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Extended Data Fig. 3 | 50 random molecules generated by CoCoGraph FPS. Molecules are sampled uniformly at random from our generated database.
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Extended Data Fig. 4 | Web user interface for the Turing-like test experiment. At each round, the web page presents two molecules with same molecular formula, 
one generated and one original, and the user has to guess which one is the original one. The user interface also shows a progress bar and additional information.
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Extended Data Fig. 5 | Architecture of CoCoGraph components. a, The 
diffusion model processes the molecular graph through a sequence of 
EnhancedGINE layers, the embedding of pairs of nodes are concatenated with 
edge properties and processed through two feedforward modules to predict 
the probability of bond formation and bond breakage for each possible DES 

operation. b, The time model estimates the diffusion timestep t of the current 
molecular graph using processed node embeddings obtained after applying  
the EnhancedGINE module to the features of the molecular graph. c, The  
message passing component of both models, the EnhancedGINE module.  
d, The prediction component of the diffusion model.
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Extended Data Fig. 6 | Architecture of CoCoGraph FPS (fingerprint-enhanced) 
components. a, The diffusion model processes the molecular graph through 
a sequence of EnhancedGINE layers. Then, the embedding of pairs of nodes 
are concatenated with edge and graph properties and processed through two 
feedforward modules, after which the fingerprint processed by the fingerprint 
module is concatenated. The resulting vector is processed through a feedforward 

network to predict the probability of bond formation and bond breakage for each 
possible DES operation b, The time model estimates the diffusion timestep t of 
the current molecular graph using processed node embeddings concatenated 
with the fingerprint processed by the fingerprint module. c, The fingerprint 
module of both models.
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Extended Data Table 1 | The 36 chemical properties used to evaluate molecules generated by each model

The properties were selected to identify diverse molecular properties subdivided in 5 groups that represent interesting molecular characteristics desired for molecule generation.
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Extended Data Table 2 | Jensen-Shannon distances between distributions of 1M molecules from PubChem and generated 
molecules for each model across all 36 chemical properties

Lower values indicate better distribution matching between generated and PubChem molecules. Bold formatting indicates the best (lowest) JS distance for each property.
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Extended Data Table 3 | Features used for molecular representation in CoCoGraph models

Features are divided in 5 groups: node (atom) features, edge (bond) features, graph (molecule) features, diffusion process features (used only in the diffusion model), and FPS features (used 
only in CoCoGraph FPS models).
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