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Supplemental Material and Methods

Alzheimer’s Disease Neuroimaging Initiative (ADNI) cohort

We obtained genotype, transcriptome, and biomarker data from the Alzheimer’s
Disease Neuroimaging Initiative (ADNI) database (adni.loni.usc.edu). The ADNI was
launched in 2003 as a public—private partnership and is led by Principal Investigator Michael
W. Weiner, MD. The primary goal of the ADNI is to test whether serial MRI, PET, other
biological markers, and clinical and neuropsychological assessments can be combined to
measure the progression of MCI and AD. Array genotyping data from the ADNI-1 (n = 757)
and ADNI-GO/2 (n = 432) generated from the HumanOmniExpress BeadChip (Illumina) were
adopted for our replication studies, with another dataset derived from whole-genome
sequencing of ADNI subjects (n = 808; among whom, 258 overlapped with subjects from
ADNI-1, 427 overlapped with ADNI-GO/2, and 123 were newly recruited subjects). We
determined the phenotypes for the ADNI subjects on the basis of the latest diagnostic records
(updated until July 2016). By combining the subjects from the three datasets, we obtained
genotype information for 1,312 subjects (n = 1,312) including 515 AD and 339 NC subjects
(Remaining subjects were in MCI status). ). For blood transcriptome data, please refer to (1)
for details. For cerebrospinal fluid (CSF) and plasma biomarker levels, data were obtained from
the Biomarkers Consortium Projects entitled “Use of Targeted Multiplex Proteomic Strategies
to Identify Novel CSF Biomarkers in AD” and “Use of Targeted Multiplex Proteomic
Strategies to Identify Plasma-Based Biomarkers in Alzheimer’s Disease” accordingly. Please
refer to the corresponding project descriptions for details. (https://adni.loni.usc.edu/wp-
content/uploads/2010/11/BC_Plasma_Proteomics_Data_Primer.pdf; https://fnih.org/what-we-

do/biomarkers-consortium/programs/alzheimers-targeted-csf-based-proteomics).

NIA Alzheimer’s Disease Centers Cohort (ADC)

Genotype and phenotype data were retrieved from the NIH dbGaP (accession number:
phs000372.v2.pl) for an AD cohort comprising 6,065 subjects (n = 6,065), with individual
genotypes generated from a Human660W-Quad BeadChip (Illumina) or HumanOmniExpress
Array (Illumina). All autopsied subjects were >60 years old at death. Dementia in AD cases

was determined according to the DSM-IV criteria or a Clinical Dementia Rating (CDR) >1.
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Please refer to the corresponding dbGaP project for details (2, 3). We only kept subjects with
a definite diagnosis of AD as well as NCs, finally yielding 5,692 subjects (AD: 3,946, NC:
1,746) for the replication study.

Late Onset Alzheimer’s Disease (LOAD) Family Study

Genotype and phenotype data were retrieved from the NIH dbGaP (accession number:
phs000168.v2.p2), which included four datasets. The genotype information of 5,192 subjects
(n = 5,192) from sets No. 1, 3, and 4 (General Research Use, disease-specific [Alzheimer’s
disease] and disease-specific [Alzheimer’s disease, NPU], respectively) were merged before
the subsequent analysis. Individual genotypes were generated from a 610K Beadchip array
(IMumina). Please refer to the corresponding dbGaP project for details (4). We only kept NCs
or subjects with a definite diagnosis of AD, finally yielding 2,695 subjects (AD: 464, NC:
2,231) for the replication study.

Filtering and imputation for the array dataset

We converted the array genotype information (ADNI, LOAD, and ADC) from PLINK
file format (5) to VCF file format using  VcfCooker  (v1.1.1)
(https://genome.sph.umich.edu/wiki/\VVcfCooker) and performed pre-filtering with a sample
call rate > 95% and an SNP call rate > 80% for each genotype file. The filtered genotype
information was submitted to the Michigan Imputation Server using EAGEL (v2.3) with
Haplotype Reference Panel (HRC rl1.1) for phasing and imputation (6-8) in the form of
chromosome-separated VVCF files. Post-filtering was further applied by filtering imputed

variants with imputation R%-values < 0.3.

Whole-genome sequencing

For WGS, we collected whole blood in non-EDTA tubes and centrifuged them at 2000
x g. After removing the serum in the supernatant, we used the cell pellet to prepare genomic
DNA. genomic DNA purity was checked by a NanoPhotometer® spectrophotometer (Implen),
the concentration was measured using a Qubit® DNA Assay Kit with a Qubit® 2.0 Fluorometer
(Thermo Fisher Scientific), and fragment size distribution was measured using the DNA Nano

6000 Assay Kit with the Bioanalyzer 2100 system (Agilent). DNA (1.5 pg) of each sample was
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fragmented by sonication to 350 bp and used to generate a sequencing library with the Truseq
Nano DNA HT Sample Preparation Kit (Illumina). The genomic DNA libraries were
sequenced. To ensure data quality, adapter contamination and low-quality reads were filtered
from the raw data, producing clean data with a base quality greater than Q20 for most detected

signals; the proportion of Q30 exceeded 80%.

