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versatile genome engineering tool.

CRISPR-associated (Cas) nucleases are widely used in life sciences and medicine.
To overcome technical and patent-related limitations of CRISPR—-Cas9, we have
developed a novel genome editing platform based on CRISPR-Cas3. We
investigate the molecular mechanisms of Cas3-mediated genome editing, including
crRNA maturation and Cascade complex formation, to improve editing efficiency
and accuracy in human cells and rodent models. We also expand its translational
applications in gene therapy and viral diagnostics, establishing CRISPR—Cas3 as a
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Type I-E CRISPR-Cas3 represents a genome edit-
ing technology in which large deletions averaging
several kilobases are introduced in target regions.
However, its genome editing efficiency varies consid-
erably across targets and cell types, making it difficult
to achieve consistent results. Here, we investigated
the efficacy and stability of circularized CRISPR
RNAs (ccrRNAs) to enhance CRISPR-Cas3-mediated

genome editing in human cells. Using in vitro sin-
gle-strand DNA cleavage assays, we demonstrated
that ccrRNA induces Cascade complex formation.
Significant genome editing activity targeting the
EMXT1 and B2M genes was observed in cellular assays
using K562 cells. Long-read sequencing identified
large-scale deletion mutations at the target loci and
no off-target effects using ccrRNA. Furthermore, ccr-
RNAs exhibited extended intracellular stability com-
pared with that for linear crRNAs, resulting in an en-
hanced editing efficiency. These results demonstrate
that ccrRNAs enable accurate, stable, and highly effi-
cient genome editing and support the broader appli-
cation of the CRISPR-Cas3 system.
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Monkeypox (Mpox) has emerged as a critical pub-
lic health challenge, creating an urgent need for rapid,
reliable, field-deployable diagnostic tools for out-
break scenarios. Here, we present Kairo-CONAN, a
novel CRISPR-Cas3-based point-of-care diagnostic
platform for Mpox, engineered for sustainability and
portability. This system uses a disposable hand
warmer as a stable heat source and incorporates
freeze-dried reagents for ambient temperature stabil-
ity, enabling device-free, sensitive detection by lateral
flow assay strips. Utilizing the unique DN A-targeting
and cleavage properties of CRISPR-Cas3, we opti-
mized probe DNA configurations for high specificity
and designed clade-specific target CRISPR RNAs (cr-
RNAs). Kairo-CONAN has demonstrated rapid,
high-sensitivity, specific detection of Mpox virus
(MPXV) DNA across multiple clades, including Clade
Ia (Congo), Clade Ib (synthetic DNA), and Clade IIb
(Tokyo). Kairo-CONAN addresses logistical and en-
vironmental challenges to offer a sustainable, cost-ef-
fective, field-adapted solution for infectious disease
diagnostics, aligning with the 100 Days Mission
framework to enhance global outbreak response ef-
forts.
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Genome editing tools based on class 1 CRISPR,
which have different DNA cleavage mechanisms and
deletion patterns from class 2 CRISPR-Cas systems
such as CRISPR-Cas9, have recently been developed
and are contributing to the expansion of genome edit-
ing technologies. Type I CRISPR in the class 1 CRISPR
system recognizes target DNA sequences by the Cas-
cade complex, which are generated by the interaction
of crRNA precursors and multiple Cas proteins.
However, the precise mechanisms underlying the for-
mation of the Cascade complex remain unclear, which
limits the potential applications of these systems. This
study aims to elucidate the mechanism of Cascade
formation in type I CRISPR-Cas by analyzing the crR-
NA processing steps involved in complex formation
by the modifications of crRNA and Cas factors.

We first investigated the critical sequence require-
ments of crRNA precursor with the Type I-E CRISPR
derived from Escherichia coli. In vitro cleavage assays
revealed that the maturation of the 5" repeat sequence
of the crRNA precursor is essential for the formation
of a functional Cascade complex. Importantly, this
mechanism was further validated across multiple
CRISPR subtypes, including Type I-C, Type I-D, and
even the Type I-F3 Cas transposon systems, suggest-
ing a universally conserved molecular mechanism. In
contrast, modified or truncated crRNAs at the 3’ re-
peat sequence maintained its in vitro DNA cleavage
activity and robust genome editing activity in human
cells, suggesting that the 3’ end is not required for
maturation, as modified or deleted non-natural crR-
NAs at the 3" end is non-essential for crRNA matura-
tion. Furthermore, we also revealed that prior reac-
tions of Cas5, Cas6, and Cas” lead to appropriate
processing and Cascade formation.

This study uncovers a novel molecular mecha-
nism of crRNA maturation and Cascade complex for-
mation in Type I CRISPR systems. Our findings sig-
nificantly advance the understanding of CRISPR-Cas
adaptive immune mechanisms and provide critical
insights into the strategic modification of crRNA and
the continued development of advanced gene editing
technologies including base editing, prime editing
and epigenome editing tools with type I CRISPR.
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