
Integration of DNA into targeted genomic sites has historically been a 
challenge for therapeutic gene editing. Established transposase and 
lentiviral systems are efficient at inserting large DNA cargos into the 
human genome, but result in non-specific and sometimes 
hyperactive integration. These integrations have resulted in severe 
adverse events during clinical trials in the form of neoplasia. CRISPR 
associated transposases (CAST) are a potential solution to this 
problem, as they could provide user-directed and programmable 
DNA integration. Although relatively rare in nature, the handful of 
known CAST systems are efficient at delivering large DNA payloads 
into bacterial genomes; however, translation to mammalian cells has 
not been possible. We hypothesized that novel CAST identified from 
metagenomic sequences of environmental samples would enable 
discovery of systems more amenable to use in human cells. Mining of 
millions of assembly-driven, metagenomic sequences from diverse 
environments uncovered active CAST capable of efficient 
transposition in vitro and into the E. coli genome. When delivered to 
mammalian cells, these CAST components are expressed in an active 
form and localized to the nucleus. When tested in cells, we 
reproducibly achieved programmable transposition into multiple 
endogenous sites in the human genome. Our results augur well for the 
development of CAST into tools for treatment of genetic disease.
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Proprietary sampling

Our scientists collect samples from diverse 
climates and geographies, building a 
database that spans biodiversity from 
high-altitude and high-temperature 
environments to hydrothermal vents below the 
ocean

High-throughput screening

Leveraging  high-throughput screening, 
AI-based cloud computing, and proprietary 
algorithms, we have identified and filed on 
over 20,000 novel systems from over 180 novel 
enzyme families

Toolbox engineering

We have engineered a broad toolbox of 
next-generation gene editing systems - 
including nucleases, base editors, prime editors 
and CRISPR transposases (CASTs) to address a 
wide variety of genetic diseases
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Integration at single copy sites in the human genome

CAST components retain activity after 
engineering for nuclear localization

CAST can navigate human genome in vitro

Two plasmid MG64-1 system transposes donor into high copy 
targets of human genomic DNA in HEK293T cells. Directionality 
is determined by forward orientation to the PAM. 

293T cells 

Sanger sequencing confirms transposition

Junction PCR of donor-target forward LE orientation 
indicates that MG64-1 is capable of transposing to unique 
target loci in HEK293T cells. 

Both unique sites are confirmed for transposition by Sanger 
sequencing and NGS

Nuclear fraction of cells stably expressing CAST 
components are sufficient for transposition in vitro

MG64-1 transposes into high copy elements in vitro 

MG64-1 multiplexes across 
targets in E. coli genome

Schematic of E. coli transposition

- Identified novel Cas12k CAST systems from natural environments 
capable of RNA-directed integration of donor cargo

- Characterized systems with a nGTN/rGTN 5’ PAM that complete 
transposition in the forward direction, and are capable of partial 
product formation in the reverse direction. CAST systems integrate donor 
in a tight ~10 bp window centered at  61 bp away from the PAM. 

- Minimized versions of the LE/RE and single guide components are 
capable of transposition and will improve delivery 

- In E. coli, CASTs show robust targeted integration at multiple genomic 
loci, achieving efficiencies up to 80%

- Systematic targeting to high copy sites enabled integration of CAST 
payloads into the genome of mammalian cells

- MG64-1 is capable of integration to single copy loci in the human 
genome
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