








Extended Data Fig. 3 | See next page for caption.
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Extended Data Fig. 3 | Scn2a-CRISPRa off-target analysis in cell lines.  
a. RNA-seq expression levels of Scn2a TAD-domain genes from Scn2a-rAAV-
CRISPRa treated Neuro-2a cells compared to VP64-only. Circles are individual 
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-CRISPRa treated Neuro-2a cells compared to VP64-only. Circles 
are individual replicates, box plots are medians, quartiles and 100% tails. 

p-values noted above data. Wald test. c. Volcano plot representing Log2 fold-
change in expression 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.



Extended Data Fig. 4 | Intrinsic electrophysiology of Scn2a+/KI 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+/KI Cre- 
(green) and Scn2a+/KI 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+/KI 
Cre-: n = 29 cells; Scn2a+/KI Cre + : n = 21 cells. No significant differences. Holm-
Šídák multiple comparisons test. Circles are individual cells, box plots are 
medians, quartiles and 100% tails. b. Input resistance (MΩ). Scn2a+/+ + empty: 
n = 17 cells; Scn2a+/− + empty: n = 27 cells; Scn2a+/+ + CRISPRa: n = 17 cells; 
Scn2a+/− + CRISPRa: n = 11 cells; Scn2a+/KI Cre-: n = 26 cells; Scn2a+/KI Cre + : n = 19 
cells. No significant differences. Holm-Šídák multiple comparisons test. Circles 

are individual 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+/KI Cre-: n = 25 cells; Scn2a+/KI Cre + : n = 19 cells.  
No significant differences. Holm-Šídák multiple comparisons test. Circles  
are individual cells, box plots are medians, quartiles and 100% tails. d. APs per 
300 ms stimulation epoch for each current amplitude. Left: Quantification of 
firing rate slope of data on Right. Scn2a+/+ + empty: n = 16 cells; Scn2a+/− + empty: 
n = 27 cells; Scn2a+/+ + CRISPRa: n = 17 cells; Scn2a+/− + CRISPRa: n = 12 cells; 
Scn2a+/KI Cre-: n = 25 cells; Scn2a+/KI Cre + : n = 19 cells. No significant differences. 
Holm-Šídák multiple comparisons test. Circles are individual cells, box plots 
are medians, 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 Data Fig. 5 | Scn2a-CRISPRa off-target analysis in the mouse 
neocortex. a. RNA-seq expression levels of Scn2a TAD-domain genes from 
Scn2a-rAAV-CRISPRa treated Neuro-2a cells compared to VP64-only. Circles 
are individual mice, box plots are medians, quartiles and 100% tails. b. RNA-seq 
expression levels of sodium channels from Scn2a-rAAV-CRISPRa treated 
Neuro-2a cells compared to VP64-only. Circles are individual mice, box plots 
are medians, quartiles and 100% tails. c. Volcano plot representing Log2 
fold-change in 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 c, but for CRISPRa-treated Scn2a+/− “CRISPRa” vs 
Scn2a+/− “Het”. f. Analysis of sgRNA sequence off-targeting using Cas-OFFinder. 
g. Data representation of NeuN-positive neuronal nuclei isolated 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 
to identify nuclei. i. NeuN-positive neuronal nuclei were selected using an 
anti-NeuN antibody conjugated to Alexa Fluor 488.



Extended Data Fig. 6 | CRISPRa expression persists through 16 months 
post-systemic injection. Peak AP dV/dt (top) at 30-, 56-, 107-, and 210-days 
following tail-vein injection of Scn2a-rAAV-CRISPRa-PHP.eB in Scn2a+/−mice 
(purple). Circles represent individual neurons. Lines are linear regression. 
qPCR of mCherry (middle) or dCas9 (bottom) mRNA from neocortical samples 
collected from tail-vein or retro-orbital Scn2a-rAAV-CRISPRa-PHP.eB injected 
Scn2a+/+ (gray) or Scn2a+/− mice (purple) across time. Circles represent single 
mice. Lines are linear regression.
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Extended Data Fig. 7 | Behavioral and EEG response to increasing doses  
of 4-AP in Scn2a+/− mice. a. Example PFC EEGs from animals receiving 8 and 
15 mg/kg 4-AP. 4-AP administered at onset of all recordings. Dashed box denotes 
a tonic clonic seizure and subsequent mortality occurring with 15 mg/kg dosing 

in Scn2a+/− animal. EEG data within boxed area is shown at higher resolution on 
right. b. Survival curves for all WT and Scn2a+/− animals for 6, 8 and 15 mg/kg 
4-AP. WT: black, Scn2a+/−: cyan.



Extended Data Fig. 8 | In vitro optimization of CRISPRa constructs in 
human SH-SY5Ycells. a. Fold change of SCN2A expression in SH-SY5Y cells 
transfected with plasmids containing sgRNAs targeting the promoter of 
human SCN2A compared to a no sgRNA VP64 control. b. Fold change of SCN2A 
transduced with rAAV-DJ virus in human SH-SY5Y cells. c. SCN2A mRNA 
expression from SCN2A+/+ (black), SCN2A+/− (cyan), and SCN2A-rAAV-CRISPRa 
treated SCN2A+/− (purple) hESC-derived neurons normalized to wild type 
average. SCN2A+/+ vs. SCN2A+/−: *p = 0.03. Holm-Šídák multiple comparisons test. 
n = 3 replicates for all conditions. circles are individual replicates. Bars are 
mean ± SD.
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Extended Data Fig. 9 | Axon initial segment structural plasticity occurs  
in SCN2A+/− neurons and is rescued by CRISPRa. a. Representative images  
of SCN2A+/+ (black) and SCN2A+/− (cyan) human stem-cell-derived neurons 
immunostained with antibodies against ankyrin-G (green) and MAP2 
(magenta). Arrowheads denote start and end points used to quantify AIS 
length. b. Quantification of AIS length. SCN2A+/+: n = 56 cells, 3 dishes. SCN2A+/−: 
n = 56 cells, 3 dishes. ****p < 0.0001. Mann-Whitney test. c. Representative 

images of SCN2A+/− neurons expressing Scn2a-rAAV-CRISPRa-mCherry (purple) 
and mCherry-negative internal SCN2A+/− controls (cyan). Immunostaining 
against ankyrin-G and MAP2. d. Quantification of AIS length. SCN2A+/−: n = 122 
cells, 3 dishes. SCN2A+/− + CRISPRa: n = 23 cells, 3 dishes. ****p < 0.0001. 
Mann-Whitney test. Circles are individual AIS calculations. Box plots are medians, 
quartiles, and 100% tails.
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