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Supplementary results

Genetic architecture

To test which of the two proteins has a more comparable genetic background to AD, genetic
correlations were calculated with previously published AD GWAS summary statistics, both for AB42
and pTau (Supplementary Table 4). Unfortunately, these results were inconclusive, presumably due to

the low SNP-heritability for AD diagnosis.

GWAS rsults for stratified subgroups

Explorative meta-analyses were repeated stratified for APOE (APOE €4 carriers (n=3,240) vs. APOE €4
non-carriers (n=3,201)) and amyloid status (Amyloid normal levels (n=3,182) vs. amyloid abnormal
levels (n=3,775)) for stage 1 (QQ plots and lambda shown in Supplementary Figure 9 and 10), of which
the results are visualized in Supplementary Figures 11 and 12, and detailed in Supplementary Table 5.
APOE &4 carriers still harbored a strong APOE signal (Z=-17.92; p=8.59x1072), representing the dosage
effect of the APOE €4 allele, where rs429358-C decreased AB42 protein levels. The 3928 (GMNC) locus
was observed for pTau in both the APOE €4 carriers (Z=5.63; p=1.85x108) and non-carriers (Z=7.05;
p=2.29x101?). We furthermore report a novel locus mapping to chromosome region 7q11.22 for AB42
(Z2=-5.49; p=4.12x108) in the APOE €4 non-carriers.

Stratified for amyloid status, APOE remained strongly associated with decreased CSF Ap42
levels, both within the abnormal-amyloid-level (Z=-10.03; p=1.14x10"2%) and normal-amyloid-level
subgroups (Z=-14.49; p=1.40x10%’). By contrast, APOE increased pTau levels in individuals with normal
amyloid levels (Z=-8.53; p=1.50x10"7), but not in those with abnormal amyloid levels (Z=-2.81;
p=0.034). The 3928 (GMNC) locus was significantly associated to pTau levels in individuals with both
normal and abnormal amyloid levels. A novel locus (12q13.3) was observed for individuals with

abnormal amyloid levels, decreasing AB42 protein levels (Z=-5.47; p=4.50x108).

Gene prioritization

Besides the well-established causal APOE gene for the APOE locus, the genes CR1 and BIN1 have also
been indicated as most likely causal genes in previous studies for the AD loci on genomic locations
1932.2 and 2g14.3, respectively. As this previous work is based on thorough functional experiments,
we therefore here only focused with the computational-based tool FUMA [1], on the replicated loci
for which the causal gene has not been determined. These loci are the 39q28 and 16q24.2 associations
for pTau. We report the most promising causal genes by interpreting positional mapping information,
gene-based association tests and eQTL annotations in brain and immune tissue and cell types based

on publicly available data (see Methods).



The lead SNP for the 3928 locus is an intergenic variant 59 kb upstream of GMNC, the gene
physically closest to the significant association signal. GMNC is the only gene within this locus showing
an association to pTau based on the aggregated effect of 139 variants (p=5.00x10"1%; Supplementary
Table 6). No significant eQTLs were annotated for significant variants within this locus. The lead SNP
rs4843559 of 16g24.2 is an intronic variant in C160rf95, for which also a significant variant-
aggregation association (p=4.03x10°) is observed (Supplementary Table 6). Rs4843559 is furthermore
a significant eQTL in blood, increasing ZCCHC14 gene expression.

The variant aggregation analysis showed no newly associated genes, besides the expected

associations for genes in the APOE locus, GMNC and C160rf95 (Supplementary Table 6).

Supplementary reference
1. Watanabe, K., et al., Functional mapping and annotation of genetic associations with FUMA.
Nature Communications, 2017. 8(1): p. 1826.
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Figure 1. Study design of GWAS meta-analysis, and follow up analyses to explore genetic architecture and biological implications. For
the follow-up analyses strategies reported in the first two red ovals, it was preferred to maintain n per variant similar in size. For the
remaining follow-up analyses the most powerful results were preferred as input.
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Figure 2. Raw and normalized CSF protein level distributions for the Belgium cohort. AB42 = amyloid-beta 42 protein levels;

AB42_norm = normalized amyloid-beta 42 protein levels; PTAU = phosphorylated tau protein levels; PTAU_norm; normalized
phosphorylated tau protein levels.
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Figure 3. Raw and normalized CSF protein level distributions for the Finish cohort. AB42 = amyloid-beta 42 protein levels;

AB42_norm = normalized amyloid-beta 42 protein levels; PTAU = phosphorylated tau protein levels; PTAU_norm; normalized
phosphorylated tau protein levels.
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Figure 4. Raw and normalized CSF protein level distributions for the Francel cohort. AB42 = amyloid-beta 42 protein levels;

