
 1 

 
 
Supplemental Information 
 
 
Contents: 
 
Figure S1, related to Figure 1. 

Figure S2, related to Figure 2. 

Figure S3, related to Figure 3. 

Figure S4, related to Figure 4. 

Figure S5, related to Figure 4,5. 

Figure S6, related to Figure 5,6. 

Figure S7, related to Figure 7. 

 

Table S1, related to Figure 1. 

Table S2, related to Figure 4. 

Table S3, related to Figure 4. 

Table S4, related to Figure 4. 

Table S5, related to Figure 4. 

 
  



 2 

 
Figure S1, related to Figure 1 
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Figure S1, related to Figure 1. Transplantation, sorting and recovery of donor derived WT 

microglia. A) IBA1 immunostained section of Csf1r-/- brain transplanted with adult microglia 

showing typical widespread engraftment with some unpopulated territories, encircled by white 

line. Scale bar = 500μm. B) In areas of cell engraftment, transplanted microglia in Csf1r-/- hosts 

reach same density as microglia in a WT brain, p>0.05 adjusted for multiple comparisons to WT 

by Student’s t-test, N.S. = not significant. C) Sort strategy for MLC isolation showing FSC/SSC, 

single cell, live, CD45/11B, and TMEM119 gates. MLCs were sorted based on TMEM119 

immunoreactivity.  Numbers in lower left of plots shows gate hierarchy (1>2>3>4).  Cells were 

sorted from gate 4.  D) Transplantation into Csf1r-/- hosts, which lack microglia (left), leads to 

engraftment of CD45+CD11B+ cells (right) with similar profile to untransplanted microglia in a 

Csf1r+/+ (WT) control (middle) E) Transplanted microglia (blue distribution) express Tmem119 

at normal levels (black dotted) by flow cytometric analysis.  F) Genotyping gel demonstrating that 

transplanted, then sorted microglia (“ICT Cultured MG”) are WT for the Csf1r gene. G) Venn 

diagram showing differentially expressed genes between transplanted and WT microglia (2-fold 

cutoff, FPKM >20, FDR<0.05).  ICT= intracerebral transplantation, MG=microglia, MLC = 

microglia-like cell, WT= Csf1r+/+, Cult = Cultured, P5 = postnatal day 5.  
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Figure S2, related to figure 2 
 

 



 5 

 
 

 

Figure S2, related to Figure 2.  MLC transplantation system.  A) Example FACS plots 

showing CD45/11B staining profile of MLCs across all donor types, with WT littermate control 

(CTL) to the right for comparison.  B) Sort strategy for fetal head donor cell isolation showing 

FSC/SSC, single cell, live, CD45, and F4/80 gates. C) Sort strategy for fetal liver donor cell 

isolation showing FSC/SSC, single cell, live, CD45, and CD11B/F4/80 gates, and post-sort purity 

(large dots shown due to small number of cells collected for purity check).  For B-C, numbers in 

lower left corner of plots shows gate hierarchy (1>2>3>4>5).  Cells were sorted from gate 5.  D) 

Lumbar spinal cord section from Csf1r-/- mouse transplanted by ICT at P3 with GFP-expressing 

WT bone marrow and harvested 14 days later.  Scale bar = 500μm. E) MG and MLC density by 

Iba1 immunostaining across cortical and subcortical regions of engraftment normalized to area, 

p< 0.0001 for effect of donor type on density by ANOVA, *p = 0.0001 for pairwise difference 

between fetal liver and microglia, adjusted for multiple comparisons, p >0.05 for all other 

comparisons between MLCs and ICT MG control.  F) Pertaining to Figure 2B:  IBA1 staining 

(red) of ventricular donor cells from GFP+ BM, showing that nearly all cells attach to the choroid 

plexus and are IBA1+. Scale bar = 100μm.  G) Table showing relative engraftment levels for ICT 

experiments (expressed as % recovery of TMEM119+ cells in ICT compared to WT littermate), 

and percent of parenchymal IBA1+ cells that were also TMEM119+ for histological sections of 

same samples. Asterisks indicate samples with adequate RNA yield and RNA Integrity Number 

(RIN) (> 7) for RNAseq. YS = yolk sac, Fet Br = fetal brain, Fet Liv = fetal liver, IP = 

intraperitoneal, BMT = bone marrow transplant, BM = bone marrow, P = brain parenchyma, V = 

ventricular space.   
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Figure S3, related to Figure 3 
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Figure S3, related to Figure 3. Peripheral bone marrow transplantation leads to CCR2-

independent engraftment of donor-derived cells in multiple tissues, and results in partial 

rescue of the Csf1r-/- phenotype.  A) Csf1r genotyping gel for whole brain and TMEM119 

sorted microglia and MLCs.  Green arrows indicate appearance of WT band in Csf1r-/- (KO) 

whole brain samples following WT donor cell engraftment.  WT band has expected migration at 

