











Extended DataFig. 3 |See next page for caption.
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Extended DataFig. 3| Scn2a-CRISPRa off-target analysisin cell lines.
a.RNA-seq expression levels of Scn2a TAD-domain genes from Scn2a-rAAV-
CRISPRatreated Neuro-2a cellscompared to VP64-only. Circles areindividual
replicates, box plots are medians, quartiles and 100% tails. p-values noted
above data. Wald test. b. RNA-seq expression levels of sodium channels from
Scn2a-rAAV-CRISPRatreated Neuro-2a cellscompared to VP64-only. Circles
areindividual replicates, box plots are medians, quartiles and 100% tails.

p-values noted above data. Wald test. c. Volcano plot representing Log, fold-
changeinexpression levels for each gene. Wald test. P-values noted above each
comparison. Grey dots represent no significant DEGs for CRISPRa, purple dots
signify Scn2a and nearby genes, and orange dots denote upregulated genes.

d. Gene ontology (GO) analysis showing enrichment of molecular functions.
e.Gene ontology (GO) analysis showing enrichment of biological processes.

f. Analysis of sgRNA sequence off-targeting using Cas-OFFinder.
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Extended DataFig. 4 |Intrinsic electrophysiology of Scn2a”' and CRISPRa
treated neurons. a. AP threshold from P57-85 Scn2a-rAAV-empty vector
Scn2a** (light gray) and Scn2a*” (magenta) neurons, Scn2a-rAAV-CRISPRa
treated Scn2a** (dark gray) and Scn2a”" (purple) neurons, and Scn2a*”¥ Cre-
(green) and Scn2a”¥ Cre+ (gray) neurons. Threshold of the first AP evoked by a
near-rheobase current. Scn2a** + empty: n =17 cells; Scn2a* + empty:n =27
cells; Scn2a** + CRISPRa: n = 24 cells; Scn2a*~ + CRISPRa: n =19 cells; Scn2a”
Cre-:n=29 cells; Scn2a” Cre +:n = 21 cells. No significant differences. Holm-
Sidak multiple comparisons test. Circles are individual cells, box plots are
medians, quartiles and100% tails. b. Input resistance (MQ). Scn2a*™* + empty:
n=17cells; Scn2a™~ +empty: n =27 cells; Scn2a”* + CRISPRa: n =17 cells;
Scn2a*”~+CRISPRa: n=11cells; Scn2a” ! Cre-:n=26 cells; Scn2a” Cre +:n=19
cells. Nosignificant differences. Holm-Siddk multiple comparisons test. Circles

Current (pA)

areindividual cells, box plots are medians, quartiles and 100% tails.
c.Rheobase current (pA) to generate first spike. Scn2a** + empty: n =16 cells;
Scn2a* +empty:n =27 cells; Scn2a”* + CRISPRa: n =17 cells; Scn2a* +
CRISPRa: n =12 cells; Scn2a”¥ Cre-:n =25 cells; Scn2a™¥ Cre + :n=19 cells.
Nosignificant differences. Holm-Sidak multiple comparisons test. Circles
areindividual cells, box plots are medians, quartiles and 100% tails. d. APs per
300 msstimulation epoch for each current amplitude. Left: Quantification of
firing rate slope of data on Right. Scn2a** + empty: n=16 cells; Scn2a”™ +empty:
n=27cells; Scn2a*"* + CRISPRa: n =17 cells; Scn2a*~+ CRISPRa: n =12 cells;
Scn2a”¥ Cre-:n=25cells; Scn2a*¥' Cre + :n=19 cells. No significant differences.
Holm-Sidak multiple comparisons test. Circles are individual cells, box plots
aremedians, quartiles and 100% tails.Right: Number of APs versus current
amplitude injected. Circles and bars are mean + SEM at each stimulus intensity.
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Extended DataFig. 5|Scn2a-CRISPRa off-target analysis in the mouse
neocortex.a.RNA-seqexpressionlevels of Scn2a TAD-domain genes from
Scn2a-rAAV-CRISPRatreated Neuro-2a cellscompared to VP64-only. Circles
areindividual mice, box plots are medians, quartiles and 100% tails. b. RNA-seq
expression levels of sodium channels from Scn2a-rAAV-CRISPRa treated
Neuro-2acellscompared to VP64-only. Circles are individual mice, box plots
are medians, quartiles and 100% tails. c. Volcano plot representing Log,
fold-changein expression levels for each gene for WT vs Scn2a*” “Het”. Wald
test. P-values noted above each comparison. Grey dots represent no significant

