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Supplementary Table 1 — Alternative approaches

Name Input Output Availability
TFACTS (14) List of differentially Regulators with Webserver:
expressed genes and significantly over- http://www.tfacts.org/
collection of RTls represented target
genes in the input list
(p-value).
DCGLv2.0 List of differentially Regulators with R-package:
(15) expressed genes and significantly over- https://cran.r-
collection of RTls represented target project.org/web/packages
genes in the input list /DCGL/DCGL.pdf
(p-value).
Regulator A gene expression matrix Impact score for each -
Impact with samples that belong to regulator.
Factors RIF1 | two groups and a collection
+ RIF2 (16) of RTls.
Correlation A gene expression matrix and | Regulators with a -
set analysis a collection of RTls. significant coherence
(17) between all target

REGGAE (18)

TFRank (19)

WPGSA (20)

MIPRIP (21)

Regulatoy
Snapshots
(22)

A gene expression matrix and
a collection of RTls

A list of target genes (e.g.
differentially expressed
genes) and a collection of
weighted RTIs in form of an
adjacency list (network)

A score list (e.g. fold-
changes) and RTls weighted
by the number of
experiments that confirm
each RTI

A gene expression matrix and
weighted RTls in form of an
adjacency matrix (network)
Gene expression time series
and RTls in form of
regulatory networks

genes. (p-value)

A prioritized list of
influential regulators.
(p-value)

A prioritized / ranked
list of influential
regulators

A prioritized list of
influential regulators (p-
value)

A list of significant
regulators per target
gene (p-value)
Important regulatory
modules

Webserver:
https://regulatortail.bioinf
.uni-sb.de

Java implementation:
http://web.tecnico.ulisbo
a.pt/aplf/code/tfrank/

+ Adapted version of the
algorithm in the
Regulatory Snapshots
webserver (22)

Python script:
https://github.com/eiryo-
kawakami/wPGSA

R-package:
http://www.leibniz-
hki.de/de/miprip.html
Webserver:
http://kdbio.inesc-
id.pt/software/regulatorys
napshots/

Table 1A: Overview of methods based on regulator-target interactions (RTIs).


http://web.tecnico.ulisboa.pt/aplf/code/tfrank/
http://web.tecnico.ulisboa.pt/aplf/code/tfrank/

Name Input Output Availability

CENTIPEDE Matrix of read counts around | Posterior probabilities for | R-package:

(23) candidate binding sites from | all provided candidate http://centipede.uchicag
DNasel cut sites and/or binding sites to be true o.edu/
histone marks TF binding sites

PIQ (24) Bam file with DNasel data, List of purely PWM based | R-package:
and a collection of PWMs motif matches and a list https://bitbucket.org/tha

of motif matches shim/pig-single
incorporating the DNasel

information as well as the

corresponding scores

MILLIPEDE Binned DNase data, TF Probabilities for all R-package:

(25) binding information using candidate binding sites to | https://users.cs.duke.edu
PWM scores, optional: TF be true TF binding sites /~amink/software/millipe
ChlIP-seq labels de/

BinDNase Training data contains PWM Probabilities for all R-package:

(26) scores for bound and candidate binding sites to | http://research.ics.aalto.f
unbound regions and DNasel | be true TF binding sites i/csb/software/bindnase/
data, ideally in perBase
resolution. Test data is
composed of PWM scores
and Dnasel data for all
candidate regions

HINT-BC (27) | BED file with regions of A Bed file with all Part of the Regulatory
interest, e.g. DHS sites, predicted TF-footprints Genomics Toolbox
a Bam file with DNasel data, and the related scores http://www.regulatory-
and optionally Bam files with genomics.org/rgt/basic-
histone mark data introduction/

TEPIC (28) Candidate regions for TF A file containing TF Bash and Python scripts
binding, e.g. DHS sites, a affinities calculated per as well as C++ code
collection of PCMs, and a peak and a file containing | https://github.com/Schul
reference genome. TF affinities calculated zLab/TFAnalysis
Optionally, a wig file with per gene
DNasel signal information

PASTAA (29) | Ensembl IDs, Gene Symbols, List of TFs ranked Webserver:

or RefSeq IDs for Mouse or
Human

according to the
association with the
input

http://trap.molgen.mpg.
de/cgi-bin/pastaa.cgi
C++ Code:
http://trap.molgen.mpg.
de/PASTAA/

Table 1B: Overview of methods based on genome-wide transcription factor (TF) binding predictions.



