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Extended Data

Supplementary Figures 1-6

A B Supplementary Fig. S1, related to figure 1
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Supplementary Figure 1. Quality control for DNA analysis and snRNAseq. (A) patients
characterisitic: age and sex distribution of young controls, age-matched controls and AD
patients, Statistics: 2 way Anova. (B) Distribution of APOE genotype in a historical cohort of
controls and AD patients *° (Left) and the present series (Right) of Control, AD and AD without
and with pathogenic (P-SNV) microglia variants. Numbers on top of the bars show patient
number in each group. (C) Sorting strategy to separate PU.1*, NEUN* and DN nuclei from
post-mortem brain samples. Boxplot represents relative frequencies, median, mean, 25-75"
quartiles (boxes) and minimum/maximum (whiskers) of nuclei for each cell type in controls
(n=63 brain samples) and AD patients (n=99 brain samples). (D) SnRNA-seq analysis of Facs-
sorted PU.1+ nuclei from 4 donors. Table indicate donor characteristics, number of nuclei
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analyzed after quality control (see methods) and cell types as determined by unsupervised
clustering of normalized and integrated gene expression of nuclei from 5 PU.1* samples. (E)
UMAP representation of cell types from (C). (E) Cell proportion plot of the 5 PU.1* samples
from (C). (F) Boxplot showing the coverage of targeted DNA deep sequencing per cell type in
AD and control samples. Box plots show median (+ mean) and 25th and 75th percentiles;
whiskers extend to the largest and smallest values. Dots show outliers. (G) Expresion of
microglia markers by sn-RNAseq across samples and clusters. (H) Number (TOP) and
proportiton (BOTTOM) of cells from each sample, per-cluster. (I) Boxplot showing the
coverage of targeted DNA deep sequencing per cell type in AD and control samples. Box plots
show median (+ mean) and 25th and 75th percentiles; whiskers extend to the largest and
smallest values. Dots show outliers.
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Supplementary Fig. S2, related to figure 2
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Supplementary Figure 2. Analysis of pathogenic variants. (A) Number of SNV per Mb,
per donor, and cell types. Each dot represents the mean of a donor. NeuN n=226, DN n=229,
PU.1 n=225, Blood n=66). Values (color, italics) indicate the mean number of variants /Mb per
cell type. Statistics: p-value are calculated by Kruskal-Wallis test and Dunn's test for multiple
comparisons. (B) Number of SNV (Left) and P-SNV (right) per Mb in controls (age-matched
with the patients) with or without cancer per sample and cell types. Each dot represents a
sample. Statistics: p-values within each group are calculated with Kruskal-Wallis, multiple
comparisons. (C) Number of SNV per Mb in PU.1 samples across cortical samples, of age-
matched controls (n=27) and AD patients (n=45). Each dot represents a sample. Statistics: p-
values within each group are calculated with Kruskal-Wallis, multiple comparisons. (D)
Receiver operating characteristic (ROC) curve showing the accuracy of the
multivariate logistic regression model in predicting the association of AD and the presence or
not of pathogenic variants in PU.1* nuclei. Note: non-parametric tests were used as data did
not follow a normal distribution (D'Agostino-Pearson normality test). (E) Observed SNV
burden for Fig. 2H. (F) Expression of pathogenic genes in microglia and whole brain tissue,
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reported in ** (TOP, sorted microglia n= 39 and whole brain n=16) and * (BOTTOM, sorted
microglia n= 3 and whole brain n=1. (G) Graph depicts mean number of pathogenic variants
in a group of control genes not expressed by the brain or by microglia (see Supplementary
Table 3), per Mb, and samples (LEFT) and donor (RIGHT), in NEUN, DN, PU.1 nuclei and
matching blood from all controls and AD patients. Each dot represents the mean for each
donor. Statistics: p-values are calculated with unpaired two-tailed Mann-Whitney U test
comparing AD to controls.

Supplementary Fig. S3, related to Figure 2 and 3
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Supplementary Figure 3. Summary of AD patients characteristics and pathogenic
variants. Table shows for all AD patients studied, the detection of pathogenic variants by
TDS, candidates identified by WES, categories of gene functions (MAPK pathway, DNA
repair, DNA/Histone methylation), expression in microglia, and patient information
(age/sex/Apoe genotype/braak status/CERAD score/presence of lewis bodies/presence of
amyloid angiopathy). #Brain regions: number of brain regions where variant was detected.
GOF (G, Gain of Function) / LOF (L, Loss of Function) as reported in bibliography (see
manuscript for references). gnomeAD shows the minor allele frequency of each variant in the
population. VAF: variant allelic frequency (%) by BRAIN-PACT in brain cell types and
matching-blood when available. CADD score (Combined Annotation Dependent Depletion) of
each variant. Notes: (1) Trisomy 21, Down syndrome. (2) familial history of AD, no variant in
AD associated genes. (3) MAPK docking protein. (4) cooperative interaction with ELK1 on
chromatin. (5) inhibits JNK activation, murine KO has a neurological phenotype® (6)
microtubule binding, involved in b-amyloid aggregation. (7) DNA repair gene. (8) Mosaic
trisomy 21.
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. _ Supplementary Figure 4. Functional

