language-specific
modules. Associated with this release, we introduced a
RESTful API to access the JASPAR database program-
matically (see https://www.biorxiv.org/content/early/2017/
07/06/160184 for details). The RESTful API enables pro-
grammatic access to JASPAR by most programming lan-
guages and returns data in seven widely used formats:
JSON, JSONP, JASPAR, MEME, PFM, TRANSFAC and
YAML. Further, it provides a browsable interface and ac-
cess to the JASPAR motif inference tool for bioinformat-
ics tool developers. The RESTful API is implemented in
Python using the Django REST Framework and is freely
accessible at http://jaspar.genereg.net/api/. The source code
for the website and RESTful API are freely available at
https://bitbucket.org/CBGR/jaspar under GPL v3 license.

CONCLUSION AND PERSPECTIVES

In this seventh release of the JASPAR database, we continue
our commitment to provide the research community with
high-quality, non-redundant TF-binding profiles for TFs in
six taxa. As in previous releases, we have greatly expanded
the number of available profiles in the database, both for
PFMs and TFFMs. We also greatly improved user experi-
ence through a new easy-to-use website and a RESTful API
that grants universal programmatic access to the database.
Moreover, for the PFMs in the JASPAR CORE collec-
tion, we provide a hierarchical clustering and genome-wide
TFBS predictions for the hg19 and hg38 human genome as-
semblies as UCSC tracks.

During the curation process, hundreds of PFMs were
discarded because our curators failed to find any support
from existing literature. As new experiments and data be-
come available, binding preferences for these TFs will be
considered for JASPAR incorporation. For instance, we re-
examined data from (34) to incorporate seven previously ex-
cluded PFMs into JASPAR 2018. In the future, we would
like to engage the scientific community in the curation pro-
cess to increase our capacity to introduce new TF-binding
profiles in JASPAR. We plan to dedicate a specific section of
the website to hosting the profiles that were not introduced
into JASPAR, to encourage researchers to perform experi-
ments and/or point us to literature that our curators missed
in order to support these profiles. We believe that the en-
gagement of the scientific community to support JASPAR
will further improve our capacity to expand the collection
of high quality TF-binding profiles.

SUPPLEMENTARY DATA

Supplementary Data are available at NAR Online.
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17. Siebert,M. and Söding,J. (2016) Bayesian Markov models
consistently outperform PWMs at predicting motifs in nucleotide
sequences. Nucleic Acids Res., 44, 6055–6069.

18. Mathelier,A., Xin,B., Chiu,T.-P., Yang,L., Rohs,R. and
Wasserman,W.W. (2016) DNA shape features improve transcription
factor binding site predictions in vivo. Cell Syst., 3, 278–286.

19. Omidi,S., Zavolan,M., Pachkov,M., Breda,J., Berger,S. and van
Nimwegen,E. (2017) Automated incorporation of pairwise
dependency in transcription factor binding site prediction using
dinucleotide weight tensors. PLoS Comput. Biol., 13, e1005176.

20. Sandelin,A., Alkema,W., Engström,P., Wasserman,W.W. and
Lenhard,B. (2004) JASPAR: an open-access database for eukaryotic
transcription factor binding profiles. Nucleic Acids Res., 32,
D91–D94.

21. Vlieghe,D., Sandelin,A., De Bleser,P.J., Vleminckx,K.,
Wasserman,W.W., van Roy,F. and Lenhard,B. (2006) A new
generation of JASPAR, the open-access repository for transcription
factor binding site profiles. Nucleic Acids Res., 34, D95–D97.

22. Bryne,J.C., Valen,E., Tang,M.-H.E., Marstrand,T., Winther,O., da
Piedade,I., Krogh,A., Lenhard,B. and Sandelin,A. (2008) JASPAR,
the open access database of transcription factor-binding profiles: new
content and tools in the 2008 update. Nucleic Acids Res., 36,
D102–D106.

23. Portales-Casamar,E., Thongjuea,S., Kwon,A.T., Arenillas,D.,
Zhao,X., Valen,E., Yusuf,D., Lenhard,B., Wasserman,W.W. and
Sandelin,A. (2010) JASPAR 2010: the greatly expanded open-access
database of transcription factor binding profiles. Nucleic Acids Res.,
38, D105–D1010.

24. Mathelier,A., Zhao,X., Zhang,A.W., Parcy,F., Worsley-Hunt,R.,
Arenillas,D.J., Buchman,S., Chen,C.-Y., Chou,A., Ienasescu,H. et al.
(2014) JASPAR 2014: an extensively expanded and updated
open-access database of transcription factor binding profiles. Nucleic
Acids Res., 42, D142–D1427.

25. Chèneby,J., Gheorghe,M., Artufel,M., Mathelier,A. and Ballester,B.
(2017) ReMap 2018: An updated atlas of regulatory regions from an
integrative analysis of DNA-binding ChIP-seqexperiments. Nucleic
Acids Res., doi:10.1093/nar/gkx1092.

26. Eveland,A.L., Goldshmidt,A., Pautler,M., Morohashi,K.,
Liseron-Monfils,C., Lewis,M.W., Kumari,S., Hiraga,S., Yang,F.,
Unger-Wallace,E. et al. (2014) Regulatory modules controlling maize
inflorescence architecture. Genome Res., 24, 431–443.

27. Verkest,A., Abeel,T., Heyndrickx,K.S., Van Leene,J., Lanz,C., Van
De Slijke,E., De Winne,N., Eeckhout,D., Persiau,G., Van
Breusegem,F. et al. (2014) A generic tool for transcription factor
target gene discovery in Arabidopsis cell suspension cultures based on
tandem chromatin affinity purification. Plant Physiol., 164,
1122–1133.

28. Li,C., Qiao,Z., Qi,W., Wang,Q., Yuan,Y., Yang,X., Tang,Y., Mei,B.,
Lv,Y., Zhao,H. et al. (2015) Genome-wide characterization of
cis-acting DNA targets reveals the transcriptional regulatory
framework of opaque2 in maize. Plant Cell, 27, 532–545.

29. Cui,X., Lu,F., Qiu,Q., Zhou,B., Gu,L., Zhang,S., Kang,Y., Cui,X.,
Ma,X., Yao,Q. et al. (2016) REF6 recognizes a specific DNA
sequence to demethylate H3K27me3 and regulate organ boundary
formation in Arabidopsis. Nat. Genet., 48, 694–699.

30. Birkenbihl,R.P., Kracher,B. and Somssich,I.E. (2017) Induced
genome-wide binding of three Arabidopsis WRKY transcription
factors during early MAMP-triggered immunity. Plant Cell, 29,
20–38.

31. O’Malley,R.C., Huang,S.-S.C., Song,L., Lewsey,M.G., Bartlett,A.,
Nery,J.R., Galli,M., Gallavotti,A. and Ecker,J.R. (2016) Cistrome
and epicistrome features shape the regulatory DNA landscape. Cell,
165, 1280–1292.

32. Isakova,A., Groux,R., Imbeault,M., Rainer,P., Alpern,D.,
Dainese,R., Ambrosini,G., Trono,D., Bucher,P. and Deplancke,B.
(2017) SMiLE-seq identifies binding motifs of single and dimeric
transcription factors. Nat. Methods, 14, 316–322.
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