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Background
• Diffusion-based generative models like RFdiffusion show great promise 

in structure design, they face inherent limitations within the two-stage 
framework.

• First, the sequence design module risks overfitting as the accuracy of the 
gen- erated structures may not align with that of the crystal structures 
used for training. 

• Second, the sequence design module lacks interaction with the structure 
design module to further optimize the generated structures.
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Contribution
• We develop CarbonNovo, a unified framework capable of simultaneously generating 

sequences and structures for general protein families.

• We are the first to integrate a protein language model to enhance the generation of both 
protein structure and sequences.

• We explore various techniques for efficient training and inference of the joint model, such 
as a multi-stage training strategy and the discrete version of M-H Langevin algorithm for 
sequence sampling.

• CarbonNovo demonstrates superior performance compared to two-stage approaches 
across various metrics, including designability, novelty, Rosetta energy, and sequence 
plausibility.
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Methods
• Unified Energy-based Model for Sequence and structure
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Methods
• Structure sampling

• Sequence Sampling:
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Results
• Experiment 1: Sequence and Structure Co-design
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Results
• Experiment 1: 
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Results
• Experiment 2: 
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