AB42_norm = normalized amyloid-beta 42 protein levels; PTAU = phosphorylated tau protein levels; PTAU_norm; normalized
phosphorylated tau protein levels.
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Figure 5. Raw and normalized CSF protein level distributions for the France3 cohort. AB42 = amyloid-beta 42 protein levels;
AB42_norm = normalized amyloid-beta 42 protein levels; PTAU = phosphorylated tau protein levels; PTAU_norm; normalized

phosphorylated tau protein levels.
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Figure 6. Raw and normalized CSF protein level distributions for the Germany2 cohort. AB42 = amyloid-beta 42 protein

levels; AB42_norm = normalized amyloid-beta 42 protein levels; PTAU = phosphorylated tau protein levels; PTAU_norm;
normalized phosphorylated tau protein levels.
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Figure 7. Raw and normalized CSF protein level distributions for the Germany3 cohort. AB42 = amyloid-beta 42 protein

levels; AB42_norm = normalized amyloid-beta 42 protein levels; PTAU = phosphorylated tau protein levels; PTAU_norm,;
normalized phosphorylated tau protein levels.
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Figure 8. Raw and normalized CSF protein level distributions for the Germany4 cohort. AB42 = amyloid-beta 42 protein

levels; AB42_norm = normalized amyloid-beta 42 protein levels; PTAU = phosphorylated tau protein levels; PTAU_norm;
normalized phosphorylated tau protein levels.
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Figure 9. Raw and normalized CSF protein level distributions for the Germany5 cohort. AB42 = amyloid-beta 42 protein

levels; AB42_norm = normalized amyloid-beta 42 protein levels; PTAU = phosphorylated tau protein levels; PTAU_norm;
normalized phosphorylated tau protein levels.
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Figure 10. Raw and normalized CSF protein level distributions for the Netherlands cohort. AB42 = amyloid-beta 42 protein
levels; AB42_norm = normalized amyloid-beta 42 protein levels; PTAU = phosphorylated tau protein levels; PTAU_norm;
normalized phosphorylated tau protein levels.
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Figure 11. Raw and normalized CSF protein level distributions for the Spain2 cohort. AB42 = amyloid-beta 42 protein levels;
AB42_norm = normalized amyloid-beta 42 protein levels; PTAU = phosphorylated tau protein levels; PTAU_norm; normalized

phosphorylated tau protein levels.
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Figure 12. Raw and normalized CSF protein level distributions for the Sweden1 cohort. AB42 = amyloid-beta 42 protein
levels; AB42_norm = normalized amyloid-beta 42 protein levels; PTAU = phosphorylated tau protein levels; PTAU_norm;

normalized phosphorylated tau protein levels.
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Figure 13. Raw and normalized CSF protein level distributions for the Sweden2 cohort. AB42 = amyloid-beta 42 protein

levels; AB42_norm = normalized amyloid-beta 42 protein levels; PTAU = phosphorylated tau protein levels; PTAU_norm;
normalized phosphorylated tau protein levels.
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Figure 14. QQ plots of AB42 and pTau in stage 1. A graphical representation of the deviation of
the observed P values from the null hypothesis.

17



A

CR1
Cohorts N P
Discovery
Belgium 587 0.31 i
Finland 226 0.69 —
France1 420 0.68 —
France2 389 0.17 ——
France3 127 0.54 B
Germany1 465 0.1 —a—
Germany2 309 0.32 —
Germany3 151 0.62 ' I
Germany4 136 0.23 =
Germanyb 111 0.42 ' i
Netherlands 2936 9.87E-08 ——
Spain1 609 0.33 ——
Spain2 394 0.28 ——
Spain3 98 0.25 ' =
Sweden1 856 0.51 —
Swedenz 260 004 s
Replication
ADNI 1043 0.05 ——
AIBL 210 0.26 =
Biocard 169 0.035 L
HB 100 0.18 =
Lleo 124 0.84 I
London 248 0.057 —a—
MAP 909 0.31 ——
Mayo 425 0.52 ——
Moli 234 0.86 —
Pastor 250 0.54 ——
Sweden 280 0.87 ——
uUio 311 0.48 ——
UPENN 133 0.66 - =
uw 361 0.09 ——
UwIsCc 218 0.28 —
Meta 13089 1.84E-09 | ] <> | | |
B - -1 -0.5 0 0.5 1
g < beta
s {05 % o«
74 g% N
E s ¢
2 e PRS- 2
g' 3 : ::::ni:::fﬂ significant SNPs ..
=
S

CR2- | CR1- CRIILT

— —t H—t—1— } i T +—
ALES1452.1— «RP11-TEB10.2 CD46P1—+

— Magpesd genits ' RP11-57117.3—

— - AREed prolein coding genes |

mmm Hor-mapped non-coding genes

[ T T T T T T T 1
207,600,000 207,650,000 207,700,000 207,750,000 207,800,000 207,850,000 207,900,000
Chromosome 1

Figure 15. Forest (A) and LocusZoom (B) plots of CR1 locus associating for AB42. Only the variants with an r2 > 0.6 with the lead SNP
are color-coded.
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Figure 16. Forest (A) and LocusZoom (B) plots of APOE locus associating for AB42. Only the variants with an r2 > 0.6 with the lead SNP

are color-coded.
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are color-coded.
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Figure 21. Colocalization overview of CR1 locus for CSF AB42 and AD GWAS.
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Figure 22. Colocalization overview of BIN1 locus for CSF PTAU and AD GWAS.
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Figure 23. QQ plots of AB42 and pTau stratified for APOE4 status. A graphical representation of the deviation of the observed P values
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from the null hypothesis.
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Figure 27. Colocalization overview of GMNC locus for CSF PTAU and brain volume GWAS.
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