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Supplementary Figure 1  
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Supplementary Figure 1  

BM-derived parenchymal brain macrophages accumulate over time post-irradiation. 

(a)  Schematic of BM transfer protocol. 

(b) Flow cytometry analysis of myeloid BM progenitor compartment of chimeras 13 weeks post- 

BMT.  

(c) Flow cytometry analysis of blood monocytes of chimeras 13 weeks post-BMT.  

(d) Flow cytometry analysis of brain cells of chimeras 13 weeks post-BMT. Of note, Ly6C-

CD11b+ cells comprise host microglia (CD45.2) and BM-derived cells (GFP+ CD45.1). 

(e) Analysis of myeloid BM progenitor compartment of chimeras 7 weeks post second BMT. 

Note that none of the myeloid progenitors expressed GFP, while MDP, cMOP and 

monocytes do show RFP signal. 

(f) Flow cytometric analysis of brain cells 16 weeks post second BMT for distribution of first and 

second graft-derived myeloid cells (CD11b+ Ly6C/G+ and CD11b+ Ly6C/G- ). Bar graph 

shows distribution of cells derived from first and second graft out of the total CD45+ cells in 

brains at two time points. Data are a summary of 3 mice per time point.  
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Supplementary Figure 2  
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Supplementary Figure 2  

Clonal analyses on TBI- and Busulfan-treated animals.  

(a)  Experimental set-up: Lineage-negative cells from 8-weeks old male donors were 

transduced with lentiviral vectors carrying eBFP as a fluorescent reporter, as well as a 

BC32-eBFP barcode system 1, prior to transplantation into 8-weeks old female recipients 

conditioned either with total body irradiation (TBI) or chemotherapy (Busulfan). Peripheral 

blood samples were taken every 4-6 weeks post transplantation to monitor engraftment. 6 

months post transplantation, animals were sacrificed and peripheral blood, BM, spleen and 

the brain were taken for clonal analyses.  

(b) Flow cytometry on peripheral blood samples to measure the chimerism. 

(c) Chimerism of sorted parenchymal brain macrophages as detected by Y-chromosome-

specific digital droplet PCR. 

(d) Barcode analyses on DNA extracted from peripheral blood, BM, spleen and sorted CD45int 

brain macrophages and CD45high CNS cells. Numbers of barcodes for the samples are 

shown in the bar plots and shared barcodes of the respective sample are displayed in the 

Venn diagrams. 
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Supplementary Figure 3 
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Supplementary Figure 3  

Measurements of host and donor cells from recipients of lineage-negative BM that 

carrying lentiviral constructs conferring eBFP expression. 

a)    Workflow of measurements showing that all cortical microglial cells were segmented and 

randomly sampled for single cell morphological analysis in the Iba-1 (red) channel. Nuclear 

DAPI counterstain (blue) was used to indicate soma location. For unblinding of cell type, 

immunolabel for P2RY12 (green; filled arrowheads) or TMEM119 (not shown) identified 

host microglial cells, while eBFP expression (white; open arrowheads) indicated donor 

cells. Scale bars, 30 µm. 

b-g) In maximum intensity projection images, single cells were analyzed for (b) area of cell 

soma, (c) area covered by soma and processes, (d) number of processes, (e) total length 

of the processes, (f) maximum number of intersections of the processes determined by 

Sholl analysis, and (g) nearest neighbor intercellular distance. All data sets are normally 

distributed (D’Agostino-Pearson test, p > 0.05), except the total process length of eBFP+ 

donor cells in Busulfan-conditioned mice (D’Agostino-Pearson test, p = 0.0358). For each 

brain conditioning paradigm (Busulfan, TBI), the parameters of 20 cells per cell type were 

compared by two-tailed unpaired t-test. ns, not significant. 
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Supplementary Figure 4  

 
Flow cytometry analysis of chimeras used for isolation of cells for transcriptome 

epigenome analysis  

a) Representative flow cytometry analysis of brain of [CD45.1 > CD45.2] chimera, 9 months 

after engraftment. Note presence of graft derived- parenchymal macrophages (CD45.1int) 

and perivascular macrophages (CD45.1hi), but absence of the latter from the CD45.1+ host 

compartment. Dot blot on the right indicates respective population in the sort gate (Fig. 3a) 

b) Representative flow cytometry analysis of brain of [CD45.1 > CD45.2] chimera, 9 months 

after engraftment and 12 hours after intra-peritoneal LPS treatment. Dot blot on the right 

indicates respective population in the sort gate (Fig. 3a). 
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Supplementary Figure 5  
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Supplementary Figure 5  

