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Supplementary Figures

DIV12 Cortical Neurons

A[WMAP2__ Flag-ZSWIM6 _ H2AZ(nucleus)| B w C Hork
407 _ns 8104 _ns
[ <@
Ly 30 S 081 i '
« .
2 w— LEEREEE R
' Z3 10 11 4 S
- 5 0.2
07 5 & o 00
Untreated — JTetrodotoxin. | Picrotoxin &4 &
N &
N
D Adult Striatum: AAV-EF1a-Flag-Zswim6+AAV-hSyn-GFP
GFP FIag-ZSWIM6| Pl Flag-ZSWIM6 Merge
PI*= Propidium lodide
E Putative NLS
Human MAERGQQPPPAKRLCCRPGC
Chimpanzee MAE
Mouse
Dog
Groundhog
Dolphin
Chicken
Zebrafish MAERVL
Flounder MAERA 3
Frog MAERGQQPP-AKRLCCRPGF I -
Ground Boa MAERGQLPVPAKRLCCRPGY -
Red=Conserved in all Blue=Conserved in mammals
P8 Striatum: ATAC-seq
F Biological replicate peak overlap G GO analysis: KO enriched peaks

Cell-cell signaling

71

Regulation of RNA
metabolic process
Regulated of DNA-
templated transcription
Regulation of macromolecule
biosynthetic process
Regulation of nucleobase-containing
compound metabolic process

Response to chemical

409 374 I 1

T T T T
00 05 10 15 20 25
W DIx WT#1 DIx WT#2 [ DIx WT#3 WDIx cKO#1 1DIx cKO#2 WDIx cKO#3 Fold Enrichment




Figure S1: Nuclear localization and chromatin regulation by ZSWIM6. Related to

Figure 1.

(A) Representative images of DIV12 neurons transduced with AAV-Efla-Flag-Zswim6 (red) and immunostained for
MAP2 (green) to label cell morphology and H2AZ to label nuclei (blue). Cultures were treated with the indicated
reagents for 2 hours. Scale bar, 10 um. (B) Summary data of mean Flag-ZSWIM6 fluorescence intensity
(nucleus/cytoplasm ratio) in cells treated with the indicated reagents. (n= 3 cultures for each experimental condition,
Untreated n= 27 cells, TTX n=29 cells, PTX n=27 cells, One-way ANOVA, F(2, 80) = 8.230, ***p=0.0006, Tukey's
post hoc, Untreated-TTX p=0.0762; Untreated-PTX ***p=0.0003). (C) Quantification of the fraction of Flag-
ZSWIM6 intensity localized to the nucleus in cells treated with the indicated reagents (n= 3 cultures for each
experimental condition, Untreated n= 27 cells, TTX n=29 cells, PTX n=27 cells, One-way ANOVA, F(2,80) = 8.306,
**%p=0.0002, Tukey's post hoc, Untreated-TTX p=0.1887; ****Untreated-PTX p=0.0001). (D) Representative
maximum projections of confocal stacks demonstrating the relationship between Flag-ZSWIM6, cell-filling GFP, and
the nuclear marker propidium iodide in striatum, following co-injection of AAV-hSyn-GFP and AAV-Efla-Flag-
Zswim6. Orthogonal views confirm nuclear localization of ZSWIMG6 in the axial plane (scale bar, 10 um). (E)
Bioinformatics-based search of a well-conserved predicted nuclear localization sequence (NLS) across multiple
species. (F) Overlap of peaks between DIx-WT/cKO biological replicates demonstrating that the vast majority of
peaks are shared between replicates. (G) significantly enriched gene ontology (GO) categories within the 583 TSS

regions with >1.5-fold increase in reads per million in DIx-cKO vs DIx-WT striatum.
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Figure S2: snRNA-seq sample and Seurat cluster information. Related to Figure 2.

