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_b) Highlights

* Introduces GSE-Seq, a new method for high-throughput, long-read single-entity sequencing.

« Utilizes degradable hydrogels for robust in situ lysis of single viruses and bacteria.

* Barcode-guided assembly dramatically improves the recovery and completeness of viral genomes.

* Reveals vast “ viral dark matter” by recovering tens of thousands of genomes from complex samples.

* Recovers over 20,000 bacterial genomes from the human gut, including difficult-to-lyse species.
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The overall design and barcode generation for generic single-entity sequencing
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GSE-Seq
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Result 4
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Discussion

U Uncovering Vast Viral Dark Matter: Over 15,000 viral single amplified genomes (VSAGS)
were recovered from human feces and marine sediments, the vast majority of which likely
represent newly discovered species. Only 23.1% of gut vSAGs and 0.4% of marine vSAGs
showed high similarity to known species in public databases.

U Identifying “Sly” Viruses: Successfully identified giant viruses (NCLDVs) and highly
variable crAssphage, which are often overlooked by conventional methods.

U Expanding Knowledge of Bacteria: Obtained over 23,000 bacterial single amplified genomes
(bSAGSs), covering numerous putative new species and difficult-to-lyse Gram-positive
bacteria.

U Precise Phage-Host Linkage: Identified 1494 phage-host pairs at the single-cell level,
breaking through a major technical bottleneck in metagenomics.



CONCLUSION

O Key Breakthrough

The GSE-Seq technology represents a significant breakthrough by innovatively integrating three core
modules: ultra-high-throughput droplet generation, universal hydrogel-based sample processing, and
long-read sequencing. This integration successfully overcomes the technical bottlenecks in capturing
broad biodiversity from complex samples.

J Core Achievement

Achieving Single-Cell Microbial Profiling: This method was successfully applied to complex
environmental samples, enabling the genomic profiling of microbial communities at single-cell resolution.
It led to the discovery of a vast number of potential new viral and bacterial species from human feces and
marine samples.

[ Significance & Outlook

The versatility and accessibility of GSE-Seq provide an unprecedented and powerful platform for single-
entity genomics research across diverse biological systems.
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