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Supplementary Figure 1: Validation of allele-specific editing in HEK 293T cells and 5XFAD mice
a, b, Cas9-SW1 and Cas9-SW2 did not target APPWT. a, T7 endonuclease I mismatch assay for CRISPR/Cas9mediated genome editing in HEK 293T cells carrying APPWT alleles. WT1 and WT2 are single-guide RNAs
(sgRNAs) that target the APPWT allele at the same genetic loci as those of SW1 and SW2, respectively. b,
Insertion/deletion (indel) rates were examined by targeted deep sequencing. Values are mean ± SEM (n = 5
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replicates per group; ***P < 0.001; unpaired Student’s t-test). c, d, Off-target analysis of Cas9-SW1. c,
Sequences of the top 5 predicted off-target sites in the human genome. d, T7EI assay for the top 5 predicted
off-target sites in HEK 293T cells. The lack of cleavage bands by T7EI indicates that the off-target activities
of Cas9-SW1 were less than 1%. e–g, Validation of AAV-mediated Cas9-SW1 editing in vivo. e, The 10 most
abundant APPswe sequences from Cas9-SW1–injected 5XFAD mouse brains determined by targeted deep
sequencing. Mutation sites are shown in blue text. Percentages are the frequencies of the modified APPswe
sequences. Editing events are labeled with “#.” f, Number of somatic mutations detected by whole-genome
sequencing. The virus-transduced hippocampal regions (SW1) and untransduced brain regions (Con) of the
same mouse were subjected to whole-genome sequencing to detect somatic mutations. Values are mean ±
SEM (n = 2 mice). g, Workflow for identification of potential off-target mutations.

