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S1. Cage collapse labels for the different reactions

Table S1 Summary of computational label of organic cages in this study. The absolute number

and (percentages) with each label are shown in the last three columns.

building linker Collapsed Shape Undetermined
block persistent
aldehyde 3 amine 2 2269 (38%) 2314 (38%) 1435 (24%)
amine 3 aldehyde 2 2445 (40%) 2206 (37%) 1367 (23%)
alkene 3 alkene 2 2529 (42%) 2026 (34%) 1463 (24%)
alkyne 3 alkyne 2 1981 (33%) 3148 (52%) 889 (15%)
carboxylic amine 2 3973 (66%) 1105 (18%) 940 (16%)
acid 3
amine 3 carg%xylic 3724 (62%) 1368 (23%) 926 (15%)

aci

S2. Integrated gradient baseline

The baseline cage molecule is an important part of the calculation of integrated gradient.
Specifically, the GNN model has to give uninformative predictions to the baseline cages: for a
binary classification task for cage shape persistency prediction (ML model assigns categorical
labels 0’ or ‘1’ to an input cage), the GNN model should ideally give a predicted probability
of approximately 0.5 for a dummy baseline cage to be “collapsed”. In this study, we used
vectors of zeros to represent the baseline cage, and adapted the data augmentation technique[1]

to ensure that the GNN models give satisfies the above requirement.

The training set for integrated gradient computation was built by the GNN learnt neural
fingerprints for cages with the correct labels (1 or 0), the baseline zero vectors for the same
cages with label 1 (“collapsed”), and the baseline zero vectors for the same cages with label 0
(“not collapsed”). For each GNN model, the training set was sampled from the database so that
the “collapsed” and “not collapsed” cages were equally numbered. This achieved the result that

the baseline cages rendered neutral probability (~0.5) of being “collapsed”.



S3. Performance comparison of GNN and random forest for the All-vs-One

task

Table S2 Comparison of the GNN and random forest models on the All-vs-One tasks.

building block linker Precision- Recall |Specificity Precision Recall (RF)
GNN GNN |GNN (RF)
aldehyde 3 amine 2 0.65 0.97 0.45 0.56 0.99
amine 3 aldehyde 2 0.67 0.96 0.37 0.66 0.94
alkene 3 alkene 2 0.83 0.82 0.76 0.61 0.96
alkyne 3 alkyne 2 0.64 0.96 0.56 0.40 1.00
carboxylic acid 3 amine 2 0.79 0.95 0.14 0.95 0.66
amine 3 carboxylic 0.86 0.79 0.36 0.94 0.67
acid 2

S4. Visualization of the integrated gradient attributions of precursors and

fragments
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Figure S1 The top 5 building blocks with the largest integrated gradient attributions for the
amine3aldehyde? cages, the percentage of cages being “collapsed” in the test set is also

shown.




[e]

S

OH oH
o]
NN Xy o/ \N/\/”\(J\// N|
O/\H\N

98% 98%
98%
o
P NN AT e Ve
OH 98%

100%

Figure S2 The top 5 linkers with the largest integrated gradient attributions for the
amine3aldehyde? cages, the percentage of cages being “collapsed” in the test set is also
shown.
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Figure S3 The top 5 building blocks with the largest integrated gradient attributions for the
alkene3alkene?2 cages, the percentage of cages being “collapsed” in the test set is also shown.
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Figure S4 The top 5 linkers with the largest integrated gradient attributions for the
alkene3alkene?2 cages, the percentage of cages being “collapsed” in the test set is also shown.
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Figure S5 The top 5 building blocks with the largest integrated gradient attributions for the
alkyne3alkyne2 cages, the percentage of cages being “collapsed” in the test set is also shown.
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Figure S6 The top 5 linkers with the largest integrated gradient attributions for the
alkyne3alkyne?2 cages, the percentage of cages being “collapsed” in the test set is also shown.
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Figure S7 The top 5 building blocks with the largest integrated gradient attributions for the
carboxylicacid3amine?2 cages, the percentage of cages being “collapsed” in the test set is also
shown.



OH

HoN |

N HoN

OH
NH,
\
N
NH;

98% 92%

74%

NH, OH NH; OH
N N
= \/\N/j\( /H/ \/\N/j\(
OH NHz OH NH2

96% 98%

Figure S8 The top 5 linkers with the largest integrated gradient attributions for the
carboxylicacid3amine?2 cages, the percentage of cages being “collapsed’ in the test set is also

shown.
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Figure S9 The top 5 building blocks with the largest integrated gradient attributions for the
amine3carboxylicacid2 cages, the percentage of cages being “collapsed” in the test set is also

shown.
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Figure S10 The top 5 linkers with the largest integrated gradient attributions for the

amine3carboxylicacid?2 cages, the percentage of cages being “collapsed’ in the test set is also
shown.
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Figure S11 The 5 building blocks with smallest integrated gradients for the aldehyde3amine?2
cages, the percentage of cages being “collapsed” is also shown.



(d) 58% (a) 60%

Figure S12 The 5 building blocks with smallest integrated gradients for the aldehyde3amine?2
cages, the percentage of cages being “collapsed” is also shown.
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Figure S13 Relationship between the average integrated gradient score for the cage building
blocks and the possibility of cages containing such building blocks being “collapsed” for the
All-vs-One prediction tasks.
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Figure S14 Relationship between the average integrated gradient score for the cage linkers
and the possibility of cages containing such linkers being “collapsed” for the All-vs-One
prediction tasks.
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Figure S15 Top 5 linkers with highest integrated gradients for the aldehyde3amine2 cages in
this study. The atoms with integrated gradient of greater than 0.01 are highlighted.
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