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SUMMARY

Enhancer of zeste homolog 2 (Ezh2) is responsible for trimethylation of histone 3 at lysine
27 (H3K27me3), resulting in gene repression. Here, we explore the role of Ezh2 in forebrain
GABAergic interneuron development. Loss of Ezh2 increases somatostatin-expressing (SST+)
and decreases parvalbumin-expressing (PV+) interneurons in multiple brain regions. We also
observe fewer MGE-derived interneurons in the first postnatal week, indicating reduced
interneuron production. Intrinsic electrophysiological properties in SST+ and PV+ interneurons
are normal, but PV+ interneurons display increased axonal complexity in Ezh2 mutant mice.
Single cell multiome analysis revealed differential gene expression patterns in the embryonic
MGE that are predictive of these cell fate changes. Lastly, CUT&Tag analysis revealed differential
H3K27me3 levels at specific genomic loci, with some genes displaying a relative increase in
H3K27me3 indicating they may be resistant to epigenetic modifications. Thus, loss of Ezh2 in the

MGE alters interneuron fate, morphology, and gene expression and regulation.
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INTRODUCTION

Inhibitory GABAergic interneurons are a heterogeneous cell population with dozens of
subtypes displaying distinct morphologies, connectivity, electrophysiology properties,
neurochemical markers, and gene expression profiles'™. Perturbation of interneuron development
and inhibition is associated with a range of disorders including epilepsy, schizophrenia and
autism®®, and many disease-associated genes are enriched in prenatal immature interneurons
and affect their development®™''. Forebrain interneurons originate from two transient structures in
the embryonic ventral forebrain, the medial and caudal ganglionic eminences (MGE and CGE,
respectively), and mature over the course of embryonic and postnatal development'*#'2, The
MGE gives rise to distinct, non-overlapping interneuron subtypes, parvalbumin- (PV+) and
somatostatin-expressing (SST+) interneurons (fast-spiking (FS) and non-fast spiking (NFS)
interneurons, respectively).

Several factors regulate initial interneuron fate decisions within the MGE, including
gradients of diffusible cues, spatial location of progenitors, temporal birthdates and the mode of
neurogenesis*'*2°. The advent of single cell sequencing technologies over the last decade has
generated a transcriptional and epigenetic ‘ground truth’ in the ganglionic eminences in mice'®'®-
2 and more recently, in primates and humans?*®'. With this baseline in place, researchers can
better characterize how genetic and epigenetic perturbations affect the fate and maturation of
GABAergic interneurons.

Epigenetic mechanisms play critical roles in gene expression during neurogenesis, and
modifications of the chromatin landscape regulate cell state changes during neurodevelopment®*
%, Alterations in epigenetic regulation can be associated with numerous neurodevelopmental
disorders®-®¢, Enhancer of Zeste Homolog 2 (Ezh2) is the primary methyltransferase component

of the Polycomb Repressive Complex 2 (PRC2) that is critical for trimethylation of histone 3 at

lysine 27 (H3K27me3) resulting in gene repression®***'. Ezh2 is an evolutionary conserved gene
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79 that is aberrantly overexpressed in several forms of cancerous tumors*“3. EZH2 variants can
80 lead to Weaver Syndrome, a complex disease with variable degrees of intellectual disability***°,
81 and dysregulation of H3K27me3 may be the primary driver in ataxia-telangiectasia*®®. Ezh2
82  expression is enriched in neural precursor cells where it represses target genes crucial to cell fate

83 decisions and, in concert with other epigenetic marks, generates a transcriptional memory of

84  specific gene expression patterns through cell divisions®***"#8_ |Loss of Ezh2 can lead to ectopic

49-53 54,55

85  exiting of the cell cycle and premature neuronal differentiation®>°, neuronal migration defects>*>,

S0.5637 and changes in neuronal morphology and cognitive defects®®®°. Thus,

86  altered neuronal fate
87  Ezh2is an important player in epigenetic regulation of neuronal fate and maturation, but a role for
88 Ezh2in forebrain GABAergic interneurons has not been explored.
89 We generated conditional Ezh2 knockout (KO) mice to remove Ezh2 from the MGE and
90 observed an increase in SST+ and decrease in PV+ interneurons across multiple brain regions.
91  These fate changes were due to Ezh2 loss in cycling neural progenitors, as removing Ezh2 in
92  postmitotic cells did not alter interneuron fate. While the intrinsic physiology of MGE-derived
93 interneurons in Ezh2 KO mice was normal, fast-spiking cells displayed an increase in axonal
94  length and branching. Fewer cortical MGE-derived interneurons were observed during the first
95  postnatal week, which likely indicates decreased neurogenesis compared to WT mice. Single cell
96 transcriptome analysis revealed an increase in SST-expressing cells and a decrease in PV-fated
97  cells during embryogenesis, consistent with the fate changes observed in the adult. Lastly, while
98 aglobal downregulation of H3K27me3 was observed in the Ezh2 KO MGE, we observed a relative
99 increase in H3K27me3 at specific genomic loci in the KO, indicating that global loss of Ezh2 had
100 adifferential effect at specific loci. In sum, we demonstrate that loss of Ezh2 disrupts H3K27me3,
101 alters gene expression and cell proliferation in the MGE, which in turn disrupts the normal balance
102  of SST+ and PV+ interneurons in the forebrain.
103

104 RESULTS
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105 Loss of Ezh2 alters MGE-derived interneuron fate in the cortex and striatum

106 To characterize the function of Ezh2 in MGE-derived interneurons, we crossed Nkx2.1-
107  Cre“C“;Ezh2™* males with Ai9”F;Ezh2"* females to generate Nkx2.1-Cre“*;Ezh2;Ai9™" wildtype,
108 heterozygous and knockout mice (hereafter WT, Het and KO mice, respectively). In these mice,
109  Ezh2 perturbation is restricted to MGE-derived cells in the telencephalon, and these cells also
110  express tdTomato (Tom+). We first confirmed that Ezh2 expression is strongly downregulated in
111 the MGE of KO mice (Fig. 1A). Since Ezh2 is critical for tri-methylation at histone H3K27, we also
112  verified a significant reduction in H3K27me3 in the MGE in KO mice (Fig. 1B). To quantify this
113  decrease, we performed Western Blots on MGE tissue from WT, Het and KO mice. We observed
114  a 15% decrease of H3K27me3 signal in Hets and a 47% decrease in KO MGE compared to WT
115  levels (Fig. 1C). Some of this remaining H3K27me3 in the KO MGE likely arises from the dorsal
116 MGE where Cre expression is lacking in Nkx2.1-Cre mice® (Fig. 1B), and from non-Nkx2.1
117  lineage cells within the MGE (endothelial cells, LGE- and CGE-derived cells migrating through
118  this region, etc.).

119 To determine if loss of Ezh2 affects interneuron fate, we counted the number of SST+ and
120  PV+interneurons in the somatosensory cortex, hippocampus and striatum from WT, Het and KO
121 mice (Fig. 2A). We observed a moderate but significant decrease in the density of Tom+ MGE-
122  derived cortical interneurons in the cortex of KO mice. More striking, there was a significant
123  increase in the density of SST+ interneurons and a corresponding decrease in the density of PV+
124  interneurons in the cortex of KO mice (Fig. 2B). This shift in cell fate is also apparent when
125  examining the proportion of Tom+ cells that express either SST or PV (Fig. 2C).

126 To examine if these differences were consistent throughout cortical layers, we divided the
127  somatosensory cortex into superficial (II-1ll) and deep (IV-VI) layers based on DAPI staining.
128  There was no significant decrease in the density of Tom+ cells between WT and KO mice in either
129  the superficial or deep layers (Supplementary Fig. 1). The strongest effect in SST and PV fate

130 changes was found in deep cortical layers, whereas superficial layers displayed a more moderate
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131 increase in SST+ and decrease in PV+ cells (Supplementary Fig. 1). Thus, loss of Ezh2 in the
132  MGE results in a slight reduction in total MGE-derived cortical neurons, with a significant increase
133 in SST+ and decrease in PV+ cells, most notably in the deeper cortical layers.

134 MGE-derived SST+ and PV+ interneurons also populate the adult striatum. We observed
135 a significant decrease in the density and proportion of PV+ interneurons in the striatum of KO
136  mice, but no change in the total number of Tom+ or SST+ cells (Supplementary Fig. 2), indicating
137  this decrease in the density of PV+ interneurons is observed in multiple brain regions.

138

139  Alteration in both hippocampal interneurons and oligodendrocytes in Ezh2 KO

140 The hippocampus contains a population of MGE-derived, neuronal nitric oxide synthase
141 nNos-expressing (nNos+) neurogliaform and ivy cells that are not found in the cortex®'¢3, SST+,
142  PV+ and nNos+ interneurons each make up ~1/3 of MGE-derived hippocampal interneurons®.
143  We characterized the densities and percentages of SST+, PV+ and nNos+ interneurons
144  throughout the hippocampus (Fig. 3A-B). No significant differences were found in the densities of
145 Tom+, SST+, PV+ or nNos+ interneurons in the whole hippocampus (Fig. 3C). However, there
146  was a significant increase in the percentage of Tom+ cells that expressed SST or nNos in KO
147  mice compared to WT (Fig. 3D).

148 Since the prevalence of interneurons differs between the CA1, CA2/3 and dentate gyrus
149  (DG) regions of the hippocampus, we divided hippocampal sections into these three regions
150 based on DAPI staining (Fig. 3A-B). There were almost no differences in densities or the
151 proportion of subtypes in the CA1, only a slight but significant increase in the percentage of
152  Tom+/nNos+ cells in the KO (Supplementary Fig. 3A). This increase in the percentage of nNos+
153  cells was also detected in the DG. More striking was a strong reduction of both PV+ cell densities
154  and the percentage of Tom+/PV+ in the DG (Supplementary Fig. 3B).

