
Figure S1 

 

 

 

 



Figure S1. Cell sorting of brain myeloid cells for scRNA-seq and quality 
assessment, Related to Figure 1.  

(A) Representative FACS plots showing gating strategy and the cells sequenced (red or 
blue dots in the bottom panels) in our study. Microglia and myeloid cells were sorted 
separately for P7 and P60 stages. (B) Quality control (QC) criteria for the single-cell 
sequencing data. Fitted curves for histograms of mapped reads, numbers of detected 
genes and ERCC correlation coefficient (estimating accuracy) are labeled in red. Dashed 
lines are statistical cutoffs. Cells that passed all three criteria were retained for analysis. 
(C) Scatter plot highlighting cells that passed QC (red) among all cells sequenced. Each 
dot is a cell. (D) Summary for the numbers of cells sequenced and cells passed QC (red) 
from different brain regions and developmental stages. (E) Detection limit of the current 
scRNA-seq platform showing its single-molecule detection sensitivity for ERCC spike-ins. 
Each dot represents a cell (See also STAR Methods). (F) Detection accuracy of the 
current scRNA-seq platform showing its precision based on the high correlation between 
ERCC input counts and actual sequencing reads. Each dot represents an ERCC 
molecule. (G) Comparison of the sequencing data for adult microglia with two other 
studies showing about 3-fold increase in the number of genes detected in each cell by 
our study. (H) Comparison of the sequencing data for adult microglia with two other 
studies showing higher detection rates in the sequenced microglia populations for over 
80% of genes by our study. Each dot represents a gene.   

 

 

 

 

 

 

 

 

 

 

  

 



Figure S2 

 

 

 

 



Figure S2. Limited transcriptomic heterogeneity of adult homeostatic microglia 
across brain regions, Related to Figure 3. 

(A) Violin plots showing similar expression levels of homeostatic microglial signature 
genes in two P60 microglia clusters. None of the genes shown were statistically different 
in expression between the two populations. (B) Immunohistochemistry on fixed sections 
from adult brains showing negative expression of FOS and EGR1 in microglia (CX3CR1-
GFP+, arrow heads), and positive signals from surrounding non-microglia cells. (C) 
Quantification of fluorescence signals in (B). n=30 cells each, for microglia and non-
microglia cells. (D) Violin plots showing that genes reported as being differentially 
expressed between region-specific microglia in the adult (Grabert et al., 2016) are mainly 
enriched in non-microglia myeloid cells in our scRNA-seq data. Clusters 0-6 are microglia 
clusters (shaded in gray). Scale bar in (B) is 50um.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S3 

 

 

 

 

 



Figure S3. Effect of cell cycle regression on scRNA-seq data for P7 microglia, 
Related to Figure 4. 

(A) Heatmaps showing the top genes from the first three principal components underlying 
cell-to-cell variations in P7 microglia. Prior to cell cycle regression, known cell cycle 
related genes (red) were abundant. (B) Heatmaps showing cell cycle regression effect 
where no known cell cycle related genes were at the top of the first three principal 
components. (C) Originally, principal component analysis on cell cycle genes separated 
P7 microglia into different clusters which mostly matched their cell cycle phases (left). 
After cell cycle regression, cells were no longer separated by cell cycle phases (right).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S4 

 

 



Figure S4. Phase-specific gene expression of dividing microglia (P7-C1 cluster) 
along cell cycle pseudotime, Related to Figure 4. 

(A) tSNE plots highlight P7-C1 microglia in the original plot (Figure 1C) based on the re-
clustering analysis. Cells were color coded the same way as in Figure 1C. Numbers of 
cells in each cluster were given in parentheses. (B) – (F) are detailed analysis for the 384 
P7-C1 microglia shown in (A). (B) Heatmap (upper panel) showing pseudotime ordering 
of P7-C1 microglia based on raw phase scores. Each column is a cell, and each row 
denotes raw scores for a specific cell cycle phase along the dividing pseudotime. G0 cells 
have no dominant phase scores for any phase. Heatmap (lower panel) showing 
expression levels of individual genes identified as phase-specific by the algorithm. Each 
column is a cell and each row is a gene. Such ordering is largely consistent with the 
original cell identities by the clustering analysis as shown in the bottom color-coded bar. 
(C) Dot plots showing expression levels of phase-specific genes along microglia dividing 
pseudotime. Genes for each phase were plotted in separate graphs with each dot 
representing level of expression for a given gene in a given cell. Curves show average 
expression of all genes assigned to a phase along dividing pseudotime. Expression of 
microglial signature genes is shown at the bottom. (D) Heatmap showing pseudotime 
ordering of P7-C1 microglia by using normalized phase scores. (E) The gray pie chart 
showing overlaps of phase-specific genes identified by the algorithm compared with four 
published cell cycle gene sets. The novel category shows the percentage of genes found 
here that were not reported in any of the four datasets. Colored pie charts are breakdowns 
of the genes from each category based on the phase assignment. (F) Table showing gene 
names identified as “Novel” in (E). Genes that may play a role in cell division were bolded.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure S5 

 



Figure S5. Histological validation of early postnatal proliferative region-associated 
microglia as well as cytokines/chemokines and their receptor expression profiles 
in these microglia, Related to Figure 6. 