DEGs for CRISPRa, purple dots signify Scn2a and nearby genes, and orange dots

denote upregulated genes. d.Same as c, but for CRISPRa-treated Scn2a*”
“CRISPRa” vs WT.e.Same as ¢, but for CRISPRa-treated Scn2a” “CRISPRa” vs
Scn2a* “Het”.f. Analysis of sgRNA sequence off-targeting using Cas-OFFinder.
g.Datarepresentation of NeuN-positive neuronal nucleiisolated from cortical
tissue for FACS sorting. Representative FACS plots visualized with FlowJo V10
with percentage of parent gates for each population. Singlets were selected
based on FSC-H versus FSC-A. h. From singlets, DAPI-positive events were gated
toidentify nuclei. i. NeuN-positive neuronal nuclei were selected using an
anti-NeuN antibody conjugated to Alexa Fluor 488.
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Extended DataFig. 6 | CRISPRaexpression persists through16 months
post-systemicinjection. Peak AP dV/dt (top) at 30-, 56-,107-,and 210-days
following tail-veininjection of Scn2a-rAAV-CRISPRa-PHP.eB in Scn2a” mice
(purple). Circles representindividual neurons. Lines are linear regression.
qPCR of mCherry (middle) or dCas9 (bottom) mRNA from neocortical samples
collected fromtail-vein or retro-orbital Scn2a-rAAV-CRISPRa-PHP.eB injected
Scn2a** (gray) or Scn2a*~ mice (purple) across time. Circles represent single
mice. Lines arelinear regression.
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Extended DataFig. 8 |Invitro optimization of CRISPRa constructsin
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Antibodies
Antibodies used GFP, Parv, mCherry, Ank-G, MAP2
Validation GFP - anti-GFP AlexaFluor 488, ThermoFisher A-21311; Species reactivity: Mouse, Tag; Applications: ICC, IHC,
WB, ChIP assay, Flow cytometry; Validation: https://www.thermofisher.com/antibody/product/GFP-Antibody-Polyclonal/
A-21311

Parvalbumin - Swant P27; Species reactivity: Human, Rat, Mouse, Bovine and Equine; Applications: ICC, IHC, WB, IP, Flow cytometry,
ELISA; Validation: https://webshop.swant.com/catalog/product/view/id/99/s/pv27a-parvalbumin/category/2/
mCherry - anti-RFP Rockland Immuno #600-401-379 ; Species reactivity: Rabbit; Applications: WB, ELISA, IHC, IF, EM, FISH, IP;
Validation: https://www.rockland.com/categories/primary-antibodies/rfp-antibody-pre-adsorbed-600-401-379/
Ankyrin-G - Neuromab 75-146; Species reactivity: Feline, Hamster, Human, Mouse, Non-Human Primate, Rat; Applications: ICC, IHC,
IP, WB; Validation: https://www.antibodiesinc.com/products/anti-ankyrin-g-staining-antibody-n106-36-75-146
MAP2 - Invitrogen PA1-10005; Species reactivity: Human, Mouse, Rat; Applications: ICC, IHC, WB, PLA; https://
Validation: www.thermofisher.com/antibody/product/MAP2-Antibody-Polyclonal/PA1-10005

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Neuro-2A and SH-SY5Y cells were obtained from ATCC. HUES66 wild type and SCN2A heterozygous iPSCs were obtained from
Jen Q. Pan at the Stanley Center for Psychiatric Research, Broad Institute of MIT and Harvard.

Authentication Neuro-2A and SH-SY5Y were ordered from ATCC. For the SCN2A HUESEG6 lines, these lines were extensively characterized in
PMID 30698461.

Mycoplasma contamination All lines were tested monthly for mycoplasma.

Commonly misidentified lines  n/a
(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 C57BL/6J mice, aged postnatal day 25 to 240. Mice are housed on a 12/12 hr light dark cycle, with ambient temperature maintained
between 67-74° F and ambient humidity maintained between 30-70%.

Wild animals No wild animals were used.

Reporting on sex Data were collected from animals of both sexes. Prior work indicated that effects of Scn2a haploinsufficiency in mouse are not
dependent on sex in the neuronal classes studied (Spratt et al., 2019). Therefore, data were pooled across sex.

Field-collected samples  No field collected samples were used.

Ethics oversight UCSF Institutional Animal Care and Use Committee

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
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Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
was applied.

Authentication Describe-any-atithentication-procedtres foreach seed stock- tised-ornovel genotype generated—Describe-any-experiments-tsed-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.

Flow Cytometry

Plots
Confirm that:

g The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

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.

& A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument
Software

Cell population abundance

Gating strategy

Mice cortices were dissected and nuclei were isolated from approximately 200 mg of cortex using the Singulator™ 100
System (S2 Genomics) with the "Single Shot Standard Nuclei Isolation v2" program. The isolation was performed in 3 mL of
lysis buffer (10 mM Tris-HCI, pH 7.4; 10 mM NaCl; 3 mM MgCl,-6H,0; 0.05% IGEPAL® CA-630; 0.5 mM DTT; nuclease-free
water) and 3 mL of wash buffer (5% bovine serum albumin, 0.25% glycerol in 1x PBS). To preserve RNA integrity, 50 pL of
Protector RNase Inhibitor (Sigma-Aldrich, #3335402001) was added directly to the Singulator cartridge. Following isolation,
nuclei were centrifuged, and debris were removed by centrifugation in wash buffer supplemented with 1x Nuclei Debris
Removal Stock Reagent (S2 genomics #100253628) and 37.5 pL of RNase inhibitor at 600 x g for 15 min at 4°C, with
deceleration set to 1. Purified nuclei were then washed once in wash buffer and resuspended in 500 uL of wash buffer
supplemented with 6.5 L of Protector RNase Inhibitor, DAPI (Biotium, #40043; 1:1000), and anti NeuN-488 antibody (Sigma-
Aldrich, #MAB377X; 1:500). The suspension was incubated for 1 hour at 4°C in the dark to allow staining. Finally, nuclei were
washed once with wash buffer, resuspended in 1 mL of wash buffer supplemented with 12.5 ulL of Protector RNase Inhibitor,
and transferred to a FACS tube.

BD FACS ARIA
FACSDiva Software

The proportion of neuronal (NeuN-positive) nuclei among total nuclei was approximately 40%, depending on the sample and
the enrichment of neuronal nuclei was evaluated post sorting by RNA-seq.

Singlets were identified on the FSC-A versus FSC-H plot. Nuclei were gated as DAPI-positive events. Neuronal nuclei were
then selected as NeuN-488—positive events.

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