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TrinityDNA: A Bio-Inspired Foundational Model for Efficient Long-Sequence DNA Modeling
Qirong Yang, Yucheng Guo, Zicheng Liu, Yujie Yang, Qijin Yin, Siyuan Li, Shaomin Ji, Linlin Chao, Xiaoming Zhang, Stan Z. Li

The modeling of genomic sequences presents unique challenges due to their length and structural complexity. Traditional sequence models struggle to capture long-range de
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biological features inherent in DNA. In this work, we propose TrinityDNA, a novel DNA foundational model designed to address these challenges. The model integrates biologi
components, including Groove Fusion for capturing DNA's structural features and Gated Reverse Complement (GRC) to handle the inherent symmetry of DNA sequences. Addit
a multi-scale attention mechanism that allows the model to attend to varying levels of sequence dependencies, and an evolutionary training strategy that progressively adapts
prokaryotic and eukaryotic genomes. TrinityDNA provides a more accurate and efficient approach to genomic sequence modeling, offering significant improvements in gene fu
regulatory mechanism discovery, and other genomics applications. Our model bridges the gap between machine learning techniques and biological insights, paving the way fo
analysis of genomic data. Additionally, we introduced a new DNA long-sequence CDS annotation benchmark to make evaluations more comprehensive and oriented toward pr:
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Genomic language models (gLMs) face a fundamental efficiency challenge: either maintain separate specialized models for each biological modality (DNA and RNA) or develop
large multi-modal architectures. Both approaches impose significant c i burdens - modality-specific models require redundant infrastructure despite inherent
biological connections, while multi-modal architectures demand massive parameter counts and extensive cross-modality pretraining. To address this limitation, we introduce
CodonMoE (Adaptive Mixture of Codon Reformative Experts), a lightweight adapter that transforms DNA language models into effective RNA analyzers without RNA-specific
pretraining. Our theoretical analysis establishes CodonMoE as a universal approximator at the codon level, capable of mapping arbitrary functions from codon sequences to RNA
properties given sufficient expert capacity. Across four RNA prediction tasks ing stability, expression, and r lation, DNA models d with Ci significantly mRFP
outperform thelr unmodlﬁed counterparts, with HyenaDNA+CodonMoE series achieving state-of-the-art results using 80% fewer parameters than specialized RNA models. By
ity while achieving superior performance, our approach provides a principled path toward unifying genomic language modeling, leveraging

more abundant DNA data and reducing computational overhead while preserving modality-specific performance advantages. GPN-MSA HyenaDNA GPN-MSA HyenaDNA
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https://globdb.org

GlobDB Home D Contributors ~ Howtocite FAQ Q

Welcome to the GlobDB genomes database

This website hosts the GlobDB, a dereplicated set of species representative microbial

genomes. The genomic era offers great opportunities for microbial genome analyses, and l

individual fmeataldename ctiidiee ran adenarate thancande af minrnhial @aanamec Althanch

GlobDB source datasets

As of version 226, the GlobDB includes 14 data sources:

T 1) the species reps of the genome taxonomy database (GTDB), sourced from NCBI genome.

2) the species reps of the mOTUs 4.0 database (mOTU)

3) the species reps of the searchable, planetary-scale microbiome resource (SPIRE).

4) the species reps of the Bin Chicken Rare biosphere genomes collection (BCRBG)

5) the species reps of the genomic catalog of earth's microbiomes (GEM).

6) the species reps of the 13 MGnify biome MAG catalogs

7) the species reps of the global ocean microbiome genome catalogue (GOMC)

8) the species reps of the genomic catalog of soil microbiomes (SMAG).

9) the species reps of the Tibetan Plateau microbial catalog (TPMC)

10) the species reps of the Mouse and Human Reference Gut Microbiome (MRGM &

HRGM?2) catalogs
11) the MAGs of the curated Food Metagenomic Data (cFMD) resource

12) the MAGs of the sheep and goat gut microbiome compendium

13) the MAGs of the genome catalog of anammox microbiotas

14) the species representatives of the Glacier fed streams (GFS) genome catalog
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