155 The CA2/3 region displayed the greatest differences between WT and KO mice, many of

156  which mimicked cell fate changes in the cortex. First, there was a decrease in the total density of
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157  CA2/3 Tom+ cells in the KO compared to WT (Fig. 3E). Second, there was a significant decrease
158 in PV+ cell densities in the CA2/3 region of KO mice, and a corresponding increase in the
159  percentage of Tom+/SST+ (Fig. 3C). Third, there was a significant increase in the density and
160  percentage of nNos+ cells in CA2/3 region of KO mice compared to WT (Fig. 3C). Thus, loss of
161  Ezh2 in the MGE had both broad and region-specific effects on interneuron fate in the
162  hippocampus: an increase in the proportion of MGE-derived nNos+ cells in all three hippocampal
163  regions, an increase in the percentage of Tom+/SST+ cells specifically in the CA2/3 region (which
164  resulted in a significant increase in the entire hippocampus), and a decrease in PV+ cell density
165 in both CA1 and CA2/3. This decrease in PV cells was observed in the cortex, striatum and
166  hippocampus.

167 While performing cell counts in the CA2/3 region, we observed Tom+ cell bodies that were
168  too small to be interneurons, and we did not observe these cells in other brain regions (Fig. 4A).
169  Counting these cells separately, we found a very strong reduction of these CA2/3-specific cells in
170 the KO hippocampus (Fig. 4B). We stained WT hippocampal sections with various glia and
171 microglia markers and found that many of these small Tom+ cell bodies were Olig2+, indicating
172 that they are likely oligodendrocytes (Fig. 4C). This decrease in oligodendrocytes in Ezh2 KO
173 mice is consistent with findings demonstrating that loss of Ezh2 can block or delay gliogenesis®>®.
174

175 Normal intrinsic properties but altered morphology of Ezh2 KO interneurons

176 To characterize the intrinsic physiology of MGE-derived interneurons in KO mice, we
177  performed patch clamp recording of layer V/VI Tom+ cortical cells in acute brain slices. Cells were
178 classified as FS or NFS based on their intrinsic electrophysiological properties characterized
179  under current clamp-recording. NFS cells had larger half-width, input resistance and membrane
180 time constant/Tau, but smaller rheobase compared to FS cells. We analyzed action potential

181  shapes, resting membrane potential, spike adaptation ratio, afterhyperpolarization (AHP)
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182  amplitude, input resistance and rheobase. There were no differences in intrinsic properties of FS
183  or NFS cortical interneurons between WT and KO mice (Supplementary Fig. 4).

184 However, reconstructions of recorded cells did reveal morphological changes in FS cells.
185  The axonal arbor of FS cells from KO mice were larger and more complex compared to WT cells
186  (Fig. 5A). Sholl analysis revealed a significant increase in axon intersections, axon length and
187  axon volume in FS KO cells, while there were no changes in dendritic arbors (Fig. 5B). This
188 increased axonal arbor is similar to what was observed when trkB signaling was blocked in PV
189  cells®”. Thus, while intrinsic properties of Tom+ MGE-derived cortical interneurons were normal
190 in Ezh2 KO mice, FS cells displayed greater complexity in their axonal arbors compared to FS
191  cells from WT mice.

192

193 Loss of Ezh2 in cycling progenitors is required for cell fate changes

194 We next wanted to determine at what stage of development loss of Ezh2 results in cell
195 fate changes. Ezh2 is enriched in cycling progenitors throughout the embryonic brain (Fig. 1A),
196  but Ezh2 may play a critical at other stages as well. To investigate this possibility, we generated
197  DIx5/6-Cre;Ezh27F;Ai9 conditional KO mice in which loss of Ezh2 is restricted to postmitotic
198 neurons arising from the ganglionic eminences. We verified that Ezh2 is still expressed in MGE
199  ventricular zone cycling progenitors in DIx5/6-Cre KO mice (Supplementary Fig. 5A). There were
200 no differences in the densities or percent of SST+ and PV+ cells in the cortices of these DIx5/6-
201 Cre KO mice (Supplementary Fig. 5B), indicating that Ezh2 is required in cycling MGE progenitors
202  for proper interneuron fate and maturation.

203 A wave of programmed apoptosis occurs between the first and second postnatal weeks
204  that eliminates ~20-40% of cortical interneurons®’". To determine if there were changes in the
205  overall production of MGE-derived interneurons during embryogenesis, we counted the number
206  of Tom+ cells in the cortex at P5, prior to programmed apoptosis. We found a significant decrease

207  in the number of Tom+ cells in the KO cortex compared to WT at P5 (Fig. 6A-B). This finding
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208 supports the hypothesis that loss of Ezh2 in cycling MGE progenitors decreases the overall
209  production of MGE-derived cortical interneurons. The stronger decrease of Tom+ cells in the
210  superficial layers is consistent with preemptive depletion of the progenitor pool, which would (1)
211 primarily affect the later-born cells in the superficial layers, and (2) lead to more prominent loss of
212  PV+ interneurons due to their bias production at later embryonic timepoints compared to SST+
213 cells™.

214

215 Changes in gene expression and chromatin accessibility in the MGE of Ezh2 KO mice
216 We then investigated whether transcriptomic and epigenetic changes in the Ezh2 KO MGE
217  are predictive of these cell fate changes in the mature forebrain. We generated single nuclei
218  suspensions from E12.5 and E15.5 MGE and used the 10x Genomics Multiome kit to define the
219  gene expression profile and chromatin accessibility within individual cells. We obtained a total of
220 51,656 nuclei that passed QC (Supplementary Fig. 6A), with the following breakdown of cells per
221 age and genotype: E12.5 WT =6,391; E12.5 Het = 6,608; E12.5 KO = 8,546; E15.5 WT = 11,477,
222 E15.5 Het = 10,027; E15.5 KO = 8,607. These nuclei can be clustered based on their
223  transcriptome, chromatin accessibility or integrated RNA and ATAC using the Weighted Nearest
224 Neighbor (WNN) function in Seurat’? (Fig. 7A and Supplementary Fig. 6B). Analysis of several
225 genes revealed the expected progression from radial glia cells (Nes) to immature neuronal
226  progenitors (Ascl1) to postmitotic neural precursors (Dcx and Rbfox3), which was verified with
227  pseudotime analysis (Fig. 7B).

228 Since there was a general increase in SST+ interneurons in the Ezh2 KO mouse, we
229 examined SST expression in this single cell dataset. While no obvious differences in SST
230 expression was apparent at E12.5, we did observe an increase in SST expression in the MGE of
231 E15.5 KO compared to WT (Fig. 7C). While PV is not expressed in the embryonic mouse brain,
232  two genes that are enriched in PV-fated interneurons and critical for their development are the

233  transcription factors Mef2c and Maf?""3. We found that both genes are strongly reduced in E15.5
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234 KO MGEs compared to WT (Fig. 7D). Complementing this gene expression analysis, the motifs
235 for these transcription factors are enriched in accessible regions of the E15.5 WT MGE compared
236  to KO mice (Fig. 7E). Thus, our gene expression analysis reveals an apparent increase in SST
237  expression and decrease in Maf and Mef2c expression in the MGE of E15.5 KO mice, which is
238 consistent with the increase in SST+ and decrease of PV+ interneurons in Ezh2 KO brains.

239 Additionally, WT and KO cells appeared to display differential abundance (DA) in specific
240 regions of the UMAP plot, most notably in the E15.5 dataset (Fig. 7F and Supplementary Fig. 6B).
241  To confirm this observation, we performed DA analysis using DA-seq’. DA-seq determines a DA
242  score for each cell, whereby a cell that is surrounded by KO cells in a k-nearest neighbor (KNN)
243  graph has a score closer to +1, and a cell surrounded by WT cells has a score closer to -1. This
244 DA score does not rely upon previously identified clusters, and it does not require similar cell
245  numbers between different conditions. Our DA-seq analysis revealed that most cells with a DA
246  score above +0.7 or below -0.7 were from the E15.5 MGE (Fig. 7G), whereas cells from the E12.5
247  MGE displayed little differential abundance. Furthermore, most cells with a DA score below -0.7
248  (blue, WT bias) were in the clusters enriched for Maf and Mef2c, which are putative PV+
249 interneurons (Fig. 7G). The cluster containing SST+ cells contained numerous cells with DA score
250 above 0.7 (red, KO bias) (Fig. 7G). Thus, we observe a differential abundance of WT and KO
251  cells specifically in the E15.5 dataset, with an increase of KO cells in clusters expressing SST
252  and an increase of WT cells in clusters where Maf and Mef2c are strongly enriched.

253 To specifically focus on these clusters enriched for SST- and PV-fated interneurons, we
254  extracted the four clusters containing these cells from the dataset (clusters 3, 4, 5 and 7) (Fig.
255  7A,H). Using thresholds of a Log. fold change (FC) > + 0.2 and a false discovery rate (FDR) of
256  Log1oP < 10, we identified 59 differentially expressed genes at E12.5 (46 downregulated and 15
257  upregulated in KO) and 176 differentially expressed genes at E15.5 (46 downregulated and 130
258  upregulated in KO) (Fig. 7l and Supplementary Tables 1-2). Notably, both Maf and Mef2c were

259  significantly enriched in the E15.5 WT MGE whereas SST was upregulated in the KO MGE,

10
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260 consistent with the observations above (Fig. 71). Additionally, the MGE-specific transcription
261  factors Nkx2.1 and Lhx6 were also upregulated in the KO MGE in these clusters.

