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Supplementary Figure 1. Performance of the ChEA3 libraries and integration techniques in recovering the
perturbed TFs from 946 TF LOF and GOF experiments from the TFpertGEOupdn benchmarking dataset. The red
bars indicate the fraction of the 946 experiments in TFpertGEOupdn where the upstream perturbed TF was
recovered for each rank percentile. The blue bars indicate the rank percentile distribution of recovery of the subset
of TFpertGEOupdn where the perturbed TFs are covered by the library.
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Supplementary Figure 2. ChEAS library performance on the TFpertGEOupdn benchmarking dataset compared
to library TF coverage. a) AUROC compared to the number of unique TFs covered by the library. b) AUPR
compared to the number of unique TFs covered by the library. c) The fraction of the TFpertGEO perturbed TFs
recovered by the top 1 percentile of ranks.
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Supplementary Figure 3. Effect of input type on ChEA3 performance. ROC curves describing performance for
a) TF overexpression or chemical activation experiments from TFpertGEOup; b) TF overexpression or chemical
activation experiments from TFpertGEOdn; ¢) TF knockdown, knockout or chemical inactivation experiments
from TFpertGEOup; and d) TF knockdown, knockout or chemical inactivation experiments from TFpertGEOdn.
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Supplementary Figure 4. Effect of input type on ChEA3 performance. PR curves describing performance for a)
TF overexpression or chemical activation experiments from TFpertGEOup; b) TF overexpression or chemical
activation experiments from TFpertGEOdn; ¢) TF knockdown, knockout or chemical inactivation experiments
from TFpertGEOup; and d) TF knockdown, knockout or chemical inactivation experiments from TFpertGEOdn.
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Supplementary Figure 5. Effect of human and mouse query types on ChEA3 performance. a) Composite ROC
curves generated from 5,000 bootstrapped curves demonstrating performance on the hsTFpertGEOupdn
benchmarking dataset. b) Composite ROC curves generated from 5,000 bootstrapped curves demonstrating
performance on the mmTFpertGEOupdn benchmarking dataset. ¢) Composite PR curves generated from 5,000
bootstrapped curves demonstrating performance on the hsTFpertGEOupdn benchmarking dataset. d) Composite
PR curves generated from 5,000 bootstrapped curves demonstrating performance on the mmTFpertGEOupdn
benchmarking dataset. €) The deviation of the cumulative distribution from uniform of the scaled rankings of
each perturbed TF in the hsTFpertGEOupdn. Anderson Darling test of f) the deviation of the cumulative
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distribution from uniform of the scaled rankings of each perturbed TF in the mmTFpertGEOupdn.
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Supplementary Figure 6. Effect of human and mouse query types on ChEA3 performance. a) Mean AUROC
and mean AUPR over 5,000 bootstrapped ROC and PR curves from the hsTFpertGEOupdn benchmarking

dataset. b) Mean AUROC and mean AUPR over 5,000 bootstrapped ROC and PR curves from
mmTFpertGEOupdn benchmarking dataset. ¢) Mean AUROC compared to TF coverage from
hsTFpertGEOupdn benchmarking dataset. d) Mean AUROC compared to TF coverage from
mmTFpertGEOupdn benchmarking dataset. e€) Mean AUPR compared to TF coverage from
hsTFpertGEOupdn benchmarking dataset. f) Mean AUPR compared to TF coverage from

the
the
the
the
the

mmTFpertGEOupdn benchmarking dataset. g) Percent of the 443 TFs perturbed in hsTFpertGEOupdn that were
recovered in the top 1% of ranks. h) Percent of the 503 TFs perturbed in mmTFpertGEOupdn recovered in the
top 1% of ranks. i) Percent of the subset of TF experiments in hsTFpertGEOupdn where the perturbed TF is
covered by the library that were recovered in the top 1% of ranks. j) Percent of the subset of TF experiments in
mmTFpertGEOupdn where the perturbed TF is covered by the library that were recovered in the top 1% of ranks.
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Supplementary Figure 7. Performance of the ChEA3 libraries and integration techniques in recovering the
perturbed TFs from 443 TF LOF/GOF experiments from the hsTFpertGEOupdn benchmarking dataset. The red
bars indicate the fraction of the 443 experiments in hsTFpertGEOupdn where the upstream perturbed TF was
recovered for each rank percentile. The blue bars indicate the rank percentile distribution of recovery of the subset
of hsTFpertGEOupdn where the perturbed TFs are covered by the library.



