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 683 
 684 
Supplemental Figure 4: Modeling NaV1.2 loss in pyramidal cells with different NaV compartmental 685 
distributions and mimicking Scn2a+/- with sub-saturating TTX 686 
A: Top, the peak rising phase dV/dt in cells expressing different ratios of NaV1.2 vs NaV1.6 in the somatodendritic 687 

compartment in WT and Scn2a+/- conditions. Bottom, ratio of Scn2a+/- to WT peak dV/dt vs. ratio of NaV1.2 vs 688 
NaV1.6 in the somatodendritic compartment. Larger relative reductions in peak dV/dt are observed in cases 689 
where NaV1.2 dominates the somatodendritic NaV conductance. The ratio that best matches empirical 690 
observations (dashed grey line) occurs when equal numbers of NaV1.2 and NaV1.6 are expressed in the 691 
somatodendritic compartment. 692 

B: Compartmental model of cortical layer 5 pyramidal cell where NaV1.2 expression is restricted to the proximal AIS 693 
and is co-expressed in equal levels with NaV1.6 in the soma. In this model configuration, NaV1.6 is the only 694 
channel isoform in the dendrite. Note that both models resemble empirical observations, suggesting that 695 
proximal AIS and somatic NaV1.2 channel distributions largely influence phase plane shape recorded at the 696 
soma. 697 

C: Backpropagation of single spikes for conditions modeled in (B). AP waveform is shown at several points along 698 
dendritic arbor, including the base of the apical tuft and the distal part of the apical tuft. No major differences are 699 
observed in backpropagation when NaV1.2 is only in the AIS and soma (right). Thus, while this model can 700 
account for empirically observed differences in somatically recorded dV/dt, it cannot account for deficits in bAP 701 
evoked dendritic Ca transients (Fig. 2). 702 

D: Left, Model in which NaV1.2 is the only NaV isoform expressed throughout the somatodendritic compartment. 703 
Scn2a haploinsufficiency in this condition alters dV/dt far more dramatically than observed experimentally.  704 

E: Models in which NaV1.2 loss in different compartments is compensated by increased expression of NaV1.6. Two 705 
cases modeled in Fig. 2 are considered (same color code). Note marginal change to phase plane plot, 706 
suggesting that compensation is unlikely in Scn2a+/- conditions. 707 

F: Example phase-plane plots of action potential from a cell pre and post treatment with 5nM TTX. 708 
G: Peak action potential velocity for cells pre and post 5nM TTX and cells recorded with 5nM TTX in recording 709 

solution at the time of whole-cell recording initiation. Data compared to mean and 95% confidence intervals of 710 
Scn2a+/+ (black/grey) and Scn2a+/- (blue) neurons (Fig. 1F). 711 
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 712 
Supplemental Figure 5: mIPSCs and PPR controls.  713 
A: Examples of mIPSCs recorded in pyramidal cells voltage-clamped to 0 mV in Scn2a+/+ (black) and Scn2a+/- 714 

(cyan) cells. Tick marks denote detected events. Data obtained at P6 (top) and P27 (bottom). 715 
B: Mean mIPSC frequency and amplitude per cell, separated by age. Open circles are single cells. Box plots are 716 

median, quartiles, and 90% tails. Cumulative probability histograms were generated per cell, then averaged 717 
across all cells. Bars are SEM per data bin. n = 15, 14, 22, 21 for P6 Scn2a+/+, P6 Scn2a+/-, P27 Scn2a+/+, and 718 
P27 Scn2a+/- cells, respectively. No statistical differences noted. 719 

C: Reducing extracellular calcium from 2 to 1 mM (divalents compensated with MgCl2) in WT neurons reduces 720 
EPSC amplitude an increases PPR, demonstrating PPR is sensitive to changes in release probability at these 721 
synapses. Left, raw traces. Right, scaled to highlight increase in PPR. Stimulus artifact blanked for clarity. 722 

D: Summary of PPR change evoked by altering extracellular calcium. Circles are single cells. Lines connect data 723 
obtained from single cells. Box plots are median, quartiles, and 90% tails. Data obtained at 50 ms ISI only. 724 
Asterisk: p = 0.004, Wilcoxon signed rank test, n = 12 cells. 725 

