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Top-20 motifs per TFs: number of motifs
originating from particular motif discovery tools and experiment types
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Supplementary Figure 1. A: The number of experiments successfully processed by each motif discovery tool. 
B: The number of motifs generated from each type of experiment by each motif discovery tool. 
C: The composition of the collection of overall top-20 motifs shown in the same way as the set of top-ranking 
motifs in Figure 1.



Supplementary Figure 2. Numbers of top-ranking motifs yielded by different motif discovery tools detected in intra- (single experiment type) and 
cross-platform benchmarking (between experiment types). A: The number of motifs (TFs) for which a particular tool produced the top-ranking motif if 
trained and tested on the same type of experiment. B: The number of motifs (TFs) for which a particular tool yielded the top-ranking motif when tested 
on a particular type of experiment but trained on any of the other types. The total number of TFs with at least one benchmarked motif for a particular 
combination of a tool and an experiment type is shown in gray.
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*grey bars denote the total numbers of eligible TFs in each category



Supplementary Figure 3. Numbers of top-ranking motifs from different motif discovery tools detected in intra-
and cross-platform benchmarking considering types of GHT-SELEX and HT-SELEX (IVT, Lysate, GFPIVT) 
independently. A: Motif discovery and testing performed with the same experiment type. B: Motif discovery and 
testing performed with different platforms, including training and testing between (G)HT-SELEX types.

A

M
ot

if 
di

sc
ov

er
y 

an
d 

be
nc

hm
ar

ki
ng

 w
ith

 a
 s

in
gl

e 
(G

)H
T-

SE
LE

X 
ty

pe
 (L

ys
at

e,
 IV

T,
 o

r G
FP

IV
T)

B

M
ot

if 
be

nc
hm

ak
rin

g 
in

 th
e 

pa
rt

ic
ul

ar
 (G

)H
T-

SE
LE

X 
ty

pe
 b

ut
 tr

ai
ni

ng
 o

n 
th

e 
al

l o
th

er
 e

xp
er

im
en

t t
yp

es

*grey bars denote the total numbers of eligible TFs in each category
Number of top-ranking motifs Number of top-ranking motifs



auROC, ChIP-Seq auROC, GHT-SELEXAsympto�c pseudo-auROC, ChIP-Seq Asympto�c pseudo-auROC, GHT-SELEX
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Supplementary Figure 4. A. The fraction of cases where the 1st, the 2nd, or the 3rd motif 
reported by a single run of a motif discovery tool are ranked the highest of these three in the 
overall benchmarking. B: Performance achieved by the overall top-ranking motifs produced by 
individual tools across TFs: distributions of pseudo-auROC values for ChIP-Seq and GHT-SELEX.
C: Distributions of auROC values for ChIP-Seq and GHT-SELEX for zinc-finger TFs only. 
D: Scatterplots of auROC achieved at GHT-SELEX and ChIP-Seq for zinc-finger TFs only. *p < 0.05, 
paired Wilcoxon test against the best of motifs from all listed tools.

Fr
ac

tio
n 

of
 ca

se
s (

in
di

vid
ua

l r
un

s o
f a

 m
ot

if 
di

sc
ov

er
y t

oo
l)

wh
er

e 
th

e 
to

p-
ra

nk
in

g 
m

ot
if 

is 
re

po
rte

d 
1s

t, 
2n

d,
 o

r 3
rd

Motif discovery tools (total number of runs yielding
two or more motifs is shown in brackets)
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Comparative performance of overall top-ranking motifs for zinc-finger TFs estimated with ChIP-Seq and GHT-SELEX data



Supplementary Figure 5. Correlation between overall performance of motifs at the data of 
the same type as used for motif derivation (intra-platform) and at the test data from other 
experiment types (cross-platform).
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Supplementary Figure 6. Distributions of basic motif properties (top to bottom: length, GC%, information content). 
A: Different motif discovery tools. B: Different experiment types.
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Supplementary Figure 7. A: Correlations between 
individual performance metrics and basic motif 
properties (length, information content, GC%) for ChIP-
Seq and GHT-SELEX test data. The color scale of the 
binned density plots denotes the numbers of motifs. 
B: Same as (A) for benchmarks with artificial sequences 
from HT-SELEX and SMiLE-Seq. С: A violin plot across 
TFs illustrating the maximal difference in the 
information content for the top 10 motifs for each TF. 
Individual experiment types are shown separately.

Maximal difference in IC found for top 10 motifs per TF

Corrrelation between basic motif properties and motif performance metrics  at genomic data

B Corrrelation between basic motif properties and motif performance metrics  at HT-SELEX and SMiLE-Seq data
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Supplementary Figure 8. Performance of the Archipelago model when trained and tested on the same type of experimental 
data. A-C: Absolute performance and relative gain of the Archipelago model compared to the best PWMs, ChIP-Seq. 
D-F: Same as A-C but for GHT-SELEX. Estimates obtained with alternative negative sets (random, aliens, and shades) are depicted 
by colored circles (green, red, and blue, respectively). G: Performance of the Random Forest and Logistic regression achieved 
when trained and tested on ChIP-Seq or GHT-SELEX data. H, I: Performance gain (purple) or loss (blue) depending on the number 
of PWMs in the model, ChIP-Seq and GHT-SELEX data.
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Supplementary Figure 9. Top 5 motifs of the Archipelago models sorted 
by feature importance. Each row lists the motif in both possible 
orientations. 
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Supplementary Figure 9, cont.  
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Supplementary Figure 9, cont.  
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Supplementary Figure 10. Performance of the Archipelago model when trained on 
ChIP-Seq and tested on GHT-SELEX and vice versa. A-C: Same as in Supplementary 
Figure 8 A-C but for the model trained on ChIP-Seq and tested on GHT-SELEX. D-F: 
Same as A-C but for GHT-SELEX-to-ChIP-Seq transfer. Estimates obtained with 
alternative negative sets (random, aliens, and shades) are depicted by colored circles 
(green, red, and blue, respectively). G, H: Performance gain (purple) or loss (blue) 
depending on the number of PWMs in the model, ChIP-Seq-to-GHT-SELEX and GHT-
SELEX-to-ChIP-Seq. I: Training data set size for ChIP-Seq and GHT-SELEX.
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Supplementary Figure 11. 
An overview of features of the Codebook Motif Explorer website (https://mex.autosome.org).
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Supplementary Figure 11, cont.
An overview of features of the Codebook Motif Explorer website (https://mex.autosome.org).
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Supplementary Figure 12. Correlations of different benchmarking metrics 
considering all pairs of motifs and datasets. Linear regression trend (red line) and 
Pearson's rho are shown on the plots. A: ChIP-Seq. B: GHT-SELEX. 
The color scale of the binned density plots denotes the number of motifs.
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