262 Since differentially expressed genes of interest were restricted to E15.5, we reexamined
263 the integrated E15.5 RNA+ATAC dataset alone (Supplementary Fig. 6B). In this dataset, SST
264  was strongly enriched in cluster 10 (Fig. 7J). The top gene expressed in this cluster was
265 Phosphodiesterase 1A, Pde1a, which is also significantly upregulated in the E15.5 KO MGE (Fig.
266 71). Based on the Allen Brain Institute’s single cell transcriptomic adult mouse brain dataset,
267  Pdefais enriched in many SST+ interneuron subtypes while it's excluded from PV+ interneurons
268 (Fig. 7J), providing additional evidence that there is an increase in SST-fated cells expressing in
269 the MGE of KO mouse. In sum, this analysis indicates that the shift in MGE-derived interneuron
270  subtypes is most evident in the E15.5 MGE, with an increase in both SST expression levels and
271  the number of SST-expressing cells in the MGE of Ezh2 KO mice, with a corresponding decrease
272  in PV-fated cells and PV-predictive genes.

273

274  Changes of H3K27me3 at distinct genomic loci in MGE of Ezh2 KO mice

275 H3K27me3 levels are strongly downregulated in the MGE of Ezh2 KO mice (Fig. 1). To
276  look at H3K27me3 changes at specific genes, we performed bulk CUT&Tag"® with a H3K27me3
277  antibody in the MGE of WT and KO mice. We did not normalize total reads to a spike-in or E. coli
278  DNA control so that the global downregulation of H3K27me3 in the KO was intentionally ignored
279  from this analysis and instead we could focus on the relative changes of H3K27me3 levels at
280  specific loci between genotypes. We performed 3 biological replicates for each age and genotype,
281  using Epic27® for peak calls and the DiffBind package’” with edgeR’s trimmed mean of M values
282  (TMM)’® for comparative analysis. Biological replicates were grouped together in both principal
283 component analysis (PCA) and unbiased correlation heatmaps, with age being a greater

284  differentiation factor compared to genotype (Fig. 8A-B).

11
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285 Comparative analyses revealed significant changes in the relative levels of H3K27me3 at
286 82loci at E12.5 (59 decreased and 23 increased loci in KO) and 51 loci at E15.5 (14 decreased
287 and 37 increased loci in KO) (Fig. 8C and Supplementary Tables 3-4). One of the most prominent
288 changes was a strong reduction of H3K27me3 at the Foxp4 locus at both E12.5 and E15.5 (Fig.
289  8D). Despite the strong decrease in H3K27me3 signal, we do not observe a concomitant increase
290 in Foxp4 gene expression in the KO MGE (Fig. 8D). While Foxp4 is strongly enriched in the LGE",
291 its function in forebrain development has not been explored. Surprisingly, several genes
292  regulating development of MGE-derived interneurons displayed a relative increase in H3K27me3
293 levels in the KO MGE: Nkx2.1 and the DIx1/2 locus were increased at E12.5 whereas Lhx6 and
294  the DIx5/6 locus were increased at E15.5 (Fig. 8C, E-G). Like Foxp4, we did not observe a
295  corresponding decrease in expression levels of these genes in the KO MGE. In fact, several of
296 these genes displayed increased expression in the postmitotic SST- and PV-fated cell clusters
297  (Fig. 7).

298 Thus, even though there is a strong global decrease of H3K27me3 in the Ezh2 KO MGE,
299  we identified differential changes in the relative level of H3K27me3 at various loci in the genome.
300 This indicates that specific genomic loci are more susceptible (e.g., Foxp4) or resistant (e.g.,
301  Nkx2.1) to H3K27me3 loss in the absence of Ezh2. The mechanism by which loss of Ezh2
302 generates these differential effects at genomic loci, and how these changes in H3K27me3 levels
303 relate to gene expression, require further investigation.

304

305 DISCUSSION

306 There is growing evidence that dysregulation of epigenetic mechanisms can lead to a
307 variety of human diseases and neurodevelopmental disorders®*-3¢8%8! For example, postmortem
308 tissue from schizophrenic patients displays alterations in genome organization and other

82,83

309 epigenomic characteristics®*°. Additionally, many genes associated with neurological and

310  psychiatric diseases are enriched in immature interneurons during embryonic
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311  development®'®8%° Thus, advancing our knowledge of gene regulation mechanisms during
312  interneuron development is critical for understanding both normal development and disease
313  etiologies.

314 In this study, we find that loss of Ezh2 in the MGE decreases the density and proportion
315  of PV+ cells, often with a corresponding increase in SST+ cells. This shift in interneuron fate was
316  most prominent in the cortex and the CA2/3 region of the hippocampus, with an overall decrease
317  in total MGE-derived interneurons also observed in the cortex. A decrease in PV+ cells was
318  observed in the CA1, DG and striatum without a significant increase in SST+ cells (Figs. 2-3 &
319  Supplementary Fig. 1-3). In the hippocampus, we also observe an increase in MGE-derived
320 nNos+ cells in the KO (Fig. 3). Unlike PV+ and SST+ interneurons, the spatial and temporal origin
321 of hippocampal nNos+ in the MGE is not well characterized, so it's unclear how loss of Ezh2
322 increased nNos+ cells. These phenotypes were due to Ezh2 function in cycling MGE progenitors,
323  as no changes were observed when Ezh2 was removed in postmitotic MGE cells (Supplementary
324  Fig. 5). This differential severity of interneuron fate changes in specific brain regions highlights
325 the importance of examining interneurons in multiple brain regions.

326 In particular, CA2/3 displayed a significant shift in interneuron fate compared to other
327  hippocampal regions, more closely matching changes in the cortex. CA1 and CA2/3 have similar
328 densities and percentages of MGE-derived interneurons (Fig. 3 & Supplementary Fig. 3). Why
329 these regions display such different phenotypes in the KO remains unknown. The severity of
330 CAZ2/3-specific changes could arise from differences in interneuron migration, cell survivability or
331  specific circuit interactions within this region. Additionally, the high density of MGE-derived
332  oligodendrocytes in the WT CA2/3 was quite striking, as we did not observe these cells in the
333  cortex or other hippocampal regions. MGE-derived oligodendrocytes do migrate into the cortex,
334  but they are almost entirely eliminated during the second postnatal week®. We are unaware of
335 any reports describing MGE-derived oligodendrocytes in the hippocampus, and thus further

336  studies are needed to understand why a population of MGE-derived oligodendrocytes perdures
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337 in CA2/3 into adulthood. Assuming these MGE-derived oligodendrocytes are generated towards
338 the end of the cell cycle, then loss of this population is consistent with preemptive cell cycle exit
339 inthe Ezh2 KO mouse and the overall reduced production of MGE-derived cortical interneurons
340 observed at P5 (Fig. 6).

341 Despite these changes in cell fate, mature PV+ and SST+ cortical interneurons displayed
342 normal intrinsic physiological properties. However, cortical PV+ interneurons displayed
343  significantly greater axon length and complexity in the KO mouse. This could be a form of
344  compensation, as one way to increase inhibition with fewer PV+ cells is for the surviving PV+
345 interneurons to have increased synaptic contacts. Alternatively, enhanced activation of PV+
346  interneurons can result in more elaborate axon morphologies®’: if individual PV+ interneurons are
347  receiving more glutamatergic inputs because of decreased number of PV+ cells in Ezh2 KO mice,
348  than this could in part explain the morphological changes. Additionally, PV+ interneurons normally
349  form exuberant axon projections and synaptic connections during the first two postnatal weeks
350  which are then pruned and retracted during the 3™ and 4™ weeks®. Thus, it's possible that this
351 normal developmental retraction is disrupted in the KO mouse due to fewer PV+ cortical
352  interneurons.

353 Single cell sequencing revealed that these cell fate changes are already apparent in the
354  developing MGE. First, the majority of transcriptome differences were observed in the E15.5 MGE
355  while the E12.5 MGE from WT and KO mice were quite similar. This could imply that the loss of
356  Ezh2 takes time to manifest (due to perdurance of H3K27me3 marks, rate of histone turnover,
357  etc.), with the strongest affects becoming more evident towards the end of MGE neurogenesis.
358  Second, there was an increase in SST expression and a decrease in expression of PV-predictive
359  genes Mef2c and Maf in the Ezh2 KO mouse at E15.5 (Fig. 7C-D,l). Third, differential abundance
360 analysis reveals that there is a strong bias for cells from the KO MGE in the SST-expressing
361  region, and an enrichment for WT MGE cells in the Mef2c/Maf-expressing region (Fig. 7F). Fourth,

362 the top gene expressed in the SST-enriched cluster at E15.5 is Pde1a, which is expressed by
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363  many mature SST+ interneuron subtypes but excluded from PV+ interneurons (Fig. 7J). In sum,
364  these transcriptional and cellular differences in the MGE are likely determinative for the shifts in
365 SST+ and PV+ interneurons in the adult brain of Ezh2 KO mice.

366 Despite the global downregulation of H3K27me3, we found that loss of Ezh2 had
367 differential effects on relative H3K27me3 levels at specific gene loci. One of the loci most
368  susceptible to Ezh2 loss was the Foxp4 locus, with a significant loss of H3K27me3 in the KO
369 MGE at E12.5 and E15.5 (Fig. 8C-D). Surprisingly, a significant increase in Foxp4 expression
370  (predicted based on H3K27me3 downregulation) was not observed. Foxp4 is enriched in the
371 LGE’, but it has not been well-studied in neurodevelopment. In heterologous cell lines, FOXP4
372  can directly interact with the transcription factors SATB1, NR2F1 and NR2F2%, all of which are
373  critical for development of MGE-derived interneurons®®'. Whether these interactions occur in the
374  developing brain is unclear. A study on medulloblastoma found that Foxp4 and Ezh2 are both
375 targets of the microRNA miR-101-3p%, indicating the function of these genes might be linked in
376  some scenarios. Why the Foxp4 locus is extremely sensitive to Ezh2 loss requires further study.
377 In the Ehz2 KO MGE, we observed a significant relative increase in H3K27me3 levels at
378  several transcription factors critical for development of MGE-derived interneurons: Nkx2.1 and
379  DiIx1/2 locus at E12.5 and Lhx6 and DIx5/6 locus at E15.5. This raises the possibility that some
380  genes playing critical roles in fate determination may be more resistant to epigenetic changes, in
381 this case loss of Ezh2. For example, the interaction between Sox2, a transcription factor essential
382 in the epiblast of pre-implantation embryos, and a critical enhancer downstream is maintained
383  even when artificial boundaries are introduced between these regions®. As Nkx2.1 is a ‘master
384  regulator of MGE fate, and the Nkx2. 1 locus displays unique chromatin organization in the MGE?,
385 it could be more resistant to epigenetic modifications.

