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SUPPLEMENTARY TEXT

Data processing for manual curation
The data processed for this release is provided in Supplementary Table S1 (1–9). PFMs enriched in
the datasets were obtained as described previously (Supplementary Text of the JASPAR 2022
manuscript (4)). The pipeline code used to process data for this release is available at
https://bitbucket.org/CBGR/jaspar_curation_pipeline/src/JASPAR2024/.

Motif trimming
To trim JAPAR PFMs, we first identified consecutive positions with an IC < 0.3, as previously used in
the literature (10–12), starting from the edges of the PFMs. Next, we identified IC “spikes”, which are
positions with IC > 0.3 directly surrounded by upstream and downstream positions with IC < 0.3. If
this “spike” position has an IC < 0.6, it is trimmed with the surrounding position with IC < 0.3, as
identified from the edges. Motif trimming is part of the data preparation for manual curation pipeline
as a separate workflow and the particular script that was used to perform trimming is available at
https://bitbucket.org/CBGR/jaspar_curation_pipeline/src/JASPAR2024/bin/matrix-clustering_stand-al
one/convert-matrix.R. The trimming workflow, which includes summaries of trimmed positions and a
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comparison of Gini coefficients for trimmed and untrimmed profiles, is available at
https://bitbucket.org/CBGR/jaspar_curation_pipeline/src/main/trim_profiles/trim_profiles_workflow.
Rmd.

Matrix clustering
We clustered and aligned PFMs from the CORE and the CORE+UNVALIDATED collections in six
taxa (fungi, insects, nematodes, plants, urochordates and vertebrates). Specifically, we developed an
updated stand-alone version of the RSAT matrix-clustering tool (13)
(https://github.com/jaimicore/matrix-clustering_stand-alone). The clustered PFMs are computed and
visualised as radial (all motifs aligned) and linear trees (cluster alignment) using the following
parameters: "-m “Ncor” -W 4 -n 0.5". We used the structural annotation of the TFs to annotate the
radial trees. This tool was integrated into our workflow as a container and is available at
https://hub.docker.com/repository/docker/cbgr/matrix_clustering/general.

Complementary data analysis
Sequence logos, word clouds, familial binding profiles, genomic tracks, TFFMs, and LOLA databases
were computed as described before (Supplementary Text of JASPAR 2022 manuscript (4)). All
analyses are now integrated into a single workflow available at
https://bitbucket.org/CBGR/jaspar_2024_downstream/src/main/. Word clouds, TFFMs, TFBS, and
LOLA computation are available as containers at https://hub.docker.com/repositories/cbgr. The LOLA
databases are available as RDS R objects on Zenodo at https://doi.org/10.5281/zenodo.8341374.

Software development
To prepare the new release of the JASPAR database, we rely on “3D” software components -
discovery, downstream, deployment. In more detail:

1) The discovery pipeline analyses peak data by discovering TF motifs or processes external
PFM data and prepares everything for manual curation. The code is available at
https://bitbucket.org/CBGR/jaspar_curation_pipeline/src/JASPAR2024/.

2) The downstream analysis pipeline uses manually curated PFM data, processes, and prepares
the database update. The code is available at
https://bitbucket.org/CBGR/jaspar_2024_downstream/src/jaspar2024/.

3) The deployment pipeline deploys the updated database into the website. The code is available
at https://bitbucket.org/CBGR/jaspar2020/src/jaspar2024/.

All three processes received major updates with this release to increase software quality and
reproducibility. Data processing for the manual curation pipeline was expanded to add motif trimming
(described above). The downstream analysis pipeline was designed to process manually curated
profiles of the 2024 release to ensure future maintenance and the integration of new features. We have
put a strong emphasis on good software development practices, including continuous integration,
containerisation of external resources (https://hub.docker.com/repositories/cbgr), version control, code
reviews, extensive documentation, automated checks, and unit tests to ensure good quality data
processing code. This effort aligns with the core principle of high-quality resources provided in
JASPAR, as we believe better software is the way to achieve better research (14). The website
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deployment used Ansible (https://docs.ansible.com/ansible/latest/getting_started/index.html) and
Jenkins (https://www.jenkins.io/) as the workflow management solution. ELIXIR Norway now hosts
the JASPAR website on Norwegian Research and Education Cloud (NREC) resources. The Ansible
playbook code is available a https://github.com/elixir-oslo/jaspar-playbook.

Retrieving JASPAR paper citations
The citations for the nine JASPAR papers were retrieved using the R package scholar

(https://github.com/jkeirstead/scholar) to query Google Scholar.
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SUPPLEMENTARY FIGURES

Supplementary Figure S1. JASPAR database papers citations over the years. The number of
citations for each JASPAR release paper over the years since JASPAR’s first release in 2004. Citation
information from Google Scholar (last updated on 2023-10-18).



