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Supplementary Figure. 1 Cell-specific markers and transcriptional noise analysis. A. Dot plot

demonstrating subtype-specific marker expression patterns. B. Boxplot showing transcriptional

noise in different cell types of PFC across the postnatal lifespanin
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Supplementary Figure. 2 Comparison of cell communication and signaling pathway across
age. A. The bar chart shows the relative information flow of intercellular interactions in the PFC
across various age groups. B. The bar chart presents the strength of information flow of

intercellular interactions in the PFC at different ages
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Supplementary Figure. 3 Temporal analysis of Astro's DEGs. A. Temporal analysis of Astro's

DEGs throughout the life course. The line graph on the left represents the average expression levels



and trends of DEGs based on clustering in each age group, the heatmap in the middle represents
the expression levels of DEGs in each cell, and the right side shows the functional enrichment
annotations corresponding to the gene clusters (top 5 are displayed). B. PPI network of the C3

gene cluster.
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Supplementary Figure. 4 Temporal analysis of DEGs in Micro. A. Temporal analysis of DEGs
in Micro throughout the life course. The left line graph represents the average expression levels
and trends of DEGs based on clustering in each age group, the middle heatmap represents the
expression levels of DEGs in each cell, and the right side shows the functional enrichment
annotations corresponding to the gene clusters (top 5 are displayed). B. The ego-centered graph
shows the connections between the KO gene (FCGR3A4) and significantly perturbed genes (FDR
< 0.05). Nodes are color-coded based on the membership of each gene in the enriched functional
groups, and only those functional enrichments related to Mendelian disease phenotypes are

displayed. C. GSEA analysis identified important gene sets related to perturbed genes.



opc & S F S 7 S

NFOL
[ [ | | | [ | |

Gene Size: 316 regulation of neuron projection development

' Gene Size: 402
i

Ccé6

synapse organization
central nervous system neuron differentiation

cell junction assembly
I ‘
synapse assembly
modulation of chemical synaptic transmission
regulation of trans—synaptic signaling

c2

B establishment of cell polarity
e - - 000000 Aver13%e FAprsssion Gene Size: 346 modulation of chemical synaptic transmission
0000 . I Y pctexp
Oe ' TEEE X 05 25 regulation of cell-matrix adhesion
ZH0RZHE2L S 00 o 50 regulation of protein catabolic process
55593 su 750 1 0% @75 : :
>00%aQ s -1.0 Gene Size: 248 protein refolding

regulation of mRNA splicing, via spliceosome

Cc4

. response to insulin
axon extension

myelination Gene Size: 402
axon ensheathment

ensheathment of neurons

axon development

axonogenesis

positive regulation of cell projection organization

cellular response to peptide hormone stimulus

C3

A A

ene Size: 162

dendrite development Py liogenesis

synapse organization < ulation of neurogenesis

postsynapse organization . Z-score

regulation of synaptic plasticity F ) t@e & @g RS ke i2
lation of izati MOL v ) AV QT 1

regulation of synapse organization 1 0

regulation of synapse structure or activity H EEE 0

synapse assembly
regulation of neuron projection development
dendrite morphogenesis
cell junction assembly
modulation of chemical synaptic transmission
regulation of trans-synaptic signaling
cognition
-. learning or memory
- locomotory behavior
.l synaptic transmission, glutamatergic
regulation of nervous system development
regulation of neurogenesis
regulation of cell development
regulation of myelination
regulation of gliogenesis
chondroitin sulfate biosynthetic process
. actin filament depolymerization
o
=

-1
-1
Gene Size: 261 i i i 2

endosomal transport |

Cc2

Gene Size:
glial cell differentiation

gliogenesis

regulation of axonogenesis

RNA splicing, via transesterification reactions with
bulged adenosine as nucleophile

mRNA splicing, via spliceosome

RNA splicing, via transesterification reactions
RNA splicing

Cé

Gene Sizg:

C1

A AN

positive regulation of GTPase activity

protein polyubiquitination

regulation of trans—synaptic signaling
synapse organization

regulation of neuron projection development
regulation of membrane potential

C5

axon ensheathment
oligodendrocyte differentiation
central nervous system myelination

ene Size: 199

20s 30s 40s 50s 60s 70s 80s 90s

C4

0.00 0.20 0.40 0.60 0.80 1.00

Supplementary Figure. 5 Temporal analysis of DEGs in OPC and MOL. A. UMAP
visualization of oligodendrocyte lineage. B. Dot plot showing the expression of marker genes in
oligodendrocyte lineage subpopulations. C. The biological functions of different oligodendrocyte
lineage cells. D. Proportion of oligodendrocyte lineage subpopulations in different groups. E and
F respectively present the temporal analysis of DEGs in OPC and MOL throughout the life course.
The left line graph represents the average expression level and trend of DEGs based on clustering

in each age group, the middle heatmap represents the expression level of DEGs in each cell, and
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the right side shows the functional enrichment annotations corresponding to the gene clusters (top

5 are displayed).



SFMBT2CAMK2D 04

"f1v016 1bockio e

ZNF462

ToHB4
L
OB/ 618P335Q4A NT14

SS1 D2
PLCB4 FE2
iy WRN1
C

o e LY

KIAA1211 -

T13
25513\@']'\‘ © (7) Anterograde Trans-Synaptic Signaling FDR = 0.00053

(4) Neuron Migration FDR = 0.00061
(8) Chemical Synaptic Transmission FDR = 0.00072
(3) Synaptic Transmission FDR = 0.00089
® (3) Regulation Of Long-Term Synaptic Potentiation FDR = 0.0013

FMN1

|
UQCROrNND2 £

TMSB10

AGBL4 oLIGT

D81
TMEM258
Ed

RGN
F2IRD1
q'\l AO1
\ 0 7
D 2
VI2A
CAM
E uBB

® (18) Cytoplasmic Translation FDR = 4.8e-21
(12) Pathways of neurodegeneration FDR = 0.00026
(8) Neuron Projection Development FDR = 0.00073
(5) Axon Development FDR = 0.0095

® (2) Neuron Projection Fasciculation FDR = 0.043

10



Supplementary Figure. 6 Virtual KO analysis of FUT9 in ExN and MOL . A, B. The ego-
centered graph shows the connections between the KO gene (FUTY9) and significantly perturbed
genes (FDR < 0.05) in ExN (A) and MOL (B). Nodes are color-coded based on the membership
of each gene in the enriched functional groups, and only those functional enrichments related to
Mendelian disease phenotypes are displayed. C. GSEA analysis identified important gene sets

related to perturbed genes.
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Supplementary Tables

Supplementary Table 1
Sample database source and basic information.

Supplementary Table 2
The number of cell for cell type.

Supplementary Table 3
The number of DEG for cell types (JlogFC|=0.25, FDR<0.05).

Supplementary Table 4
Genes perturbed by the virtual-KO of FCGR3A in aging Micro (FDR < 0.05).

Supplementary Table 5
Genes perturbed by the virtual-KO of FUT9 in aging ExN and MOL (FDR < 0.05).
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