385 BP, KO band at 300 BP.  B) Liver section from Csf1r-/- mouse following IP transplantation 

of GFP-labeled BM, scale bar = 50μm.  C) Bar graph showing intensity of IgG and albumin (Alb) 

staining for Csf1r -/- (KO, n=2) compared to littermate control (CTL, n=3) animals at age P21, 

expressed as mean fluorescence intensity ratio between stain and control (no antibody for IgG, 

secondary only for albumin). D)  Representative image of ramified IBA1+ (green) CCR2 -/- (red) 

cells showing relatively low  (arrowheads) and high RFP expressing cells engrafted in the Csf1r-

/- parenchyma.  Scale bar = 25μm.  E)  Representative image of ramified IBA1+ (green) cells 

stained for RFP (red), demonstrating typical abundance of RFP+ cells in a periventricular 

distribution. V = ventricle.  Scale bar = 100μm. F) Pertaining to Figure 3F:  purification strategy 

for BM monocyte transplantation, showing FSC/SSC, single cell gates, followed by c-kit/CD45 

and Ly6c/lineage plots before bead enrichment, before FACS, and post-sort.  The lineage 

cocktail included antibodies against CD3, B220, NK1.1, Il7Ra, SiglecF, and GR1.  Numbers in 

lower left corner of plots show gate hierarchy (1>2>3>4).  Cells were sorted from gate 4.   
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Figure S4, related to Figure 4 
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Figure S4, related to Figure 4. Transcriptomic profiling of highly pure myeloid cells reveals 

similarities and differences between microglia and MLCs in the CNS environment. A) Sorted 

cell purity heatmap showing expression of brain cell-type specific markers.  B) Principal 

component analysis (PCA) coded by library prep batch (colors) and sequencing run lane 

(symbols).  Ellipses demarcate 95% confidence intervals for samples grouped by batch. C) 

Correlation heatmap depicting Spearman coefficients between microglia, MLCs from all sources, 

and myeloid cell types from published datasets.  Table identifies source of datasets. D) Scatterplot 

showing 2 largest principle components for diverse myeloid cells from current and other studies 

(PCA performed on 2500 most variant genes). Table identifies source of datasets. ICT = 

Intracerebral transplant, MG = microglia, fetal br = fetal brain donor tissue, fetal liv = fetal liver 

donor tissue, BM = bone marrow, MG (Cult CTL) = WT microglia purified in parallel to MGs used 

for culture ICTs, BMT = MLCs derived from peripheral bone marrow transplantation. 
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Figure S5, related to Figures 4,5 
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Figure S5, related to Figures 4,5.  Ontogeny but not prolonged CNS residence results in 

faithful expression of microglial genes.  A) Signature gene expression in microglia, HSC- and 

YS-MLCs. * = FDR < 0.05. Error bars depict SEM. B) Sall1 expression (in FPKM) by microglia 

and MLCs of YS (blue) and HSC (orange) origin. * = FDR<0.05, NS = not significant.  Error bars 

represent SEM. C) Relative expression of myeloid genes in ICT microglia (blue), ICT BM (red, 14 

day brain residence), and IP BMT (orange, 2-3 month brain residence).  NS indicates no statistical 

difference between any pairwise comparison. *, FDR < 0.05 comparing ICT BM to IP BMT.  #, 

FDR<0.05 comparing ICT BM to pICT MG.  %, FDR<0.05 comparing IP BMT to pICT MG.   Error 

bars depict SEM. D) Ingenuity Pathway Analysis® comparing YS- to HSC-MLCs for pathways 

with –log(p) >5 cutoff (red line).  Orange line shows fraction of genes in pathway that are 

differentially expressed.  Orange bars show positive association of pathway with YS-MLCs, blue 

bars with HSC-MLCs, gray bars represent indeterminate direction of association. 
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Figure S6, related to Figure 6 
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Figure S6, related to Figure 6.  HSC-MLCs persist in the brain for long periods, and show distinct 

expression of origin markers in multiple transplantation systems.  (A) RNA In situ hybridization for 

Gpr56 (blue) and Ms4a7 (red) in BM-MLCs, ICT MGs. Scale bar = 100μm, arrowheads highlight Ms4a7+ 

cells. (B) Immunostaining shows persistent residence and expression of TMEM119 (red) and IBA1 (green) 

by MLCs 6 months after transplantation.  (C) RNA In situ hybridization for Ms4a7 (red) and Cx3cr1 (green) 

shows absence of Ms4a7+ cells in the brain parenchyma of WT animals at 3 days, 2 months, and 2 years.  