Comparison of transcriptomes of engrafted cells and host microglia. 

a) Volcano plot of RNA seq data of samples acquired in Fig. 3a, showing up- and down 

regulated genes in the graft-derived cells relative to host microglia. Analysis was restricted 

to expressed genes. Dark dots indicate genes showing a 2-fold difference and yielding p-

values <0.05 between the two populations, N=4.   

b) Examples of gene expression enriched in engrafted cells. Graphs show normalized reads 

from RNA seq data of samples acquired in Fig. 3a, N=4. 

c) Correlation matrix of transcriptomes of engrafted cells and host microglia with 

transcriptome of microglia isolated from brains of age-matched non-irradiated C57BL/6 WT 

mice.  

d)    Examples of gene expression enriched in host microglia. Graphs show normalized reads    

       from RNA seq data of samples acquired in Fig. 3a, N=4. 
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Supplementary Figure 6  

 
Pathway analysis and transcriptome comparisons  

a) GSEA analysis of transcriptomes of HSC-derived engrafted brain macrophages and 

microglia.  

b) Comparative analysis of lists of genes differentially expressed by graft-derived brain 

macrophages and host microglia in this study to the data retrieved from the study by Kipnis 

and colleagues 2 and Bennett et al. 3.  Blue area represents DEG of engrafted 

macrophages and host microglia of this study. 
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Supplementary Figure 7 

 

 
 

  

ATACseq data of engrafted cells and host microglia isolated from brains of 

unchallenged BM chimeras.  

a) Correlation analysis of ATACseq samples prepared from sorted grafted cells and host 

microglia. 

b) List of highly abundant motifs identified in sequences coinciding with ATACseq peaks        

(-log10 (p-value) > 66.37). See Supplementary Source Data. 
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Supplementary Figure 8 

 

 
 

 

Comparison of engrafted cells and host microglia isolated from brains of BM chimeras 

subjected to peripheral LPS challenge. 

a) Examples of genes expressed by grafted cells and host microglia in steady state and 12h    

post-LPS. See Supplementary Source Data. 

b)   Heatmap showing differential TF expression profiles of grafted cells and host microglia 

isolated from LPS challenged chimeras. 
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Supplementary Figure 9 

  

 
 

 

ATACseq data of engrafted cells and microglia isolated from mice challenged with LPS 

a) Correlation analysis of ATACseq samples prepared from sorted grafted cells and host 

microglia isolated from LPS challenged BM chimeras. 

b) List of highly abundant motifs identified in sequences coinciding with ATACseq peaks          

(-log10 (p-value) > 50.86) in grafted cells and microglia isolated from LPS challenged BM 

chimeras. See Supplementary Source Data.  
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Supplementary Figure 10  

 

Comparative protein expression analysis of grafted cells and host microglia in mouse 

chimeras. 

Expression of the graft-specific markers APOE (a) and MHC class II (b) (green) in the cortex of 

mice that received lineage negative BM carrying the lentiviral construct conferring eBFP 

expression. Host (filled) and donor (open) cells are indicated with respective arrowheads. Iba-1 

immuno-histochemistry for microglia (red). DAPI nuclear counterstain (blue). Scale bars, 30 

µm. 
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Supplementary Table 1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ingenuity Pathway analyses (IPA)  
a) IPA analysis of genes differentially expressed by engrafted macrophages and host microglia 

isolated from untreated BM chimeras. 

b)  IPA of transcriptomes of HSC-derived engrafted parenchymal brain macrophages and host 

microglia isolated from animals 12hrs after peripheral LPS challenge. 
c) IPA of genes differentially expressed by engrafted macrophages isolated from untreated BM 

chimeras or animals 12hrs after peripheral LPS challenge. 
d) IPA of genes differentially expressed by host microglia isolated from untreated BM chimeras 

or animals 12hrs after peripheral LPS challenge. 

a Upstream Regulator Expr Log Ratio 
(graft / host)  Predicted Activation State Activation z-score p-value of overlap Mechanistic Network 

TGFB1 -0.464   -0.029 1.58E-28 276 (18) 
LPS     1.936 2.40E-28 299 (17) 
IL4     0.083 4.74E-24 254 (15) 

IFNG     1.713 1.08E-22 241 (19) 
IL10RA -0.334   -1.72 7.44E-22 193 (19) 