Microarray-based genotyping

For QC analysis, we used microarray-based genotyping as an independent assay to
verify the SNP call results from low-coverage WGS. We genotyped genomic DNA from 96
out of 1,222 subjects (~8%) using the Axiom® Genome-Wide CHB 1 & CHB 2 Array Plate
Set (Affymetrix), which was specifically designed for the Chinese population. Genotyping was
performed on an lllumina array platform (Beijing Genomics Institute). We filtered the results
according to an SNP call rate > 95% and retained 937,176 concordantly detected bi-allelic
variants with a minor allele frequency (MAF) > 5% in the WGS dataset for the quality control

assessment.

Whole genome sequencing (WGS) and variant calling method

For variant detection, the Gotcloud (9) pipeline was adopted to detect variants from our
low-pass WGS data comprising 1,348 samples including 126 re-sequenced samples. Data were
subsequently subjected to FastQC (v0.11.2) (10) for quality checking and Trimmomatic (v
0.32) (11) for the trimming and filtering of low-quality reads (LEADING:3 TRAILING:3
SLIDINGWINDOW:4:15 MINLEN:40 ILLUMINACLIP: 2:30:10). Clean data were mapped to
the GRCh37 reference genome containing the decoy fragments (hs37d5.fa) using BWA —mem
(v 0.7.12-r1039). After de-duplication and clipping of the overlapped pair-end reads, BAM
files were subjected to samtools-hybrid (v0.1.7-hybrid [r510 + r983]), a specialized version of
samtools, to generate glf files, which store the marginal likelihoods for genotypes (-q 20 -F
0x0704 for filtering of low mapping quality and PCR duplication). glfFlex was adopted for the
population-based SNP calling (-p 0.9 --minMapQuality 0 --maxDepth 100000 --uniformTsTv,
--smartFilter), with a total of 24,742,555 single nucleotide variants obtained after variant
calling. We applied hard-filtering methods implemented in the Gotcloud pipeline as VVcfCooker
(v1.1.1) to filter low-confidant variant calls on the basis of multiple metrics such as distance

with known insertion/deletion sites (--winlndel 5 using insertion deletion information obtained
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from Mills and 1000G gold standard indels file), allele balance (--maxABL 70), and mapping
quality (--minMQ 20 --minQual 5). We subjected variants with high-confidence calls in the
range of minor allele frequency (MAF) > 5% (n = 5,523,365; 22.3% of raw detected sites,
5,369,369 of which were in autosomal chromosomes) to Beagle (r1399) (12, 13) for phasing
(phase-its = 30) and imputation (impute-its = 15) using the genotype likelihood information in

chromosome-separated VCF files (gl flag).

Quality control assessment of variant detection

To assess the accuracy of variant detection, we re-sequenced 126 out of 1,222 samples
(10.3% of all samples) using the same WGS protocol, together with 96 samples (7.9% of total
samples) genotyped using the Axiom® Genome-Wide CHB 1 & CHB 2 Array Plate Set
(Affymetrix). We obtained genomic DNA for quality control assessment from separate
aliquots. We merged the re-sequenced samples into the whole cohort for SNP detection,
phasing, and imputation. We used VCFtools (v0.1.14) (14) together with R programing to
extract site information and subgrouped the autosomal variants according to average
sequencing coverage (DP) and MAF. We stored genotype information in VCF format and
subjected the information to GATK GenotypeConcordance (v3.4-46-gbc02625) to compare
genotypes from two datasets. We calculated metrics for quality assessment including non-
reference sensitivity (NRS), non-reference discrepancy (NRD), and overall concordance rate
(CR) as follows:

# true positive
NRS =

# true polymorphic

# HOM_VAR_HOM_VAR + # HET_HET

NRD =1 —
total excluding # HOM_REF_HOM_REF

# concordant genotypes
CR = genotyp

# genotypes

We excluded the samples with re-sequenced discordant rate >5%. We performed
sample quality control for gender consistency, and excluded related samples, removed
population outlier using principal component analysis and confirmed our population structure

using 1000 Genomes data. We filtered out the SNPs that failed in Hardy—Weinberg equilibrium
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(HWE) in controls (p < 1 x 107°).

Gender missingness or inconsistency

We converted phased and imputed genotype information from the WGS data of 1,222
samples into PLINK binary pedigree format and subjected it to PLINK (v1.9) --check-sex to
estimate gender using genetic information from common variants in the X chromosome on the
basis of calculated inbreeding coefficients (n = 153,276 for variants in the X chromosome).
We excluded 16 samples (NC: 8, MCI: 5, AD: 2) from the data owing to a lack of gender

information or inconsistency between sequencing data and clinical records.

