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Figure S1: Graph and adjacency matrix of an example protein (PDB ID: 4R80) with a threshold 
distance of (a) 4 Å; (b) 6 Å; (c) 8 Å; (d) 10 Å; (e) 12 Å.
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Figure S2: Comparison between the frequency distributions in the raw database and in the 
preprocessed protein graphs for the (a) 1st, (b) 2nd, (c) 64th natural frequency.
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Figure S3: Learning curves of the models trained from scratch or trained via transfer learning 
for the (a) 2nd, and (b) 64th natural frequency.
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Figure S4: Comparison between the ML-predicted and NMA-calculated 1st natural frequency of 
proteins with different numbers of amino acids (AA) in the test set.
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Figure S5: Comparison of the distance maps generated from PDB structures (left) and predicted 
by ProSPr (right) of a test protein with a PDB ID of (a) 1QLC, (b) 2DFE, (c) 4AZQ.

Figure S6: The distance maps generated from PDB structures and predicted by ProSPr, and the 
1st-8th and 61-64th frequencies of a test protein with a PDB ID of 2FBO.
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Figure S7: Comparison of the distance maps generated from PDB structures (left) and predicted 
by AlphaFold 1 (middle), and the 1st-8th and 61-64th frequencies (right) of a CASP13 target (a) 
T0955 (PDB ID: 5W9F), (b) T0958 (PDB ID: 6BTC), (c) T0968s2 (PDB ID: 6CP9).
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Figure S8: Comparison of the final validation mean absolute error (MAE) of the models trained 
with different threshold distances to define edges in protein graphs. The horizontal baseline 
denotes the mean value.

Figure S9: Comparison of the final validation MAE of the models trained with different 
representations of edge feature. The horizontal baseline denotes the mean value.
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Figure S10: Comparison of the final validation MAE of the models trained with various 
combinations of aggregators in the PNA operator. In this computational experiment, the models 
were trained for 200 epochs with ~5000 protein graphs obtained using a threshold distance of 6 
Å to define edges. The horizontal baseline denotes the mean value.


