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For use with structural ensembles Example of files in output folder (structural data):

python run_structural.py -traj traj.xtc -topo topo.gro -pdc 5 -at_sel "name CA" -pca 3
python run_structural.py -traj traj.xtc -topo topo.gro -pdc 5 -feat features.txt ©

- M trajectory file N
- Topology file E
- Atom selection (alpha carbons by default) £
Text file containing features for clustering. H
This file has to be in the same format as the ‘sample input file' above .
Enables PCA (either on atom selection or features) and keep the first 3 components
- Sets the value of CLoNe's input parameter to 5

@ % 10 10 W W0 10
a10,glod) 20 40 60 80

General use as a clustering algorithm

| a(a1e,glob) | d(mesbrane; |
from clone inport CLoe 1 center  median | center  median i
# (Load data in List or numpy array)
Clone = CLote() |1- 176| 63.10 6 128.54 12672 32.74 | 44.63 45.67 1. 798| 767 |
[2- 929 66.06 86 99.64 102.28 19.62 | 1.4 1.3 3. 21| 28 |
clone. fit(data) 13- wa| 71 % 15036 149.05 15.09 |  1.75 1.4 2. 398 | 3% |

labels = clone.labels_

python run_data.py # then select an example to test
python run_data.py YOUR DATASET.txt PDC_VAL # e.g. spiral_quartet.txt 2

X_headername Y_headername
147.188235 31.050003
102.462929 25.220016
129.127742 25.160004
112.736168 24.360001 + cluster trajectories

+VMD loading scripts

Supplementary Figure 1 | Basic usage, sample input and output of CLoNe. For more details, please see our lab’s webpage or the GitHub repository
(Ibm.epfl.ch/resources and github.com/LBM-EPFL/CLoNe). This figure serves as a general overview for the use of CLoNe and what output files you will obtain.
On the upper left, the commands to run CLoNe on structural data are shown as well as a short explanation of the different inputs. The compatible formats for
MD trajectory and topology files are those compatible with the MDTraj (McGibbon et al., 2015) library, as it is used to load coordinates and to extract cluster
centers and related trajectories. Similarly, the syntax used for atom selection is the one of MDTraj. The right-hand side of the figure shows some of the output
generated by CLoNe. In addition to the plots similar to those shown in the main text, there is a separate file summarising the results and detailing statistical
information on the clusters. The frames identified as cluster centers are shown below said summary. Not shown in this figure are the Tcl loading scripts to load
either the cluster centers or the cluster trajectories into VMD (Humphrey et al., 1996) for further visual inspection. On the lower left is shown the minimal code
to run CLoNe as a general clustering algorithm as well as a separate script to run either a selection of benchmark datasets or one provided by the user along with
a value for CLoNe’s input parameter. A sample input file is shown for the data to cluster. The same file format has to be used for structural features, as header
names are used for some output files.
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Supplementary Figure 2 | Comparing CLoNe to other clustering algorithms on selected datasets. The base code and parameters for each clustering algorithm
is based on scikit-learn (Pedregosa et al., 2011): https:/scikit-learn.org/stable/auto_examples/cluster/plot_cluster comparison.html, except for the last four rows
and first three columns. Every column corresponds to a different clustering scheme. In order of left to right, there are CLoNe, Density Peaks, Density Peaks
Advanced, minibatch K-means, affinity propagation, mean shift, spectral clustering, Ward hierarchical clustering, average linkage agglomerative clustering,
DBSCAN, OPTICS, Birch and Gaussian mixture model. Each row corresponds to a different benchmark case. From top to bottom, there are noisy circles, noisy
moons, varied, anisotropic blobs, blobs, no structure, flame, spiral, aggregation and s4. The last four rows correspond to other relevant benchmark from (Chang
and Yeung, 2008; Frinti and Sieranoja, 2018; Fu and Medico, 2007; Gionis et al., 2007), with parameters leading to the best results that we could obtain by
scanning values. The runtime of each case is shown on the lower left of each plot in seconds. Of note, results for DP were obtained from a Python implementation
of the original Matlab code and runtimes may differ from the latter. Similarly, DPA results come from the original code in Fortran.




pdc=2 pdc=3 pdc=5 pdc=6 pdc=7

A Oy et e b3
m'uo—xs:oo
()
(@]
—
(0]
(S
9 O
Z Z
(@]
) (@]
© 2
2
(O]
=
<L
o
o
A e . L T R T R R D
(0]
(@]
-
(0]
S
9 O
Z Z
o
) ()]
© 2
(®)]
—
(0]
=
<
o
o

