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Supplementary Figure 1. Quality control metrics for a representative spatial mMRNA-seq dataset.
(A) Quantitative metrics assessing mMRNA sequencing quality.

(B) Frequency distributions of the gene counts (purple) and unique molecular index (UMI) counts
(orange).



A GRIN2A (Neu) B AIF1(Micro/Macro)

' 0.100
0.075
0.050

BN 0.025

0.000

D CTRL_1A E CTRL_2A E CTRL_3A G CTRL_4A H CTRL_5A

I CTRL_6A J MDD_1A K MDD_3A L MDD_4A M MDD_5B

B GCL ChPx
CA_Pyr W H_InN
WM ML_PL_H

Supplementary Figure 2. Regional annotation in each sample.
(A-B) Spatial maps of key cell type-specific gene expression. Neu: neuron; Micro/Macro: microglia or



macrophages.

(C) The heatmap of signature gene expression identified through unsupervised clustering. GCL:
Granule Cell Layer; CA_Pyr. pyramidal neurons in the cornu Ammonis; WM: white matter; ML_PL_H:
molecular layer, polymorphic layer, and hilus; ChPx: choroid plexus; H_InN: inhibitory neurons in the
hilus region.

(D-M) Annotated anatomical subfields of the hippocampus. The first row of each subpanel shows a
Nissl-stained adjacent slice. The second row displays the hippocampal subfields identified via
unsupervised clustering, with each color representing a distinct cluster. GCL: Granule Cell Layer;
CA_Pyr. pyramidal neurons in the cornu Ammonis; WM: white matter; ML_PL_H: molecular layer,

polymorphic layer, and hilus; ChPx: choroid plexus; H_InN: inhibitory neurons in the hilus region.
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Supplementary Figure 3. Cell type deconvolution through integration of single nucleus
transcriptomes and spatial transcriptomes.
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Supplementary Figure 3 (Continued). Cell type deconvolution through integration of single
nucleus transcriptomes and spatial transcriptomes.

(A) UMAP visualization of unsupervised clustering of spatial data and reference snRNA-seq data, color
by dataset origin.



(B) UMAP representation of the single-cell and spatial dataset with cells color-coded based on their cell
types.

(C) Key marker genes in neurons (MAP2), granule neurons (PROX1), astrocytes (GFAP), and
oligodendrocytes (MOBP).

(D) Factorization of the cell subtype abundance scores across all spatial spots. Each row represents a
distinct spatial pattern of cell distribution. Subtypes of oligodendrocytes co-localize, as shown in Factor
3. In contrast, subtypes of inhibitory neurons display mutually exclusive spatial distributions, represented
by Factor 4,13, 15, and 18.

(E) Integrative analysis with snRNA-seq data inference the cell types in MDD_04 brain. Spatial maps of
the most abundant cell type were shown in each spot, statistically computed by Cell2location algorithm.
(F) Predicted maps of cell abundance by cell2location algorithm. Each subpanel represents a cell type in
the reference snRNA-seq.

(G) Spatial maps of the most abundant cell type in each sample, predicted by cell2location algorithm.
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Supplementary Figure 4. Cell type deconvolution of inhibitory neuron subtypes (CTRL_04)
(A) The predicted map of “InN SST ADAMTS12” cell abundance by cell2location algorithm.

(B) The predicted map of “InN NR2F2 ANO2” cell abundance by cell2location algorithm.
(C) The predicted map of “InN NR2F2 SLC17A8” cell abundance by cell2location algorithm.
(D) The predicted map of “InN PVALB MEPE” cell abundance by cell2location algorithm.
(E) The predicted map of “InN LAMPS CHST9” cell abundance by cell2location algorithm.
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Supplementary Figure 5. Spatial RNA velocity reveals region-specific cell dynamics.
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Supplementary Figure 5 (Continued). Spatial RNA velocity reveals region-specific cell dynamics.
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(A) Unsupervised clustering based on both spliced and unspliced mRNAs across all samples, colored

by anatomical regions. A total of 2,500 pixels were collected per sample, resulting in 37,240 spatial
pixels from six control and six MDD samples. GCL: Granule Cell Layer; CA_Pyr: pyramidal neurons in

the cornu Ammonis; WM: white matter; ML_PL_H: molecular layer, polymorphic layer, and hilus; ChPx:
choroid plexus; InN: inhibitory neurons in the hilus region.



(B) Unsupervised clustering based on both spliced and unspliced mRNAs across all samples, colored
by RNA velocity magnitude.

(C) The proportions of spliced and unspliced mRNAs in each human brain (pie charts). Bar plots show
the proportions of spliced and unspliced mRNAs in each anatomical layer. Spliced counts are shown in
purple, while unspliced counts are shown in dark red.

(D-G) The phase portraits of specific genes: D) BCAS1; E) MAP1B; F) NGRN; G) GRIN2A. Each point
corresponds to a spatial pixel, colored by anatomical region. “velocity” is the computed RNA velocity rate,
indicating whether this gene is increasing or decreasing in expression. “expression” is the measured gene
expression level.

(H, J, L-R) The phase portraits of the spliced/unspliced mRNA across all samples. Each point
corresponded to a spatial pixel, colored by disease group (CTRL: Blue; MDD: Orange). Steady states fell
on the dashed line.

(I, K) Levels of unspliced mRNA above or below the dashed line indicated increasing (red dots) or

decreasing (blue dots) gene expression.
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Supplementary Figure 6. Spatial chromatin accessibility profiling in the dentate gyrus of the
hippocampus (CTRL_04).

(A) UMAP visualization of unsupervised clustering of the spatial ATAC-seq data. Each dot represents a
sequencing library collected from one 50 x 50 um? spatial pixel. There are 2,500 dots in the UMAP.
GCL: Granule Cell Layer; CA_Pyr. pyramidal neurons in the cornu Ammonis; WM: white matter; ChPx:
choroid plexus; HIPPO1,HIPPO2, HOPPO3: hippocampus regions identified based on open chromatin,
no correlated anatomical subfield is assigned.

(B) Spatial map of the clusters in (A).

(C) A Nissl-stained adjacent slice showing the geometry of the mid-hippocampus region.

(D-G) Motif scores for the spatially most variable transcription factors in GCL of CTRL_04 sample.
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