Supplementary Fig. S4, related to Figure 3 apalysis of variants in HEK293 and BV2
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Western blotting. (D) CHEK2 R346H is a
loss-of-function mutant. The R346H variant is located within the catalytic loop of the protein
kinase domain and shown in red on the 3D structure of CHEK2 kinase domain (pdb code:
2cnb5) (LEFT). CHEK2 R346 Lysates from HEK293T cells expressing Flag-WT or CHEK2
R346 were probed with antibodies that recognizes the auto phosphorylated and activated form
of CHEK2 and Flag (MIDDLE). Flag-tagged WT and R346H CHK2 were expressed in
HEK293T cells, proteins were isolated by immunoaffinity capture using anti-Flag resin. CHK2
activity was measured with [*?P]-labeled ATP and a synthetic CHEK2 substrate peptide. Wild-
type CHEK2 showed robust activity, while the R346H mutant was inactive (RIGHT). (E)
Western-blot analysis of CBL expression (TOP), pMAPK and total MAPK (MIDDLE) and
respective quantification (BOTTOM) in BV2 cell lines transduced with empty vector, CBL"T,
CBLY¥"'H CBL"%M CBL®%¥4Y, CBL%*" and CBL®*'®S. For MIDDLE panel, cells were treated
with M-CSF1 100 ng/ml for 5 min. Statistics: p-values are calculated with t-test. n=3.
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Supplementary Fig. S5, related to figure 4
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Supplementary Figure 5. Analysis of mouse and human microglia-like cells. (A)
Western-blot analysis of CBL, RIT1, and KRAS expression in lysates from a growth factor-
dependent macrophage cell line expressing CBL"T, CBL"#M CBLC3#4Y, CBL%4Y, CBL®*'%S,
CBLR*209 RIT1WT, RIT17¢, RITIMOV KRASYT and KRAS***° alleles (TOP), and ddPCR
analysis of wt and mutant alleles in DNA from the same cell lines (BOTTOM). (B) Western-
blot analysis of PTPN11 expression and phospho- and total-ERK in lysates from growth factor-
dependent macrophage cell line expressing PTPN11YT or PTPN117"® alleles, and ddPCR
analysis of wt and variant alleles in DNA from the same lines. (C) Genomic DNA ddPCR of 2
independent hiPSC clones (#1 and #2) of CBL**‘Y heterozygous mutant carrying the
¢.1211G/A transition on one allele and 2 independent isogenic control CBL**“ clones all
obtained by prime editing. (D) CBL and CBL-B mRNA expression assessed by Tagman assay
in CBL*%CC and CBL**“"Y iPSC-derived microglia-like cells. Unpaired t-test. (E) RT-ddPCR of
CBL reference allele (CBL ¢.1211A) and CBL variant CBL ¢.1211G transcripts in CBL*%¢/®
and CBL**“C"" ijPSC-derived macrophages. n=4-6 independent experiments. (F) Western-blot
analysis of CBL expression in lysates from CBL**CC and CBL**““"Y iPSC-derived microglia-
like cells. (G) Representative flow cytometry analysis of the expression of surface receptors
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and lba1 in CBL***¢® and CBL**“" cells (n=3) (H) Viability of CBL***“/° and CBL***“"" iPSC-
derived microglia-like cells estimated by flow cytometry analysis after DAPI staining. Unpaired
t-test. n=6. (I) Western-blot analysis and quantification of phospho- and total-ERK proteins in
lysates from CBL**“C and CBL**“"" iPSC-derived microglia-like cells untreated or re-
stimulated with CSF-1 cells (5 min, 100 ng/mL). (Two-way ANOVA, n=6-7).
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A Supplementary Fig. S6, related to figure 5
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Supplementary Figure 6. snRNAseq analysis of microglia. (A) Dot plot represents the
significant pathways by GSEA analysis of HALLMARK and KEGG pathways of snRNAseq
analysis of microglia, by samples and clusters. Genes from all samples are pre-ranked per
cluster using differential expression analysis with SCANPY %" and the Wilcoxon rank-sum
method. Statistical analysis were performed using the fgseaMultilevel function in fgsea R
package *f or HALLMARK and KEGG pathways. Only HALLMARK and KEGG gene sets with
p-value < 0.05 and adjusted p-value < 0.25 are visualized, using ggpubr and ggplot2 ** R
package. (B) Dot plot represents the same GSEA analysis of HALLMARK and KEGG
pathways enriched in snRNAseq microglia clusters as in A, but samples from all donors are
grouped by microglia clusters.
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Supplemental Tables 1-9:

Supplementary Table 1: Characteristics of AD and control donors and samples
Supplementary Table 2: Targeted-Sequencing gene panel
Supplementary Table 3: Variants identified in Alzheimer’s disease and control brain samples.

Supplementary Table 4: Pathway enrichment analysis for genes target of pathogenic

variants in PU.1 samples.
Supplementary Table 5: BRAFV600E in brain PU.1+ cells from Histiocytosis patients
Supplementary Table 6: Predicted deleterious variants by WES

Supplementary Table 7: RNAseq analysis of mouse cell lines: Differential expressed genes
and GSEA analysis.

Supplementary Table 8: RNAseq analysis of hIPSC derived microglial-like cells: Differential

expressed genes and GSEA analysis.

Supplementary Table 9: Single nuclei RNAseq analysis of control and AD microglia:

Differential expressed genes per clusters and GSEA analysis.
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