Principal component analysis for outlier removal and correction of population structure

We subjected the remaining 1,206 samples to EIGENSOFT (v7.2.1) smartpca (15, 16)
for principal component analysis to evaluate possible stratification rendered by admixed
populations or batch effects during sequencing. We subjected genotype information from
pruned autosomal SNPs (using PLINK --indep-pairwise 50 5 0.2, yielding 319,892 generated
sites) to smartpca with a cutoff of six standard deviations and 10 iterations of outlier removal.
As a result, we excluded 32 samples (NC: 22, MCI: 2, AD: 8) owing to deviation from main
populations. We also used EIGENSOFT smartpca to generate principal components to correct
for possible confounding factors in the combined dataset (i.e., the in-house cohort and the

CONVERGE population control) during the association test.

Sample relatedness

We further subjected the remaining 1,174 samples to PLINK to examine sample
relativeness using the pairwise identity-by-state (IBS) distance generated by PLINK --matrix.
We set an IBS distance (IBD) > 0.1875 as a threshold, which is halfway between the expected
IBD for third- and second-degree relatives. We excluded two samples (AD: 1, NC: 1) from the
data and kept the remaining 1,172 samples (NC: 442, MCI: 253, AD: 477) for the association

analysis.

Population structure and estimation of ethnic attributes

We subjected the genotype information obtained from 168,673 pruned concordant calls



157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187

with an MAF > 10% in 1,172 Chinese AD WGS subjects together with 2,504 1000 Genomes
Phase 3 data including five super-populations (African [AFR], n = 661; European [EUR], n =
503; East Asian [EAS], n = 504; South Asian [SAS], n = 489; American [AMR], n = 347) to
fastStructure (17) (K = 5) to infer the ethnic attributes of our in-house data. Meanwhile, we
subjected 5,181,985 concordant calls to PLINK --pca to visualize population structure and

attributes in comparison with 1000 Genomes Phase 3 dataset.

Filtering of low-confidence SNP calls

During the association test using the PLINK, we controlled for Hardy—Weinberg
equilibrium (HWE) by setting a p-value threshold of 1 x 10~ for normal controls from the in-
house WGS and CONVERGE datasets. After obtaining the association results, we assessed the
sites with a discordant call rate > 5% (5 of 126 samples) among 126 re-sequenced samples and
filtered them (516,773 sites, 9.62% of autosomal sites with an MAF > 5%) to overcome the

possible issues in detection of variants in low-complexity or repetitive regions.

TagMan genotyping for APOE

For APOE-¢4 (rs429358 and rs7412), we performed genotyping by using the TagMan
assay with probe ordered from Thermo Scientific (assay ID: C_3084793 20 and
C_904973_10). We subjected 10 ng genomic DNA to real-time PCR on the QuantStudio 7
Flex Real-Time PCR system (Applied Biosystems) and performed genotype calling using
QuanStudio Real-Time PCR software (Applied Biosystems). We used R programming for the

statistical analysis of genotyping results.

Genotype expression analysis for candidate sites in transcriptome data

The Genotype-Tissue Expression (GTEX) Project was supported by the Common Fund
of the Office of the Director of the National Institutes of Health, and by NCI, NHGRI, NHLBI,
NIDA, NIMH, and NINDS (18, 19). The data used for the analyses described in this manuscript
were obtained from dbGaP (phs000424.v6.p1). We imputed genotype data using the Michigan
Imputation Server (EAGEL v2.3) with the Haplotype Reference Panel (HRC rl1.1) (6-8). For
network analysis, RNA-seq datasets from blood (n = 365) and hippocampal tissues (n = 87)

were included, and low-abundance genes (average Reads Per Kilobase of transcript per Million
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mapped reads [RPKM] < 1 in corresponding tissues) were filtered out prior to the analysis. For
the global genotype—expression analysis, 52 variants (GCH1: 1, KCNJ15: 2, APOE locus: 49)
that passed the nominal p-value threshold of 5SE—08 during the stage 1+2 analysis and were
concordantly detected in the imputed GTEX dataset were subjected to robust linear regression
using R robustbase packages, further adjusting for the first three principal components, age,
and gender. The expression levels (i.e., RPKM) for each gene across individuals with the same
tissue samples were normalized by the rank-based inverse normal transformation (INT) method
using the rntransform function in the R GenABEL package (20) to overcome the possible
outliers. We filtered out gene-SNP association pairs with raw p-value > 0.05. Then, for each
of the three loci, we obtained the top 100 genes (based on gene-level p-values, where a gene-
level p-value is the smallest p-value from all SNPs tested in the locus) for network analysis.
We finally reported the enriched gene ontology terms in the obtained network on the basis of
a false-discovery rate (FDR) < 0.05. The regulatory network was visualized by using the R
ggnet2 package. For GCH1, RNA-seq data obtained from the brain caudate region (n = 94)
was included for the genotype-expression association test using ANCOVA (analysis of

covariance) model with age, gender and top-3 principal components.

