
A New Language 

for LLMs to Learn

Presenter: Chuanqi Tang

Date: March 26, 2025

DNA:



can 

understand English, 

Chinese, code…

Can it understand                  

life?

LLMs

DNA



A / T / C / G

a language with just four letters:

DNA

life?



Natural Language

Letters (a, b, c…) Bases (A, T, C, G)

Words k-mers (ATG, GTC,…)

Sentence DNA barcode

DNA is a language — and we’re teaching machines to read it.

DNA



If LLMs Could Understand DNA…
What Could We Do?

Predict what parts of DNA do

Model how species are related

Accelerate species discovery

Functional annotation of unknown regions 

Phylogenetic patterns from sequences 

Classify new organisms at scale — fast.    



Accelerate species discovery
Classify new organisms at scale — fast.    

~2.3 million known species — insects alone: 1 million+

Estimated total: 8–10 million, maybe 100 million

That means >80% of life remains unknown
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BarcodeBERT: Transformers for Biodiversity Analyses



BarcodeBERT: Transformers for Biodiversity Analyses



BarcodeBERT: Transformers for Biodiversity Analyses

• A short, standardized DNA sequence 

• Works like a biological “ID code”

• Used to identify species

A transformer-based language model from NLP



Input: DNA barcode sequence

k-mer Tokenization = making "DNA words"

Masked tokens = the blanks the model 

must learn to fill

Output: predicted DNA tokens

Transformer layers = learning context 

and structure

Architecture of BarcodeBERT



55× faster

Performance Comparison of BarcodeBERT and Baseline Models



Multimodal 
Learning



CLIBD: Bridging Vision and Genomics  

for Biodiversity Monitoring at Scale

Gong, ZeMing, et al. "CLIBD: Bridging Vision and Genomics for Biodiversity Monitoring at Scale." arXiv preprint 

arXiv:2405.17537 (2024).



1. DNA is a language

2. LLMs like BarcodeBERT can learn this language

3. Multimodal AI takes it further

Conclusion



Thanks!
Do you have any questions?
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