Supplementary Materials

Supplementary Table 1. List of abbreviations and full names of glutamatergic neuron subtypes.
	Abbreviation
	Full name

	IT-ET Glut
	intratelencephalic and extratelencephalic projecting glutamatergic cortical neurons

	NP-CT-L6b Glut
	layer 6b near-projecting corticothalamic glutamatergic neuron

	DG-IMN Glut
	dentate gyrus immature glutamatergic neuron

	CNY-HYa Glut
	anterior hypothalamic glutamatergic neuron

	HY Glut
	hypothalamus glutamatergic neuron

	TH Glut
	thalamus glutamatergic neuron

	MB Glut
	midbrain glutamatergic neuron

	CA1-ProS Glut
	field CA1-prosubiculum glutamatergic neuron

	CA3 Glut
	field CA3 glutamatergic neuron

	CLA-EPd-CTX Car3 Glut
	Car3–expressing glutamatergic neurons of the claustrum-dorsal endopiriform nucleus-cerebral cortex 

	IT AON-TT-DP Glut
	IT-projecting glutamatergic neuron of the anterior olfactory nucleus-taenia tecta-dorsal peduncular area

	IT EP-CLA Glut
	IT-projecting glutamatergic neuron of the endopiriform nucleus-claustrum

	L2/3 IT CTX Glut
	layer 2/3 intratelencephalic projecting glutamatergic cortical neuron

	L2/3 IT PIR-ENTl Glut
	layer 2/3 intratelencephalic projecting glutamatergic neuron of the piriform area-entorhinal areas, lateral part

	L2/3 IT PPP Glut
	layer 2/3 intratelencephalic projecting glutamatergic neurons of the postsubiculum–presubiculum

	L2/3 IT RSP Glut
	layer 2/3 intratelencephalic projecting glutamatergic neuron of the retrosplenial area

	L4/5 IT CTX Glut
	layer 4/5 intratelencephalic projecting glutamatergic cortical neuron

	L5 ET CTX Glut
	layer 5 extratelencephalic projecting glutamatergic cortical neuron 

	L5 IT CTX Glut
	layer 5 intratelencephalic projecting glutamatergic cortical neuron

	L6 IT CTX Glut
	layer 6 intratelencephalic projecting glutamatergic cortical neuron

	LA-BLA-BMA-PA Glut
	glutamatergic neurons of the lateral–basolateral–basomedial–posterior amygdalar nuclei

	MEA Slc17a7 Glut
	Slc17a7–expressing glutamatergic neuron of medial amygdalar nucleus

	L5 NP CTX Glut
	layer 6 near-projecting glutamatergic cortical neuron

	L6 CT CTX Glut
	layer 6 corticothalamic-projecting glutamatergic cortical neuron

	L6b CTX Glut
	layer 6b glutamatergic cortical neuron 

	L6b EPd Glut
	layer 6b glutamatergic neuron of the dorsal endopiriform nucleus

	L6b/CT ENT Glut
	layer 6b–corticothalamic–projecting glutamatergic cortical neuron of the lateral entorhinal area

	DG Glut
	dentate gyrus glutamatergic neuron

	ADP-MPO Trp73 Glut
	Trp73-expressing glutamatergic neurons of the anterodorsal preoptic nucleus–medial preoptic area

	AVPV-MEPO-SFO Tbr1 Glut
	Tbr1-expressing glutamatergic neurons of the anteroventral periventricular nucleus–median preoptic nucleus–subfornical organ

	MS-SF Bsx Glut
	Bsx-expressing glutamatergic neurons of the medial septal nucleus–septofimbrial nucleus

	SI-MA-LPO-LHA Skor1 Glut
	Skor1-expressing glutamatergic neurons of the substantia innominata–magnocellular nucleus–lateral preoptic area–lateral hypothalamic area

	TRS-BAC Sln Glut
	Sln-expressing glutamatergic neurons of the triangular nucleus of the septum–bed nucleus of the anterior commissure

	AHN-RCH-LHA Otp Fezf1 Glut
	Otp/Fezf1-expressing glutamatergic neurons of the anterior hypothalamic nucleus–retrochiasmatic area–lateral hypothalamic area

	LHA-AHN-PVH Otp Trh Glut
	Otp/Trh-expressing glutamatergic neurons of the lateral hypothalamic area–anterior hypothalamic nucleus–paraventricular hypothalamic nucleus

	MPN-MPO-PVpo Hmx2 Glut
	Hmx2-expressing glutamatergic neurons of the medial preoptic nucleus–medial preoptic area–preoptic part of the periventricular hypothalamic nucleus