Supplementary Table 2 — Expected runtimes

Run1 Run 2 Run 3 Run 4 Run 5 Average
[ms] [ms] [ms] [ms] [ms] runtime
ins

Hypergeometric test 23724 23793 23644 23644 23577 23.68
Fisher's exact test 25281 25409 25485 25485 25140 25.36
Binomial test 247275 247336 247771 246396 246948 247.15
REGGAE 172959 172856 172620 172620 172665 172.74
REGGAE (without 8645 8415 8402 8270 8058 8.35
bootstrapping)
RIF1 8338 8108 8272 8148 8174 8.20
RIF2 8194 8115 8346 8092 8229 8.20

Table 2A: Average runtime of all algorithms in Scenario 1 + 2. To perform the analyses, we used GSE10072
and calculated the expression differences for tumor and normal samples. We then selected the top 250
upregulated genes for each analysis. The analyses were performed using the entire RTI collection of
Database V1 2016.

Run1l Run 2 Run 3 Run 4 Run5 Average
[ms] [ms] [ms] [ms] [ms] runtime
ins

Hypergeometric test 28619 28554 28643 28709 28651 28.64
Fisher's exact test 32003 31741 31793 32069 31710 31.86
Binomial test 250926 245165 243075 243993 244695 245.57
REGGAE 331289 331978 345028 344942 335938 337.84
REGGAE (without | 8470 8915 8731 8744 8337 8.64
bootstrapping)
RIF1 8425 8425 8280 8111 8320 8.31
RIF2 8474 8306 8305 8341 8473 8.38

Table 2B: Average runtime of all algorithms in Scenario 1 + 2. To perform the analyses, we used GSE10072
and calculated the expression differences for tumor and normal samples. We then selected the top 500
upregulated genes for each analysis. The analyses were performed using the entire RTI collection of
Database V1 2016.



Runl Run2 Run3 | Run4 Run5 Average

[s] [s] [s] [s] [s] runtimeins
TEPIC — all PSEMs 469 471 471 476 470 471.4
TEPIC — public PSEMs 263 263 262 264 262 262.8
INVOKE lasso penalty with 422 410 441 404 431 421.6
performance measurement
INVOKE lasso penalty without 205 230 245 217 221 224
performance measurement
INVOKE ridge penalty with 106 104 105 105 104 105
performance measurement
INVOKE ridge penalty without 43 43 42 43 42 43
performance measurement
INVOKE elastic net penalty with 3441 3606 | 3467 | 3470 3533 3503
performance measurement
INVOKE elastic net penalty without 1683 1702 | 1738 | 1679 1772 1715

performa nce measurement

Table 2C: Average runtime of all algorithms in Scenario 3 + 4. To perform the analyses, we used BLUEPRINT
Sample S001S7. We calculated binding affinities using TEPIC and trained predictive models of gene
expression using INVOKE.



Supplementary Table 3 — Methods for p-value adjustment

Method Reference
Bonferroni [S1.01]

Sidak [51.02]

Holm [S1.03]
Holm- Sidak [S1.02, S1.03]
Finner [S1.04]
Hochberg [S1.05]
Benjamini-Hochberg [S1.06]
Benjamini-Yekutieli [S1.07]

[$1.01] Bonferroni, Carlo E. Il calcolo delle assicurazioni su gruppi di teste. Tipografia del Senato, 1935.

[S1.02] Sidak, Zbynék. "Rectangular confidence regions for the means of multivariate normal
distributions." Journal of the American Statistical Association 62.318 (1967): 626-633.

[$1.03] Holm, Sture. "A simple sequentially rejective multiple test procedure." Scandinavian journal of
statistics (1979): 65-70.

[$1.04] Finner, Helmut. "Some new inequalities for the range distribution, with application to the
determination of optimum significance levels of multiple range tests." Journal of the American Statistical
Association 85.409 (1990): 191-194.