386 Similar to Foxp4, we did not observe a corresponding change in the global expression of
387 these transcription factors that is predictive of these H3K27me3 changes. In fact, we actually

388  observed a significant increase in Nkx2.1 and Lhx6 expression in the postmitotic SST- and PV-
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389 fated clusters (Fig. 71), which is in contrast to the predicted decreased expression based on
390 H3K27me3 levels. While our previous results showed a strong relationship between H3K27me3
391  and gene repression in the embryonic mouse brain?®, the correlation here is weaker. It will be
392 interesting to explore gene-specific changes in the resistance or susceptibility to epigenetic
393 changes going forward, both in terms of normal development and regarding neurodevelopmental
394  and psychiatric diseases.

395

396 METHODS

397  Animals

398 All experimental procedures were conducted in accordance with the National Institutes of
399  Health guidelines and were approved by the NICHD Animal Care and Use Committee (protocol
400  #20-047). The following mouse lines were used in this study: Nkx2.1-Cre (Jax# 008661)%°, Ezh2"F
401  (Jax# 022616)*, DIx5/6-Cre (Jax# 008199)% and Ai9 (Jax# 007909)%. For timed matings, noon
402 on the day a vaginal plug was observed was denoted E0.5. Both embryonic and adult male and
403 female embryonic mice were used without bias for all experiments.

404

405 Harvesting and Fixing brain tissue

406 MGE dissections: E12.5 and E15.5 embryos were removed and placed in ice-cold
407  carbogenated ACSF. Tails were clipped for PCR genotyping. During genotyping, embryonic
408 brains were harvested and MGEs were dissected from each embryo and stored in ice-cold
409 carbogenated ACSF. For E12.5, the entire MGE was removed as previously described®. For
410 E15.5, the MGE was dissected under a fluorescent dissecting microscope to ensure collection of
411 only Tom+ MGE cells and minimize collection of postmitotic MGE-derived cells in the striatum
412  anlage and other ventral forebrain structures. Upon obtaining genotyping results (~90 minutes),
413 MGEs from embryos of the same genotype were combined (when applicable) to generate single

414 nuclei dissociations.
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415 Postnatal brain fixations: All mice > P5 were terminally anesthetized with an i.p. injection
416  of Euthasol (270 mg/kg, 50 ul injection per 30 g mouse) and perfused with 4% paraformaldehyde
417  (PFA). In some cases, tail snips were collected for genotyping prior to perfusion. Brains were
418 removed and post-fixed in 4% PFA O/N at 4°C, then cryoprotected in 30% sucrose in PBS O/N
419  at4°C before embedding in OCT. Brains were sectioned at 30 mm on a CryoStar™ NX50 cryostat
420 and stored as floating sections in antifreeze solution (30% ethylene glycol, 30% glycerol, 40%
421  PBS) at -20°C in 96-well plates.

422 Embryonic brain fixations: Pregnant dams were terminally anesthetized with an i.p.
423 injection of Euthasol (270 mg/kg, 50 pl injection per 30 g mouse). E12.5-E15.5 embryos were
424  removed and placed in ice cold carbogenated artificial cerebral spinal fluid (ACSF, in mM: 87
425 NaCl, 26 NaHCOs3, 2.5 KClI, 1.25 NaH2POQO4, 0.5 CaCl,, 7 MgCl,, 10 glucose, 75 sucrose, saturated
426  with 95% O2, 5% CO., pH 7.4). Embryonic brains were removed and incubated in 4% PFA O/N
427 at 4°C. In some cases, tail snips were collected for genotyping. Brains were washed in PBS,
428 transferred to 30% sucrose in PBS and embedded in OCT upon sinking. Brains were sectioned
429  at 14-16 um, mounted directly onto Permafrost slides, and stored at -80°C.

430

431  Immunohistochemistry & Fluorescent In Situ Hybridizations (ISH)

432 30 um free floating sections from P30-40 brains were washed in PBS to remove antifreeze
433  solution and incubated in blocking solution (10% Normal Donkey Serum in PBS + 0.3% Triton X-
434  100) for 1-2 hours. Sections were incubated with primary antibodies in blocking solution for 48
435 hours at 4°C, then washed in PBS for 2-4 hours at RT. Sections were incubated with secondary
436  antibodies with DAPI in blocking solution O/N at 4°C, washed in PBS, mounted and imaged.
437 Cryosectioned E12.5-E15.5 brains sections were incubated with blocking buffer (10%
438 Normal Donkey Serum in PBS + 0.1% Triton X-100) for 1 hr at RT, then incubated in primary

439  antibody solution in blocking buffer O/N at 4°C, washed in PBS for 1-2 hrs, then incubated with
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440 secondary antibodies with DAPI in blocking solution for 2 hrs at RT or O/N at 4°C. Slides were
441  washed in PBS and imaged. The following antibodies were used in this study: rabbit-anti
442  H3K27me3 (1:100, Cell Signaling 9733T), rat-anti SST (1:300, Millipore MAB354), goat-anti PV
443  (1:1000, Swant PVG213), rabbit-anti PV (1:1000, Swant PV27), rabbit-anti nNos (1:500, Millipore
444  MAB5380), rabbit anti-Olig2 (1;500, Millipore AB9610). Species-specific fluorescent secondary
445  antibodies used were conjugated to AlexaFlour® 488, 647 and 790, and all used at 1:500.

446 RNAscope™ ISH assays (Advanced Cell Diagnostics) were performed on E12.5-E13.5
447  brain sections according to the manufacturer’s instructions. The following probes were used in
448  this study: Nkx2.1 (434721), Ezh2 (802751-C3) and tdTomato (317041-C2).

449 All images were captured at 20X on a Zeiss Axioimager.M2 with ApoTom.2 (with Zen Blue
450 software) or an Olympus VS200 Slide Scanner (VS200 ASW). Image post-processing was
451 performed with Adobe Photoshop and ImageJ software.

452

453 Western Blots and Analysis

454 Core histone proteins from E13.5 MGE samples (pooled from 2-4 brains per genotype)
455  were extracted using EpiQuik Total Histone Extraction kit (Epigentek# OP-0006). We obtained
456  40-80 ug of histone proteins per extraction and loaded 20 ug of protein onto a 4-12% Bis-Tris Plus
457  mini gel (Invitrogen# NW04120BOX). Gels were run for ~20 minutes at 200V using the Invitrogen
458  mini gel tank with Blot MES SDS Running buffer. Gels were transferred to iBlot2 polyvinylidene
459  difluoride (PVDF) membranes (Invitrogen# 1B24001) in the iblot2 at 20V for 7 minutes. Blots were
460 incubated with the primary antibody, mouse anti-H3 (Cell Signaling Technology# 3638S; 1:1000)
461  and Rabbit anti-H3K27me3 (Cell Signaling Technology# 9733S;1:500) overnight at 4°C, and then
462 incubated with secondary anti-mouse-Starbright Blue-520 (Bio-Rad# 64456855; 1:2000) and anti-
463  Rabbit-Starbright Blue-700 (Bio-Rad# 64484700; 1:2000) for 1 hour at room temperature. Blots

464  were imaged on a Bio-Rad ChemiDoC MP imaging system.
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465 For analysis, a box was drawn around the ROl in each lane, with the same sized box used
466  for both H3 and H3K27me3 signals for the WT, Het and KO lanes in each gel. The average (mean)
467  gray value was calculated in each box, then a lane-specific background signal taken just below
468 each ROl was subtracted from each value. For normalization, each H3K27me3 value was divided
469 by the corresponding H3 value for each lane (e.g., WT H3K27me3/WT H3). Then these Het and
470 KO values were divided by the WT value to determine the % of H3K27me3 signal compared to
471  WT.

472

473  Cell Counting

474 Adult brains: All cell counts were performed by hand and blind to genotypes. Total brains
475  counted for Nkx2.1-Cre;Ezh2;Ai9 mice: WT = 5, Het = 5, KO = 6, from 4 different litters. Total
476  brains counted for DIx5/6-Cre;Ezh2;Ai9 mice: WT = 4, Het = 3, KO = 5, from 3 different litters.
477  Counted cells consisted of either Tom+, Tom+/SST+, or Tom+/PV+ (and in the hippocampus,
478 Tom+/nNos+); any SST+, PV+ or nNos+ cells that were Tom- were excluded from counts since
479  they likely did not recombine at the Ezh2 (or Ai9) locus. For all sections, area was calculated using
480 ‘Measurement’ function in Photoshop, and all average areas described below include WT, het
481  and KO brains. Cortex: Counts were performed in somatosensory cortex on 3 non-consecutive
482  sections per brain, then averaged together. Individual cortical images were divided into superficial
483 and deep sections using DAPI staining to define the layer llI-IV boundary. Average cortical
484  area/section = 0.85 mm?. Striatum: Counts were performed on 3 sections per brain, one section
485  each through the anterior, middle and posterior striatum, then averaged together. Average striatal
486  area/section = 3.15 mm?. Hippocampus: Counts were performed on 8 non-consecutive sections
487  per brain, then averaged together. More hippocampal sections were counted per brain due to the
488 comparatively low number and section-to-section variability of Tom+ cells in the hippocampus.
489  Sections were restricted to the anterior and middle hippocampus; the posterior hippocampus was

490 excluded due to greater variability in interneuron density in this region. Hippocampal sections
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491  were divided into CA1, CA2/3 and DG regions using DAPI staining (Fig. 3A). Small Tom+ cell
492  bodies (identified as oligodendrocytes) in CA2/3 (Fig. 4) were excluded from interneuron counts
493 and counted as separate group. Average CA1 area/section = 0.98 mm? average CA2/3
494  area/section = 0.49 mm?, average DG area/section = 0.60 mm?.

