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Supplementary Figures
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Supplementary Figure 1. Histograms of the CSF and PET endophenotypes distribution after the data harmonization.
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[bookmark: _Hlk151708604]Supplementary Figure 2. Manhattan plot of the gene-based analysis of MAGMA (FUMA). Genes highlighted in blue were previously related to AD and its endophenotypes. Red line: significance threshold at P<4.235e-06.






[image: ]Supplementary Figure 3. Sensitivity analysis on the PRS associations. A) Associations of the AD PRS (76 SNPs from Bellenguez et al., 2022) with the disease status (controls: A-T-N-, cases: A+, excluding MCI individuals with T- or N-). B) Association analyses between the AD PRS (76 SNPs from Bellenguez et al., 2022), CSF Aβ42 levels (30 SNPs from Jansen et al., 2022, 9 SNPs from our meta-analysis) and the disease status excluding MCI individuals. The GR@ACE cohort included 7,437 cases and 8,561 controls. 
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[bookmark: _Hlk190800446]Supplementary Figure 4. Associations between CSF MRM proteomic measures and CSF Aβ42 levels in the ADNI cohort. A) Volcano plot considering 138 CSF MRM proteins. The significance threshold was set to FDR < 3.623e-04. B) Venn diagram of the unique UniProt proteins represented in the association analysis of CSF SOMAscan proteome (ACE CSF cohort) and the CSF MRM proteome (ADNI cohort). C) Venn diagram of the proteins analysed in the CSF MRM association analysis with CSF Aβ42 levels that were also represented in the top 100 ranking of significant proteins in ACE CSF SOMAscan association analysis.
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Supplementary Figure 5. Top10 enriched mechanisms of the ORA analysis using the WebGestalt tool. A) Considering proteins significantly associated with CSF Aβ42 levels (n=1,387), and B) considering the complete set of proteins (n=2,648) included in CSF proteome analyses. 
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Supplementary Figure 6. Venn diagram of the overlapping loci/proteins in genomic and proteomic analysis considering the PAD (light blue) and our CSF-PET meta-analysis (yellow).


Supplementary Material 
1. Bash and R code for the SNP filtering
############################################################
#	CSF-PET meta-analysis & concordant SNP filtering	#
############################################################
# Raquel Puerta ~ rpuerta@fundacioace.org

# BASH:
[bookmark: _GoBack]#### Meta-analysis with METAL ####
# Documentation: https://genome.sph.umich.edu/wiki/METAL_Documentation

# META-ANALYSIS: Sample Size weighted WITH effect // CSF-PET 
MINMAXFREQ OFF
AVERAGEFREQ ON
GENOMICCONTROL OFF
OUTFILE MetaAnalysis-SampleSize-effect_CSF-PET_M4. tbl 
SCHEME SAMPLESIZE

MARKER  ID
ALLELE  REF ALT
EFFECT BETA
STDERR SE
PVAL P
FREQLABEL A1_FREQ
WEIGHTLABEL OBS_CT
SEPARATOR TAB
VERBOSE OFF

PROCESS /path/tofile/SummaryStatistics_GWAS.txt
PROCESS /path/tofile/SummaryStatistics_GWAS.txt
PROCESS /path/tofile/SummaryStatistics_GWAS.txt
PROCESS /path/tofile/SummaryStatistics_GWAS.txt
PROCESS /path/tofile/SummaryStatistics_GWAS.txt
PROCESS /path/tofile/SummaryStatistics_GWAS.txt

ANALYZE HETEROGENEITY

QUIT


# META-ANALYSIS: Sample Size weighted WITHOUT effect // CSF-PET 
MINMAXFREQ OFF
AVERAGEFREQ ON
GENOMICCONTROL OFF
OUTFILE MetaAnalysis-SampleSize_CSF-PET_M4. tbl 
SCHEME SAMPLESIZE

MARKER  ID
ALLELE  REF ALT
# EFFECT BETA
STDERR SE
PVAL P
FREQLABEL A1_FREQ
WEIGHTLABEL OBS_CT
SEPARATOR TAB
VERBOSE OFF

PROCESS /path/tofile/SummaryStatistics_GWAS.txt
PROCESS /path/tofile/SummaryStatistics_GWAS.txt
PROCESS /path/tofile/SummaryStatistics_GWAS.txt
PROCESS /path/tofile/SummaryStatistics_GWAS.txt
PROCESS /path/tofile/SummaryStatistics_GWAS.txt
PROCESS /path/tofile/SummaryStatistics_GWAS.txt

ANALYZE HETEROGENEITY

QUIT

#########

# R:

#### Accepted beta directions for CSF and PET ####
# 1) At least half of the datasets with available information (Direction!=?)
# 2) Consistent beta direction in CSF and PET meta-GWAS 
		# 2.1) CSF amyloid + / PET amyloid -
		# 2.2) CSF amyloid - / PET amyloid +

#### Create CSF beta directions combinations & select accepted beta directions ####
csfN <- expand.grid(c("-","?"),c("-","?"),c("-","?"),c("-","?"))
csfN$CSF_neg <- apply(csfN, paste, collapse="", MARGIN=1)
csfN <- csfN[-grep("\\?\\?\\?|\\?\\-\\?\\?|\\?\\?\\-\\?",csfN$CSF_neg),]
# write.table(csfN$CSF_neg, file="CSFdirectionsNEG.txt", row.names=F, quote=F, sep="\t", col.names=F)

csfP <- expand.grid(c("+","?"),c("+","?"),c("+","?"),c("+","?"))
csfP$CSF_pos <- apply(csfP, paste, collapse="", MARGIN=1)
csfP <- csfP[-grep("\\?\\?\\?|\\?\\+\\?\\?|\\?\\?\\+\\?",csfP$CSF_pos),]
# write.table(csfP$CSF_pos, file="CSFdirectionsPOS.txt", row.names=F, quote=F, sep="\t", col.names=F)