Genotype-expression analysis of plasma and cerebrospinal fluid biomarker data for
candidate sites

For plasma biomarkers retrieved from ADNI, markers with signals below the detection
limit were filtered out before the association analysis. Genotype-expression analysis was first
conducted by robust regression with the inclusion of age, gender and top-5 PCs as covariates
to initial screen for possible hints in AD subjects. Biomarkers passed statistical significance
threshold of p = 0.05 were recorded as potential candidates and ranked by p-value (from lowest
to highest). For top-3 plasma biomarkers for KCNJ15 and GCHL1, the biomarker levels (in
log10 scale) were converted to the actual concentration values, with IQR filtering being applied
to remove the outlier within individuals from same genotype and phenotype groups (values
below Q1 — 1.5 x IQR or above Q3 + 1.5 x IQR were excluded) [Q1: first quartile; Q3: third
quartile; 1QR: inter-quartile range = Q3 — Q1]. Then clean data were subjected to ANCOVA
model adjusting for age, gender and top-5 PCs with Bonferroni correction for further

examination of possible regulation of biomarker levels between different phenotypes and
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genotypes (within each genotypes the differences between AD and normal controls were tested,;
within each phenotypes the differences in biomarkers level between genotypes were tested by

setting the homozygous reference groups as reference controls).
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Figure S1. Mapping the ethnic attributes of the Chinese WGS cohort using the 1000
Genomes Super-population information. Genomic information from 2,504 1000 Genomes
phase 3 individuals across 5 super-populations was used as a reference to infer the ethnic
attributes of 1,172 in-house Chinese WGS samples. A total of 168,673 pruned (R? < 0.2) bi-
allelic SNPs with an MAF > 10% in in-house WGS data that were concordantly detected in the
1000 Genomes data were subjected to fastSTRUCTURE for clustering. Each subject is
represented by a vertical line further partitioned into colored segments; lengths represent the
admixture proportions from 5 clusters, with colors specifying the corresponding ethnic
attributes. The results suggest that our in-house WGS data (dominantly shown in blue) fit into
the EAS cluster (also dominantly shown in blue). AFR, African; AMR, American; EUR,
European; EAS, East Asian; SAS, South Asian; MAF, minor allele frequency; SNP, single
nucleotide polymorphism; WGS, whole-genome sequencing.
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Figure S2. Mapping the ethnic attributes of the Chinese WGS cohort using the 1000
Genomes Super-population information: Principal component analysis (PCA). Genomic
information from 2,504 1000 Genomes Phase 3 individuals across 5 super-populations was
used as a reference to infer the ethnic attributes of 1,172 in-house WGS samples. A total of
5,181,985 bi-allelic SNPs with an MAF > 5% in the WGS concordantly detected in the 1000
Genomes data were subjected to PCA. The X- and Y-axes denote PC1 and PC2 obtained from
the PCA, respectively. Each dot in the figure represents one individual, and colors specify
attributes. The plot suggests that our in-house WGS data (black) fit into the EAS supercluster
(blue), as indicated by the overlap of these 2 populations. AFR, African; AMR, American;
EUR, European; EAS, East Asian; SAS, South Asian; SNP, single nucleotide polymorphism;
MAF, minor allele frequency; WGS, whole-genome sequencing; PCA, principal component
analysis.
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Figure S3. Quantile—quantile plot of the GWAS results of the WGS dataset. Quantile—
quantile plot showing the p-value destitution for the stage 1 and stage 1+2 analyses before and
after adjusting for age, gender, and phenotype-associated PCs. Values of genomic inflation
factor (Aec) and factor for an equivalent study of 1000 cases and 1000 controls (A1000) are
indicated (1.011 and 1.025 for Acc and A1o00, respectively). GWAS, genome-wide association
study; WGS, whole-genome sequencing.
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Figure S4. Genetic evidence for the association between LINC01413 (rs2591054) and AD.
(A) Locuszoom plots showing the association results of sentinel variant rs2591054 and other
variants in the LINC01413 locus. The X-axis denotes the genomic coordinate, and the Y-axis
denotes the nominal p-value in logio scale. The color map indicates the LD measurement (R?)
for each variant in reference to the sentinel variant (rs2591054, marked by purple diamonds).
Signals below and above the grey horizontal line were obtained from the association analysis
results from stage 1 and the combined dataset (stagel+2), respectively. (B) Forest plots
representing the meta-analysis results of rs2591054 in the three previously published GWAS
AD cohorts. Values of effect size (log odds ratio) obtained from independent datasets or meta-
results are denoted by squares and diamonds, respectively. For the independent dataset, lines
indicate the range of the 95% confidence intervals, and the sizes of squares are proportional to
the weights used in the meta-analysis. For the meta-analysis results, the widths of the diamonds
cover the range of the 95% confidence intervals. LINC01413 rs2591054: random effect p-value
= 5.19E-1, effect size = —0.0375. ADNI (AD: 515, NC: 339), ADC (AD: 3,946, NC: 1,746),
and LOAD (AD: 464, NC: 2,231). ADNI, Alzheimer’s Disease Neuroimaging Initiative; ADC,
Alzheimer's Disease Centers Cohort; LOAD, Late-onset Alzheimer’s disease Family Study.
RE, random effect.