726 
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 727 
Supplemental Figure 6: Conditional Mouse Construction. 728 
A: Schematic overviewing the construction of the conditional Scn2a+/fl allele. Briefly, LoxP sites were inserted 729 

around exon 2 of the Scn2a gene by homologous recombination in embryonic stem (ES) cells and screened for 730 
successful insertion. Positive ES cells were introduced into host embryos and transferred to surrogate mothers, 731 
generating F0 chimeras that were outbred with C57BL/6 to generate heterozygous mutants. Please see methods 732 
for further details. 733 

B: Left, CaMKII-Cre mice were crossed to Ai14 reporter mice, and tdTomato-mediated fluorescence was measured 734 
across development from P4-P32 to determine when Cre-driven tdTomato expression can first be observed in 735 
frontal cortex of CaMKII-Cre mice. Values were normalized to DAPI intensity. Measurements were made from 736 
frontal cortex regions encapsulated by dashed white perimeter. Right, Ai14/DAPI fluorescence ratio over 737 
development, normalized to P4 data. Circles and bars are mean ± SEM at each age (n = 6 sections from 2 738 
animals). Data fit with sigmoid function with 95 confidence bands.  739 
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 740 
 741 
Supplemental Figure 7: Scn2a+/- mice have normal ambulation, anxiety, spontaneous alternation, motor 742 
coordination, balance, grooming, and nesting behavior. 743 
A: Left: total movement and Right: proportion of movement in the center during an open field test. Comparisons are 744 

of male and female Scn2a+/+ (23 male, 26 female) and Scn2a+/- (18 male, 13 female) mice.  745 
B: Left: total time spent in the open arms and Right: total number of open arm entries during an elevated plus maze 746 

test. Comparisons are of male and female Scn2a+/+ (23 male, 26 female) and Scn2a+/- (18 male, 13 female) 747 
mice. 748 

C: Left: number of arm entries made and Right: percent of arm entries contributing to entering all three arms of a Y-749 
maze in succession without repeating an arm (total number of alternation/(total number of entries – 2) *100). 750 
Comparisons are of male and female Scn2a+/+ (13 males, 13 females) and Scn2a+/- (9 males, 5 females) mice. 751 

D: Latency to fall during rotarod training (16 RPM) and testing (variable speed, 4-40RPM). Comparisons are of male 752 
and female Scn2a+/+ (13 males, 10 females) and Scn2a+/- (9 males, 5 females) mice. 753 

F: Left: latency to cross and Right: number of foot slips while crossing a small, medium or large balance beam 754 
(three trials per beam). Comparisons are of male and female Scn2a+/+ (13 males, 13 females) and Scn2a+/- (9 755 
males, 5 females ) mice. 756 

G: Left: number of grooming bouts and Right: total grooming time of isolated mice over a 10-minute undisturbed 757 
period. Comparisons are of male and female Scn2a+/+ (13 males, 13 females) and Scn2a+/- (9 males, 5 females) 758 
mice. 759 

G: Nesting scores of singly housed mice measured at 2, 6, and 24 hours from the start of nest creation. 760 
Comparisons are of male and female Scn2a+/+ (23 males, 26 females) and Scn2a+/- (18 males, 13 females) mice. 761 
No statistical differences noted. 762 
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Materials and methods: 763 

All experimental procedures were performed in accordance with UCSF and 764 

Gladstone Institutes IACUC guidelines. Scn2a+/fl mice were created by inserting LoxP 765 

sites around exon 2 of the Scn2a gene (Cyagen). A targeting vector was generated by 766 

PCR using BAC clone RP23-332C13 and RP24-42717 from the C57BL/6J library to 767 

create homology arms around a LoxP flanked cKO region that includes exon 2 of the 768 

Scn2a gene. The targeting vector included a Neo cassette flanked by Rox sites for 769 

positive selection, and DTA outside of the homology arms for negative selection. The 770 

linearized vector was subsequently delivered to ES cells (C57BL/6) via electroporation, 771 

followed by drug selection, PCR screening, and Southern Blot confirmation. Confirmed 772 

clones were then introduced into host embryos and transferred to surrogate mothers. 773 