(A) Number of nuclei (pre-filtered to remove doublets) in each of the 8 animals included in the snRNA-seq experiment.
(B) Number of unique molecular identifiers (UMIs) per nucleus in each experimental sample (violin plots indicate
median, 25th and 75th quartiles). (C) Number of identified features (genes) per nucleus in each experimental sample
(D) Seurat-generated “Feature plots”, displaying expression levels of selected cell markers (purple) on the UMAP plot
displayed in Fig. 2. (E) Two clusters corresponding to unidentified cell types show in UMAP space. (F) Percentage
of DIx-WT/cKO nuclei in each Seurat cluster. Dashed line indicates 50%. Violin plots indicate median, 25th and 75th

quartiles.
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Figure S3: Neuronal morphology and inhibitory synaptic transmission onto SPNs
were not significantly altered by Zswim6 knockout. Related to Figure 3.

(A) Schematic of dual virus injection strategy to achieve sparse labeling of Cre-expressing SPNs (top).
Representative image of an iSPN expressing mRuby following the injection strategy above (bottom). Scale
bar, 30 pm. (B) Quantification of total dendritic length (left) and number of primary dendrites (right) in D1-WT/
cKO SPNs (n= 3/3 animals, DI-WT/cKO n= 24/19 cells. Dendritic length, p=0.2552; primary dendrite number,
p=0.9315, #-test). (C) Quantification of total dendritic length (left) and number of primary dendrites (right) in A2A-
WT/cKO SPNs (n= 3/3 animals, A2A-WT/cKO n= 17/22 cells. Dendritic length, p=0.7647; primary dendrite
number, p=0.9781, t-test). (D) Quantification of dendrite spine density (left) and filopodia density in D1-WT and D1-
cKO neurons (n= 3/3 animals, DI-WT/cKO n= 18/20 cells. Spine density, p=0.3271; filopodia density, p=0.1988,
t-test). (E) Quantification of dendrite spine density (left) and filopodia density in A2A-WT and A2A-cKO neurons
(n= 3/3 animals, A2A-WT/cKO n= 22/16 cells. Spine density, p=0.4454; filopodia density, *p=0.0428, t-test).
Scale bars in (D-E), 5 um. (F) Representative mIPSC traces from both D1-WT/cKO (top) neurons. Scale bar,
Is, 50pA. Cumulative distribution function graph of mIPSC amplitudes (bottom-left) and comparison of average
mIPSC amplitudes (bottom-right) between D1-WT/cKO neurons (n = 20/15 cells from 4/4 animals; p = 0.5948, ¢-
test). (G) Similar to (F), but for A2A-WT/cKO (n= 20/24 cells from 4/5 animals, p=0.4620, t-test). (H) Cumulative
distribution function graph of mIPSC inter-event interval (left) and comparison of events frequencies (right)
between D1-WT and D1-cKO neurons (n=20/15 cells from 4/4 animals, p=0.6364, t-test). (I) Similar to (H), but
for A2A-WT/cKO (n= 20/24 cells from 4/5 animals, p=0.7296, t-test). (J) Averaged and scaled superimposed traces
of mIPSCs from D1-WT/cKO(top) neurons. Comparison of tl and t 2 decay constants obtained from fitting
mIPSC traces to a double exponential function (bottom) (n= 19/15 cells from 4/4 animals, 71 p=0.3151, 12
p=0.2435 t-test). k) Similar to (J), but for A2A-WT/cKO (n= 20/24 cells from 4/5 animals, t1 p=0.2669, 12
p=0.1831, #-test). Data are presented as mean £ SEM. Each shaded dot represents data from an individual

experiment, unless otherwise noted.
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Figure S4: Examination of NMDAR function, Zswim6 gene dosage effects and
analysis of dysregulated genes downstream of Zswim6 disruption. Related to
Figure 4.