13



285
286

287
288
289
290
291
292
293
294
295
296
297
298
299
300

Im(formula = KCNJ15 ~ rs928771 x DX + AGE + PTGENDER + PC1 + PC2 + PC3 + PC4 + PC5)

Coefficients; |
Estimate | Std. Error | tvalue | p-value
(Intercept) 7.417 0.364 20.398 | < 2.00E-18
rs928771 -0.155 0.052 -2.995 | 2.94E-03
DX_AD | 0.362 0.111 3.251 1.27E-03
AGE 0.011 0.005 2.358 1.89E-02
PTGENDER_Male | -0.169 0.062 -2.750 | 6.28E-03
PC1 -4.385 1.020 -4.297 | 2.27E-05
PC2 | -.477 1.101 -1.341 1.81E-01
PC3 2.199 1.078 2.041 4.20E-02
PC4 1.966 0.982 2.003 4.60E-02
PC5 1.797 1.808 0.994 3.21E-01
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Figure S5. Extended data for genotype- and phenotype-associated modulations of
KCNJ15 transcript level in the blood. (A) Table summary for possible effects of interactions
between KCNJ15 rs928771 genotypes and AD. Linear regression model taking the KCNJ15
transcript level as outcome and genotype, phenotype together with the interaction term
(genotypexphenotype) as input adjusting for age, gender and top 5 PCs. Model formula:
Im(KCNJ15 ~ rs928771 + phenotype + (rs928771xphenotype) + age + gender +PC[1-5] (n
= 244 and 106 for NC and AD subjects, respectively). (B) Association between KCNJ15
transcript level in the blood and KCNJ15 rs928771 genotypes in the MCI subjects (n = 101,
164, 104 for MCI subjects harboring zero, one or two copies of rs928771 G alleles); linear
regression model, p-value = 3.83E-05, effect size = -0.2890. (C) Association between
cognitive performance (indicated by Mini-Mental State Examination [MMSE] score) and
KCNJ15 rs928771 genotypes in the AD subjects (n = 28, 49, 29 for AD subjects harboring
zero, one or two copies of rs928771 G allele).
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Table S1. Cohort information. A total of 1,222 participants including 489 with AD (n = 489),
260 with MCI (n = 260), and 473 corresponding age- and gender-matched NCs (n = 473) were
recruited from Huashan hospital for WGS sequencing. Individuals with a history of neurologic
diseases or psychiatric disorders were excluded. Meanwhile, a multicenter control cohort from
the CONVERGE study was included for the association analysis (21), and three previously
published GWAS AD cohorts (ADNI, ADC, and LOAD) were included for in silico
replications (22). WGS, whole-genome sequencing; NC, normal control; MCI, mild cognitive
impairment; AD, Alzheimer’s disease; MMSE, Mini-Mental State Examination; SD, standard
deviation; ADNI, Alzheimer’s Disease Neuroimaging Initiative; ADC, Alzheimer's Disease
Centers Cohort; CONVERGE, China, Oxford and Virginia Commonwealth University
Experimental Research on Genetic Epidemiology; LOAD, Late-onset Alzheimer’s disease
Family Study.

Participants included for WGS

. (n=1,222)
In-house subjects
NC MCI AD
(n =473) (n =260) (n =489)
Female (%) 249 (53.1%) 122 (47.2%) 263 (53.8%)
Agelyears (£SD) 68.2 (£9.2) 69.7 (£7.8) 69.3 (£8.9)

APOE-¢4 carriers (%)

100 (21.1%)

82 (31.5%)

219 (44.8%)

APOE-¢4 frequency
Allele number (%)

108 (11.4%)

95 (18.3%)

271 (27.7%)

APOE-¢2 frequency
Allele number (%)

77 (8.1%)

32 (6.2%)

34 (3.5%)

MMSE score (£SD)

28.0 (+2.4)

26.4 (+2.0)

14.6 (£6.5)