495 P5 brains: All cell counts were performed by hand and blind to genotypes. Total brains
496  counted for Nkx2.1-Cre;Ezh2;Ai9 mice: WT = 4 and KO = 4, from 4 different litters. Counts were
497  performed in somatosensory cortex on 3 non-consecutive sections per brain, then averaged
498  together. Individual cortical images were divided into superficial and deep sections using DAPI
499  staining. Average cortical area/section = 0.92 mm?.

500

501 In vitro electrophysiology

502 Slice preparation: Mice were anesthetized with isoflurane (5% isoflurane (vol/vol) in 100%
503 oxygen), perfused transcardially with an ice-cold sucrose solution containing (in mM) 75 sucrose,
504 87 NaCl, 2.5 KCI, 26 NaHCO3, 1.25 NaH2POQO4, 10 glucose, 0.5 CaCl,, and 2 MgSO., saturated
505 with 95% O; and 5% CO. and decapitated. Brain was rapidly removed from the skull and
506 transferred to a bath of ice-cold sucrose solution. Coronal slices of 300 um were made using a
507 vibratome (Leica Biosystems) and were stored in the same solution at 35°C for 30 min and at
508 room temperature (RT) for an additional 30-45 min before recording.

509 Electrophysiology: Whole-cell patch clamp recordings on tdTomato+ cells in cortical layers
510  V/VI cells were performed in oxygenated ACSF containing (in mM) 125 NaCl, 2.5 KCI, 26
511  NaHCOs3, 1.25 NaH2POg4, 10 glucose, 2 CaClz and 1 MgCl.. The ACSF was equilibrated with 95%
512 Oz and 5% CO, throughout an entire recording session which typically lasted between 30 minutes
513 to 1 hour to ensure sufficient permeation of neurobiotin. Recordings were performed at 30°C-
514  33°C. Electrodes (3-7 MQ) were pulled from borosilicate glass capillary (1.5 mm OD). The pipette
515  intracellular solution contained (in mM) 130 potassium gluconate, 6.3 KCI, 0.5 EGTA, 10 HEPES,

516 5 sodium phosphocreatine, 4 Mg-ATP, 0.3 Na-GTP and 0.3% neurobiotin (pH 7.4 with KOH, 280-
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517 290 mOsm). Membrane potentials were not corrected for the liquid junction potential. During
518 patching, cell-attached seal resistances were >1 GQ. Once whole-cell configuration was
519  achieved, uncompensated series resistance was usually 5-30 MQ and only cells with stable series
520 resistance (<20% change throughout the recording) were used for analysis. Data were collected
521  using a Multiclamp 700B amplifier (Molecular Devices), low-pass filtered at 10 kHz and digitally
522  sampled at 20 kHz, and analyzed with pClamp10 (Molecular Devices). To characterize the
523 intrinsic membrane properties of neurons, hyperpolarizing and depolarizing current steps were
524  injected at 0.1 Hz under current-clamp configuration.

525 Data analysis: All intrinsic properties were measured in current-clamp configuration and
526  calculated from 800 millisecond-long current injections unless noted otherwise. The resting
527  membrane potential (in mV) was measured with 0 pA current injection a few minutes after entering
528  whole-cell configuration. All other properties were measured holding the cell at -70 mV. Input
529 resistance (in MQ) was calculated using Ohm’s law from averaged traces of 100 ms long negative
530 current injections of -20 pA. Action potential (AP) threshold was calculated as the potential when
531  voltage change over time was 10 mV/ms using the first observed spike. AP amplitude (in mV)
532  was calculated as the time difference in potential from the spike peak to spike threshold. AP/spike
533  half-width (in ms) was calculated as the difference in time between the ascending and descending
534  phases of a putative spike at the voltage midpoint between the peak of spike and spike threshold.
535 Adaptation ratio was calculated as the ratio of the number of APs in the number of spikes in the
536 last 200 ms over the number of APs in the first 200 ms of a positive current injection that elicited
537  approximately 20 Hz firing. Afterhyperpolarization (AHP) amplitude was calculated as the
538 difference between AP threshold and the most negative membrane potential after the AP,
539  measured on the response to the smallest current step evoking an AP (Rheobase). Membrane
540 time constant (in ms) was determined from a monoexponential curve best fitting the falling phase
541 of the response to a small hyperpolarizing current step.

542
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543  CUBIC clearing and streptavidin staining

544 After performing electrophysiological recordings, brain slices were fixed in 4% PFAin 0.1M
545 PB and kept overnight at 4°C and then kept in 20% sucrose (in PB). The brain slices were
546  processed for CUBIC (Clear, Unobstructed Brain/Body Imaging Cocktails and Computational
547  analysis) clearing®. Slices were first washed with 0.1M PB (3 times for 10 min) at RT, followed
548 by immersion in CUBIC reagent 1 for two days at 4°C. After two days of incubation, slices were
549  washed with 0.1M PB (4 times for 30 min) at RT to ensure complete removal of CUBIC reagent
550 1. Slices were then incubated in fluorophore-conjugated streptavidin (1:500; ThermoFisher
551  Scientific) in 0.1M PB (0.5% TritonX-100) overnight at 4°C. Slices were subsequently washed
552  with 0.1M PB (4 times, 30 min) at RT and mounted with CUBIC reagent 1. Filled neurons were
553 imaged with a Nikon A1R confocal microscope. Z-stacked images (each stack 1 ym) were
554  acquired with a 40X oil-immersion objective.

555

556  Sholl analysis

557 Neurobiotin-filled neurons were processed and reconstructed using the Neurolucida 360
558  software (NL360) (MBF Biosciences). Briefly, image stack files were converted to JPEG 2000 file
559  format with a MicroFile+ software, and the converted images were loaded into the NL360 software
560 package. Neurites of PV were then traced manually in a 2D environment. Among the traced
561 neurites, dendrites were easily distinguishable from axons, whose extensive ramifications
562 maintained a constant diameter and had varicosities. Branched structure and Sholl analysis were
563  performed using the built-in functions of the Neurolucida explorer, in which a series of concentric
564  spheres (10 um interval between radii) were created around the middle point (soma of the traced
565  neuron).

566

567  Generating Single Nuclei Suspensions for CUT&Tag and Multiome Experiments
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568 Single nuclei suspensions were prepared as previously describes®® with slight
569  modifications. CUT&Tag: MGEs were transferred to a 1 mL Dounce homogenizer containing DNA
570 Lysis Buffer (10 mM Tris-HCI (Ph.7.4), 10 mM NaCl, 3 mM CaClz, 0.1% Tween-20, 1.5% BSA
571 and 0.1% IGEPAL CA-630 in nuclease-free water, 1 mL per sample). Cells were dounced with
572  pestle A and pestle B, ~10-15 times each, and pipetted through a 40 um filter onto a pre-chilled
573 50 mL conical tube on ice and wet with 1 mL of DNA Nuclei Wash Buffer (in mM: 10 Tris-HCI
574  (Ph.7.4), 10 NaCl, 3 CaCl., with 0.1% Tween-20 and 1.5% BSA in nuclease-free water, 5 mL per
575  sample). Transfer lysed nuclei suspension through pre-wetted filter, then rinse dounce with 1 mL
576  Nuclei Wash Buffer and transfer through filter. Nuclei suspension was divided into 2 pre-chilled 2
577  mL tubes and spun at 500 g for 5 minutes at 4°C. After removing supernatant, nuclei pellet was
578  washed once with 1 mL Nuclei Wash Buffer and then once with 1 mL of 1X CUT&Tag Wash
579  Buffer (from Active Motif CUT&Tag IT Assay kit). Remove CUT&Tag Wash Buffer, leaving ~30-
580 50 pL in each, triturate and combine nuclei suspensions from both tubes. Nuclei concentration
581  was determined on Countess Il FL Automated Cell Counter. 100,000-125,000 nuclei were used
582 for each CUT&Tag reaction using the CUT&Tag IT Assay Kit (Active Motif, #53610) per
583  manufacturer’s instructions. Primary antibody was rabbit-anti H3K27me3 (Cell Signaling, 9733T,
584  1:50) or rabbit-anti H3K27ac (Cell Signaling XXX; 1:50), and secondary antibody was guinea pig
585  anti-rabbit (Active Motif, 105465 from CUT&TagIT kit, 1:100).

586 10x Genomics Multiome kit. MGEs were transferred to a 1 mL Dounce homogenizer
587  containing Multiome Lysis Buffer (in mM: 10 Tris-HCI (Ph.7.4), 10 NaCl, 3 CaClz, 1 DTT, with
588  0.1% Tween-20, 1.5% BSA and 0.1% IGEPAL CA-630 in nuclease-free water, 1 mL per sample).
589 Lyse cells by douncing with pestle A and pestle B, ~10-15 times each. Place a 40 um filter onto
590 apre-chilled 50 mL conical tube on ice and wet with 1 mL of Multiome Nuclei Wash Buffer (in mM:
591 10 Tris-HCI (Ph.7.4), 10 NaCl, 3 CaCl, 1 DTT, with 0.1% Tween-20, 1.5% BSA and 1 U/uL in
592  nuclease-free water, 5 mL per sample). Transfer lysed nuclei suspension through pre-wetted filter,

593 then rinse dounce with 1 mL Multiome Wash Buffer and transfer through filter. Divide nuclei
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594  suspension into 2 pre-chilled 2 mL tubes and spin at 500 g for 5 minutes at 4°C. After removing
595 supernatant, wash nuclei pellet twice with 1 mL Multiome Wash Buffer and spin as above.
596 Remove Multiome Wash Buffer, leaving ~20-30 pL of solution in each tube. Triturate solution to
597 dissociate pellets, then combine nuclei suspensions into 1 tube. Nuclei concentration was
598 determined on Countess Il FL Automated Cell Counter. Nuclei suspensions were diluted to
599  ~3,000-4,000 nuclei/pL, with 5 pL being used for 10x Genomics Multiome kit per manufacturer’s
600 instructions. E15.5 data: MGE from 4 WT, Het and KO embryos from 2 different E15.5 litters were
601 combined to generate 1 biological rep. E12.5 data: MGE from 1 WT, Het and KO mouse from a
602 single E12.5 litter were used to generate 1 biological rep. Total cell numbers that passed QC:
603 E12.5 WT = 6,391; E12.5 Het = 6,608; E12.5 KO = 8,546; E15.5 WT = 11,477; E15.5 Het =
604 10,027; E15.5 KO = 8,607.

