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Extended Data Fig. 3| Comprehensive validation of TAM preferences of

WT-NlovFz2 and enNlovFz2 at endogenous loci in human cells. a, Schematics

3independentbiological replicates).

illustrating the detection of nuclease genome-editing activity at endogenous loci
in HEK293T cells. b-e, Comparing the genome-editing efficiency of WT-NlovFz2
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Extended Data Fig. 4| Comparison of genome-editing efficiency among WT-
NlovFz2, enNlovFz2, 1S200/1S605 transposon-encoded TnpBs, enCnCas12fl,
and enRhCas12f1in human cells. a, Comparison of genome-editing activity at
9 human endogenous gene loci targeted by WT-NlovFz2, enNlovFz2, enISDra2
TnpB, TnpBmax, enCnCas12f1, and enRhCas12f1in HEK293T cells. Adjusted P
(P,q;) values are 0.0001, 0.7090, 0.5794, 0.1856, 0.0002, respectively.

b, Comparison of gene editing activity at 9 human endogenous gene loci

targeted by WT-NlovFz2, enNlovFz2, ISAba30 TnpB, enCnCasl2f1, and
enRhCas12f1in HEK293T cells. Adjusted P (P,q;) values are 0.0176, 0.3798, 0.6279,
0.0513, respectively. Values and error bars are expressed asmean + SEM (n=3
independent biological replicates). Pvalues were derived using a two-sided
Student’s t-test. The top 30% of mCherry* cells were sorted by FACS to evaluate
the genome-editing efficiency of NlovFz2, TnpBs, and Cas12fl nucleases at
endogenous genomic loci.
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Extended DataFig. 5| The sgRNA/wRNA-dependent off-target effects of enCnCasl2f1, and enRhCas12fl targeting DYRKIA, HPRTI1, and DMD-guide 4
enNlovFz2, enCnCas12fl, and enRhCas12fl at in-silico predicted off-target genes, respectively. Values and error bars are expressed asmean + SEM (n=3
sites were determined by targeted-amplicon sequencing. The left, middle, independent biological replicates).

and right panels represent the on-target and top10 off-target sites of enNlovFz2,
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Extended DataFig. 6 | Establishment and characterization of the DMDAE mdx (DI), and tibialis anterior (TA) muscles of DMD*¥**™* mice. d, HE staining and
mouse model. a, Strategy for generating the DMD*(*™* mouse model. The Sirius red staining were performed on the TA, DI, and heart muscles of WT
human DMD exon44 was deleted using the traditional CRISPR-Cas9 system. The and DMD*#** ™ mjce. e, Serum CK, amuscle damage and membrane leakage
DMD M mice were generated by mating humanized DMD*t** mice with mdx marker, was measured in WT and DMD*t** ™ mice (n = 6 independent biological
mice. b, Dystrophinimmunofluorescence in indicated muscles of wild-type (WT) replicates). The P, value is 0.0002. f, WT and DMD****™*mice underwent
and DMD***m® mice. WT mice were generated by crossing STOCK Tg (DMD) forelimb grip strength testing to assess muscle performance (n = 6 independent
72Thoen/) mice (#018900) with mdx mice, which carry ac.2977 C > T, p.GIn993’ biological replicates). The P4 value is 0.000001. All mice were 4 weeks old at the
mutationin exon 23 on Chr.X. The staining of dystrophin (Abcam) and spectrin time of the experiment. Data are presented as mean + SEM. Each dot represents
(Millipore) proteins is shownin green and red, respectively. ¢, Western blotting anindividual mouse. Pvalues were derived using a two-sided Student’s t-test.

was employed to confirm the absence of dystrophin (Sigma) in heart, diaphragm Scalebar:100 pm.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.
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|:| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  BD FACS Aria lll for flow cytometry data collection. Next-generation sequencing data were generated using the Illumina NovaSeq 6000
platform.

Data analysis Flow cytometry data were analyzed using FlowJoX (version 10.0.7). Frequency, mean, and standard error of the mean were calculated with
GraphPad Prism 10 (version 9.5.1). Deep-seq data were analyzed using Cutadapt (version 2.8) and CRISPResso2 (version 2.0.20b). PEM-seq
analysis was conducted following the pipeline described on GitHub (https://github.com/liumz93/PEM-Q).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Next-generation sequencing data are available at the National Center for Biotechnology Information (NCBI) Sequence Read Archive database under the BioProject
accession code PRINA1147587. Source data are provided with this paper.
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Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender N/A

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Except for the mutant screening experiment, which included two biological replicates, all other experiments used at least three independent
biological replicates. Sample sizes were listed in the corresponding figure legends. The sample sizes for three experiments were chosen based
on field standards and prior knowledge of experimental variation (e.g., Gaudelli et al., Nature 2017; Koblan et al., Nat. Biotechnol. 2021).
Data exclusions  No data were excluded from the analysis.

