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Supplementary Fig. 1. Fluorescence-activated cell sorting of mouse microglia. 

a, Forward scatter of cells (y axis is height and x axis is width) to determine singlets. b, DAPI staining 

on y-axis, singlets on x-axis to determine live cells. Negative staining of DAPI are live cells. c, Side-

scatter plotted against forward scatter to determine similarity of size and complexity of singlets. d, 

Singlets are carried forward with CX3CR1+ (high) staining and CD45 (low) staining. e, Singlets are 

carried forward with CX3CR1+ (high) staining and CD11b+ (high) staining. Microglial cells are 

subsequently sorted with these criteria. f, Microglia are 13.3% of all events.  



 
 

 

Supplementary Fig. 2. Sequencing metrics. Bar graphs showing metrics of all cells sequenced prior to 

filtering. a, Mean number of reads per cell by sample. b, Percentage of sequencing saturation by sample. 

c, Total number of genes detected per cell by sample. d, Median number of genes detected per cell by 

sample. e, Median number of UMI counts per cell by sample. f, Number of cells sequenced by sample 

estimated by Cell Ranger (10X Genomics). 



 
 

 



 
 

Supplementary Fig. 3. UMAPs of 11 color-coded clusters in seven experimental conditions in males. 

D0_M_NAIVE - nave mice; D3_M_SHAM – Day 3 post-sham; D3_M_SNI – Day 3 post-SNI; 

D14_M_SHAM – Day 14 post-sham; D14_M_SNI – Day 14 post-SNI; M5_M_SHAM – 5 months post-

sham; M5_M_SNI – 5 months post-SNI. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 



 
 

Supplementary Fig. 4. UMAPs of 11 color-coded clusters in seven experimental conditions in females. 

D0_F_NAIVE - nave mice; D3_ F_SHAM – Day 3 post-sham; D3_F_SNI – Day 3 post-SNI; 

D14_F_SHAM – Day 14 post-sham; D14_F_SNI – Day 14 post-SNI; M5_F_SHAM – 5 months post-

sham; M5_F_SNI – 5 months post-SNI. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Supplementary Fig. 5. Heatmap showing expression of top 8 highly expressed genes in each cluster. 

Expression of genes is color-coded, where yellow indicates higher expression and purple indicates lower 

expression. See Supplementary Data 2 for a complete list of clusters markers. 

 

 

 

 

 

 



 
 

 

 



 
 

Supplementary Fig. 6. Gene expression and GO analysis show heterogeneous transcriptional states 

in spinal microglia. a, Violin plots showing the expression of Mki67 and Top2a transcripts across 

clusters. GO terms (biological process) enriched in markers from clusters 7 and 8 (b), and the top 40 

markers from cluster 9 (c). Analyses in b and c were performed using Enrichr (employing Fisher's exact 

test), p-values were corrected for multiple testing using the Benjamini-Hochberg method. d, Violin plots 

showing the expression of H2-Aa and Mrc1 transcripts across clusters.  



 
 

 



 
 

Supplementary Fig. 7. Identification of specific microglia clusters in the dorsal horn spinal cord 

using in situ hybridization. TdTomato;TMEM119CreERT2 mice were used to visualize microglia in the 

spinal cord dorsal horn. Spinal cord sections from mice at day 3 post-SNI were processed for in situ 

hybridization (using RNAscope) and the images were collected using confocal microscopy. Unique 

cluster markers were used to identify microglia belonging to cluster 4 (a, Gm3336), 5 (b, Spp1+), 6 (c, 

Ifit3+), 7 (d, Mki67+), 8 (e, Mcm6+), 10 (j, Cldn5+), and 11 (k, H2-EB1+). Eight best combinations of two 

markers to identify cluster 9 microglia are shown in f. The percent of cluster 9 microglia that can be 

identified by a combination of two markers is shown. In situ hybridization for Lgals1 and Top2a reveals 

microglia belonging to cluster 9 (g, low magnification, i, high magnification, white arrow, Lgals1+Top2a-

) and likely proliferating microglia (i, yellow arrow, Lgals1-Top2a+). h, The number of cluster 9 

microglia at day 3 post-SNI in males and females was calculated by counting the proportion of 

Lgals1+Top2a- microglia (tdTomato-positive) and correcting for the fraction of cluster 9 microglia that 

can be detected using Lgals1+Top2a-  markers as shown in f. N=3 mice/group. Data are presented as 

mean ± s.e.m. j, Vessel-associated microglia (white arrow) were identified by the presence of Cldn5 and 

the absence of the endothelial marker Pecam1. Yellow arrow marks Cldn5+Pecam+ cell, likely 

representing endothelial cells (note the different shape of the nucleus in blue). Scale bar is 100 μm for 

low magnification and 10 μm for high magnification images. 

