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Highlights

Identification

4112 proteins, including six new subtypes
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® Identified 4112 Casl2 homologs and
N proposed an expandable “Cas12Cn”
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® Revealed high diversity in Casl2 family
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* tracrRNA  dependence linked to
conserved motifs

® Developed an  Al-based  domain
annotation tool, accurately identifying 18
domains and outperforming existing tools
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Figure 1. Phylogenetic Relationships and Environmental Distribution of Cas12 Proteins
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® [dentified 4,112 Casl2 proteins

from 18 environments

Subtypes (e.g., Cas12C1, C6,
C13) show broad distribution
and adaptability

Evolutionary relationships
between subtypes such as
Cas12C1 and Cas12C5.

Selection pressures vary by
environment:
Casl12C12 experienced
positive selection (Ka/Ks >

1) in contaminated
environments; Casl12C3
underwent purifying
selection in freshwater and
groundwater



Summary

U In this study, 4,112 Casl2 sequences were identified from 8 TB of microbial genomic
data, expanding known subtype diversity. An extensible naming scheme (Cas12Cn) was
proposed to resolve classification inconsistencies.

1 We developed Casl2fam, an Al-based tool that accurately annotates 18 functional
domains, offering a unified standard for future Cas12 research.

1 Casl2 was found enriched in digestive, anaerobic, and contaminated environments,
with untapped potential in other niches. Environment-specific Ka/Ks ratios confirmed
ecology as a major driver of Casl2 diversity.

U Integration of domain, evolution, and ecology provides a framework for efficient

screening of highly active and specific novel Casl12 subtypes.
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