Integrated MeanRank

15
10
5
0

15
10

5
OjHH}“ﬂ]]JD]Du]Du]Du]D.:ﬂ:u.un;uu=n:|=.=.u=nt ======== T S P —

» % & A2 &
Rank Percentile

”Hll]]hD]Du]ﬂn]uu:l]:]nsu:unnuu.nas.__azu”u: .......................................................
» P & o &

Rank Percentile

Integrated TopRank

ARCHS4--Coexpression

15
10
5
0 Hl]}uu]]]u]uD]Du]Dn:D=]D-D:uu.ﬂn:ﬂaau:\!.-ﬂt ====== e R D oo R R ——
» & & A2 &P
Rank Percentile
ENCODE--ChIP-seq
&£ 15
v 10
o
E s
L o ‘UUDHU]HUU__U;,UQ[IU_D _____ sdl.o.odl o ons o _odl _odloedl_o_dlo__dl___dlodl o0 00 o D o o= o
8 N o Y X P
%-) Rank Percentile
e . .
> Enrichr--Queries
[
2 1o
g "2
o 0 HH]UI]J]]UJUUlun]uuluJ:Iu:ﬂ.uu]uu:u.n:...ut:u ....... L ——— R R — e e e e i — P T —
N (f/"} ‘30 /\‘O \QQ
Rank Percentile
GTEx--Coexpression
15
10
3l
0 ..”.}.U.".]F?F'.’FF.JF'.".].“.“f:’ﬁ.’.“.=.”.:.“.“.’.“.“.=.-.’.=:=.=.=.“.=F.-:F.’:’.”.Jr?.-.-::’.“.’.-.‘.-.=.”.=.=F.=.=.=.“.’.“:.-:.-.=.-.-.=.=.-;=.=.’:=.’.-:-.-:.-.=.-.=.-.-.-.=.=.=.=
» ® S A &
Rank Percentile
Literature--ChlIP-seq
15
10
5
0 ‘[||]H“ﬂ]Du’].‘DEEI[I']u‘]:lnn_.—._:u_auu'].."]—.l]':l.u’]ﬂ\:n ..... T | ——— P | B | B — memcllos ol aOm e m -
» @ & Ao &
Rank Percentile
ReMap--ChlIP-seq
15
10
5
B LT 1 SREPUR E RS PP A SO FRUPPIPRU SO EUTE LU B SO0 SOPT OSSR
» P Y Ao RS

Rank Percentile

Supplementary Figure 8. Performance of the ChEA3 libraries and integration techniques in recovering the
perturbed TFs from 503 TF LOF/GOF experiments from the mmTFpertGEOupdn benchmarking dataset. The red
bars indicate the fraction of the 503 experiments in mmTFpertGEOupdn where the upstream perturbed TF was
recovered for each rank percentile. The blue bars indicate the rank percentile distribution of the recovery of the
subset of mmTFpertGEOupdn where the perturbed TFs are covered by the library.
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Supplementary Figure 9. Performance of the ChEA3 libraries and integration techniques in recovering the
perturbed TFs from 946 TF LOF and GOF experiments from the TFpertGEO200 benchmark dataset. a) Mean
ROC AUC and mean PR AUC over 5,000 bootstrapped ROC and PR curves; b) Composite ROC curves generated
from 5,000 bootstrapped curves; ¢) Composite PR curves generated from 5,000 bootstrapped curves; d) The
deviation of the cumulative distribution from uniform of the scaled rankings of each perturbed TF in the
benchmarking dataset. Anderson-Darling test of uniformity: MeanRank p = 6.34 x 10”; TopRank p = 6.34 x 10-
7 ARCHS4 p = 6.34 x 107; ENCODE p = 2.06 x 10°%; Enrichr Queries p = 6.82 x 107; GTEx p = 6.45 x 107;
Literature ChIP-seq p = 1.28 x 10°%; ReMap p = 1.02 x 10,
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Supplementary Figure 10. Performance of the ChEA3 libraries and integration techniques in recovering the
perturbed TFs from 946 TF LOF and GOF experiments from the TFpertGEO200 benchmark dataset compared to
ChEA3 TF coverage. a) Mean ROC AUC over 5,000 bootstrapped ROC curves compared to library TF coverage.
b) Mean PR AUC over 5,000 bootstrapped ROC curves compared to library TF coverage. ¢) The percent of the
LOF/GOF TFs in TFpertGEO200 recovered in the top 1 percentile of ranks compared to the library TF coverage.
d) The percent of the LOF/GOF TFs in the subset of TFpertGEO200 that are covered by the library that were
recovered in the top 1 percentile of ranks compared to the library TF coverage.
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Supplementary Figure 11. Performance of the ChEA3 libraries and integration techniques in recovering the
perturbed TFs from 946 TF LOF and GOF experiments from the TFpertGEO200 benchmarking dataset. The red
bars indicate the fraction of the 946 experiments in TFpertGEO200 where the upstream perturbed TF was
recovered for each rank percentile. The blue bars indicate the rank percentile distribution of recovery of the subset
of TFpertGEO200 where the perturbed TFs are covered by the library.
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Supplementary Figure 12. Performance of the ChEA3 libraries and integration techniques in recovering the
perturbed TFs from 946 TF LOF and GOF experiments from the TFpertGEO1000 benchmark dataset. a) Mean
ROC AUC and mean PR AUC over 5,000 bootstrapped ROC and PR curves; b) Composite ROC curves generated
from 5,000 bootstrapped curves; ¢) Composite PR curves generated from 5,000 bootstrapped curves; d) The
deviation of the cumulative distribution from uniform of the scaled rankings of each perturbed TF in the
benchmarking dataset. Anderson-Darling test of uniformity: MeanRank p = 6.34 x 107; TopRank p = 6.34 x 10-
" ARCHS4 p = 6.34 x 107"; ENCODE p =2.06 x 10°%; Enrichr Queries p = 6.83 x 10”; GTEx p = 6.45 x 107;
Literature ChIP-seq p = 1.27 x 10°%; ReMap p = 1.02 x 10°®.
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Supplementary Figure 13. Performance of the ChEA3 libraries and integration techniques in recovering the
perturbed TFs from 946 TF LOF and GOF experiments from the TFpertGEO1000 benchmark dataset compared
to ChEA3 TF coverage. a) Mean ROC AUC over 5,000 bootstrapped ROC curves compared to library TF
coverage. b) Mean PR AUC over 5,000 bootstrapped ROC curves compared to library TF coverage. ¢) The
percent of the LOF/GOF TFs in TFpertGEO1000 recovered in the top 1 percentile of ranks compared to the
library TF coverage. d) The percent of the LOF/GOF TFs in the subset of TFpertGEO1000 that are covered by
the library that were recovered in the top 1 percentile of ranks compared to the library TF coverage.
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Supplementary Figure 14. Performance of the ChEAS3 libraries and integration techniques in recovering the
perturbed TFs from 946 TF LOF and GOF experiments from the TFpertGEO1000 benchmarking dataset. The red
bars indicate the fraction of the 946 experiments in TFpertGEO1000 where the upstream perturbed TF was
recovered for each rank percentile. The blue bars indicate the rank percentile distribution of recovery of the subset
of TFpertGEO1000 where the perturbed TFs are covered by the library.
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Supplementary Figure 15. Performance of other available tools in recovering the perturbed TFs from the 443
TF LOF/GOF experiments from the hsTFpertGEOupdn benchmarking dataset. The red bars indicate the fraction
of the 443 experiments in hsTFpertGEOupdn where the upstream perturbed TF was recovered for each rank
percentile. The blue bars indicate the rank percentile distribution of recovery of the subset of hsTFpertGEOupdn
where the perturbed TFs are covered by the tool.



