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Neural Graph Matching Improves 
Retrieval Augmented Generation in 
Molecular Machine Learning



Retrieval Augmented Generation (RAG)

2

Text generation (LLMs)                                        Molecular machine learning
(focus of this paper)

Inquiry LLM Answer

Inquiry LLM Answer
(better quality)

Database (e.g., Bing’s search, Wikipedia)

Molecule Neural Net Property prediction

Molecule Neural Net Property prediction

with RAG: with RAG:

Reference 
molecules with 
known property

Database



We took mass spectra simulation as the case study

Goldman et al. Anal. Chem. 2024 3

MARASON

Scientific value: MS simulation models could help structural elucidation

Task: mimic what’s happening in the analytical tool, mass spectrometer (MS)



Key insight: matching reference and target molecuels
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In mass spectrometry, peaks are attributed to molecular 
fragments  

The reference structure might have fragments with 
distinct masses, and the mapping is not obvious until 
the molecular graphs are matched 

m/z=301.0965 m/z=237.1251 m/z=284.0937 m/z=220.1223

Neural graph matching (linear matching 
formulation)
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Embedding Embedding

Similarity 
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Softmax

Wang et al. TPAMI. 2023

GNN GNN

No RAG Concat RAG Matching RAG

Cosine sim. 0.739 0.737 (-0.3%) 0.757 (+2.4%)



MARASON: RAG with graph matching for MS/MS simulation

MARASON
• RAG query by Tanimoto similarity on the training dataset (could further extend) 
• Once target and reference fragments are generated, MARASON uses a nested neural graph 

matching layer to match them



MARASON shows state-of-the-art accuracy on benchmarks

6NIST’20: NIST standard reference database. National Instituteof Standards and Technology, 2020.
MassSpecGym: A benchmark for the discovery and identification of molecules. NeurIPS 2024.

Cosine similarity, NIST’20:Retrieval accuracy, NIST’20:

Retrieval accuracy, MassSpecGym: Ablation study, NIST’20:



Thank you!
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