CONVERGE All CONVERGE subjects CONVERGE elderly controls
population controls (n =10,640) (Age =55, n =1,745)
Female (%) 100% 100%
Age/years (£SD) 46.0 (£7.6) 57.1 (x1.7)
Previously published
CWAS. AD cofors ADNI ADC LOAD Total number
AD (n) 515 3,946 464 4,925
NC (n) 339 1,746 2,231 4,316
Female (%) 388 (45.4%) 3,283 (57.6%) 1,680 (62.3%)
Agelyears (+SD) 74.4 (£6.9) 77.8 (£8.3) 81.2 (£10.2)
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Table S2. Quality assessment by comparison with re-sequenced samples (n = 126). Site
quality assessment was performed by comparing the variant calling of the same individuals
from 2 WGS datasets. Two datasets in VCF format (i.e., the whole dataset or the dataset after
subgrouping by average DP or MAF) were subjected to GATK GenotypeConcordance. Non-
reference sensitivity, non-reference discrepancy, and overall genotype concordance were
calculated to evaluate sequencing quality. DP, coverage; SNP, single nucleotide polymorphism;
MAF, minor allele frequency; SD, standard deviation; WGS, whole-genome sequencing.

Subgrouping of sites by average coverage (DP)

Average DP Non-reference sensitivity Non-reference discrepancy Overall genotype concordance
range (SD) (SD) (SD)

DP <05 0.975 (0.002) 0.103 (0.005) 0.905 (0.005)
DP =0.5-1 0.957 (0.003) 0.150 (0.007) 0.898 (0.005)
DP=1-2 0.952 (0.003) 0.133 (0.004) 0.922 (0.003)
DP =2-3 0.973 (0.001) 0.070 (0.002) 0.961 (0.001)
DP =3-4 0.987 (0.001) 0.036 (0.003) 0.981 (0.002)
DP =4-5 0.993 (0.001) 0.022 (0.003) 0.988 (0.001)
DP >5 0.994 (0.001) 0.018 (0.003) 0.991 (0.002)
All 0.989 (0.001) 0.033 (0.003) 0.982 (0.001)

Subgrouping of sites by minor allele frequency (MAF)

MAF range slyssq;{s:f; e(r;(l:)e) Non-refererg;eD;jlscrepancy Overall genotype concordance (SD)
MAF = 0.05-0.1 0.982 (0.001) 0.040 (0.002) 0.989 (0.001)
MAF = 0.1-0.2 0.985 (0.001) 0.038 (0.002) 0.984 (0.001)
MAF =0.2-0.3 0.990 (0.001) 0.029 (0.003) 0.983 (0.001)
MAF = 0.3-0.4 0.990 (0.001) 0.031 (0.003) 0.978 (0.002)
MAF = 0.4-05 0.991 (0.001) 0.033 (0.003) 0.975 (0.002)
All 0.989 (0.001) 0.033 (0.003) 0.982 (0.001)
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Table S3. Quality assessment by comparison with genotyping array results (n = 96). Site
quality assessment was performed by comparing the variant calling in the WGS dataset with
an array genotyping dataset from the same individuals. Two datasets in VCF format (i.e., the
whole dataset or the dataset after subgrouping by DP or MAF) were subjected to GATK
GenotypeConcordance. Non-reference sensitivity, non-reference discrepancy, and overall
genotype concordance were calculated to evaluate sequencing quality. DP, coverage; SNP,
single nucleotide polymorphism; MAF, minor allele frequency; SD, standard deviation WGS,
whole-genome sequencing.

Subgrouping of sites by average coverage (DP)

Average DP Non-reference sensitivity | Non-reference discrepancy | Overall genotype concordance
range (SD) (SD) (SD)
DP<0.5 0.978 (0.066) 0.301 (0.162) 0.779 (0.123)

DP =0.5-1 0.983 (0.015) 0.075 (0.044) 0.961 (0.026)
DP=1-2 0.979 (0.008) 0.049 (0.036) 0.978 (0.019)
DP=2-3 0.981 (0.007) 0.039 (0.034) 0.984 (0.017)

DP =3-4 0.987 (0.005) 0.029 (0.035) 0.988 (0.017)
DP =4-5 0.991 (0.003) 0.022 (0.035) 0.991 (0.017)
DP>5 0.993 (0.003) 0.019 (0.035) 0.992 (0.017)
All 0.991 (0.003) 0.022 (0.034) 0.991 (0.017)

Subgrouping of sites by minor allele frequency (MAF)

Non-reference sensitivity

Non-reference discrepancy

Overall genotype concordance

MAF range (SD) (SD) (SD)
MAF =0.05-0.1 0.979 (0.009) 0.036 (0.035) 0.994 (0.007)
MAF =0.1-0.2 0.987 (0.005) 0.027 (0.036) 0.992 (0.012)
MAF =0.2-0.3 0.991 (0.003) 0.022 (0.036) 0.990 (0.019)
MAF =0.3-0.4 0.993 (0.002) 0.020 (0.035) 0.988 (0.023)
MAF =0.4-0.5 0.995 (0.001) 0.019 (0.032) 0.987 (0.026)
All 0.991 (0.003) 0.022 (0.034) 0.991 (0.017)
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Table S4. Quality assessment of low-pass sequencing results (APOE genotype). The APOE
genotypes of 1,172 WGS samples were separately generated from low-pass WGS sequencing
calls and genotyping using TagMan assays. Site quality assessment was performed by
comparing those 2 datasets (1 individual was removed because of missing records). Overall
concordance rate: 0.980; non-reference sensitivity: 0.953; non-reference discrepancy: 0.047.
Row: genotypes obtained from WGS dataset; column: genotypes obtained from genotyping.
WGS, whole-genome sequencing.