7=1 z7=15 Z7=2 7=25 7=3 Z7=35 Z=4

Supplementary Figure 3 | Large range of acceptable values for CLoNe’s unique input parameter. The upper dataset is one from Density Peaks Advanced
(d’Errico et al., 2018), while the lower one is the same as the one in Figure 1 of the main text. Clusters are shown in colors and outliers as smaller black crosses.
In each case, the first row shows core cardinalities mapped on every data point as computed by CLoNe. Each column shows the clustering results for a different
input value for CLoNe’s and DPA’s input parameter. In the case of DPA, the range of value matches that of the article. For CLoNe, the upper rows in each case
showcase the clustering results without the merging step outlined in the Methods section and the one directly below it exhibit clusters after the merging step.
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Supplementary Figure 4 | Hypothesis-free and high-dimensional clustering of COQ9. The color code follows the main text, with outliers in black. The
feature-driven clustering is shown again in panel (a) for reference. We show the same process in panel (b) in the case where no prior knowledge would be available
(hypothesis-free). To this end, we extracted the X, Y and Z coordinates of each backbone atoms, yielding 687 features in total, and applied PCA to extract the
first two principal components (covering 65% and 15% of variability, respectively). Similar clusters to the feature-driven case are detected. To test the ability of
CLoNe to handle high dimensional spaces, we applied it directly on the 687 coordinates previously extracted. As this cannot be plotted in a visually aesthetic and
comprehensive manner, we color-coded the feature space and principal space in (c) and (d) according to the obtained labels. A direct comparison of the labels
obtained in the three cases is shown in (e).
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Supplementary Figure 5 | Inter-domain organization of KAP1. A recent integrative modeling study from our group involved the modelling of a
macromolecular dimer known as KRAB-domain associated protein 1 (KAP1) or Tripartite Motif-containing protein 28 (TRIM-28). KAP1 plays a fundamental
role in the regulation of gene expression by recruiting several transcription factors and altering chromatin organization (Cheng et al., 2014; Iyengar and Farnham,
2011). Due to its high flexibility and intrinsically disordered nature, its internal architecture remained mostly elusive until recently (Fonti et al., 2019). In this
study, around six hundred models were fitted to small-angle X-ray scattering (SAXS) data by minimizing the ¥*> (Grudinin et al., 2017; Hoffmann and Grudinin,
2017). Under the hypothesis that its two PHD-Br domains (a, left) were key to the shape predicted by SAXS, the distances between either PHD-Br domain and
its closest RING/B-box1/B-box2 (RBB) domain was tracked in the ensemble and fed to CLoNe. Two clusters highlighted the internal module organization of
KAPI (b). The first consists of one PHD-Br module close to one RBB module and the other being located further away (a, middle) while the second cluster
exhibits conformations with both PHD-Br modules located further away, which may indicate transitional states (a, right) (Fonti et al., 2019).



Supplementary Figure 6. Cluster centroids extracted from dimerized APP monomers. Each cluster center is shown along with their top view to illustrate
the corresponding dimerization motif. The colour code follows that of Figure 5 of the main text, where each dimerization motif is shown as different shades of
the same colour. The sidechains were omitted for better visualization.
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Supplementary Figure 7. Comparison between CLoNe and other algorithms on all structural datasets. We selected the best performing algorithms
highlighted in the introduction and compared their performance on our structural datasets to CLoNe. For each algorithm, we scanned candidate parameter values
until we obtained clusters resembling the results of CLoNe were achieved. Outliers are shown in black, and clusters are colored in the same manner as in the
main text whenever possible. In the case of TEM1, due to the 3D projection, outliers have been hidden so that the clusters remain visible for OPTICS and DPA.
The runtime in each case is shown on the upper right of each panel. DBSCAN handles COQ9, KAP1 and APP well enough, though due to different density levels
it misclassifies a few points in the case of KAP1 and is unable to detect more than one membrane-bound state of COQ9. A similar observation can be drawn for
TEM1 and APP (bound), but in these cases the clustering results are not satisfactory. OPTICS, as advertised, is able to detect different density threshold and
accurately clusters all cases (save an additional cluster in the case of COQ9), but tend to classify most points as outliers in these datasets (25% for COQ9, 84%
for KAPI1, 95% for TEM1, 51% for APP (all) and 60% APP (bound)). While DPA obtains comparable results to CLoNe for COQ9 and both APP datasets, it is
unable to detect a second cluster in KAP1’s dataset and identifies two superfluous clusters for TEM1 (6 and 14 data points) in addition to classifying 50% of the
frames as outliers. Of note, DPA was unable to process datapoints with identical values in the case of TEM1 and APP (bound), so the corresponding datasets
were re-processed to contain only one data point with the same value.