[$1.05] Hochberg, Yosef. "A sharper Bonferroni procedure for multiple tests of significance." Biometrika
75.4 (1988): 800-802.

[$1.06] Benjamini, Yoav, and Yosef Hochberg. "Controlling the false discovery rate: a practical and
powerful approach to multiple testing." Journal of the royal statistical society. Series B (Methodological)
(1995): 289-300.

[S1.07] Benjamini, Yoav, and Daniel Yekutieli. "The control of the false discovery rate in multiple testing
under dependency." Annals of statistics (2001): 1165-1188.



Supplementary Table 4 — REGGAE Parameters

Parameter Value

Identifier level statistic Shrinkage t-test
Upper-quantile filter 0.05

Enrichment method Wilcoxon rank-sum test
Order of test set decreasingly

Method to compute the influence of regulators Pearson correlation
Scoring mode for influence scores Absolute correlation
Method to adjust p-values Benjamini-Yekutieli
Number of bootstrap replications 1000

Random seed 8938479563690567223

RTI collection Entire collection V1 2016



Supplementary Table 5 — REGGAE Results

Rank Regulator H#Targets Score Adjusted p-value Mean correlation
1 FOSL2 968 27.07 4.88e-158 -0.319
2 CEBPA 861 26.16 7.70e-148 -0.328
3 ZBTB7A 917 25.58 1.76e-141 -0.318
4 SMAD1 780 25.49 1.35e-140 -0.317
5 GATA3 976 25.09 3.13e-136 -0.293
6 E2F6 983 24.14 3.92e-126 0.314
7 MITF 645 22.06 2.23e-105 0.355
8 FOXP1 813 21.92 4.92e-104 -0.294
9 TFAP2C 951 21.11 1.60e-96 -0.28
10 RXRA 802 20.81 7.42e-94 -0.277
11 CBX3 955 20.31 1.94e-89 0.301
12 BRCA1 741 19.6 3.03e-83 0.331
13 ATF2 925 18.98 4.00e-78 0.298
14 HEY1 941 18.92 1.37e-77 0.279
15 TP63 446 18.63 2.62e-75 -0.303
16 BCL11A 682 17.96 5.36e-70 -0.271
17 SP1 1018 17.62 2.49e-67 -0.231
18 RAD21 1017 16.91 5.14e-62 0.242
19 PBX1 624 16.8 2.85e-61 -0.268
20 KLF5 658 16.5 4.24e-59 -0.272
21 KDM5B 993 16.42 1.45e-58 -0.22
22 GRHL2 396 14.93 2.20e-48 -0.282
23 PRDM1 258 14.67 9.23e-47 -0.325
24 NANOG 922 14.49 1.31e-45 -0.232
25 ETV1 535 14.18 1.12e-43 0.318
26 NCOA1 419 13.64 1.97e-40 -0.3
27 RBL1 609 13.24 4.07e-38 0.280
28 NFIC 964 12.98 1.30e-36 -0.226
29 SMC1A 928 12.9 3.61e-36 0.246
30 CDK8 878 12.78 1.49e-35 0.244
31 ZMIzZ1 860 12.67 5.94e-35 -0.214
32 RUNX1 964 12.59 1.64e-34 -0.219
33 ZNF750 415 12.51 4.32e-34 -0.258
34 ELL2 440 12.49 5.36e-34 -0.273
35 ATF1 750 12.39 1.98e-33 0.259
36 NIPBL 840 12.16 3.30e-32 -0.207
37 KLF4 384 12.1 6.60e-32 -0.271
38 STAT3 988 11.78 3.03e-30 -0.213
39 RB1 707 11.77 3.17e-30 0.254
40 SAP30 740 11.2 2.34e-27 0.255
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Supplementary Table 6 — Top 15 Regulators — Associations to melanoma
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FOSL2 4.88e-158 [54.01]
CEBPA 7.70e-148 [54.02] [S4.03]
ZBTB7A 1.76e-141 [S4.04] [S4.02, 54.04] [S4.05]
SMAD1 1.35e-140 | [S4.06, 54.07] [54.08]
GATA3 3.13e-136 [S4.09] [54.10]
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BRCA1 3.03e-83 [S4.23] [S4.24, 54.25] [54.26]
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