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Seq2image: A Holistic Image-Based Paradigm for Genomic Sequence Analysis 

 

Abstract: The analysis of complex biological sequences has historically been dominated by 

reductionist approaches, wherein elegant statistical models are iteratively patched with 

numerous ad-hoc filters to handle real-world data complexity, ultimately leading to over-

engineered pipelines. To bridge the gap between reductionism and holism, we present 

seq2image, a conceptual framework that transforms one-dimensional biological sequences into 

two-dimensional images, thereby leveraging deep learning and advanced image processing 

techniques to encode both raw data and biological knowledge in a data-driven manner. 

 

This talk introduces three major applications of the seq2image paradigm. First, for structural 

variant (SV) detection, we demonstrate how clustering local alignment features as image 

patterns enables the resolution of complex SVs (SVision, Nature Methods 2022), the discovery 

of de novo and somatic variants through inter-sample comparison (SVision-pro, Nature 

Biotechnology 2024), and population-scale genotyping of novel and pathogenic alleles from 

pangenome graphs (Swave, Nature Genetics 2026). Second, for gene annotation, we introduce 

ANNEVO, which models distal genomic interactions via Hi-C-inspired two-dimensional maps 

and integrates both vertical and horizontal evolutionary histories through a Mixture-of-Experts 

architecture, achieving highly accurate ab initio annotation at speeds around 100x faster than 

conventional evidence-dependent pipelines (Nature Methods 2026). Third, by applying 

seq2image operators to Hi-C data from 1,025 species, we trace the evolution of three-

dimensional genome architectures, revealing that checkerboard compartmentalization 

correlates with multicellular complexity and that plants and animals have undergone distinct 

evolutionary trajectories characterized by functional partitioning through architectural 



transitions (Cell 2026). 

 

Collectively, seq2image provides a unified, scalable framework for genomic discovery, from 

local variant classification and distal interaction modeling to the quantification of chromosome-

scale genome architecture evolution. 
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driven methods for genomic sequence analysis, enabling the detection, characterization, and 

functional interpretation of structural variations, gene structures, and genome architectures. His 

work spans two interconnected areas: algorithmic innovation and large-scale genomic data 
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Research and project experience: 

Algorithm development 

- Traditional modeling: Pindel for structural variant detection; the MSIsensor suite 

(MSIsensor, MSIsensor-pro, MSIsensor-RNA) for microsatellite instability profiling. 

- Deep learning: SVision, SVision-pro, and Swave for complex and somatic structural variant 

discovery via the "seq2image" paradigm; ANNEVO for ab initio gene annotation through 

modeling of distal chromosomal interactions. 

 

Large-scale data analysis 

- Plants: Opium poppy genome project. 



- Human: Chinese Pangenome Consortium for human population diversity. 

- Pan-species: Darwin Tree of Life project for broad biodiversity characterization. 
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