Supplementary Figure S2. JASPAR UNVALIDATED collection growth. The number of profiles
for each taxon in UNVALIDATED collection every release since its introduction in the JASPAR 2020
(8th release).



Supplementary Figure S3. Motif size distribution for CORE and UNVALIDATED profiles in
JASPAR 2024.Matrix sizes of JASPAR matrices vary from 4 to 33 base pairs.



Supplementary Figure S4. Distribution of the change in the number of TFBS predictions before
and after trimming. For each trimmed profile, the x-axis shows the difference in the number of
TFBS predictions after trimming (from JASPAR 2024) minus the number of predictions before
trimming (from JASPAR 2022).



SUPPLEMENTARY TABLES

Supplementary Table S1. Data processed for the 10th JASPAR release (JASPAR 2024). The table
contains information on data type, the corresponding organism on which the data is generated and the
source of the data.

Source Organism Data type Number of
motifs

generated/
retrieved

Reference

GTRD D. rerio ChIP-seq 42 PMID:
33231677

C. elegans 1,398

D. melanogaster 2,937

A. thaliana 369

H. sapiens 10,206

R. norvegicus 153

M. musculus 7,035

S. cerevisiae 1,562

S. pombe 305

CIS-BP D. melanogaster B1H 593 PMID:
25215497

ChIP-seq

PBM

SELEX

C. elegans ChIP-seq 173

PBM

Plants PBM 521

DAP-seq

Lai et al. H. sapiens ChIP-exo 778 PMID:
34426512

PBM 12

JASPAR 2022
UNVALIDATED
collection

Vertebrates Collection of data
types

1,167 PMID:
34850907

Nematodes 45

Insect 156



Fungi 231

Urochordates 132

Plants 769

Ricci et al. Z. mays DAP-seq 51 PMID:
31740773

Cerise et al. O. sativa DAP-seq 9 GSE207402

Pei et al. T. aestivum DAP-seq 117 PMID:
36417050

Xu et al. A. thaliana ChIP-seq 12 PMID:
31245665

Liu et al. A. thaliana ChIP-seq 6 PMID:
26076231

Bass et al. C. elegans Y1H 350 PMID:
27777270



Supplementary Table S2. Numbers of profiles in JASPAR taxon-specific collections over different releases.

Taxon Collection 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

Vertebrates CORE 79 87 96 125 125 200 510 570 739 840 879

UNVALIDATED 110 295 317

Plants CORE 13 15 17 17 17 58 215 459 501 649 805

UNVALIDATED 25 69 122

Insects CORE 13 13 14 122 122 130 133 133 143 149 286

UNVALIDATED 1 2 53

Fungi CORE 170 170 170 171 171 178 178 178

UNVALIDATED 50 51 51

Nematodes CORE 5 5 14 25 25 42 42 103

UNVALIDATED 1 1 57

Urochordates CORE 1 1 1 1 1 1 1 1 86 94

UNVALIDATED 38 38

Diatoms CORE 1 1 1 1

Trematodes UNVALIDATED 1 1 1

Oomycota UNVALIDATED 1 1 1

Dictyostelium UNVALIDATED 2 2 2

Cnidaria UNVALIDATED 1 1 1



Supplementary Table S3. Overview of the JASPAR 2024 UNVALIDATED collection update
compared to the JASPAR 2022 UNVALIDATED collection.

Taxonomic group
in
UNVALIDATED
collection

Non-redun
dant PFMs
in JASPAR

2022

New
non-redun
dant PFMs
in JASPAR

2024

Removed
profiles

Upgraded
profiles
(from

UNVALI-
DATED to
CORE)

Updated
PFMs in
JASPAR
2024

Total
non-redun
dant PFMs
in JASPAR

2024

Plants 113 53 2 42 - 122

Vertebrates 326 22 11 20 - 317

Urochordata 46 - - 8 - 38

Insects 6 51 2 2 - 53

Nematodes 2 56 1 - - 57

Fungi 52 - 1 - - 51

Dictyostelium 2 - - - - 2

Cnidaria 1 - - - - 1

Trematodes 1 - - - - 1

Oomycota 1 - - - - 1

UNVALIDATED
total

550 182 17 72 - 643



Supplementary Table S4. Overview of the JASPAR 2024 TFFM collection.

Taxonomic group Number of
TFFMs

Plants 423

Vertebrates 648

Insects 35

Nematodes 24

Fungi 5

Total 1,135