Arrowheads depict Cx3cr1+/Ms4a7- macrophages in 2 year-old animals, to distinguish from vast 

autofluorescence. Scale bar = 100μm. (D,F) TMEM119 (red) and donor cell marker (green) 

expression 2 months after BM ICT into tamoxifen-injected Cx3cr1-CreER;Csf1r fl/fl neonates (D) 

or adults (F), showing that donor cells intermix with host, ramify and express TMEM119.  (E,G)  

RNA In situ hybridization and protein staining of the same tissue for Ms4a7 (red) and IBA1 protein (green) 

shows Ms4a7+ macrophages in the same pattern as donor cells from nearby immunostained sections, 

intermixed with Ms4a7- cells 2 months after neonatal (E) or adult (G) transplantation.  Scale bars = 100μm 

(D,F), 50μm (E,G) 
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Figure S7, related to figure 7 
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Figure S7, related to Figure 7.  Validation of human TMEM119 monoclonal antibody and MS4A7 

antibody specificity.  (A) Mouse anti-hTMEM119 monoclonal clone A16075D does not stain human 

blood (blue) above isotype control (red) but (B) does stain most CD45/11B double positive cells from the 

brain, resolving a mixed double positive population into two otherwise inseparable groups.  Numbers in 

lower left corner of plots shows gate hierarchy (1>2>3>4>5>6).  (C) Gating strategy related to 

Figure 7E, numbers in lower left corner of plots shows gate hierarchy (1>2>3>4).  Histogram in 

main Figure depicts cells in gate 4 from TMEM119 stained vs isotype control stain. D) Engrafted 

human blood cells immunostained with antibodies against IBA1 (green) and MS4A7 (red).  E) 

Engrafted human blood cells stained with antibodies against IBA1 (green) and MS4A7 pre-

incubated with molar excess of immunizing peptide (red) F) Human surgical sample stained with 

antibodies against IBA1 and MS4A7, and overlaid with signal from unstained channel to identify 

tissue autofluorescence (light yellow in left panel, white in right panel).  Scale bar = 50μm.  (G-I)  

Full images of cells shown in Figures 7I-7K, with area of cropping designated by a white square.  

Scale bars = 25μm. 
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Table 1. Differential gene expression in ICT vs WT microglia, related to Figure 1. 
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Table S1, related to Figure 1. Differentially expressed genes between ICT-MGs and WT-

MGs.  Columns (left to right) show gene name, FPKM in WT MG and pooled ICT-MGs, log2(fold 

change), and false discovery rate (FDR) from edgeR comparison.  Differential gene expression 

(DGE) was filtered for at least 2-fold change, FPKM>20 in at least 1 sample, and FDR <0.05. 
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Table S2: Expression of microglia enriched genes in MLCs, related to Figure 4. 
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Table S2, related to Figure 4.  Expression of microglia-enriched gene cassette from 

Bennett et al 2016 in ICT-MGs, HSC- and YS-MLCs.  Columns (left to right) show gene name, 

FPKM values, Log2(fold change) for 3 relevant comparisons, and associated p-values.  Colored 

genes indicate DGE between YS- and HSC-MLCs (2 fold cutoff, FDR<0.05, FPKM >20). Genes 

colored blue were closer to MG levels in YS-MLCs, while genes colored orange were closer in 

HSC-MLCs. 
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Table S3: Expression of TMEM119- myeloid cell enriched gene cassette in MLCs, 
related to Figure 4. 
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Table S3, related to Figure 4.  Expression of non-microglial myeloid cell-enriched gene 

cassette from Bennett et al 2016 in ICT-MGs, HSC- and YS-MLCs.  Columns (left to right) 

show gene name, FPKM values, Log2(fold change values) for 3 relevant comparisons, and 

associated p-values.  Colored genes indicate DGE between YS- and HSC-MLCs (2 fold cutoff, 

FDR<0.05, FPKM >20). Genes colored blue were closer to MG levels in YS-MLCs, while genes 

colored orange were closer in HSC-MLCs.  NA = unable to achieve meaningful statistical 

comparison based on read counts by edgeR. 
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Table 4: Genes decreased in IP BM MLCs (2-3 months brain residence) compared to 
ICT BM MLCs (2 weeks brain residence), related to Figure 4. 
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Table S4, related to Figure 4.  Genes more highly expressed in MLCs from BM ICT at 2 

weeks than MLCs from BM IP at 2-3 months.   Columns (left to right) show gene name, FPKM 

values, Log2(fold change), and associated FDRs, for all genes with FPKM>20 in at least 1 

sample, and Log2(FC) of 1 or higher. 
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Table S5: Genes increased in IP BM MLCs (2-3 months brain residence) compared to 
ICT BM MLCs (2 weeks brain residence), related to Figure 4. 
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Table S5, related to Figure 4.  Genes more highly expressed in MLCs from BM IP at 2-3 

months than MLCs from BM ICT at 2 weeks.   Columns (left to right) show gene name, FPKM 

values, Log2(fold change), and associated FDRs, for all genes with FPKM>20 in at least 1 

sample, and Log2(FC) of -1 or lower. 

 