Replication All experiments were independently reproduced at least twice, with each replication being successful.

Randomization  Human cells were grown under identical condition, and after seeding them into 24-wells plates, we randomly selected cells for the test and
control groups. DMD mice used for intramuscular injection were randomly assigned to either the control group or the AAV9-treated group.

Blinding Blinding was not performed because the data analyzed (DNA cleavage, genome editing efficiency, etc.) are not subject to biased
interpretation.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.




Materials & experimental systems Methods

Involved in the study n/a | Involved in the study
™ Antibodies X[ ] chip-seq
Eukaryotic cell lines |:| |Z Flow cytometry

Palaeontology and archaeology |Z |:| MRI-based neuroimaging
Animals and other organisms

Clinical data
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Dual use research of concern

Antibodies

Antibodies used Antibodies for western blot: primary antibodies against dystrophin (1:1000 dilution, Sigma, D8168) and vinculin (1:1000 dilution, CST,
13901S); secondary antibody (1:1000 dilution, Beyotime, A0216)
Antibodies for immunofluorescence: primary antibodies against dystrophin (1:100 dilution, Abcam, ab15277) and spectrin (1:500
dilution, Millipore, MAB1622); secondary antibodies (Alexa Fluor 488 AffiniPure donkey anti-rabbit 1gG (1:1000 dilution, Jackson
ImmunoResearch labs, 711-545-152) or Alexa Fluor 647 AffiniPure donkey anti-mouse IgG (1:1000 dilution, Jackson ImmunoResearch
labs, 715-605-151)).
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Validation Validation information is available at the following link: https://www.sigmaaldrich.com/HK/zh/product/sigma/d8168; https://
www.cellsignal.com/products/primary-antibodies/vinculin-ele9v-xp-rabbit-mab/13901; https://www.abcam.com/products/primary-
antibodies/dystrophin-antibody-ab15277.html; https://www.merckmillipore.com/HK/en/product/msds/MM_NF-MAB16227?
ReferrerURL=https%3A%2F%2Fwww.bing.com%2F

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) HEK293T and N2a cells were obtained from the Stem Cell Bank of the Chinese Academy of Sciences.
Authentication HEK293T and N2a cells were authenticated using STR profiling by the supplier.
Mycoplasma contamination All cell lines tested negative for mycoplasma contamination via PCR.

Commonly misidentified lines No misidentified cell lines listed in the ICLAC database were used.
(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals The human DMD exon44 was deleted in STOCK Tg (DMD) 72Thoen/J mice (#018900, 8-week-old) using the traditional CRISPR/Cas9
system. DMDAE44 mdx mice were then generated by mating humanized DMDAE44 mice (8-week-old) with mdx mice (8-week-old),
which carry a c.2977C>T, p.GIn993* mutation in exon 23 on Chr.X.

The D2B6F1 mice (8-week-old) result from a cross between DBA2 males (8-week-old) and C57BL/6J females (8-week-old).
ICR mice: females, 8-week-old

Wild animals No wild animals were used in this study.
Reporting on sex Duchenne muscular dystrophy (DMD) is the most common sex-linked lethal disease in humans, so male mice were selected for this
study.

Field-collected samples This study did not involve any field-collected samples.

Ethics oversight Experiments involving mice were approved by the Biomedical Research Ethics Committee at HuidaGene Therapeutics Co. Ltd.,
Shanghai, China. All animal studies adhered to relevant ethical regulations for animal testing and research.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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|Z| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
All plots are contour plots with outliers or pseudocolor plots.
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Methodology
Sample preparation After transfection, cells were trypsinized, resuspended in cell culture medium, and analyzed by flow cytometry.
Instrument BD FACSAria Il
Software FlowJo X version 10.0.7
Cell population abundance A minimum of 20,000 cells per sample were acquired for flow cytometry.
Gating strategy HEK293T cells were identified using forward and side scatter, followed by doublet exclusion. Cells were then examined for

mCherry positivity. Cells transfected with a control plasmid (without targeting spacer) were used as a negative control to
establish boundaries between mCherry-positive and mCherry-negative cells. For indel analysis, all mCherry-positive cells
were gated.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.