3

Supplementary Figure 2: Intrahippocampal AAV-mediated Cas9-SW1 editing in 5XFAD transgenic
mice decreases amyloid plaque deposition in Cas9-expressing brain regions
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a, b, Immunohistochemistry for Aβ (4G8; green), HA (red), and nuclei (blue) in 6- or 9-month-old 5XFAD
mice after hippocampal injection of AAV-mediated Cas9-SW1 (EFS::SaCas9-SW1) at 3 months of age. HA
staining indicates Cas9 expression. a, Representative images of sagittal sections from control (Con) and virusinjected (SW1) 5XFAD mouse brains. Scale bar: 1 mm. b, Representative images of the hippocampus, cornu
ammonis (CA), and subiculum in 6- and 9-month-old mice, respectively. Scale bar: 200 μm.
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Supplementary Figure 3: Intrahippocampal AAV-mediated Cas9-SW1 editing decreases gliosis in the
subiculum in 5XFAD mice
a, b, Immunohistochemical analysis of amyloid plaque deposition in microglia (a) and astrocytes (b). Staining
for Aβ (4G8; green) and nuclei (blue) together with Iba1 (red; a) or GFAP (red; b), respectively, in 6-monthold mice (3 months after virus injection). Scale bars: 100 μm. WT, wild type.
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Supplementary Figure 4: Intrahippocampal AAV-mediated Cas9-SW1 editing decreases neurite
dystrophy in 5XFAD mice
a, b, Immunohistochemistry for LAMP1 (red), Aβ (4G8; green), and nuclei (blue) in the subiculum in 5XFAD
mice at 6 months (a) and 9 months (b). Scale bar: 200 μm.
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Supplementary Figure 5: Intrahippocampal AAV-mediated Cas9-SW1 editing decreases amyloid
plaque deposition in the Cas9-expressing brain regions in APP/PS1 transgenic mice
a, T7 endonuclease I assay for AAV-mediated Cas9-SW1 editing in the virus-transduced hippocampi from
APP/PS1 mice. Arrowheads indicate the CRISPR/Cas9-edited DNA fragments. Con, Untransduced
hippocampal regions of APP/PS1 mice. b, Percentage of insertion/deletion (indel) mutations. Values are mean
± SEM (n = 4 mice per group; ***P < 0.001; unpaired two-tailed t-test). c, d, Immunohistochemistry for Aβ
(4G8; green), HA (red), and nuclei (blue) in 15-month-old APP/PS1 mice (6 months after virus injection). HA
staining indicates Cas9 expression. c, Representative images of sagittal sections from APP/PS1 mouse brains.
Scale bar: 1 mm. d, Representative images of the hippocampus, cornu ammonis (CA), and subiculum from
APP/PS1 mouse brains. Scale bar: 200 μm.
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Supplementary Figure 6: Optimization of the AAV construct for enhanced gene transfer and robust
expression in the central nervous system
a, Schematic comparison of 2 AAV vectors for systemic delivery (with or without the insertion of the mWPRE
element). ITR, inverted terminal repeat; U6, human U6 promoter; Syn, human synapsin 1 promoter; mWPRE,
a truncated form of Woodchuck Hepatitis Virus (WHP) Posttranscriptional Regulatory Element (WPRE); pA,
poly(A) tail. b, Immunohistochemistry for HA (green) indicates Cas9 expression in C57 mice injected with
SW1-Syn::SaCas9 (−mWPRE) or SW1-Syn::SaCas9-mWPRE (+mWPRE) at a dose of 1 × 1012 vg/mouse.
Scale bars: 300 μm.
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Supplementary Figure 7: Systemic delivery of AAV-PHP.eB–mediated Cas9-SW1 globally decreases
amyloid plaque burden in 5XFAD mice
a, T7 endonuclease I assay for AAV-PHP.eB–mediated Cas9-SW1 editing in multiple brain regions in 5XFAD
mice. Arrowheads indicate the CRISPR/Cas9-edited DNA fragments. HP, hippocampus; Sub, subiculum; CA,
cornu ammonis; DG, dentate gyrus; CX, cortex. b, Percentage of insertion/deletion (indel) mutations.
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CRISPR/Cas9 editing led to the formation of indel mutations. Indel percentage indicates editing efficiency.
Values are mean ± SEM (n = 3 mice per group). c, d, Immunohistochemistry for X34 (green), HA (red), and
nuclei (blue) in 6-month-old 5XFAD mice after systemic administration of Cas9-SW1 (SW1-Syn::SaCas9mWPRE). HA staining indicates Cas9 expression. c, Representative images of sagittal sections of 5XFAD
mouse brains 3 months after virus injection. Scale bar: 1 mm. d, Representative images of the hippocampus,
cornu ammonis (CA), subiculum, and dentate gyrus (DG) from 5XFAD mouse brains. Scale bars: 200 μm.
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Supplementary Figure 8: Systemic delivery of AAV-PHP.eB–mediated Cas9-Con does not induce
adverse effects in WT or 5XFAD mice
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a–c, Systemic delivery of AAV-PHP.eB–mediated Cas9-Con did not induce adverse behavioral effects in wildtype (WT) mice. Uninject, uninjected. a, The locomotor activity of mice did not change in the exploratory
open field test upon systemic delivery of AAV-PHP.eB–mediated Cas9-Con. Values are mean ± SEM (n = 12
mice per group; unpaired two-tailed t-test). e, Systemic delivery of AAV-PHP.eB-mediated Cas9-Con did not
alter habituation in the exploratory open field (OF) test. The percentage change in the distance traveled relative
to that traveled on the first day of training. Values are mean ± SEM (n = 12 mice per group; unpaired twotailed t-test). c, Systemic delivery of AAV-PHP.eB–mediated Cas9-Con did not affect spatial working memory
in the spontaneous alteration Y-maze test. Values are mean ± SEM (n = 12 mice per group; unpaired two-tailed
t-test). d–f, Systemic delivery of AAV-PHP.eB–mediated Cas9-Con did not induce gliosis in WT mice. d,
Immunohistochemistry for HA (red, Left panels), Iba1 (red, Middle panels), GFAP (red, Right panels), and
nuclei (blue) in 6-month-old WT mice. Scale bars: 50 μm. e, Quantification of Iba1-positive cells. Values are
mean ± SEM (n = 4 mice per group; unpaired two-tailed t-test). f, Quantification of GFAP-positive cells.
Values are mean ± SEM (n = 4 mice per group). g, h, Immunohistochemistry for X34 (green), HA (red), and
nuclei (blue) in 6-month-old 5XFAD mice after systemic administration of Cas9-Con (Con-Syn::SaCas9mWPRE). HA tag expression indicates Cas9 expression. Scale bars: 1 mm (g), 200 μm (h). i, Quantification
of X34-labeled plaque areas in the hippocampus of 6-month-old 5XFAD mice. Values are mean ± SEM (n =
3 mice per group; unpaired two-tailed t-test).
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Supplementary Figure 9: Full-length blots corresponding to Figure 2a
L, ladder
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Supplementary Table 1: Mutations detected by whole-genome sequencing in the virus-transduced and
untransduced brain regions
Shared in

Sample

Untransduced
region

Virus-

virus-

transduced

transduced and

region

untransduced

Uniquely

Uniquely

identified in

identified in

untransduced

transduced

region (%)

region (%)

regions
Mouse 1

35,053

33,727

23,412

11,641 (33.2%)

10,315 (30.6%)

Mouse 2

35,193

34,458

23,459

11,734 (33.3%)

10,656 (30.9%)
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Supplementary Table 2: Summary of potential off-target sites and consequences
Genomic
location

Number of mutations

Number of corresponding

Number of genes

genes*

expressed in brain cells

Intergenic

131

N/A

N/A

Intronic

103

37

14

Exonic

13

13

1

3′ UTR

7

2

0

5′ UTR

3

3

2

* A given gene may be counted more than once owing to the presence of multiple somatic mutations residing
in different locations.
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Supplementary Table 3: Sequences of sgRNAs
Name

Sequence

PAM

SW1

TCTCTGAAGTGAATCTGGATG

CAGAAT

SW2

GAGGAGATCTCTGAAGTGAAT

CTGGAT

WT1

TCTCTGAAGTGAAGATGGATG

CAGAAT

WT2

GAGGAGATCTCTGAAGTGAAG

ATGGAT

PAM, protospacer-adjacent motif.
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