APOE genotype | E2/E2 | E2/E3 | E2/E4 | E3/E3 | E3/E4 | E4/E4 | WGS calls
E2/E2 2 1 0 0 0 0
E2/E3 1 109 0 2 0 0
E2/E4 0 2 16 0 0 0
E3/E3 0 1 1 663 2 0
E3/E4 0 1 8 288 1
E4/E4 0 0 0 4 69
Genotyping
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349  Table S5. AD susceptibility variants discovered in the validation stage. Fifty-nine variants

350 passed the validation stage with a nominal p-value passing the genome-wide significance

351  threshold (p < 5E—8) in the combined dataset. AD, Alzheimer’s disease; CHR, chromosome(s);

352  BP, base positions in GRCh37 annotation; SNP, single nucleotide polymorphism; EA, effect

353 allele; EAF, effect allele frequency; NC, normal controls; OR, odds ratio. CONVERGE, China,

354 Oxford and Virginia Commonwealth University Experimental Research on Genetic

355  Epidemiology; 1KG: 1000 Genomes Phase 3 cohort; gnomAD, Genome Aggregation

356  Database; EAS, East Asian.

357

. Stage-l_ Combined dfe\taset EAF EAF EAF
: CoTNCAD | O MING 2D | oy | IS | aronao
CHR BP SNP Nearest Genes EA EAF_AD EAF OR EAF OR ERGE EAS EAS
p-value p-value