TNF -1.59   0.107 5.19E-21 264 (16) 
dexamethasone     0.274 4.86E-20 285 (19) 

IL6 -2.33   1.384 2.36E-19 261 (17) 
APP 0.337   0.192 2.51E-19 244 (17) 
CSF3 0   0.791 3.61E-17 234 (22) 
CSF2     1.015 4.18E-17 283 (19) 
IL10 5.02   -1.358 6.89E-17 237 (19) 

poly rI:rC-RNA   Activated 2.711 9.02E-17 235 (18) 
IL1B 1.37   1.803 1.15E-16 247 (16) 
IL2   Activated 2.071 3.18E-16 251 (18) 

Upstream Regulator Expr Log Ratio 
(graft / host) Predicted Activation State Activation z-score p-value of overlap Mechanistic Network 

LPS   Activated 6.292 2.38E-64 324 (15) 
IFNG   Activated 5.652 4.75E-53 289 (14) 
TNF -1.71 Activated 5.042 2.62E-43 277 (14) 
IL1B 1.03 Activated 4.395 1.70E-41 322 (14) 

TGFB1 0.332   0.544 3.00E-37 311 (19) 
IL4   Activated 2.937 6.06E-33 309 (15) 

dexamethasone     1.166 1.06E-32 321 (16) 
IL10RA -0.159 Inhibited -4.971 8.40E-31 217 (13) 

TNFSF11   Activated 2.416 1.43E-29 259 (14) 
IL13     1.037 1.87E-29 267 (15) 

STAT1 0.536 Activated 4.556 5.92E-29 262 (16) 
STAT3 0.14   1.69 9.19E-29 275 (18) 

IL6 -0.955 Activated 3.462 2.84E-28 296 (16) 
IRF3 -0.219 Activated 4.755 1.28E-27 206 (13) 

E. coli B4 LPS   Activated 3.406 4.25E-27 243 (17) 

b

Upstream Regulator Expr Log Ratio 
(graft NT / LPS) Predicted Activation State Activation z-score p-value of overlap Mechanistic Network 

LPS   Activated 10.409 2.79E-76 515 (13) 
IFNG   Activated 7.137 5.98E-63 447 (13) 
IL1B 2.85 Activated 7.232 1.47E-55 455 (13) 
TNF 1.54 Activated 8.266 3.94E-51 461 (13) 
IL4   Activated 3.135 5.43E-43 527 (17) 

TGFB1 -0.71 Activated 3.15 1.20E-42 510 (18) 
dexamethasone     0.194 1.84E-38 602 (17) 

TNFSF11   Activated 4.885 1.67E-34 462 (13) 
IL10RA -0.585 Inhibited -6.758 1.64E-30 344 (16) 

poly rI:rC-RNA   Activated 6.779 2.74E-29 461 (16) 
beta-estradiol   Activated 2.073 2.10E-28 649 (20) 

TP53 -0.9   1.761 3.08E-28 489 (19) 
CD40LG     1.886 7.21E-28 409 (15) 

IL6 2.54 Activated 3.755 1.02E-27 458 (13) 
PD98059   Inhibited -3.87 2.02E-27 550 (19) 

c

d Upstream Regulator Expr Log Ratio 
(host NT/ LPS) Predicted Activation State Activation z-score p-value of overlap Mechanistic 

Network 
LPS   Activated 7.457 5.68E-33 367 (14) 
IL1B 3.19 Activated 5.235 1.20E-26 315 (13) 
IFNG   Activated 5.276 2.05E-25 317 (14) 

TNFSF11   Activated 3.984 2.88E-23 290 (11) 
poly rI:rC-RNA   Activated 5.368 1.04E-22 323 (15) 

TNF 1.66 Activated 5.972 1.65E-21 310 (13) 
TLR4 -1.21 Activated 4.144 1.29E-19 283 (14) 

TGFB1 -1.51 Activated 2.604 3.02E-19 374 (16) 
dexamethasone     0.666 5.94E-19 385 (17) 
E. coli B5 LPS   Activated 4.473 1.72E-18 308 (13) 

IL4     -0.634 6.98E-18 325 (17) 
S. minnesota R595 LPSs   Activated 4.95 7.57E-18 285 (14) 

TICAM1 -0.095 Activated 5.04 1.02E-16 227 (16) 
methylprednisolone   Activated 2.942 1.54E-16 388 (19) 

APP 1.26 Activated 4.786 2.25E-16 371 (16) 


