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SUPPLEMENTARY TEXT

ChiP-seq data processing

We downloaded and processed ChlP-seq peak datasets from the following resources:
e ReMap (1): human (hg38) and A. thaliana (TAIR10)
e ChlP-atlas (2): C. elegans (cel0), D. melanogaster (dm3), S. cerevisiae (sacCer3)
e GTRD (3): A. thaliana (TAIR10), C. elegans (WBcel235), D. melanogaster (dm6),
S. cerevisiae (R64), S. pombe (ASM294v?2)
e CistromeDB (4): human (hg38) and mouse (mm10)
e ModERN (5): D. melanogaster (dm6), C. elegans (PRINA13758.WS245)
e DAP-seq (Zea mays, genome version AGPv3.31) datasets from Galli et al (6).

Each dataset was used to predict de novo enriched motifs around the ChlP-seq peak summits
using the following protocol:

1. Extract genomic regions of +/- 50bp around the peak summits using BedTools (7).

2. Apply the RSAT peak-motifs tools (8) to discover overrepresented motifs with the
following options: “-markov auto -disco oligos,dyads,positions,local-words -nmotifs 2 -
minol 6 -maxol 7 -no_merge_lengths -ci 25 -noov -2str -origin center’

3. For each of the discovered motifs:

a. Compute the corresponding PWM using the TFBS perl module (9)

b. Extract genomic regions of +/- 250bp around peak summits

c. Predict TFBSs within this sequences using an 85% threshold on the relative
scores of the PWMs (9)

d. Compute the TFBS centrality enrichment p-value (following (10))

4. For each TF, select the PWM associated with the lowest centrality p-value, which
satisfies logio(p-value) <=-200.
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The TF-binding profiles obtained were then manually curated for inclusion into JASPAR 2020.

This pipeline was developed using Snakemake (11) and the code is available at
bitbucket.org/CBGR/jaspar_2020/.

Unvalidated collection

A TF-binding profile was introduced into the unvalidated collection of JASPAR if no further
supporting evidence was found in the literature and the PFM satisfied the following criteria:
1. the centrality p-value of predicted TFBSs (see above) was such that logio(p-
value) <= -200, if the profile was derived from ChlIP-seq;
2. through visual inspection, the profile was found with enough information content
and did not correspond to a repetitive motif.

TF binding profiles clustering

TF binding profiles clusterization were obtained using the RSAT matrix-clustering tool (12) with
the following parameters: “-hclust_method average -calc sum -metric_build_tree Ncor -lth w 5 -
Ith cor 0.6 -Ith Ncor 0.4 -label_in_tree name -return json -radial_tree_only”

The clusters were generated for each taxon. For aesthetics, the radial tree radium and font size
were manually adapted according to the number of profiles on each taxon. Code available at

bitbucket.org/CBGR/jaspar_2020/.

Sequence logos
All the PFM weblogos were generated as SVG files using the R package ggseqglogo (13).

Transcription Factor Flexible Models (TFFMs)

TF binding profiles in JASPAR 2020 were associated with ChlP-seq data sourced from ReMap
(1), ChlP-atlas (2), GTRD (3), and CistromeDB (4) whenever possible. These profiles were
used to initialize TFFMs that were trained on genomic regions of -/+ 50bp around the
corresponding peak summits. Centrality enrichment p-values were computed using
genomic regions +/- 250bp on each side of the peak summits, as for PFMs by considering
the best hit per sequence. TFFMs providing a logio( p-value) <= -200 were further
introduced into JASPAR.

Profile inference tool

We updated the profile inference tool with the recently described similarity regression approach
(14). We followed the methods as indicated, with a few exceptions:
e [or the dependent variable (i.e. Y), we used Tomtom (version 5.0.5) (15) e-values
instead of E-score overlaps as values;
e Due to our choice for Y, we did not train logistic regression models; and
e Instead of regressing on individual DBD classes (e.g. C2H2 zinc fingers), we regressed
on individual DBD compositions (e.g. 3x C2H2 zinc fingers such Zif268, 11x zinc fingers
such as CTCEF, etc.).

For a given TF sequence (i.e. query), the updated profile inference tool:
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1. Identifies the query’s Pfam (16) DBD(s) using hmmscan (version 3.2.1) (17) with the “--
domtblout” option and E-value thresholds for models and domains of 10®° and 107?,
respectively (thresholds informed by (18) and (19), respectively);
Searches for JASPAR TFs homologous to the query using BLAST+ (version 2.9.0) (20);
And selects homologs:
a. with the same DBD composition than the query; and
b. whose BLAST+ alignment with the query is above the Rost’'s sequence identity
curve (21).
4. Then, for each selected homolog, evaluates the amino acid sequence similarity of the
query and homolog DBDs on the best regression model for that DBD composition; and
5. If the query and homolog DNA-binding specificities are predicted as “highly similar” (i.e.
Tomtom e-value < 10°®), returns the profiles associated with the homolog.

wn

Steps 2 and 3b are performed as previously described in (22). Moreover, in step 4, DBDs are
aligned using hmmalign (version 3.2.1) (17). The updated inference tool, regression models and

training data are available at https://github.com/wassermanlab/JASPAR-profile-inference.

Genomic tracks

We extended our custom UCSC Genome Browser track data hub (23) beyond human (hg19
and hg38 assembilies) to provide coverage for 6 additional organisms: mouse (mm10), zebrafish
(danRerll), Drosophila melanogaster (dm6), Caenorhabditis elegans (cel0), Arabidopsis
thaliana (araThal), and baker’s yeast (sacCer3).

DNA sequences were scanned with JASPAR CORE TF-binding profiles for each taxa
independently using PWMScan (24). We selected TFBS predictions with a PWM relative score
> 0.8 and a p-value < 0.05. P-values were scaled between 0 (corresponding to a p-value of 1)
and 1000 (p-value < 10™) for colouring of the genome tracks and to allow for comparison of
prediction confidence between different profiles.

Instructions on how to use the genomic tracks on the UCSC Genome Browser are provided on
the JASPAR website (http://jaspar.genereg.net/genome-tracks/). Code and data used to create
the genomic tracks are available at https://github.com/wassermanlab/JASPAR-UCSC-tracks

and http://expdata.cmmt.ubc.ca/JASPAR/downloads/UCSC_tracks/2020/, respectively.
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