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• FBDD + RAG → Fragment Retrieval-Augmented Generation (𝒇-RAG).

𝑓-RAG augments the pre-trained molecular language model SAFE-GPT with two types of retrieved fragments:
hard fragments and soft fragments.
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𝑓-RAG retrieves fragments that will be explicitly included in the new molecule (i.e., hard fragments).

• Hard fragments serve as the input context to the molecular language model that predicts the remaining fragments.

𝑓-RAG retrieves fragments that will not be part of the generated molecule but provide guidance (i.e., soft fragments).

• The soft fragment embeddings are fused with the hard fragment embeddings
through a lightweight fragment injection module in the middle of SAFE-GPT.



Methodology

𝑓-RAG updates the fragment vocabulary with generated fragments via an iterative refinement process
which is further enhanced with post-hoc genetic fragment modification. 



Experiments: PMO Benchmark

𝑓-RAG outperformed the previous methods in the PMO goal-directed hit generation benchmark.

𝑓-RAG achieved improved trade-offs between optimization performance, diversity, novelty, and synthesizability.



Experiments: Constrained Docking Score Optimization

𝑓-RAG outperformed the previous methods in docking score (DS) optimization under QED, SA, and novelty constraints.

• (the maximum similarity with the training molecules) < 0.4

• DS < (the median DS of known active molecules) 

• QED > 0.5

• SA < 5

• With the dynamic update, 𝑓-RAG can discover molecules that have higher DS than the top molecule in the training set.
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