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3. Results on DNA foundation model benchmarks

Ø Recent advancements in DNA foundation models have been largely driven by 
Transformer and State Space Model (SSM) architectures. However, a 
systematic comparison with classical Convolutional Neural Networks (CNNs) 
on established foundation model benchmarks remains limited. This raises a 
critical question: Are CNN architectures genuinely being surpassed by these 
newer paradigms?

Ø  We revisit the convolutional approach for DNA foundation models, 
motivated by the inherent advantages of CNNs, including robustness to varying 
sequence lengths, computational efficiency compared to quadratic transformer 
complexity, and the beneficial local inductive bias, especially for tasks with 
limited data. We posit that well-designed CNNs remain highly competitive for 
downstream genomic tasks.
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Ø We propose ConvNova, a simple yet effective CNN-based architecture tailored for 
DNA sequence modeling. ConvNova integrates three key design principles identified 
as crucial for performance:   

    1)Dilated Convolutions: To expand the receptive field without resorting to 
downsampling, which was found to degrade performance significantly in DNA tasks, 
unlike in other domains like computer vision .
    2)Gated Convolutions: Employing a learnable dynamic feature selection mechanism to 
effectively retain relevant information and suppress noise or irrelevant segments often 
present in DNA sequences.
    3)Dual-Branch Gating Framework: Implementing a two-branch structure where one 
branch explicitly provides gating signals to the other, facilitating complementary feature 
learning and enhancing network capacity. 
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4. Ablation and Discussion
Ø Dilation Rate (Receptive Field) is 

crucial in some tasks.
Ø DNA Sequences might contain 

the trait of local dependence. 

Table 15: Performance comparison of NTv2 and NTv2*, 
where NTv2* represents our modified version. Results 
demonstrate that NTv2* achieves significant improvements.