605

606 CUT&Tag Sequencing & Analysis

607 Following library amplification, DNA quantity was determined with a Qubit and library
608 quality characterized with an Agilent Tapestation. Libraries were balanced for DNA content and
609 pooled before performing a final SPRIselect bead 1x left size selection and paired-end sequenced

610 (50 x 50 bp) on an lllumina NovaSeq. Sequencing read depths per library are:

611 E12.5_WT1=12,928,439; E12.5_WT2=47,425,165; E12.5_WT3=34,733,272;
612 E12.5_K01=28,936,620; E12.5_K02=27,272,500; E12.5_K03=13,875,056;
613 E15.5_WT1=34,525,312; E15.5_WT2=32,762,090; E15.5_WT3=39,114,390;

614 E15.5_KO1=48,561,971; E15.5_K02=82,783,017; E15.5_KO3: 169,597,179.

615 Paired-end run lllumina NovaSeq produced 2 compressed fastq.gz files for each replicate.
616  For each age (E12.5 and E15.5) and each genotype, a total of 3 different biological reps from 3
617  different experiments were combined. Adaptor sequences were removed using cutadapt * v3.4
618 with the following parameters: -a AGATCGGAAGAGCACACGTCTGAACTCCAGTCA -A

619 AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT -q 20 --minimum-length 25. Trimmed reads
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620 were mapped to mouse reference genome (GRCm38/mm10) using bowtie2'® v2.4.2 with the
621  following parameters: --no-unal -N 1 --no-mixed --no-discordant --very-sensitive-local —local --

622  phred33 -1 10. Aligned reads in sam files were further processed to remove multimappers if MAPQ

101

623  was less than 10 (-q 10) and then sorted using samtools™" v1.12. Aligned reads that intersected

2 were removed and saved to bam files using bedtools'® v2.30.0. PCR

624  blacklist regions™
625 duplicates were removed from the bam files using picard -Xmx20g MarkDuplicates v2.25.2

626  (https://broadinstitute.github.io/picard/). Bigwig files were created from bam files using

627 deepTools'™ (v3.5.1) bamCoverage with the following parameters: --bindSize 5 --normalizeUsing
628 RPKM. Peaks were called using Epic2® on each bam file with the parameters --genome mm10 -
629 -guess-bampe and saved to bed files. Peaks were visualized using the Integrative Genomics
630  Viewer (IGV)'% v2.16.1 by importing bigwig and bed files, respectively.

631

632  Differential analysis

633 Differentially enriched motifs were analyzed using edgeR’® v3.32.1 implemented in

634  DiffBind'® v3.0.15 in R v4.0.3 (https://cran.r-project.org/). Similarity in raw peak profiling across

635 the samples was analyzed through PCA and a sample correlation heatmap using
636  DiffBind::plotPCA and DiffBind::plot, respectively. For differential testing, CUT&Tag reads were
637 counted in consensus peaks with default width in DiffBind::dba.count. The counts were
638  subsequently normalized using the TMM'” method by setting the normalize argument to
639 DBA_NORM_TMM in DiffBind::dba.normalize. The false discovery rate (FDR) was determined

640  using the Benjamini-Hochberg (BH)'®

method for multiple hypothesis testing. Peaks with an FDR
641 < 0.1 were considered statistically significant.

642 Peaks were annotated to the nearest genes using ChiPseeker package'® in R v4.0.3. For
643 the TxDb and annoDb arguments in ChlPseeker::annotatePeak, we used

644  TxDb.Mmusculus.UCSC.mm10.knownGene (DOI:

645  10.18129/B9.bioc. TxDb.Mmusculus.UCSC.mm10.knownGene) and org.Mm.eg.db  (DOI:
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646  10.18129/B9.bioc.org.Mm.eg.db), respectively. The transcript start site (TSS) region was defined
647  as ranging from -5kb to +5kb. Statistically significant loci were visualized in MA plots (also known
648  as Bland-Altman plots) using ggplot2 v3.3.3 in R.

649

650 Multiome Sequencing & Analysis

651 Joint libraries for scRNA-seq and scATAC-seq were created using 10x Genomics Single
652  Cell Multiome ATAC + Gene Expression kit (1000285) by following manufacturer’s protocols.
653  Sequencing was conducted with paired-end (50 x 50 bp) using an lllumina HiSeq 2500 (E12.5
654  scATAC-seq) or NovaSeq 6000 (E12.5 scRNA-seq, E15.5 scATAC-seq, E15.5 scRNA-seq) to a
655  following depths per library: E12.5 WT: Estimated number of cells: 7,325; Sequenced read pairs
656 (RNA): 290,467,383; Median UMI counts per cell (RNA): 8,252; Median genes per cell (RNA):
657  3,281; Sequenced read pairs (ATAC): 242,612,118; Median fragments per cell (ATAC): 14,465.
658 E12.5 Het: Estimated number of cells: 7,578; Sequenced read pairs (RNA): 198,128,926; Median
659  UMI counts per cell (RNA): 6,006; Median genes per cell (RNA): 2,693; Sequenced read pairs
660 (ATAC): 297,531,741; Median fragments per cell (ATAC): 16,794. E12.5 KO: Estimated number
661  of cells: 9,989; Sequenced read pairs (RNA): 312,370,352; Median UMI counts per cell (RNA):
662  6,645; Median genes per cell (RNA): 2,844; Sequenced read pairs (ATAC): 210,811,269; Median
663 fragments per cell (ATAC): 10,010. E15.5 WT: Estimated number of cells: 14,407; Sequenced
664 read pairs (RNA): 307,184,096; Median UMI counts per cell (RNA): 5,097; Median genes per cell
665 (RNA): 2,417; Sequenced read pairs (ATAC): 281,350,803; Median fragments per cell (ATAC):
666  7,808. E15.5 Het: Estimated number of cells: 12,655; Sequenced read pairs (RNA): 287,063,994;
667  Median UMI counts per cell (RNA): 5,088; Median genes per cell (RNA): 2,401; Sequenced read
668 pairs (ATAC): 269,896,091; Median fragments per cell (ATAC): 8,091. E15.5 KO: Estimated
669  number of cells: 11,432; Sequenced read pairs (RNA): 292,396,315; Median UMI counts per cell
670 (RNA): 5,600; Median genes per cell (RNA): 2,583; Sequenced read pairs (ATAC): 246,014,072;

671  Median fragments per cell (ATAC): 8,700.
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672 The Cell Ranger ARC (v2.0.0) pipeline was used to process sequenced libraries with
673  default parameters unless otherwise noted. Demultiplexed FASTQ files were generated by
674  cellranger-arc mkfastg from BCL files. Reads were aligned to custom-built mouse
675 (GRCm38/mm10) reference genome modified to include tdTomato using cellranger-arc count.
676 Reads with de-duplicated and valid cell barcodes were used to build gene-by-barcode (scRNA-
677 seq) and peak-by-barcode (scATAC-seq) matrices by cellranger-arc count per genotype.
678 Individual matrices were aggregated to a single feature-barcode matrix file containing every
679  genotype using cellranger-arc aggr without depth normalization (--normalize=none).

680

681  scRNA-seq data analysis

682 Seurat: An aggregated feature-barcode matrix was used as input to Seurat''® (v4.0.5,

683  https://satijalab.org/seurat/) in R (v4.1.1, https://cran.r-project.org/). After imputing missing values

684  tozeroin metadata, outlier removal was performed on the number of counts per gene and percent
685 reads mapping to mitochondrial genome (mitochondrial percentage). Lower limits for the number
686  of counts per gene and mitochondrial percentage were set to 100 counts per gene and three
687  standard deviations (SD) below the mean, respectively. Upper limits were set to three SD above
688 the mean for both metrics. Negative datapoints created by subtraction of three SD from the mean
689 were reset to 1, while datapoints that exceeded the upper limits were reset to the maximum
690 datapoint. Cells were removed if they were more extreme then the upper/lower limits, or if they
691  were eliminated from the scATAC-seq dataset during QC. The numbers of remaining cells were
692 following: WT E12.5: 6,391; WT E15.5: 11,477; Het E12.5: 6,608; Het E15.5 10,027; KO E12.5:
693 8,546; KO E15.5: 8,607. Remaining cells were proceeded to the normalization workflow using
694  Seurat::SCTransform using default parameters. For integration of scRNA-seq datasets from
695 E12.5and E15.5, 3,000 variable features were found using Seurat::SelectintegrationFeatures on
696 SCTransformed data. Prior to integration, anchors were identified using

697  Seurat::FindIntegrationAnchors  with the parameters dims, anchors.features, and
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698 normalization.method set to 1:30, the 30,000 variable features, and SCT, respectively. The
699 integration was performed using Seurat:IntegrateData with identical dims and
700 normalization.method to those from Seurat::FindIintegrationAnchors, along with the computed
701 anchors. Dimensionality reduction was performed using Seurat::RunPCA and Seurat::RunUMAP
702  with the parameters dims and umap.method set to 1:25 and uwot respectively on the integrated
703  data.