(A) Representative traces at +40 mV holding potential for NMDA currents are presented for D1-WT/cKO (bottom)
neurons. (B) Bar graphs display the decay constants (71 and 72) of NMDA components derived from both D1-
WT/cKO animals. The fitting was performed using a double exponential function. (n=19/17 cells from 5/5 animals,
71 p=0.8732; 12 p=0.3026, t-test). Scale bar, 50 ms 100 pA. Solid line represents the raw trace, while the blue-dotted
line represents the model inferred trace. C-D) Similar to (A), but for A2A-WT/cKO (n=20/23 cells from 5/5 animals,
71 p=0.1994, 12 p=0.9126, t-test). (E) Representative traces of evoked EPSCs from D1-WT/cHet neurons obtained
with cells clamped at +40 mV and -80 mV in order to determine AMPA/NMDA ratio (top). Summary data of
AMPA/NMDA ratio in D1-WT and D1-cHet neurons (bottom, n= 15/13 cells from 3/4 animals, **p=0.0050, #-test).
(F) Representative traces of evoked EPSCs D1-WT/cHet neurons obtained during paired-pulse protocol (top).
Summary data of paired pulse ratio in DI-WT and D1-cHet neurons (bottom, n= 17/20 cells from 3/4 animals,

RM-2way ANOVA, ISI F(4,140)=11.65, ***p= 3.417x107%, Genotype F(1,35)=15.12, ***p= 4.309x107*
Interaction F(4,140)=5.822, **p=0.002). (G) Similar to (E), but for A2A-WT/cHet (n= 18/15 cells from 5/3 animals,
**p=0.0082, t-test). (H) Similar to (F), but for A2A-WT/cHet (bottom, n= 19/15 cells from 5/3 animals, RM-2way
ANOVA, ISI F(4, 128)=3.535, **p=0.0088, Genotype F(1,32) = 17.53, **p=0002, Interaction F(4,128) = 3.899,
**p=0.005). (I) An illustration of the experimental strategy to evaluate early age knockout. AAV is injected into
neonatal WT and Zswim6-cHet pups to selectively label knockdown cells, with subsequent synaptic measurements
taken at P18-22. (J) Representative traces of evoked EPSCs from DI1-WT/cHet neurons during -early
development. Recordings were obtained with cells voltage-clamped at +40 mV and -80 mV to determine the
AMPA/NMDA ratio. (top). Summary data of AMPA/NMDA ratio in D1-WT/cHet neurons (bottom, n= 7/9 cells
from 4/4 animals, p=0.9964, t-test). (K) Representative traces of evoked EPSCs D1-WT/cHet neurons obtained
during paired-pulse protocol (top). Summary data of paired pulse ratio in D1-WT/cHet neurons (bottom, n= 17/20

cells from 3/4 animals, RM-2way ANOVA, ISI F(4,60)=7.753, ***p= 4.186x107°, Genotype F(1,15)=0.2103, p=
0.6531, Interaction F(4,60)=3.615, **p=0.01,). (L) qPCR validation of AAV mediated shRNA efficiency (top,
shRNA-A; bottom, shRNA-B). Each data point for shRNA-A and shRNA-B groups is displayed as a percentage of
expression level of the corresponding gene in shRNA-Control transduced neurons from the same batch of cultures.
(M) An illustration of the shRNA-B approach. shRNA AAV vectors (RORa, Celf2, Son) are injected into neonatal
CD1 pups to selectively knock down gene expression, with subsequent synaptic measurements taken at P21-P23.
(N-P) Representative traces (top) along with a comparison of the (N) AMPA/NMDA ratio(n= 20/18 cells from 4/4

animals, p=0.8819, t-test) or (M) PPR (n=20/17 cells from 4/4 animals, RM-2way ANOVA, ISI F(4,140)=14.16, p<
9.97x10710, shRNA F(1,35)=1.955, p=0.1708, Interaction F(4,140) = 0.6908, p=0.5995) or (P) t (n=20/18 cells from
4/4 animals, p=0.8819, -test) between mice injected with control shRNA and mice injected with shRNA-B. Data
are presented as mean = SEM. Each shaded dot represents data from an individual experiment, unless otherwise

noted. Significance from Sidak's post-hoc test for RM-2way ANOVA.
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Figure S5: Additional analyses of passive membrane properties and spontaneous
behavior in SPN-specific Zswim6 cKOs. Related to Figure 5.

