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Fragment Library Generation

As is shown in Figure S1, a carbon string can be systemically closed to form rings with the

same heavy-atom count. Sidechain replacement here means three connected non-aromatic

atoms were rearranged to a center atom with two branches. The Enumerate Heterocy-

cles function in RDKit is applied for heterocyclic ring generation if a ring structure ex-

ists. Reaction rules are used to achieve hetero atom replacement, bond replacement, and

aromatic ring conversion. All the codes for fragment construction is available at http:

//github.com/KeenThera/fragment_generation.
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Figure S1: Examples of fragment construction rules.

Clustering Algorithms for Huge Dataset

Figure S2 presents the algorithm of clustering used in SECSE for selection of representative

molecules. Clustering is necessary at this stage for efficiency considerations. In addition,

a partition clustering method is introduced to reduce the computational cost significantly.

Fingerprints calculated by RDKit (e.g., Morgan/Circular, MACCS keys) of all the molecules

in the dataset are calculated as input features. Firstly, we randomly labeled one molecule

in the dataset as the first cluster center C1. Then, we calculated the distance/dissimilarity

(1−Tanimoto index) of all the rest molecules with the first cluster center C1. The molecule

with the largest distance is labeled as the second cluster center C2. At the same time,

molecules that are pretty similar to the first cluster center will be masked. Next, the molecule

with the largest distances to C1 and C2 would be considered the third cluster center C3;

molecules close to C2 will be masked. Same iterations will continue until we find enough

cluster centers or convergence is reached. Finally, we calculated the distance between all non-
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cluster center molecules and cluster centers and then assigned them based on the nearest

cluster center id.

Figure S2: Details of clustering algorithms
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