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Figure S1. PWM score distribution and ROC AUC plots for an HT-SELEX library. Sum
occupancy scores were computed for the combined cycles from HT-SELEX experiment
IRF3_TCCTAA40ONATC_AIl with JASPAR matrix MA1418.1. A. Binding score distribution of
the in vitro selected sequences (red) and shuffled control sequences (black). Note the small
fraction (less than 10%) of bona fide protein-bound sequences represented by the tail on the
right side of the score distribution. The dotted lines indicate the 10% top-score cut-offs for
the positive and negative sequences. B. ROC AUC plot obtained with 10% top-scoring
sequences. Setting a top-score cut-off of 50% produces a ROC AUC value of 0.572105. This
figure has been produced with the PWMEval-Selex tool of the PWMTools server at
https://ccg.epfl.ch/pwmtools.
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Figure S2. The average AUC ROC achieved by PWMs (rows) on particular data sets
(columns). The average is taken over all binding motifs from the structural family and all
experiments for all TFs from the structural family of their DNA recognition domains according
to the CIS-BP TF family classification. The PWMs were benchmarked on HT-SELEX
50% data. Only families with no less than 2 PWMs, 2 ChIP-seq, and 2 SELEX data sets are
shown.
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Figure S3. Alluvial plots illustrating the performance of PWMs from particular CIS-BP TF
families in the HT-SELEX 50% benchmark. PWMs grouped by CIS-BP TF family are shown
on the left, TFs are shown on the right. Only TFs with at least one ChIP-seq data set and
one HT-SELEX data set are included. For illustration, selected motif families are highlighted
with color. (A) For each TF, the PWM with the best average AUC ROC across the datasets
for this TF is selected for link construction. The link width corresponds to the number of TFs.
(B) For each TF, PWMs displaying the average AUC ROC of no less than 0.75 across the
datasets for this TF are selected. The link width is proportional to the square root of the
number of appropriate PWM-TF pairs.
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Figure S4. Comparison of ROC AUC and correlation values for 12 motif matrices tested on
HT-SELEX and PBM data. The matrices were tested in parallel on two HT-SELEX and two
PBM data sets for FOXJ3. The matrix collection consists of 10 matrices nominally attributed
to FOXJ3 plus the overall best performing matrices for FOXJ3 on HT-SELEX and PBM data,
respectively. The scatter plot illustrates the good agreement of HT-SELEX and PBM
benchmarks. f the two matrices attributed to other TFs from the same family outperform all
genuine FOXJ3 matrices, regardless of whether they are tested on HT-SELEX or PBM data.




NANOG_HUMAN.H11MO.0.A SOX2-POU2F1 motif from CAP-SELEX
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Figure S5. Confirmation of an indirect binding mode for a NANOG matrix with CAP-SELEX.
All-against-all benchmarking of NANOG_HUMAN.H11MO.0.A using in vivo ChlP-seq data
suggests that this matrix represents a composite DNA motif consisting of a SOX2 and a
POUSF1 binding site (Table 3 of main text). This, in turn, supports the hypothesis that the
Nanog protein can be recruited indirectly to target sites through protein-protein interaction
with SOX2-POU5F1 heterodimers bound to DNA. CAP-SELEX is a technique that allows for
characterization of the DNA specificity of TF-heterodimers (Jolma et al. 2015, Nature
527:384). The sequence logo on the right side shows the motif extracted from a CAP-SELEX
experiment targeted at SOX2-POUF2F1 dimers, published in the supplemental material of
the CAP-SELEX paper. Assuming that POUF2F1 and POUF5F1 have similar binding
specificity, the strong resemblance between the two motifs supports the indirect binding
mode hypothesis for Nanog. This example also underscores the usefulness of CAP-SELEX
for the interpretation of in vivo binding experiments.
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Figure S6. Kernel density plots illustrating relations between basic motif features (motif
length, GC content, mean information content) and motif performance in ChIP-seq, HT-
SELEX 10%, HT-SELEX 50%, and PBM benchmarks. Each point underlying the density plot
corresponds to a single PWM of a particular TF evaluated on a particular data set. AUC
ROC (for ChIP-seq and SELEX) and Pearson correlation coefficients (for PBM) are
calculated by averaging corresponding values over all datasets of that TF. Mean GC-content
is estimated as the total fraction of GC nucleotides across all positions of the position
frequency matrix. Mean information content is an average over positions of (2 minus the
entropy of nucleotide distribution). (A) PWMs and experimental data sets associated with the
same TFs. (B) All possible combinations of PWMs and experimental data sets. (C) Slope
and R? values of trend lines. Cells with P-values of Pearson correlation between motif
features and prediction performance measures of less than 0.001 are presented in bold.



Description of additional files

Additional files 2-5: These files contain interactive supplementary figures. Dimensionality
reduction with t-SNE is applied to PWMs' performance at ChIP-seq (file 2), HT-SELEX 10%
(file 3), HT-SELEX 50% (file 4), and PBM data (file 5). Each point corresponds to a PWM.
Coloring schemes correspond to TFClass classes (level 2), TFClass families (level 3), CIS-
BP families, motif experimental source data, and motif collections.

Additional file 6: Detailed annotation including ID mapping and family classification of the
human transcription factors and corresponding motifs of JASPAR/HOCOMOCO/CIS-BP
used in the study.

Additional file 7: List of PBM data sets from UniPROBE used in this study.

Description of data and code repositories

The code and data are available under MIT license. Benchmarking protocols have been containerized
using docker to make them easily reusable, and published as Zenodo repository
[d0i:10.5281/zen0d0.3695374] *.

Performance measures and benchmarking results are also published as
[d0i:10.5281/zen0d0.3702150] **.

The data repository contains the link to the collection of supplementary scripts used to prepare the
Figures and Tables for the publication [https://github.com/autosome-
ru/motif_benchmarking_paper]. These supplementary scripts require manual intervention (but may
potentially be useful for understanding the analysis).
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