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Figure 1. Increased incidence of sleep problems reported in individuals with Phelan-McDermid syndrome (PMS) compared to typically developing (TD)

individuals. Dashed line indicates median incidence observed in TD (white marker) and ASD (black marker) populations (values from Figure 1—source

data 1).
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Figure 2. Shank3DC mice sleep less during the dark period and show altered EEG spectral power under baseline

conditions. The rows represent the vigilance states of wakefulness (top), NREM sleep (middle), and REM sleep

(bottom). (A) Time spent in wakefulness and sleep shown as percentage of recording time per hour. Values are

means ± SEM. Repeated measures ANOVA with posthoc pairwise comparisons using Sidak correction; *p<0.05,

difference from wild type. (B) EEG spectral power normalized as a percentage of the total state-specific EEG

power for the light period (left) and dark period (right) fit to smooth curves (solid lines) and expressed with 95%

confidence intervals (gray and red shading). Non-overlap of the 95% confidence interval denotes statistically

significant differences. The open bars on the x-axis denote the light period and the filled bars denote the dark

period of the light:dark cycle. Wild type (n = 10) and Shank3DC (n = 10) mice.
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Figure 2—figure supplement 1. Baseline sleep bout analysis. (A) Average number of state-specific bouts per

hour shown in 6 hr blocks. (B) Average bout duration (min) per hour shown in 6 hr blocks. Repeated measures

ANOVA with posthoc pairwise comparisons using Sidak correction. Values are means ± SEM for wild type (n = 10)

and Shank3DC (n = 10) mice. *p<0.05, difference from wild type.
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Figure 3. Shank3DC mice take longer to fall asleep and sleep less after sleep deprivation. (A) Normalized NREM delta (d; 0.5–4 Hz) power during

recovery sleep post-sleep deprivation. The cross-hatched bar on the x-axis denotes the 5 hr sleep deprivation period and the open bar denotes the

remaining light period. Repeated measures ANOVA. (B) Normalized NREM spectra for the first 2 hr post-sleep deprivation (hours 6–7; significant from

3.9 to 19.5 Hz). One-way ANOVA with posthoc unpaired t-tests using Benjamini-Hochberg correction. (C) Normalized NREM spectra for the last 2 hr of

the light period post-sleep deprivation (hours 11–12). One-way ANOVA. (D) Latency to enter NREM sleep and REM sleep after sleep deprivation.

Unpaired t-test. (E) Time in NREM sleep and REM sleep for the first 2 hr post-sleep deprivation (hours 6–7). Unpaired t-test. (F) Time in NREM sleep

and REM sleep for the remaining 5 hr of light period post-sleep deprivation (hours 8–12). Unpaired t-test. Values are means ± SEM for wild type (n = 10;

black) and Shank3DC (n = 10; red) mice. *p<0.05, difference from wild type.
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Figure 3—figure supplement 1. Shank3DC mice sleep less than wild type type after sleep deprivation. The rows represent the vigilance states of

wakefulness (top), NREM sleep (middle), and REM sleep (bottom). (A – B) Time in state shown as percentage of recording time per hour comparing

baseline and sleep deprived conditions for wild type mice (A) and Shank3DC mice (B). Repeated measures ANOVA with posthoc pairwise comparisons

using Sidak correction; *p<0.05, difference from baseline. (C) Time in state shown as percentage of recording time per hour after sleep deprivation.

Repeated measures ANOVA with posthoc pairwise comparisons using Sidak correction; *p<0.05, difference from wild type. The cross-hatching for

hours 1–5 denotes the 5 hr sleep deprivation period, the open bars on the x-axis denote the light period, and the filled bars on the x-axis denote the

dark period of the light:dark cycle. Values are means ± SEM for wild type (n = 10) and Shank3DC (n = 10) mice.
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Figure 3—figure supplement 2. Bout analysis after sleep deprivation. (A) Average number of state-specific bouts

per hour (difference scores) shown in 7 hr (remaining light period) and 6 hr blocks. (B) Average bout duration (min)

per hour (difference scores) shown in 7 hr (remaining light period) and 6 hr blocks. Difference scores were

calculated by subtracting baseline (BL) values from sleep deprivation (SD) values. Repeated measures ANOVA.

Values are means ± SEM for wild type (n = 10) and Shank3DC (n = 10) mice. Significance as p<0.05.
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Figure 4. Sleep deprivation induces a two-fold difference in gene expression between Shank3DC and wild type mice. RNA-seq study of gene

expression from prefrontal cortex obtained from adult male Shank3DC and wild type mice either under control homecage conditions (HC) or following 5

hr of sleep deprivation (SD). N = 5 mice per group. (A) Principal component analysis of normalized RNA-seq data shows that sleep deprivation is the

main source of variance in the data (first principal component, PC1) and genotype is the second (second principal component, PC2). Percent variance

explained by each PC is shown on each axis. (B) Venn diagram showing the number of genes differentially expressed at FDR < 0.1 between Shank3DC

and wild type mice in either control HC conditions or after SD. (C) Heat map of average scaled gene expression for all genes in (B). K-means clustering

defined three clusters based on differences in gene expression across all comparisons. Genes belonging to the MAPK pathway and involved in

circadian rhythms (see Table 2) are highlighted on the right.
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Figure 4—figure supplement 1. Recovery of positive control genes regulated by sleep deprivation. Volcano plot of differential expression (�log10 P-

value versus log2 fold change) caused by sleep deprivation in wild type animals (HC5 vs SD5). Genes with an FDR < 0.05 are highlighted in black.

Positive controls (obtained from Gerstner et al., 2016) as described in the Materials and methods) are highlighted in red. Our RNA-seq analysis is able

to detect 78% (454) of the 579 positive control genes obtained by microarrays as differentially expressed at FDR < 0.05.
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Figure 5. Shank3DC mice show disruption of running wheel activity in constant darkness. Representative actograms and periodograms for two wild type

and two Shank3DC mice. Mice were entrained to a 12:12 hr light:dark cycle (LD, 559 ± 4 : 0 ± 0 lux) for two weeks prior to 3 weeks constant darkness

(DD, 0 ± 0 lux). Gray shading is representative of the dark period. (A) Actograms for two wild type mice. (B) Corresponding periodograms for wild type

mice. (C) Actograms for two Shank3DC mice. (D) Corresponding periodograms for Shank3DC mice.
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Figure 5—figure supplement 1. Actograms for all wild type and Shank3DC mice. Mice were entrained to a 12:12 hr light:dark cycle (LD, 559 ± 4 : 0 ± 0

lux) for two weeks prior to 3 weeks constant darkness (DD, 0 ± 0 lux). Gray shading is representative of the dark period. (A) Actograms for wild type

mice (n = 8). (B) Actograms for Shank3DC mice (n = 7).
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