 

 

 

 

 

 

 



 
 

 

Supplementary Fig. 8. Peripheral nerve injury induces changes in the expression of ribosomal 

proteins. a, Male and female mice expressing tdTomato under the microglia-specific promoter, 

TMEM119 (TdTomato;TMEM119CreERT2), were subjected to the spared nerve injury (SNI) and the spinal 

cord tissue was collected at day 3 post-SNI (males n=3 mice/group, females n=4 mice/group). Scale bar 

is 100 μm. An unpaired two-tailed t-test was used to compare two groups. Data are plotted as mean ± 

s.e.m. b, Number of mRNAs encoding ribosomal proteins showing differential expression across 

conditions. Small ribosomal subunit (Rps), large ribosomal subunit (Rpl). 

 

 

 



 
 

 



 
 

Supplementary Fig. 9. Correlation between changes in gene expression in male and female 

microglia. Correlational analysis between differentially expressed genes (DEGs) in male and female 

microglia in each of the first six clusters on day 3 (a), day 14 (b) and 5 months (c) post-SNI. Pearson 

correlation coefficients (r) between males and females were calculated using the log fold change (logFC) 

values of genes that are differentially expressed in either sex. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

Supplementary Fig. 10. Expression changes in MAPK and inflammation related genes. Table 

showing average log-transformed fold changes of MAPK-specific phosphatases Dusp1 and Dusp6, pro-

inflammatory genes Il1b and Tnf, and microglia activation marker Tspo. Upregulated genes are shown 

in red and downregulated genes in blue. Adjusted p-values are shown in brackets. Differentially 

expressed genes were calculated using the Wilcoxon rank-sum test (two-sided) with Bonferroni 

correction. 

 



 
 

 



 
 

Supplementary Fig. 11. Information on rapid autopsy human spinal cord material. a, Rapid autopsy 

human spinal cord tissue is provided from the level of the first lumbar nerve (L1) caudally to the conus 

terminalis. Meningeal layer is removed in preparation of tissue for digestion. b, Donor demographics 

and sequencing parameters. c, A heatmap showing the expression of the top 1000 highly expressed genes 

in our human spinal cord microglia dataset and the expression of these genes in non-spinal cord (brain) 

microglia in 3 publicly available studies: (Masuda et al.,1), (Sankowski et al., 2), and (Olah et al., 3). The 

gene list with expression values of the analysed 1000 genes can be found in Supplementary Data 9. d. A 

Venn diagram using the top 1000 highly expressed genes in each dataset. e. A table showing basic metrics 

of the used datasets including library preparation technology, sequencing platform and depth, number of 

sequenced cells and the source of the tissue. f-h. The similarity of genes expressed in spinal cord (current 

study) and brain (Masuda et al.,1, Sankowski et al., 2, and Olah et al., 3) microglia was studied on a per-

cluster basis. Bar plots depicting the percentage of common upregulated genes between spinal cord (sc-

MIC) and brain microglia clusters from 3 publicly available studies: Sankowski et al., 2 (f), Masuda et 

al.,1 (g) and Olah et al., 3 (h) respectively. 

 

 

 

 

 

 

 

 

 

 



 
 

 



 
 

Supplementary Fig. 12. Contribution of microglia cell type specific transcriptomes to human pain 

genetics. (a) A diagram showing bodily positions of pain sites considered for GWAS. (b-m) Contribution 

of each microglia cell type (cluster #) to each pain site in both sexes (males and females combined), 

females, and males for acute and chronic pain states. Types of pains are; acute < 1 month, and chronic > 

3 months. The contribution is estimated via enrichment of heritability of SNPs in genes principally 

expressed in specific mouse and human microglia clusters. Heatmaps show stratified, FDR-corrected P-

values for enrichment. (n) Gene-level contributions. Plotted are test statistics for gene-level GWAS 

versus gene expression cluster specificity. Top genes are highlighted. Letter in the upper left corner 

corresponds to heatmap entries of previous panels. Dashed lines indicate FDR 20%. See Supplementary 

Data 9 for details of the analyses. 
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