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Integrative microglial atlas of transcriptome and proteome 
(a) Workflow for the integration of microglial multiomics data to establish M-Galactic. (b) Transcriptomic Data Integration : 
UMAP plot demonstrating our dataset (n = 2,315) and seven public datasets (n = 156,660) (c) UMAP plot depicting the 
clustering of microglia across three Alzheimer's disease (AD) mouse models (5xFAD, 5xFAD;PS19, APP/PS1), resulting 
in 16 distinct clusters (n = 4,856). (d) Bar graph showing changes in the proportion of each cell type across different 
models (e) Density plot of the expression levels of Il3ra, Trem2, Nlrp3, and Nfkb1 genes. (f) UMAP plot illustrating 
microglial clustering in wild-type (WT) mice comprising 16 clusters (n = 153,791). (g) Schematic of proteomic analysis for 
enriched microglia from WT mouse brains using CD11b-magnetic-activated cell sorting (MACS) isolation. (h) Rank order 
distribution of WT microglial proteins based on abundance logarithmic scale. (f) Dot plot highlighting WT microglia 
proteins identified using CD11b-MACS
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Single cell microHOLD proteomic analysis reveals distinct Aβ-responsive microglia profiles 
(a) Schematic of the in-silico deconvolution of proteomic data (b) Venn diagram illustrating unique proteins identified in 
proteomic analyses using Cd11b MACS. (c) Cell type proportions in four proteomic samples (d) Single-cell proteomic 
analysis workflow for axonal Aβ-responsive microglia profiles (e) Representative images of neurons and microglia in the 
microfluidic culture platform (f) UMAP plot shows proteomic profiles of single cells from primary microglia (n = 550). (g) 
Bar graph of number of differentially expressed proteins (DEP, average Log2FC > 0.25 or < -0.25, P-value < 0.1) 
between Aβ-expressing and vehicle group (h) Dot plot of gene scores based on DEPs (average Log2FC > 0.25, P-value 
< 0.1) across 4 clusters of a prior single-cell proteome analysis
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Spatial distribution of axonal Aβ-responsive microglia
(a) UMAP plot displaying the disease-associated microglial subtypes. Colors represent transcriptional clusters identified 
through Louvain algorithm with multilevel refinement clustering (b) Differential marker expression analysis. Four-way plot 
depicting cluster markers (fold change > 2, adjusted P < 0.01) observed in 5xFAD;PS19-dominant versus MG-05 (c) 
Data integration workflow using a graph self-supervised contrastive learning method (d) Spatial mapping of axonal Aβ-
responsive microglial Cells. The 5xFAD;PS19-dominant and MG-05 clusters from single-cell transcriptomics and clusters 
1 and 2 from single-cell proteomics are mapped within the mouse brain using the MERFISH spatial transcriptomics 
dataset (Zhuang-ABCA-1; 2.8 million cells) (e) Regional microglial distribution (Spatial Distribution Score > 0.4). Bar plot 
quantifying cluster-specific cell counts across 10 consecutive coronal sections. HPF : Hippocampal formation, CTXsp : Cortical 
subplate, OLF : Olfactory areas, MB : Midbrain, TH : Thalamus, HY : Hypothalamus, VL : lateral ventricle, STR : Striatum, V3 : third ventricle
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Neuroimmune in AD

Microglial association with 
amyloid-β and tau

Disease-associated microglia (DAM)
Aβ plaque-associated microglia
Apoe, Clec7a, Itgax, Galectin 3, and Cst7 
DAM type 1 :B2M, Apoe, and Dap12/Tyrobp
DAM type 2 :Lpl, Cst7, Trem2, Clec7a, and Axl

Neurodegenerative microglia (MGnD)
Phagocytosis and secretion of extracellular vesicle
(EV), interferon-related genes, Axl, Itgax, Clec7a, and
Apoe

Proliferative-region‐associated microglia (PAM)
Metabolically active, phagocytosis of myelin
Igf1, Spp1, Lgals1, Lgals3, Ccl3, and Ccl4

White matter–associated microglia (WAMs)
Aging-related, phagocytosis of myelinated axonsCx3cl1,
Cd47, Cd20040, Apoe, B2m, Lyz2, and Clec7a

Interferon-response microglia (IRM)
IFN-responsive, inflammatory responseClec7a +
microglia :H2-D1, H2-K1, Tap1, Tap2, Tapbp, B2m,
Cd72, Cd180, and Cd274 (i.e., Pd-l1)

Activated response microglia (ARM)
detected in the brains of young wild-type mice.
a partial overlap between ARM and DAM :Dkk2, Gpnmb, 
and Spp1

Lipid droplet-accumulating microglia (LDAM)
Lipid droplets, phagocytosis deficits
GRN, SLC33A1, SNX17, NPC2, and NCL3

Dystrophic microglia
Directly involved in neurodegeneration
store iron through elevated levels of ferritin

APP-containing 
extracellular vesicles

Amyloid plaque

Phosphorylated Tau
Tau-containing 
extracellular vesicles

APP →Aβ

Phagocytosis and
compaction of Aβ
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and spreading
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Proinflammatory 
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Specific microglial subsets associated with neuropathological states such as DAM, ARMs exist within the normal brain. 
Employing single-cell transcriptomic and proteomic analyses of microglia revealed axonal Aβ-responsive microglial cell 
types. Spatial mapping of microglial subtypes healthy brain visualizes vulnerable neural areas in AD.
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Morphological characterization of axonal Aβ-
responsive microglia
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Conclusion

(a) Representative confocal image of 1,077 axonal Aβ-responsive microglia from 5xFAD or 5xFAD;PS19 mouse brain (b) 
UMAP visualization of microglia morphology and cluster identification (c) Feature importance value for cluster 
discrimination (Logistic Regression Classifier) (d) Proportion of experimental groups within each cluster (e) Comparison 
of key morphological features between 5xFAD and 5xFAD.PS19 groups across clusters (* p < 0.05, ** p < 0.01, *** p < 0.001)
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