#### Create PET beta directions combitations & select accepted beta directions ####
petN <- expand.grid(c("-","?"),c("-","?"))
petN$PET_neg <- apply(petN, paste, collapse="", MARGIN=1)
petN <- petN[-grep("\\?\\?",petN$PET_neg),]
# write.table(petN$PET_neg, file="PETdirectionsNEG.txt", row.names=F, quote=F, sep="\t", col.names=F)

petP <- expand.grid(c("+","?"),c("+","?"))
petP$PET_pos <- apply(petP, paste, collapse="", MARGIN=1)
petP <- petP[-grep("\\?\\?",petP$PET_pos),]
# write.table(petP$PET_pos, file="PETdirectionsPOS.txt", row.names=F, quote=F, sep="\t", col.names=F)

#### Load direction tables ####
csfP <- read.table("CSFdirectionsPOS.txt",h=F)
csfN <- read.table("CSFdirectionsNEG.txt",h=F)

petP <- read.table("PETdirectionsPOS.txt",h=F)
petN <- read.table("PETdirectionsNEG.txt",h=F)

#### Combine accepted beta directions ####
resultNEG <- data.frame()
for(i in 1:nrow(csfN)[1]){
  for (j in 1:length(petP$V1)){
    temp <- paste0(csfN[i,"V1"],petP[j,"V1"])
    resultNEG <- rbind(resultNEG,temp)
  }
}

resultPOS <- data.frame()
for(i in 1:nrow(csfP)[1]){
  for (j in 1:length(petN$V1)){
    temp <- paste0(csfP[i,"V1"],petN[j,"V1"])
    resultPOS <- rbind(resultPOS,temp)
  }
}

result <- rbind(resultNEG,resultPOS)

#### Save Accepted beta directions ####
write.table(result, file="GoodDirections_MetaSampleSize_M4.txt",quote=F, row.names = F)

#########

# BASH:
# N of SNPs that passed the beta direction and missingness filtering:
fgrep -wf GoodDirections_MetaSampleSize_M4.txt MetaAnalysis-SampleSize-effect_CSF-PET_M4.1tbl  |wc
 # 376599 

wc /path/tofile/MetaAnalysis-SampleSize_CSF-PET_M4.1tbl
 # 7643193 
#There were a total of 4,9272470288% of variants with opposite effect size direction in CSF-PET

#### Select meta-analysis SNPs that passed the filtering ####
fgrep -wf GoodDirections_MetaSampleSize_M4.txt MetaAnalysis-SampleSize-effect_CSF-PET_M4.1tbl | cut -f 2 > Directions_SampleSize-effect_CSF-PET_M4.txt
fgrep -wf Directions_SampleSize-effect_CSF-PET_M4.txt MetaAnalysis-SampleSize_CSF-PET_M4.1tbl > MetaAnalysis-SampleSize_CSF-PET-dirAccepted_M4.1tbl

#### Add the column of directions in the sample size weighted meta-analysis without effect ####
cut -f 2,14 MetaAnalysis-SampleSize-effect_CSF-PET_M4.1tbl > MetaAnalysis-SampleSize-effect_CSF-PET_directions_M4.1tbl

#########

# R:
data <- read.table("MetaAnalysis-SampleSize_CSF-PET_M4.1tbl", h=T)
dir <- read.table("/path/tofile/MetaAnalysis-SampleSize-effect_CSF-PET_directions_M4.1tbl", h=T)
names(dir)<-c("MarkerName","Direction_new")
all <- merge(data, dir, by="MarkerName", all.x=T)
# write.table(all, file="MetaAnalysis-SampleSize_CSF-PET-dir_M4.1tbl", quote=F, row.names=F, sep="\t", dec=".")


2. AD risk and reported amyloidosis genes in the literature
We analysed the effect of AD genes described in Bellenguez et al in our Aβ endophenotype study. A total of 12 genes were not considered for replication due to low frequency or missingness in the imputation process. Although the extensive filter of genetic markers did not allow us to evaluate all markers, rs679515-CR1 was significantly replicated in our amyloid burden meta-analysis (P<0.05). Interestingly, this variant was not significant independently in CSF or PET meta-GWAS, but the combination of Aβ endophenotypes allowed us to gain power and replicate it. Additionally, the genetic marker located in the rs6943429-UMAD1 gene had a consistent effect in the combined Aβ burden meta-analysis but did not reach significance. Moreover, the rs113706587-RASGEF1C loci were only significantly replicated in the PET meta-analysis. In contrast, both rs6014724-CASS4 and rs6605556-HLA-DQA1 markers were significantly replicated in the CSF Aβ42 meta-analysis and also had a consistent effect size direction in the PET centiloid meta-analysis. Thirty-five and thirty-four additional genetic markers had a consistent effect with what was observed in Bellenguez et al study in CSF Aβ42 and PET centiloid meta-analysis, respectively (Supplementary Table 2).
Regarding the genetic variants reported in Jansen et al for amyloidosis, the rs429358-APOE variant was significantly replicated in all Aβ meta-analyses while the rs4844610-CR1 variant had a consistent effect in all meta-analyses: it was nominally replicated in CSF Aβ42 and significantly replicated in the final Aβ burden combined meta-analysis (P<0.05; Supplementary Table 3). Finally, we also aimed to replicate markers associated to neuropathological features described in Beecham et al. The rs6857 and rs429358 were significantly replicated in all meta-analysis as well as the meta-analysis of CSF-PET endophenotypes. These variants were both located in the APOE region and associated with NFTs, neuritic plaques and other phenotypes (Supplementary Table 4). 
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