Chimerism in the resulting pups was identified via coat color. F0 male chimeras were 774 

bred with C57BL/6 females to generate F1 heterozygous mutants that were identified by 775 

PCR. 776 

For slice electrophysiology and 2-photon imaging, mice aged P4 through P62 777 

were anesthetized, and 250 µm-thick coronal slices containing prefrontal cortex were 778 

prepared. Slices were prepared from Scn2a+/-, CaMKII-Cre (MGI: 2446639)::Scn2a+/fl, 779 

Parv-Cre (MGI: 3590684)::Ai14::Scn2a+/-, SOM-Cre (MGI: 4838416)::Ai14::Scn2a+/-, or 780 

Scn2a wild type littermates (genotyped by PCR). All data were acquired and analyzed 781 

blind to Scn2a genotype, except for experiments examining the effects of tetrodotoxin in 782 

a wild type background (AP waveform and synaptic plasticity), and the effects of sparse 783 

Cre transfection in Scn2a+/fl mice. Data were acquired from both sexes (blind to sex), 784 

with no sex-dependent differences noted in measurements made in acute slice 785 

recordings [e.g., AMPA:NMDA ratio, combined data across constitutive and conditional 786 

heterozygote cases: Male +/+ 5.1 ± 0.3, n = 8, Female +/+: 4.7 ± 0.3, n = 22, Male +/-: 787 

2.4 ± 0.3, = 18, Female +/-: 3.1 ± 0.3, n = 11; p = 0.13, 2-factor ANOVA. Peak rising 788 

dV/dt of AP, combined data from P23-62 constitutive and >P50 conditional heterozygote 789 

cases: Male +/+: 584.4 ± 8.8 V/s, n = 48; Female +/+: 588.0 ± 22.8, n = 6; Male +/-: 790 

405.3 ± 8.1, n = 32; Female +/-: 449 ± 19.0, n = 9; p = 0.21, 2-factor ANOVA). Cutting 791 

solution contained (in mM): 87 NaCl, 25 NaHCO3, 25 glucose, 75 sucrose, 2.5 KCl, 1.25 792 

NaH2PO4, 0.5 CaCl2 and 7 MgCl2; bubbled with 5%CO2/95%O2; 4C. Following cutting, 793 
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slices were either incubated in the same solution or in the recording solution for 30 min 794 

at 33C, then at room temperature until recording. Recording solution contained (in 795 

mM): 125 NaCl, 2.5 KCl, 2 CaCl2, 1 MgCl2, 25 NaHCO3, 1.25 NaH2PO4, 25 glucose; 796 

bubbled with 5%CO2/95%O2; 32-34C, ~310 mOsm. 797 

Neurons were visualized with differential interference contrast (DIC) optics for 798 

conventional visually guided whole-cell recording, or with 2-photon-guided imaging of 799 

reporter-driven tdTomato fluorescence overlaid on an image of the slice (scanning DIC). 800 

For current-clamp recordings and voltage-clamp recordings of K+ currents, patch 801 

electrodes (Schott 8250 glass, 3-4 M tip resistance) were filled with a solution 802 

containing (in mM): 113 K-Gluconate, 9 HEPES, 4.5 MgCl2, 0.1 EGTA, 14 Tris2-803 

phosphocreatine, 4 Na2-ATP, 0.3 tris-GTP; ~290 mOsm, pH: 7.2-7.25. For Ca2+ 804 

imaging, EGTA was replaced with 250 µM Fluo-5F and 20 µM Alexa 594. For voltage-805 

clamp recordings of persistent Na+ currents and synaptic activity, internal solution 806 

contained (in mM): 110 CsMeSO3, 40 HEPES, 1 KCl, 4 NaCl, 4 Mg-ATP, 10 Na-807 

phosphocreatine, 0.4 Na2-GTP, 0.1 EGTA; ~290 mOsm, pH: 7.22. All data were 808 

corrected for measured junction potentials of 12 and 11 mV in K- and Cs-based 809 

internals, respectively. 810 

Electrophysiological data were acquired using Multiclamp 700A or 700B 811 

amplifiers (Molecular Devices) via custom routines in IgorPro (Wavemetrics). For 812 

measurements of action potential waveform, data were acquired at 50 kHz and filtered 813 

at 20 kHz. For all other measurements, data were acquired at 10-20 kHz and filtered at 814 

