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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 
illustrating the detection of nuclease genome-editing activity at endogenous loci 
in HEK293T cells. b-e, Comparing the genome-editing efficiency of WT-NlovFz2 

and enNlovFz2 with different TAM preferences (5′-NCCG, b; 5′-NCTG, c; 5′-NACG, 
d; 5′-NATG, e) at endogenous loci in human cells. Values and error bars are 
expressed as mean ± SEM (n = 3 independent biological replicates).
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Extended Data Fig. 4 | Comparison of genome-editing efficiency among WT-
NlovFz2, enNlovFz2, IS200/IS605 transposon-encoded TnpBs, enCnCas12f1, 
and enRhCas12f1 in human cells. a, Comparison of genome-editing activity at 
9 human endogenous gene loci targeted by WT-NlovFz2, enNlovFz2, enISDra2 
TnpB, TnpBmax, enCnCas12f1, and enRhCas12f1 in HEK293T cells. Adjusted P 
(Padj) 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, enCnCas12f1, and 
enRhCas12f1 in HEK293T cells. Adjusted P (Padj) values are 0.0176, 0.3798, 0.6279, 
0.0513, respectively. Values and error bars are expressed as mean ± SEM (n = 3 
independent biological replicates). P values 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 Cas12f1 nucleases at 
endogenous genomic loci.
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Extended Data Fig. 5 | The sgRNA/ωRNA-dependent off-target effects of 
enNlovFz2, enCnCas12f1, and enRhCas12f1 at in-silico predicted off-target 
sites were determined by targeted-amplicon sequencing. The left, middle, 
and right panels represent the on-target and top10 off-target sites of enNlovFz2, 

enCnCas12f1, and enRhCas12f1 targeting DYRK1A, HPRT1, and DMD-guide 4 
genes, respectively. Values and error bars are expressed as mean ± SEM (n = 3 
independent biological replicates).
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Extended Data Fig. 6 | Establishment and characterization of the DMDΔE44 mdx  
mouse model. a, Strategy for generating the DMDΔE44 mdx mouse model. The 
human DMD exon44 was deleted using the traditional CRISPR-Cas9 system. The 
DMDΔE44 mdx mice were generated by mating humanized DMDΔE44 mice with mdx 
mice. b, Dystrophin immunofluorescence in indicated muscles of wild-type (WT) 
and DMDΔE44 mdx mice. WT mice were generated by crossing STOCK Tg (DMD) 
72Thoen/J mice (#018900) with mdx mice, which carry a c.2977 C > T, p.Gln993* 
mutation in exon 23 on Chr.X. The staining of dystrophin (Abcam) and spectrin 
(Millipore) proteins is shown in green and red, respectively. c, Western blotting 
was employed to confirm the absence of dystrophin (Sigma) in heart, diaphragm 

(DI), and tibialis anterior (TA) muscles of DMDΔE44 mdx mice. d, HE staining and 
Sirius red staining were performed on the TA, DI, and heart muscles of WT 
and DMDΔE44 mdx mice. e, Serum CK, a muscle damage and membrane leakage 
marker, was measured in WT and DMDΔE44 mdx mice (n = 6 independent biological 
replicates). The Padj value is 0.0002. f, WT and DMDΔE44 mdx mice underwent 
forelimb grip strength testing to assess muscle performance (n = 6 independent 
biological replicates). The Padj value is 0.000001. All mice were 4 weeks old at the 
time of the experiment. Data are presented as mean ± SEM. Each dot represents 
an individual mouse. P values were derived using a two-sided Student’s t-test. 
Scale bar: 100 μm.
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