
1. Global attention is stronger in modeling long-range dependencies in DNA, but it is 

memory-intensive —> leading to limited length coverage and low resolution.

2. DNA functions bidirectionally —> while unidirectional understanding introduces 

knowledge bias.

3. Traditional masked modeling learns from only about 15% of input tokens per 

training step —> resulting in low learning efficiency.

JanusDNA: A Powerful Bi-directional Hybrid DNA Foundation Model

Motivation

JanusDNA Architecture and Workflow

Efficiently learn from every token with bidirectional understanding.

Janus Modeling 
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Contributions
• JanusDNA introduces the first bidirectional DNA foundation model, leveraging a novel Janus Modeling paradigm that integrates autoregressive optimization efficiency with masked 

modeling's bidirectional comprehension.

• Its Hybrid Mamba–Attention–MoE architecture enables global long-range dependency modeling and single-nucleotide resolution processing of sequences up to 1 million base 

pairs on a single 80 GB GPU.

• JanusDNA outperforms models up to 250× larger and achieves state-of-the-art results across diverse short- and long-range genomic tasks.

Short-range Benchmarks Genomic Benchmark, Nucleotide Transformer

• Achieves performance comparable to or exceeding all previous SOTA models of similar scale.

• Surpasses models with 250× more activated parameters on 12 out of 18 NT benchmark tasks.

Long-range Benchmarks DNALONGBENCH

• Outperforms models 30× larger, including expert and SOTA models.

Short-range Benchmarks  200 – 4,776 base pairs

Long-range Benchmarks  450,000 base pairs 

Genomic Benchmark

Nucleotide Transformer

DNALONGBENCH
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Integrating bidirectional understanding into training while integrating bi-strand understanding into inference with global attention.

Ablation Experiments