3-10 kHz. For current-clamp recordings, pipette capacitance was compensated by 50% 815 

of the fast capacitance measured under gigaohm seal conditions in voltage-clamp prior 816 

to establishing a whole-cell configuration, and the bridge was balanced. For voltage-817 

clamp recordings, pipette capacitance was compensated completely, and series 818 

resistance was compensated 50%. Series resistance was <15 M in all recordings. 819 

Experiments were omitted if input resistance changed by > ±15%. 820 

Between P4 and P10, whole-cell current-clamp recordings were made from in the 821 

center of the cortical plate, corresponding to developing layer 5 (Cánovas et al., 2015). 822 

Putative pyramidal cells were identified based on regular spiking characteristics. 823 

Pyramidal cell identity was validated by 2-photon visualization of dendritic spines in a 824 
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subset of these recordings (25/81). After P13, laminae became more distinct and 825 

recordings were restricted to L5b. In pyramidal cells aged >P17, AP characteristics are 826 

known to vary based cell class (Clarkson et al., 2017). To minimize variability, 827 

recordings were restricted to cells with low or high HCN expression levels, 828 

corresponding to intratelencephalic (IT) or pyramidal tract (PT) neurons, respectively. In 829 

current clamp, PT neurons were defined as those that exhibited a voltage rebound more 830 

depolarized that Vrest following a strong hyperpolarizing current (-400 pA, 120 ms) that 831 

peaked within 90 ms of current offset (42). All others were defined as IT. These metrics 832 

were not employed in cells from <P15 due to a lack of mature HCN-mediated current. 833 

AP threshold and peak dV/dt measurements were determined from the first AP evoked 834 

by a near-rheobase current in pyramidal cells (300 ms duration; 10 pA increments), or 835 

the first AP within a train of APs with a minimum inter-AP frequency of 25 Hz in 836 

inhibitory neurons. Threshold was defined as the Vm when dV/dt measurements first 837 

exceeded 15 V/s. 838 

Miniature excitatory and inhibitory postsynaptic currents (mEPSC, mIPSC) were 839 

assessed in the presence of 10 µM R-CPP and 400 nM TTX. mEPSCs and mIPSCs 840 

were measured while voltage-clamping neurons at -80 and 0 mV, respectively. Events 841 

were detected using a deconvolution algorithm based on Pernía-Andrade et al. (2012), 842 

with a noise threshold of 3.5x. All events larger than ±2 pA that were separated by 1 ms 843 

were analyzed and subsequently screened manually. Baseline recording noise was not 844 

different across genotype (P27 mEPSC RMS noise, WT: 2.1 ± 0.2 pA, n = 23; Scn2a+/-: 845 

2.2 ± 0.2 pA, n = 19, p = 0.6, Two-sided Mann-Whitney test). 846 

In experiments measuring paired pulse ratio and AMPA:NMDA ratio, EPSCs 847 

were evoked via a bipolar glass theta electrode placed ~200 µm lateral to the recorded 848 

neuron in layer 5. Paired pulse ratio was assessed in the presence of 10 µM R-CPP and 849 

25 µM picrotoxin at -80 mV. Overall divalent concentration was maintained when 850 

calcium was lowered from 2 to 1 mM by increasing MgCl2 from 1 to 2 mM. For 851 

AMPA:NMDA ratio, R-CPP was omitted and neurons were held at -80 and +30 mV to 852 

assess AMPA and NMDA-mediated components. AMPA and NMDA components were 853 

defined as the peak inward current at -80 mV and the outward current 50 ms after 854 

stimulus onset at +30 mV, respectively. 855 
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For sparse Cre expression experiments, mice were anesthetized with isoflurane 856 

and positioned in a stereotaxic apparatus. 500 nL volumes of AAV-EF1A-Cre-IRES-857 

mCherry (UNC Vector Core) diluted with saline (1:10) were injected into the mPFC of 858 

Scn2afl/+ mice (stereotaxic coordinates [mm]: anterior-posterior [AP], +1.7, mediolateral 859 