ARCHS4 Coexpression Enrichr Queries — Literature ChlP-seq — ReMap ChIP-seq VIPER A

Method ]
ENCODE ChIP-seq — GTEx Coexpression — MeanRank TopRank VIPER B
a o0l 7 b 1.01
0.91 m
| NN
AN X
0.751
0.8 1
5
E 2]
= 0.501 2
& 0.71
0.25 061 | \\
0.5 1 s
0.00+— v T T T T T T T v
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
FPR Recall
c d
MeanRank
TopRank
0.8 1 ARCHS4
0.4 GTEx
VIPER A
~ ReMap
v 8 0.71 Literature ChIP-seq Enrichr Queries
= ; ENCODE
0 0.2 o
0.6 1
0.0 VIPER B
0.5
0.00 0.25 0.50 0.75 1.00 0.5 0.6 0.7 0.8
Scaled Rank ROC AUC

Supplementary Figure 16. Performance of VIPER as compared to ChEA3 in recovering the perturbed TFs from
the 49 TF shRNA experiments from the Cusanovich dataset. ChEAS3 libraries were queried with gene sets from
setCusanovich while the VIPER regulons were queried with full signatures from sigCusanovich. VIPER A refers
to the the ARACNe-AP generated regulon from Cusanovich expression samples, and VIPER B refers to the
published B-cell VIPER regulon. a) Composite ROC curves generated from 5,000 bootstrapped curves
demonstrating performance on the Cusanovich benchmarking dataset. b) Composite PR curves generated from
5,000 bootstrapped curves demonstrating performance on the Cusanovich benchmarking dataset. ¢) The deviation
of the cumulative distribution from uniform of the scaled rankings of each perturbed TF in the Cusanovich
benchmarking dataset. d) Mean AUROC and mean AUPR from 5,000 bootstrapped ROC and 5,000 bootstrapped
PR curves.
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Supplementary Figure 17. Performance of VIPER as compared to ChEA3 in recovering the perturbed TFs from
the 49 TF shRNA experiments from the Cusanovich dataset. ChEAS3 libraries were queried with gene sets from
setCusanovich and the VIPER regulons were queried with full signatures from sigCusanovich. VIPER A refers
to the the ARACNe-AP generated regulon from Cusanovich expression samples, and VIPER B refers to the
published B-cell VIPER regulon. The red bars indicate the fraction of the 49 experiments in Cusanovich where
the upstream perturbed TF was recovered for each rank percentile. The blue bars indicate the rank percentile
distribution of recovery of the subset of Cusanovich where the perturbed TFs are covered by the tool.