(A) Protocol for assessing intrinsic membrane properties and excitability in SPNs. (B) Summary data comparing
rheobase between A2A-WT/cKO SPNs (n= 23/19 cells from 5/4 animals, p=0.7414, t-test). (C) Summary data
comparing input resistance between A2A-WT/cKO SPNs (n= 23/19 cells from 5/4 animals, p=0.2210, ¢-test). (D)
Summary data comparing action potential threshold between A2A-WT/cKO SPNs (n= 23/19 cells from 5/4 animals,
p=0.0632, t-test). (E) dV/dt firing curves from A2A-WT and A2A-cKO, showing when 2, 5, and 11(13) action
potentials occurred. (F) Frequency of each behavioral cluster from DI-WT/cKO (top) and A2A-WT/cKO (bottom)
(bootstrap BCa test). (G) Number of transitions until return of each behavioral cluster from D1-WT/cKO (top) and
A2A-WT/cKO (bottom) (bootstrap BCa test). (H) Log-scaled comparison of transition matrix ratios between WT and
cKO groups. The upper panel represents the data for D1-WT/cKO mice, while the lower panel represents the data for
A2A-WT/cKO mice (See Table. S1 to see detailed statistics).
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Figure S6: Sparse expression of Cre phenocopies the effects of dense Cre

expression. Related to Figure 6.
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(A) Cumulative frequency distribution of neuronal density expressing Cre-GFP between full titer (Dense, Figure 6)
and 1/10 titer (Sparse, Figure S6) (left, mean + SEM represented as thick line + shaded area, n=9/14 from 3/3 animals,
Repeated Two-way ANOVA, titer F(1,21)=79.71, ***p=1.3574x10"8%, distance F(99,2079)=135.81, ***p<1*107'2,
Interaction F(99,2079)=73.14, ***p<1*107!2), Captured images obtained from each viral titer configuration (right).
(B) AMPA/NMDA ratio (n= 10/11 cells from 3/3 animals, p=0.0126, #-test) or (C) PPR (n= 11/8 cells, RM-2way
ANOVA, F (3.294, 55.99) = 4.844, **p<0.003, Cre F (1, 17) = 7.453, *p=0.014, Interaction F (4, 68) = 10.59,
#44p=0 988x107) or (D) t (n= 11/11 cells, ***p=0.0002, ¢-test) between mice injected with ACre-GFP and mice
injected with 1/10 Cre. Data are presented as mean + SEM. Each shaded dot represents data from an individual

experiment, unless otherwise noted. Significance from Sidak's post-hoc test for RM-2way ANOVA.
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Table S1: Detailed statistics relating to Figure S5C. p-value summary of transition matrix from D/-Cre mice
(bootstrap test). Colored boxes indicate p-value <0.05.
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Table S1 (continued): Detailed statistics relating to Figure S5C. p-value summary of transition matrix from 42a-
Cre mice (bootstrap test). Colored boxes indicate p-value <0.05.




Primer name

Primer sequence
Actb_Forward CGCAGCCACTGTCGAGTC
Actb_Reverse GTCATCCATGGCGAACTGGT
Hprt_Forward AGTCCCAGCGTCGTGATTAG
Hprt_Reverse TGATGGCCTCCCATCTCCTT
Nign1_Forward CCCCATGATTGGCCCTACAG
Nlgnl Reverse TGGTTGATTTGGGTCACCAG
Cntn5_Forward CATTGCCTGGGAGCCAGTAT
Cntn5_Reverse GCCTCCGAAGACGTAACCAT
Tenm2_Forward AAACCGAGTCACAGACCTGG
Tenm2_Reverse

CAGGGTGAAGTTTGTCCCTTGT

Son_Forward AAAAAGTCTGGAGGAGCTACCA

Son_Reverse AGGAGGTTCTTCTTCCTCTTCA

Celf2_Forward ATGTTTGAGCGCACTTCTGA

Celf2_Reverse TCCGTTCATCTTGTTGGCTGT

Rora_Forward CGAAGAAGACACACACATCTCA

Rora_Reverse CAGGAGTAGGTGGCATTGCT

Table S2: List of primer sequences used for qPCR.
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