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Limitations of Existing Single-Model Approaches in Generating DNA

• AR Model may struggle to disassociate the elements of the second segment from the first segment

• Sufficient data is needed for AR model to learn two segments are independent



Limitations of Existing Single-Model Approaches in Generating DNA

How about diffusion model?

• DMs estimate the overall probability distribution p(x) without factorization 

• However, the removal of the conditional dependence assumption may also decrease the accuracy of 
generation within each homogeneous segment 



Limitations of Existing Single-Model: Toy Example

Number of Incorret Tokens on Synthetic Dataset. 

IS Tokens: illegal Start Token

IS Tokens: illegal Transition Token



Solution to Single Molde Limitations: Model Composition 

But Energy Based Model is Slow ...



Solution to Single Molde Limitations: Model Composition



Results:  transcription profile conditioned promoter sequence 
design 



Multi-species Promoter Generation



Results: Unconditional Generation



Results: Species-wise Conditional Generation (Motif Distribution)



Results: Species-wise Conditional Generation (Gene Integration)
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1. Motivation
AutoRegressive (AR) Models and Diffusion Models (DMs) 

both have their limitations.

• AR Models: Sufficient data is needed for AR model to 

learn independence in the data

• DMs: DMs are less competent than AR models for discrete 
data generation

2. Contribution
Our contribution is three-fold: 

a)  Study the properties of AR models and DMs in DNA 
sequence generation

b) Introduce Absorb & Escape (A&E): a novel approach for 
DNA generation combining the strengths of AR models and 
DMs.

c) Demonstrate Fast A&E’s superior performance across 15 
species.

3. Method 4. Results
Evaluation of transcription profile conditioned promoter sequence design.

Multi-species Promoter Generation

Sum of Squared Errors (SSE) of
Transcription Profiles between Real and
Generated Sequences
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