	PVT-PT Ntrk1 Glut
	Ntrk1-expressing glutamatergic neurons of the paraventricular nucleus of the thalamus–parataenial nucleus

	RE-Xi Nox4 Glut
	Nox4-expressing glutamatergic neurons of the nucleus of reuniens–xiphoid thalamic nucleus

	TH Prkcd Grin2c Glut
	Prkcd/Grin2c-expressing glutamatergic neurons of the thalamus

	IC Tfap2d Maf Glut

	Tfap2d/Maf-expressing glutamatergic neurons of the inferior colliculus

	SPA-SPFm-SPFp-POL-PIL-PoT Sp9 Glut
	Sp9-expressing glutamatergic neurons of the subparafascicular area–magnocellular part of the subparafascicular nucleus–posterior intralaminar thalamic nucleus–posterior triangular thalamic nucleus
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Supplementary Figure
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Supplementary Figure 1. An integrative analysis of snRNA-seq data and cell annotations.
(A) UMAP visualization of 65,004 nuclei colored by sample of origin, demonstrating the integration of datasets from different harvest methods, fixation states, and sequencing protocols.
(B) Bar plot showing the quantitative evaluation of integration performance. All metrics are scaled to [0, 1], where higher values indicate better performance.
(C) Bar plot comparing the relative abundance of major cell types between this study and a published mouse brain atlas (Yao et al., 2023). Comparisons include: samples from this study processed with 10x Genomics v3.1 chemistry only (light blue), all samples from this study (light green), and the subset of Yao et al. data generated with 10x Genomics v3 (grey).
(D) Dot plot validating cell type annotations. For each marker gene, color represents the mean normalized expression level across a cell type, and dot size represents the percentage of cells within that type expressing the gene.
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Supplementary Figure 2. Characterization of glutamatergic neuron subclasses in the mouse brain.
(A) Scatter plot showing the fraction of all Glut neurons captured by subclasses ranked in descending order by cell number. Dashed lines indicate the 34 subclasses containing 90% of all neurons. 
(B) UMAP visualization of all Glut neurons, colored by the 7 major classes.
(C) Bar plots showing the relative abundance of the 7 major Glut classes across variables: tissue harvest method (top), snRNA-seq protocol (middle), and nuclear fixation status (bottom).
(D) Bar plot of quantitative evaluation of integration performance in glutamatergic neurons. All metrics are scaled to [0, 1], where higher values indicate better performance.
(E) Dot plot showing the expression of canonical marker genes across the 7 major Glut classes. Color intensity represents the mean normalized expression; dot size represents the percentage of cells expressing the gene.
(F) Dot plot showing the expression of canonical marker genes across all 34 annotated Glut subclasses. Color intensity represents the mean normalized expression; dot size represents the percentage of cells expressing the gene.
(G) Dot plots showing Gene Ontology (GO) enrichment results for subclass-specific marker genes from four representative subclasses. Top enriched GO terms (ranked by ascending BH adjusted p-value) are shown. Color intensity represents statistical significance, defined as –log₁₀(BH adjusted p-value). 



[image: ]
Supplementary Figure 3. The impact of tissue harvest methods on gene expression.
(A) Lollipop plot of Augur cell-type prioritization scores (AUC) for the comparison between post-mortem (PM) and in vivo (IV) conditions. An AUC > 0.7 (orange) indicates a cell type whose transcriptome is strongly impacted by the harvest method.
(B) Bar plot showing the number of differentially expressed genes (DEGs, |log₂FC| > 0.5; BH adjusted p-value < 0.05) per cell category, grouped by specific technical variables (e.g., protocol, fixation).
(C) UpSet plots visualizing the overlap of IV-associated DEG sets across the six major cell types. 
(D) Box plots showing the expression of ten selected IV-associated DEGs. Statistically significant BH adjusted p-values are indicated.
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Supplementary Figure 4. Expression levels of platform-specific harvest-associated DEGs.
(A) Comparison of quality control metrics between 10x and SK platforms in unfixed-control samples, including the number of detected genes per nucleus, total UMI counts per nucleus, and mitochondrial read fraction. Statistical comparisons were performed using two-sided Wilcoxon rank-sum test; ns, not significant; ****, p-value < 1e-04.
(B) Cross-platform correlation of cell-type marker gene expression. Pearson correlation was calculated between platforms. 
(C) Representative scatter plot of mean normalized marker gene expression between platforms for glutamatergic neurons. Each point represents a single marker gene.
(D) Box plots showing the normalized expression of selected DEGs that were uniquely identified by a single snRNA-seq platform (10x or SK) in the comparison between PM and IV conditions. Expression levels are shown for relevant cell types, with statistically significant BH adjusted p-values indicated.
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