(A) Expression of Gpnmb, Spp1 and Clec7a in postnatal P7-C1 microglia in comparison 
with all other sequenced myeloid cells by scRNAseq. See Figure 1C for cluster 
annotations. (B) RNA in situ (RNAscope) validation of Itgax expression by P7-C1 
microglia (PAM). Itgax and Gpnmb signals mainly overlapped in the corpus callosum and 
white matter region of cerebellum, and these cells were also positive for microglia marker 
Cx3cr1. (C) Immunohistochemistry on fixed brain sections showing SPP1 was strongly 
expressed by a subset of CLEC7A+ microglia in the P7 white matter (arrow heads), while 
CLEC7A+SPP1- microglia were also seen (arrows). Violin plot on the right showing nearly 
100% expression of Spp1 in GPNMB/CLEC7A double positive cells by scRNA-seq. (D) 
Heatmap showing expression profiles of cytokines/chemokines and their receptors by 
postnatal microglia. Only genes differentially expressed between postnatal PAM and P7-
C0 immature microglia were included. Scale bars in (B) and (C) are 50um.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S6 

 
 

 



Figure S6. Amoeboid early postnatal PAM, independent of TREM2-APOE regulation, 
Related to Figure 7. 

(A) Immunohistochemistry showing that amoeboid CLEC7A+ microglia are present in the 
corpus callosum and cerebellar white matter region of Trem2-/- and Apoe-/- mice at P7. 
CTX: cortex; CC: corpus callosum; LV: lateral ventricle; HIP: hippocampus; CB: 
cerebellum. Scales bars are 50um. (B) TSNE plot showing 3 clusters of scRNA-seq data 
of 334 P7 microglia (passed quality control) sorted from C57BL/6J and Trem2-/- brains. 
The table below shows the numbers of cells used for analysis, which were sorted either 
from the CD45lowCD11b+ gate or from the CD45lowCD11b+GPNMB+CLEC7A+ gate (to 
enrich PAM) in the two genotypes. (C) Violin plots of gene expression showing that cluster 
(i) represents postnatal immature microglia with low levels of PAM markers (such as Spp1, 
Gpnmb, Clec7a, Igf1 and Apoe) and high levels of homeostatic markers such as 
Tmem119. Cluster (ii) and cluster (iii) represent PAM to different extent of polarization, 
with cluster (iii) expressing even higher levels of PAM markers and lower levels of 
homeostatic markers. (D) Overlaying genotype and sorting gate identities onto the TSNE 
plot showing that majority of P7 microglia from C57BL/6J and Trem2-/- brains are 
intermingled in the cluster (i). (E) Overlaying genotype and sorting gate identities onto the 
TSNE plot showing that CD45lowCD11b+GPNMB+CLEC7A+ microglia sorted from 
C57BL/6J and Trem2-/- brains are mainly found in cluster (ii) and (iii), and Trem2-/- cells 
enriched in this gate seem to preferentially concentrate in cluster (iii), corresponding to 
higher levels of PAM polarization. (F) Stacked bar plot showing the percentage of 
CD45lowCD11b+GPNMB+CLEC7A+ microglia from C57BL/6J or Trem2-/- brains in each 
of the 3 clusters.  

 

 

 

 

 

 

 

 

 

 

 



Figure S7 

 

 



Figure S7. Phagocytosis of newly formed oligodendrocytes and possibly 
astrocytes by early postnatal PAM, Related to Figure 8. 

(A) Slice culturing sections after 4hr beads incubation and prior to washing demonstrating 
broad distribution of beads across brain regions in the phagocytosis assay. Dark spots 
(arrow heads) were congregated beads in areas where little phagocytosis was observed 
in microglia. Fluorescent beads were already visible in the developing white matter 
regions at this lower magnification of light microscopy. (B) 3D construction of a beads-
eating CLEC7A+ microglia. Spherical beads (red) were readily seen inside of the cell. (C) 
Little interaction between early postnatal PAM and PDGFRA+ oligodendrocyte precursor 
cells in the corpus callosum shown by immunostaining. (D) Physical interaction between 
early postnatal PAM and Aldh1l1-GFP+ astrocytes in the corpus callosum (right panel). 
Aldh1l1-GFP+ astrocytes did not overlap with cCASP3+ signals, which were sometimes 
inside CLEC7A+ microglia (middle two panels). (E) 3D reconstruction (right panel) of an 
early postnatal PAM phagocytosing a dying (cCASP3+) MBP+ oligodendrocyte. Also see 
Movie S2. (F) 3D reconstruction of an early postnatal PAM interacting with an Aldh1l1-
GFP+ astrocyte. Over 30% of astrocyte volume overlapped with the CLEC7A signal 
calculated by Imaris. (G) GO term analysis showing enriched terms for “Biological 
Process” and “Cellular Component” in P7-GPNMB+CLEC7A+ microglia (PAM) by 
PANTHER software. Fold enrichment was shown by bars, and -log10 FDR (false 
discovery rate) was shown by red dots. Terms related to metabolism were highlighted in 
blue. CTX: cortex; CC: corpus callosum; STR: striatum; HIP: hippocampus; LV: lateral 
ventricle; OB: olfactory bulb; TH: thalamus; RMS: rostral migratory stream; MB: midbrain; 
CB: cerebellum; BS: brain stem. Scale bars: 500um in (A); 10um in (B), (E) and (F); 50um 
in (C) and (D).  