[ML] −0.35; dorsoventral [DV]: −2.6). Mice were used in experiments four weeks post 860 

injection. 861 

Persistent Na+ and currents were activated with 500 ms voltage steps from −90 862 

mV and corrected using p/n leak subtraction. 10-15 trials were averaged per voltage 863 

step. Current amplitudes were calculated as the average of the last 100 ms of each 864 

step. Experiments were performed in 25 μM picrotoxin, 10 μM NBQX, 10 mM TEA, 865 

2 mM 4-AP, 200 μM Cd2+, 2 μM TTA-P2, and 1 mM Cs+. K+ currents were activated with 866 

500 ms voltage steps from -90 to -20, in 10 mV increments. 5 trials were averaged per 867 

voltage step. Current amplitudes were calculated from the transient peak and sustained 868 

components (last 50 ms). Experiments were performed in 500 nM TTX, 25 μM 869 

picrotoxin, 10 μM NBQX, and 1 mM Cs+. Ca` 2+ channels were not blocked to allow for 870 

activation of Ca2+-dependent K+ channels. 871 

In burst-based spike timing-dependent plasticity protocols, excitatory 872 

postsynaptic potentials (EPSPs) were evoked with a theta stimulating electrode placed 873 

in layer 1, 25-50 µm from the L1/2 border, 350-500 µm dorsal of the recorded L5b 874 

pyramidal cell. After establishing a stable baseline (EPSP ISI: 0.1 Hz), PSPs were 875 

paired with AP bursts evoked by 500-800 pA somatic current steps (20 ms, onset: 10 876 

ms after EPSP stimulation). These EPSP-AP pairings were delivered in a train of 5 at 877 

100 ms ISI. Trains were repeated every 5s for 20 trials. Following induction, EPSP 878 

stimulation frequency was reset to 0.1 Hz, and changes in EPSP slope were assessed 879 

by comparing data 15-25 min following induction to baseline. For experiments 880 

performed in 5 nM TTX, bursts were evoked with somatic current injection steps of 881 

larger amplitude (800-1500 pA). 882 

Two-photon laser scanning microscopy (2PLSM) was performed as previously 883 

described (44). A 2-photon source (Coherent Ultra II) was tuned to 810 nm for 884 

morphology and calcium imaging. Epi- and transfluorescence signals were captured 885 

either through a 40×, 0.8 NA objective for calcium imaging or a 60×, 1.0 NA objective for 886 
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spine morphology imaging, paired with a 1.4 NA oil immersion condenser (Olympus). 887 

Fluorescence was split into red and green channels using dichroic mirrors and band-888 

pass filters (575 DCXR, ET525/70m-2p, ET620/60m-2p, Chroma). Green fluorescence 889 

(Fluo-5F) was captured with 10770-40 photomultiplier tubes selected for high quantum 890 

efficiency and low dark counts (PMTs, Hamamatsu). Red fluorescence (Alexa 594) was 891 

captured with R9110 PMTs. Data were collected in linescan mode (2–2.4 ms/line, 892 

including mirror flyback). For calcium imaging, data were presented as averages of 10-893 

20 events per site, and expressed as ∆(G/R)/(G/R)max
∗100, where (G/R)max was the 894 

maximal fluorescence in saturating Ca2+ (2 mM) (Yasuda et al., 2004). Backpropogation 895 

experiments were performed in 25 μM picrotoxin, 10 μM NBQX and 10 µM R-CPP. 896 

Spine morphology and density images were obtained during 2PLSM images 897 

obtained at 2x the Nyquist resolution limit for 810 nm excitation, with z-stacks through 898 

the dendritic arbor (0.1 µm steps in the z-axis). Stacks were post-processed with the 899 

CANDLE denoising protocol (Coupé et al., 2012), then reconstructed using IMARIS 6 900 

(Bitplane). Maximum intensity image projections are displayed within the main and 901 

supplemental figures using the “Red Hot” lookup table (FIJI). Full dendritic 902 

reconstructions were stitched together using pairwise stitching in FIJI before generation 903 

of maximum intensity projection. 904 

 905 

Behavioral analyses: 906 

Open Field – Mice were transferred to the testing room 60 minutes prior to the 907 

start of testing. Mice were then placed in a clear plastic chamber (41 x 41 x 30 cm) and 908 

allowed to explore. Movement in the center and outer periphery were recorded by an 909 

array of 16 x 16 photobeams (San Diego Instruments). 910 

Elevated plus maze – Mice were placed at the center of an elevated plus maze 911 

consisting of two open arms (5.715 cm wide, 70.485 cm long), and two enclosed arms 912 