Supplementary Table 1. Cluster data for high dimensional datasets, each containing 16 clusters of 64 elements. In all
cases, the 16 clusters are properly identified.

64 128 256 512 1024
Cluster#
) #core #el p #icore #el P #core el ) #core #el p #icore #el

1 26.05 27 64 22.84 32 64 24.08 32 64 25.46 28 64 24.29 32 64

2 26.23 31 64 24.02 31 64 25.91 31 64 25.21 32 64 25.65 30 64

3 26.63 31 64 26.72 32 64 25.84 33 64 24.56 34 64 25.85 31 64

4 28.00 32 64 24.58 33 64 24.29 33 64 26.05 34 64 25.63 31 64

5 26.91 32 64 25.23 33 64 25.11 34 64 26.22 35 64 26.77 30 64

6 27.65 33 64 27.51 35 64 25.90 35 64 25.77 34 64 24.75 33 64

7 25.67 35 64 27.15 36 64 25.63 35 64 27.22 33 64 26.19 32 64

8 27.61 35 64 25.45 37 64 24.91 36 64 25.95 34 64 25.97 33 64

9 28.82 35 64 25.74 36 64 26.30 35 64 27.13 34 64 26.65 32 64

10 28.22 35 64 26.31 37 64 28.09 36 64 27.49 34 64 25.93 34 64

11 26.40 39 64 28.61 36 64 25.27 36 64 26.24 34 64 26.50 33 64

12 29.07 37 64 27.44 38 64 27.15 35 64 26.20 35 64 27.20 33 64

13 30.51 38 64 30.76 36 64 28.06 34 64 27.32 35 64 25.60 34 64

14 30.46 37 64 27.61 39 64 26.53 36 64 26.54 35 64 26.22 36 64

15 27.07 39 64 28.85 38 64 26.86 36 64 27.71 36 64 27.58 35 64

16 28.70 40 64 32.84 40 64 28.85 37 64 27.55 37 64 30.43 35 64

Supplementary Table 2. Statistics for clusters and centers from structural ensembles and related features.

CcoQY P #core elements - outliers o d
Diffusing states 69.10 69 798 767 128.54 44.63
Membrane-bound #1 66.06 86 291 281 99.64 1.43
Membrane-bound #2 78.80 98 398 392 150.36 175
KAP1 P #eore elements - outliers dClose dFar
Far — Far 18.89 27 93 90 93.71 128.57
Far — Close 36.81 42 504 420 59.66 120.62
TEM1 P #core elements - outliers dea(1263, 1279) dea(N276, L220) deyr(N276, 1L.220)
Deep pocket 241.23 253 1039 996 12.75 9.91 8.90
Open pocket 395.30 449 2540 2208 9.89 11.16 8.99
Semi-open pocket 491.11 613 1823 1612 8.39 8.82 7.13
Closed pocket 758.34 811 9598 6839 8.83 7.01 4.46
APP (all) P #core elements - outliers PC#1 (0.77)
‘Unbound 1435.77 1635 11746 11600 4.69
Bound 214434 2456 10368 9665 -5.28
APP (bound) P #core elements - outliers d(G700) d(G704) d(G708) d(G709) d(A713)
GA #1 (light green) 126.63 162 363 352 13.60 1221 11.20 9.02 8.97
GA #2 (green) 236.01 274 997 967 11.97 10.51 8.65 7.31 7.60
GA #3 (dark green) 190.24 232 430 404 11.77 10.46 9.87 5.10 5.14
Hybrid #1 (brown) 330.83 412 1019 875 9.36 7.90 7.85 7.74 8.74
Hybrid #2 (dark brown) 346.34 418 978 880 7.39 6.70 6.29 6.48 6.79
GGG #1 (light blue) 292.95 347 1136 974 9.94 8.69 9.55 11.82 12.45
GGG #2 (blue) 381.70 428 2574 2219 7.90 7.36 7.68 9.75 11.07
GGG #3 (dark blue) 363.07 428 2168 1745 5.51 5.00 531 10.32 11.88
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