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DNABERT
Understand genome is a fundamental task in biology research.

Various important sub-task:
- Promoter Detection
- Splice Site Prediction
- Transcription Factor Prediction
- Epigenetic Marks Prediction
- ...
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ATTGCACTGTCAG

ATTGCA  TTGCAC  TGCACT  GCACTG  CACTGT   ACTGTC   CTGTCA  TGTCAG   k-mer sequence 

ATTGCA  TTGCAC   [MASK]     [MASK]     [MASK]     [MASK]   CTGTCA  TGTCAG   masked k-mer 
sequence

DNA sequence 
Tokenization

Masking

DNABERT

Predict Masked k-mers 

TGCACT  GCACTG  CACTGT   ACTGTC 

Human Genome
ATGTCAATGTCAATGTCAATGTCAACTGTCAATTACTGTCAATTACTGTCAATTGCACTGTCAGACTGTCAACTGTCAATT 
CAAATGTCAATTGCACTGTCAGACTGTCAATTACTGTCAATTACTGTCAATTGCACTGTCAGACTGTCAACTGTCAATTTT
GTCAATTACTGTCAATTACTGTCAATTGCACTGTCAGACTAATGTCAATTGCACTGTCAGACTGTCAATTACTGTCAGACTG

Pre-train of DNABERT
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DNABERT-2
We identify 3 key limitations of DNABERT:

1. The k-mer tokenization is data and computational inefficient
2. The model is trained on human genome only
3. The model architecture is less optimal

• Input length limitation
• Weak representation capability
• ...
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Limitation 1: Inefficiency of k-mer tokenization

Sequence Token 1 Token 2 Token 3
ATTGCACT ATTGCA TTGCAC TGCACT

[MASK]ATTGCA TGCACT

[MASK]: starts with TGCAC and ends with TTGCA Data 
Inefficiency

Solution Use BPE to replace k-mer tokenization.

ATTGCACTGTCAG ATTGCA  TTGCAC  TGCACT  GCACTG  CACTGT   ACTGTC   CTGTCA  TGTCAG   
Sequence

ATTGCA  [MASK]     [MASK]    [MASK]   [MASK]    [MASK]    [MASK]  TGTCAG   

ATTGCACTGTCAG
Sequence

ATTG      CACTG    TCAG
Token 1 Token 2 Token 3

starts with TTGCA. Search space 4096 -> 4 

High-frequently co-occur segments
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Limitation 1: Inefficiency of k-mer tokenization

Computational 
Inefficiency

With k-mer tokenization, a DNA sequence with length N will end up with (N-5) tokens.

It’s computational heavy considering the O(n^2) computational efficiency of Transformer

Solution Use BPE to replace k-mer tokenization.
- Reduce sequence length by 5 times on average
- No information leakage in pre-training
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Limitation 2: Only trained on human genome

Solution Train the model on the combination 
of genome from 135 different 
species. 

Limitation 3: Less optimal architecture

Solution • Replace positional embedding with ALiBi. Now 
support unlimited input length.

• Incorporate Flash Attention to improve 
efficiency.

• Use new activation function and other tricks to 
improve effectiveness.
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Results on GUE Size Efficiency Effectiveness

DNABERT-2 vs DNABERT: 3x faster, unlimited input length, and much better performance. 
DNABERT-2 vs NT-2.5B:      19x faster, 92x less training cost, and similarly performance. 
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Results on GUE+

DNABERT-2 vs NT-2.5B:    better performance on long-sequence tasks 
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Code and Model

The code is publicly available at https://github.com/MAGICS-LAB/DNABERT_2

The trained models is available at HuggingFace:
https://huggingface.co/zhihan1996/DNABERT-2-117M 

https://github.com/MAGICS-LAB/DNABERT_2
https://huggingface.co/zhihan1996/DNABERT-2-117M