704

705  scATAC-seq data analysis

706 Signac: An aggregated peak-by-barcode matrix was used as input to Signac'"" (v1.4.0,

707  https://stuartlab.org/signac) pipeline in R (v4.1.1). After imputing missing values in metadata as

708  described above, outlier removal was performed on the number of chromatin accessibility peaks,
709 transcription start site (TSS) enrichment score, and mitochondrial percentage. Lower limits were
710  set to 1,000 counts per feature for the number of peaks and 2 for TSS enrichment score. Lower
711 limit for mitochondrial percentage and all the upper limits were determined as described in the
712 scRNA-seq analysis. Cells were removed if they were more extreme than the lower/upper limits
713  inindividual metrics, or if they were eliminated in corresponding scRNA-seq dataset during QC.
714  Peaks were normalized via Term Frequency-Inverse Document Frequency (TF-IDF) method
715 using Signac::RunTFIDF with default parameters. Highly variable peaks were found by
716  Signac::FindTopFeatures with the min.cutoff set to 10. Dimensionality reduction was performed
717  using Signac::RunSVD with default parameters. For integration of scATAC-seq datasets from
718 E12.5 and E15.5, anchors were identified using Seurat::FindintegrationAnchors with the
719  parameters anchor.features and dims set to all features and 2:30, respectively. Integration of two
720  scATAC-seq datasets was conducted using Seurat::IntegrateEmbeddings taking advantage of
721 reciprocal LS| projection (RLSI), as instructed by Signac standard workflow. The
722  Seurat::IntegrateEmbeddings ran using the previously computed anchors and 1 to 30 dimensions.

723
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724  Multimodal analysis

725 Seurat: Multimodal data integration was started by finding Weighted Nearest Neighbor
726 (WNN)™ using Seurat::FindMultiModalNeighbors on scRNA-seq and scATAC-seq datasets with
727  or without age-specific integration along with reduction lists set to PCA (1 to 25 dimensions) for
728 scRNA-seq and RLSI (1 to 20 dimensions) for scATAC-seq’'. Subsequent dimensionality
729  reduction was performed using Seurat::RunUMAP on weighted.nn with default parameters. Cells
730 were clustered on the WNN graph with Leiden algorithm and resolution 0.8 using
731 Seurat::FindClusters. To visualize the DEGs between populations subsetted using Seurat, we
732  employed the EnhancedVolcano tool. For significant determination, parameters were set to
733  pCutoff = 10e® and FCcutoff = 0.2. By default, the UMAP from the age-integrated multimodal
734  analysis was utilized throughout the study. The expression of Sst and Pdea genes in was
735 examined on a multimodal UMAP at E15.5 without age integration.

736 For QC, the TSS enrichment score and the approximate ratio of mononucleosomal to
737  nucleosome-free fragments (nucleosome signal) were computed using the functions
738  Signac:: TSSEnrichment and Signac::NucleosomeSignal with default parameters, respectively.
739  The mitochondrial percentage was computed using the function Seurat::PercentageFeatureSet,
740  which matches the pattern of gene names to “*[Mm][Tt]-".

741

742  Differential analysis via DA-seq

743 Single cell DA analysis was conducted using DA-seq’*  (v1.0.0,

744  https://klugerlab.qgithub.io/DAseq) in R (v4.1.1). The DA-seq used a PCA matrix as input, which

745 was computed by Seurat after the multimodal integration of age-integrated scRNA-seq and
746  scATAC-seq datasets. Cells were projected onto 2D space based on UMAP coordinates, which
747  were computed by Seurat after multimodal integration of age-integrated scRNA-seq and scATAC-
748 seq datasets. DA cells were determined by running DAseq::getDAcells, with the k.vector

749  parameter set to every 50 between 50 and 500, and DAseq::updateDAcells with the pred.thres
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750 parameter set to +/-0.7. DA-seq conducted a random permutation test on abundance scores,
751 using a threshold of +/- 0.7, to identify cells with an abundance score greater than 0.7 or less than
752  -0.7.

753

754  Visualization of Multiome data

755 UMAP coordinates and WNN clustering, computed by Seurat on multimodal integrated
756  datasets with or without age-specific integration, were imported to the Loupe Browser (v6.0.0, 10x
757  Genomics). The expression of genes of interest and multimodal clustering were visualized using
758 the Loupe Browser. DA analysis was visualized on a UMAP created using the functions
759  DAseq::getDAcells and DAseq::updateDAcells in R, which take advantage of ggplot2 (v3.3.5).
760 UMAPs visualizing the genotype and age in the DA analysis were generated using the
761  Seurat::DimPlot. For QC, the following metrics were extracted from the metadata of the Seurat
762  object: the number of ATAC fragments (nCount_ATAC), nucleosome signal (nucleosome_signal),
763  the TSS enrichment score (TSS.enrichment), the number of RNA reads (nCount_RNA) and
764  mitochondrial percentage (percent.mt). These metrics were then visualized using violin plots with
765  the ggplot2 package in R.

766 To infer the developmental trajectories of E12.5 and E15.5 MGE cells across all
767  conditions, Slingshot''? was used to generate trajectories onto UMAP projections. The Slingshot
768  function was applied to the WNN matrix as described above, enabling the identification of neural
769  developmental progression along the inferred trajectories.

770

771  Statistics and reproducibility

772 Cell counts: All cell counts were performed by hand and blind to genotype. Number of
773  brain sections per mice and mice per genotype are described above and in figure legends. One-
774  way ANOVA was used to compare WT, Het and KO for all brain regions, followed by Tukey’s

775  Multiple Comparison Test to identify significant differences between conditions. All statistical
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776  analysis was performed on GraphPad Prism (version 9.4.1). All raw cell counts, ANOVA F- and
777  P-values, and results of Tukey’s multiple comparison tests related to Figures 2-4, Figure 6,
778  Supplementary Figures 1-3 and Supplementary Figure 5 can be found in the Source Data file.
779

780 Electrophysiology: Collection of data and analysis were not performed blind and were non-
781 randomized. Data from electrophysiological recordings are presented throughout as mean + s.e.m
782 unless otherwise noted. Unless indicated, all statistical comparisons were non-parametric.
783  Number of recorded neurons (n) and number of animals (N) used were reported for each figure.
784  All data were analyzed using pClamp10, GraphPad Prism and Neurolucida 360 software.

785

786 Sample size determination: No statistical method was used to predetermine sample size.
787  For Western Blots, we desired n > 2 biological replicates for each genotype to determine the
788  percent of decreased H3K27me3 signal in the Ezh2 KO. For cell counts with Nkx2.1-Cre mice,
789  we wanted n > 5 mice per genotype from at least 3 different litters. For cell counts with DIx5/6-
790  Cre mice, we wanted n > 4 WT and KO mice per genotype from at least 3 different litters. For
791  electrophysiological recordings, we wanted to record from > 10 neurons for each condition. For
792  the single cell Multiome experiments, we wanted a minimum of 5,000 high-quality sequenced
793 nuclei per condition (age and genotype), which should be sufficient to identify significant
794  differences between conditions. This goal required ~15,000 nuclei input for each sample (with the
795  expectation of recovering ~30-70% of nuclei/cells for each reaction based on 10x Genomics
796 recommendations and our previous experience). Viable nuclei that passed QC ranged from
797  6,391-11,477 nuclei per condition (see above). Per standard single cell sequencing protocols,
798  nuclei that did not pass stringent QC measurements (nCount_RNA and % mitochondria reads for
799  snRNA; nCount_ATAC, nucleosome_signal and TSS enrichment for snATAC) in the Multiome
800 datasets were excluded from analysis (as detailed in Supplementary Figure 6). For the CUT&Tag

801  experiments, we strove for 100,000 nuclei for each reaction (actual range from 90,000-120,000
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802 per reaction), with n = 3 biological replicates for each condition (age and genotype). All
803 computational and statistical analysis are discussed in detail above and/or in the legends of the
804 relevant figures and tables. All attempts at replication were successful.

805
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Fig. 1 Loss of Ezh2 and H3K27me3 in the MGE of Ezh2 KO mice. A. In situ hybridizations of
Ezh2 (red) and Nkx2.1 (green) in E12.5 brains of Nkx2.1-Cre;Ezh2;Ai9 WT, Het and KO mice. B.
Immunostaining in the MGE reveals a strong decrease of H3K27me3 (green) in the MGE of KO
mice. C. Representative Western Blot gel showing H3K27me3 and H3 levels in WT, Het and KO
MGE (left) and graph summarizing average H3K27me3 decrease in Het and KO MGE (right), with
black and blue dots representing 2 different biological reps, with 2 technical reps each. Scale