(5.715 cm wide, 70.485 cm long, 16.51cm walls) elevated 63 cm above the ground and 913 

were allowed to explore for 10 minutes. Location, distance travelled, and arm entries 914 

were measured by infrared photobeam breaks.  915 

Balance beam – On day 1, mice were first trained to talk across a wide beam 916 

(14.5” long x 5/8” diameter circular beam) over two guided trials. Following training, 917 

.CC-BY-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 10, 2018. ; https://doi.org/10.1101/366781doi: bioRxiv preprint 

https://doi.org/10.1101/366781
http://creativecommons.org/licenses/by-nd/4.0/


Spratt et al., 
 

39

mice completed three trials (15-minute inter-trial interval) where they were placed end of 918 

the beam and traversed the wide beam unguided into an opposing dark chamber. On 919 

day 2 the mice completed three trials using a medium beam (14.5” long x 1/2” diameter 920 

circular beam), and on day 3 three trials were completed on the small beam (14.5” long 921 

x 1/4” wide square beam). For each tested trial, the latency to traverse, number of foot 922 

slips, and falls were recorded. All testing was performed under normal light conditions.  923 

Rotarod – Mice were trained on a rotarod apparatus over three trials (inter-trial 924 

interval 15 minutes) with the rod rotating at a constant speed of 16 rotations per minute 925 

(rpm). Following training, mice were tested on 2 consecutive days with 2 sessions of 3 926 

trials each (2-hour inter-session interval, 15-minute inter-trial interval) in which mice 927 

were placed on a rotatrod apparatus that gradually accelerated from 4 rpm to 40 rpm in 928 

4 rpm increments every 30 seconds. Trials would end when the mouse would fall off the 929 

apparatus or after 5 minutes. All testing was performed under normal light conditions. 930 

Nesting – Mice were placed in a standard mouse cage with 2 cm of paper chip 931 

bedding and a single nestlet (5 cm square of pressed cotton batting). Nests in the cage 932 

were then scored 2, 6, and 24 hours after the introduction of the mouse on the following 933 

scale: 0 = nestlet untouched, 1 = less than 10% of the nestlet is shredded, 2 = 10-50% 934 

of the nestlet is shredded but there is no shape to the nest, 3 = 10-50% of the nestlet is 935 

shredded and there is shape to the nest, 4 = 50-90% of the nestlet is shredded but there 936 

is no shape to the nest, 5 = 50-90% of the nestlet is shredded and there is shape to the 937 

nest, 6 = Over 90% of the nestlet is shredded but the nest is flat, 7 = Over 90% of the 938 

nestlet is shredded and the nest has walls that are as tall as the mouse on at least 50% 939 

of its sides. Half scores were given to nests that lacked well-defined walls but had clear 940 

indentations in the middle where the mouse could sit. 941 

Spontaneous Alternation – Mice were placed in an arm of a Y-maze consisting of 942 

three arms (30 x 5.5 x 15 cm) and allowed to explore for 6 minutes. Successful 943 

alterations were counted when the mouse entered all three arms in succession without 944 

repeating an arm. Percent alternation was calculated by the total number of alterations 945 

in 6 minutes/(total number of entries - 2) * 100. Entries were defined as all four paws 946 

entering an arm.   947 
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Grooming – Mice were placed in a clear plastic container and left undisturbed for 948 