bars in A and B =200 um.
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Fig. 2 Changes in cortical interneuron fate in Ezh2 KO mice. A. Representative images
through the somatosensory cortex of P30 Nkx2.1-Cre;Ezh2;Ai9 WT and KO mice stained for SST
(green) and PV (blue). Scale bar = 100 um. Yellow dotted lines indicate division between
superficial (layers I-lll) and deep (layers IV-VI) cortical layers defined by differential DAPI
densities. D = dorsal, V = ventral. B. Graphs displaying the density of Tom+, SST+ and PV+ cells
in WT, Het and KO mice. C. Graphs displaying the percent of Tom+ cells expressing SST or PV
in WT, Het and KO mice. For all graphs, statistics are one-way ANOVA followed by Tukey’s
multiple comparison tests: * = p < .05, ** = p <.005, *** = p <.0005, **** = p <.0001. n =5 WT,
5 Het and 6 KO brains from a total of 4 different litters.
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Fig. 3 Changes in hippocampal interneuron fate in Ezh2 KO mice. A-B. Representative
hippocampus images of P30 Nkx2.1-Cre;Ezh2;Ai9 WT (A) and KO (B) mice stained for SST
(green), PV (blue) and nNos (white). Scale bar = 100 um. Dotted white box indicates region blown
up in Figure 4. C-D. Graphs displaying the density of Tom+, SST+, PV+ and nNos+ cells (C) and
the percent of Tom+ cells expressing SST, PV or nNos (D) in the whole hippocampus of WT, Het
and KO mice. E-F. Graphs displaying the density of Tom+, SST+, PV+ and nNos+ cells (E) and
the percent of Tom+ cells expressing SST, PV or nNos (F) in the CA2/3 region of WT, Het and
KO mice. All stats are one-way ANOVA followed by Tukey’s multiple comparison tests: * = p <
.05, ** = p <.005, ** = p <.0005, *** = p <.0001. n =5 WT, 5 Het and 6 KO brains, from 4
different litters.
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Fig. 4 Loss of MGE-derived oligodendrocytes in CA2/3 in Ezh2 KO mice. A. Representative
images through the CA2/3 region of the hippocampus from P30 Nkx2.1-Cre;Ezh2;Ai9 WT and KO
mice stained for SST (green), PV (blue) and nNos (white). From boxed regions in Figure 3A-B.
B. High magnification image of CA2/3 from Nkx2.1-Cre;Ezh2;Ai9 WT mice showing many small
Tom+ cells express the oligodendrocyte markers Olig2. Scale bars in A and B = 50 um. C. Graph
displaying the density of Tom+ oligodendrocytes in CA2/3 region of WT, Het and KO mice. All
stats are one-way ANOVA followed by Tukey’s multiple comparison tests: **** =p <.0001.n=5
WT, 5 Het and 6 KO brains from a total of 4 different litters.
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Fig. 5 Increased axonal complexity of fast-spiking cortical interneurons in Ezh2 KO mice.
A. Representative morphological reconstructions of biocytin-filled FS cortical interneurons from
Nkx2.1-Cre;Ezh2;Ai9 WT and KO mice depicting axons (blue) and dendrites (red). Scale bar =
20 um. B. Sholl analysis reveals increased axon intersections, axon length and axon volume in
FS cortical interneurons from KO mice compared to WT littermates. No significant differences
were found in the dendritic arbors. All statistics are two-way ANOVA followed by Holm-Sidak’s
test: ** = p <.005, *** = p <.0005; n = 6 cells from 4 WT mice and 7 cells from 4 KO mice.
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1262 Fig. 6 Significantly fewer MGE-derived cortical interneurons at P5 in Ezh2 KO mice. A.
1263  Representative cortical images from P5 Nkx2.1-Cre;Ezh2;Ai9 WT and KO mice showing decrease
1264  in Tom+ cells in the KO mouse. Scale bar = 100 um. B. Graph displaying the density of Tom+
1265  cells in P5 cortex. All stats are unpaired t-tests: *** = p <.001, * =p <.01.n =4 WT and 4 KO
1266  brains, from 4 different litters.
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1271 Fig. 7 Shifts in transcriptome and differential abundance cell types in Ezh2 KO mice. A.
1272 Uniform Manifold Approximation and Projection (UMAP) plots of E12.5 and E15.5 integrated
1273  single cell RNA- and ATAC-seq (Multiome) dataset via weighted nearest neighbor (WNN),
1274  annotated by age and genotype (left and middle) or putative cell clusters (right). Labels for putative
1275  cell clusters are listed above the UMAP. B. Markers for radial glia cells (Nes), cycling GE
1276  progenitors (Ascl1) and postmitotic immature neurons (Dcx, Rbfox3), with general trajectory
1277  confirmed by pseudotime. C. SST is enriched in E15.5 KO MGE postmitotic neurons compared
1278  WT MGE. D. Enrichment of Mef2c and Maf, two genes predictive of PV-fated interneurons, in
1279 E15.5 WT MGE compared to KO. E. Enrichment of Mef2c and Maf binding motifs in E15.5 WT
1280 MGE compared to KO. F. E15.5 integrated RNA and ATAC dataset annotated by genotype (left)
1281  and age (right). G. Differential abundance (DA) analysis using DA-seq reveals that SST+ cells
1282  are located in KO-enriched clusters (red) whereas Mef2c- and Maf-expressing cells are located
1283 in WT-enriched clusters (blue). DA score threshold of +/- 0.7 used for significant enrichment of
1284 DA cells in DA-seq analysis. H. Clusters 3, 4, 5 and 7 from panel A that are enriched for PV- and
1285  SST- fated cells. I. Volcano plots depicting genes enriched in WT or KO MGE at E12.5 (top) and
1286 E15.5 (bottom). Thresholds used were Log- fold change (FC) > + 0.2 and a false discovery rate
1287  (FDR) of Log1oP < 10®. J. E15.5 integrated RNA and ATAC dataset annotated by genotype (top
1288  left) and putative cell clusters (bottom left). The top gene enriched in the cluster harboring SST+
1289  cells (Cluster 10, arrow) is Pde1a. Pde1a is expressed in many SST+ interneuron subtypes in the
1290 adult mouse (each row is a mature interneuron subtype), but excluded from PV+ interneurons
1291  (right, adapted from the Allen Brain Map Transcriptomics Explorer).
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Fig. 8 Altered H3K27me3 at distinct genomic loci in Ezh2 KO MGE. A. Principal Components
Analysis (PCA) plot comparing the E12.5 WT, E12.5 KO, E15.5 WT and E15.5 KO samples, 3
biological replicates each. B. Unbiased hierarchical correlation heatmap comparing differential
peaks between all 12 samples. C. MA plots depicting the fold changes vs. mean peak counts for
E12.5 (top) and E15.5 (bottom) data, with all significant peaks (FDR < 0.1) highlighted in red. D-
G. H3K27me3 levels at the FoxP4 (D), Nkx2.1 (E), DIx5/6 (F) and Lhx6 (G) loci in all 12 samples
(top) along with the integrated UMAP plots showing gene expression profiles in the four different
conditions (bottom).
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1339

1340 Supplementary Figure 1. Comparison of SST+ and PV+ interneurons in superficial and
1341  deep cortical layers. A-B. Graphs displaying the density of Tom+, SST+ and PV+ cells (top),
1342  and percent of Tom+ cells expressing SST or PV (bottom), for superficial (A) and deep (B) cortical
1343 layers. All stats are one-way ANOVA followed by Tukey’s multiple comparison tests: * = p < .05,
1344 ** =p <.005, *** = p <.0005, **** = p <.0001. n =5 WT, 5 Het and 6 KO brains, from 4 different
1345 litters.
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Supplementary Figure 2. Changes in striatal interneuron fate in Ezh2 KO mice. A.
Representative images through the striatum of P30 Nkx2.1-Cre;Ezh2;Ai9 WT and KO mice
stained for SST (green) and PV (white/blue). Scale bar = 500 um. B. Graphs displaying the density
of Tom+, SST+ and PV+ cells (top) and the percent of Tom+ cells expressing SST or PV (bottom).
All stats are one-way ANOVA followed by Tukey’s multiple comparison tests: * = p < .05, ** =p <
.005, *** = p <.0005. n =5 WT, 5 Het and 6 KO brains, from 4 different litters.
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Supplementary Figure 3. Cell fate changes in the CA1 and dentate gyrus of Ezh2 KO mice.
A.Graphs displaying the density of Tom+, SST+, PV+ and nNos+ cells (top) and the percent of
Tom+ cells expressing SST, PV or nNos (bottom) in the CA1 region of the hippocampus. B.
Graphs displaying the density of Tom+, SST+, PV+ and nNos+ cells (top) and the percent of
Tom+ cells expressing SST, PV or nNos (bottom) in the dentate gyrus region of the hippocampus.
All stats are one-way ANOVA followed by Tukey’s multiple comparison tests: * = p < .05, ** =p <
.005, *** = p <.0005. n =5 WT, 5 Het and 6 KO brains, from 4 different litters.
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Supplementary Figure 4. No differences in intrinsic physiology properties of MGE-derived
cortical interneurons in Ezh2 KO mice. Graphs depicting intrinsic properties of layer V/VI Tom+
cortical interneurons from WT and KO cells from fast-spiking (FS, lower left), non-fast-spiking
(NFS, lower right) and combined FS and NFS cells (fop). All statistics are Mann-Whitney test. WT
= 16 FS cells from 6 mice and 9 NFS cells from 4 mice; KO = 15 FS cells from 5 mice and 13

NFS cells from 5 mice.
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Supplementary Figure 5. Normal interneuron densities and subtype distributions in the
cortices of DIx5/6-Cre;Ezh2 KO mice. A. In situ hybridizations of Ezh2 (red) and tdTomato
(green) in the E12.5 MGE of DIx5/6-Cre;Ezh2;Ai9 WT and KO mice. Scale bar = 200 um. B.
Graphs displaying the density of Tom+, SST+ and PV+ cells (top) and the percent of Tom+ cells
expressing SST or PV (bottom) in the cortex of WT, Het and DIx5/6-Cre KO mice. All stats are
one-way ANOVA followed by Tukey’s multiple comparison tests. n =4 WT, 3 Het and 5 KO brains,
from 3 different litters.
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Supplementary Figure 6. Single cell Multiome data from Ezh2 WT and KO mice. A.
Visualization of quality control (QC) metrics before (Pre-QC) and after (Post-QC) filtering of
outliers. The number of RNA reads (nCount_RNA), mitochondrial percentage (percent.mt), the
number of ATAC fragments (nCount_ATAC), nucleosome signal (nucleosome_signal), and the
TSS enrichment score (TSS.enrichment) are shown. B. UMAP plots of Multiome data separated
by age (E12.5, E15.5 and combined) and modality (RNA, ATAC and integrated RNA+ATAC), with
putative cell clusters. WT = blue, Het = red, KO = green.
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