20 minutes. Following 10 minutes of habituation, the number of grooming bouts and the 949 

total time spent grooming during the subsequent 10-minute period were then manually 950 

scored. 951 

Response and reversal learning – Mice were singly housed and habituated to the 952 

testing room for two days prior to the start of testing. Under red light conditions, mice 953 

were placed in the start of a water T-maze (10 cm wide, 31 cm long and 17 cm tall) and 954 

were required to locate a submerged escape platform at the end of either the right of left 955 

arm of the T-maze. Mice performed 4 trials per day in 2 sessions of 2 trials each (3 hour 956 

inter-session interval and 15 minute inter-trial interval) for four consecutive days. The 957 

platform location remained in the same location across trials for each mouse, and 958 

platform location was counterbalanced between mice. On day 5, the platform location 959 

was moved to the opposite arm and mice were required to learn the new platform 960 

location. Mice performed 6 trials a day in 2 separate sessions of 3 trials (3 hour inter-961 

session interval and 15 minute inter-trial interval) for 4 consecutive days. The maximum 962 

length of each trial was 60 seconds, and if mice failed to find the platform within the time 963 

limit they were guided to the platform. After successfully finding the platform, the mice 964 

were allowed to remain for 10 seconds. Trials were considered incorrect if the mouse 965 

entered failed to enter the correct arm first or if the trial time limit expired. All trials were 966 

recorded and tracked using Ethovision (Noldus). 967 

Four Trial Social Preference – Testing was conducted with a white acrylic box 968 

divided into two chambers with clear acrylic dividers containing arch-shaped entrances 969 

at their center (24in. long, divided into two 12 in chambers, 16 in. wide, and 8.75 in. tall). 970 

The chambers contained 10cm square, open-bottomed social enclosures made of clear 971 

acrylic with two staggered rows of small access holes (0.5cm in diameter) 2.5cm from 972 

the bottom on the 2 sides of the enclosures facing toward the center of the chamber. 973 

Sex-matched stimulus mice were habituated to the enclosures for 3 10-minute sessions, 974 

between which they were returned to their home cages for at least 10 minutes. Both the 975 

experimental and stimulus mice were brought into testing room and given one hour to 976 

acclimate to the normal lighting conditions and room prior to testing. For trial 1, the 977 

stimulus and toy mouse were placed in the enclosures, after which the experimental 978 
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mouse was placed in the chamber and given 10 minutes to freely explore the box and 979 

interact with the social enclosures. The stimulus and experimental mouse were then 980 

returned to their home cages for 1 hour before starting trial 2. Trial 2 and 3 proceeded 981 

identically to trial 1, using the same stimulus mouse in the same social enclosure. Trial 982 

4 proceeded as in trials 1-3, however the toy mouse was replaced with a novel sex-983 

matched stimulus mouse. Each trial was recorded by video and analyzed with 984 

Ethovision (Noldus). Interaction time was considered the total time spent sniffing within 985 

2 cm of the social enclosures. 986 

 987 

Modeling: 988 

 A pyramidal cell compartmental model was implemented in the NEURON 989 

environment, with baseline distributions of NaV1.2 and NaV1.6 set as previously 990 

described (Ben-Shalom et al., 2017). For phase plane comparisons, the first AP evoked 991 

with 2.2 nA stimulus intensity (100 ms duration) were compared in each model 992 

configuration. For backpropagation into dendritic arbors, stimuli were shorted to 20 ms 993 

to match empirical stimulus conditions (STDP). Stimulus intensity was increased to 2.7 994 

nA. Relative distributions of NaV1.2 and NaV1.6 in the proximal AIS, soma and dendrite 995 

were adjusted as described in figure legends.  996 

 997 

Chemicals: 998 

Fluo-5F pentapotassium salt, and Alexa Fluor 594 hydrazide Na+ salt were from 999 

Invitrogen. Picrotoxin, R-CPP, and NBQX were from Tocris. TTX-citrate was from 1000 

Alomone. All others were from Sigma. 1001 

 1002 

Statistics: 1003 

Data are summarized either as single points with error bars (mean ± standard 1004 

error) or with box plots depicting the median, quartiles, and 90% tails with individual 1005 

datapoints overlaid. N denotes cells for all electrophysiology, spines for spine 1006 

morphology, and animals for behavior. Unless specifically noted, no assumptions were 1007 

made about the underlying distributions of the data and rank-based nonparametric tests 1008 

were used. Statistical tests are noted throughout text. Significance was set at an alpha 1009 
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value of 0.05. Statistical analysis was performed using Prism (Graphpad Software), 1010 

Statview (SAS), and custom routines in Matlab (Mathworks) and R.  1011 
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