14 55297043 | rs72713460 GCH1 T 0.160 0.097 | 5.9E-05 1.77 0.099 4.0E—08 1.74 0.125 0.129 0.120
15 57612410 rs2591054 LINC01413 C 0.683 0.773 1.8E-05 0.64 0.779 3.5E-10 0.61 0.719 0.754 0.755
19 45371168 rs4803766 PVRL2 A 0.468 0.360 | 2.8E-06 1.56 0.332 3.0E-15 1.76 0.340 0.394 0.386
19 45372794 rs404935 PVRL2 A 0.280 0.154 | 6.8E-11 2.14 0.145 5.8E—24 2.30 0.144 0.147 0.150
19 45373565 rs395908 PVRL2 A 0.273 0.149 1.2E-10 2.13 0.143 1.9E-22 2.25 0.144 0.144 0.151
19 45376284 rs519113 PVRL2 G 0.297 0.166 | 4.2E-11 2.12 0.130 3.5E-37 2.83 0.152 0.163 0.168
19 45378144 | rs34278513 PVRL2 T 0.262 0.145 5.2E-10 2.10 0.137 9.0E—22 2.24 0.126 0.132 0.147
19 45379516 rs412776 PVRL2 A 0.277 0.146 8.3E-12 2.24 0.136 1.2E-26 243 0.129 0.127 0.145
19 45380961 rs3865427 PVRL2 A 0.256 0.137 1.7E-10 217 0.128 2.2E-23 2.34 0.125 0.126 0.140
19 45380970 | rs11668861 PVRL2 T 0.672 0.775 | 8.6E-07 0.59 0.794 3.7E-16 0.53 0.787 0.775 0.761
19 45382034 rs6859 PVRL2 G 0.585 0.692 1.7E-06 0.63 0.759 9.7E-28 0.45 0.696 0.692 0.688
19 45382966 1s3852860 PVRL2 T 0.661 0.758 | 5.5E-06 0.62 0.780 8.4E-15 0.55 0.778 0.765 0.761
19 45383061 s3852861 PVRL2 T 0.667 0.761 | 7.5E-06 0.63 0.783 2.0E-14 0.55 0.778 0.765 0.763
19 45383079 | rs71352237 PVRL2 C 0.254 0.135 1.4E-10 2.19 0.121 6.0E-26 2.47 0.119 0.124 0.128
19 45383115 | rs34224078 PVRL2 G 0.254 0.135 1.4E-10 2.19 0.120 2.2E-26 2.49 0.119 0.124 0.129
19 45383139 | rs35879138 PVRL2 A 0.254 0.135 1.4E-10 2.19 0.120 2.2E-26 2.49 0.119 0.124 0.128
19 45387459 | rs12972156 PVRL2 G 0.243 0.110 | 8.8E-14 2.61 0.096 4.5E-36 3.02 0.092 0.095 0.098
19 45387596 | rs12972970 PVRL2 A 0.243 0.110 | 8.8E-14 2.61 0.096 6.4E-36 3.01 0.093 0.095 0.098
19 45388130 | rs34342646 PVRL2 A 0.243 0.110 | 8.8E-14 2.61 0.097 9.1E-36 3.00 0.093 0.095 0.100
19 45388500 rs283811 PVRL2 G 0.312 0.196 1.0E-08 1.87 0.184 9.2E-19 2.01 0.178 0.203 0.194
19 45388568 rs283812 PVRL2 C 0.362 0.231 | 9.1E-10 1.89 0.165 4.0E-43 2.87 0.156 NA 0.006
19 45390333 rs283815 PVRL2 G 0.319 0.203 1.6E—08 1.84 0.188 3.8E-19 2.02 0.184 0.214 0.194
19 45392254 rs6857 PVRL2 T 0.248 0.111 | 2.3E-14 2.65 0.096 1.8E-38 311 0.094 0.100 0.097
19 45394336 | rs71352238 TOMMA40 Cc 0.247 0.109 1.1E-14 2.70 0.096 1.0E-37 3.08 0.094 0.097 0.098
19 45394969 rs184017 TOMMA40 G 0.318 0.203 | 2.1E-08 1.83 0.185 7.8E-20 2.05 0.181 0.208 0.198
19 45395266 rs157580 TOMM40 A 0.550 0.448 1.2E-05 151 0.415 2.5E-14 1.72 0.430 0.459 0.443
19 45395619 rs2075650 TOMM40 G 0.245 0.109 | 2.4E-14 2.67 0.096 2.8E-37 3.07 0.094 0.097 0.087
19 45395714 rs157581 TOMM40 C 0.361 0.236 | 6.7E-09 1.82 0.208 5.6E-24 2.15 0.220 0.246 0.228
19 45395909 | rs34404554 TOMM40 G 0.246 0.109 1.6E-14 2.68 0.096 1.0E-37 3.09 0.094 0.097 0.099
19 45396144 | rs11556505 TOMM40 T 0.245 0.108 1.4E-14 2.70 0.096 2.8E-37 3.07 0.094 0.096 0.087
19 45396219 rs157582 TOMM40 T 0.322 0.204 | 9.7E-09 1.86 0.188 5.7E-20 2.05 0.182 0.209 0.186
19 45396665 | rs59007384 TOMMA40 T 0.321 0.215 | 3.3E-07 1.73 0.184 4.6E-21 2.09 0.189 0.227 0.208
19 45404691 rs405697 TOMMA40 G 0.512 0.411 1.5E-05 1.50 0.387 1.3E-12 1.66 0.392 0.436 0.418
19 45406673 rs10119 TOMMA40 A 0.280 0.119 | 8.8E—18 2.88 0.098 1.7E-51 3.57 0.097 0.096 0.102
19 45409167 rs440446 APOE G 0.508 0.407 1.4E-05 151 0.381 43E-13 1.68 0.383 0.428 0.396
19 45410002 rs769449 APOE A 0.252 0.104 | 2.2E-16 2.89 0.089 8.1E—45 3.42 0.086 0.077 0.090
19 45411941 rs429358 APOE C 0.278 0.113 | 9.5E-19 3.02 0.083 4.1E—64 4.25 0.093 0.086 0.089
19 45413576 | rs75627662 APOE T 0.306 0.200 | 2.0E-07 1.76 0.191 34E-15 1.87 0.185 0.191 0.189
19 45414451 rs439401 APOE C 0.535 0.427 | 3.6E-06 1.55 0.407 4.9E-13 1.68 0.407 0.444 0.414
19 45415713 | rs10414043 Intergenic A 0.269 0.114 | 4.8E-17 2.86 0.108 2.4E-39 3.04 0.104 0.088 0.100
19 45415935 rs7256200 APOC1 T 0.266 0.114 1.6E-16 281 0.107 6.6E-39 3.04 0.104 0.085 0.097
19 45416178 rs483082 APOC1 T 0.332 0.207 1.6E-09 191 0.195 1.4E-20 2.06 0.191 0.202 0.193
19 45416478 rs584007 APOC1 G 0.531 0.429 1.1E-05 151 0.402 2.8E-13 1.69 0.407 0.447 0.416
19 45416741 rs438811 APOC1 T 0.332 0.207 1.6E-09 191 0.195 1.4E-20 2.06 0.192 0.202 0.194
19 45418790 rs5117 APOC1 C 0.308 0.201 1.6E-07 1.77 0.185 2.0E-17 1.96 0.181 0.205 0.189
19 45418961 rs3826688 APOC1 Cc 0.531 0.430 1.3E-05 1.50 0.402 2.8E-13 1.69 0.397 0.454 0.422
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19 45420082 | rs73052335 APOC1 C 0.325 0.153 | 7.1E-18 2.67 0.101 3.5E-72 4.27 0.112 NA 0.094
19 45421254 | rs12721046 APOC1 A 0.296 0.126 | 6.5E-19 2.92 0.105 1.8E—53 3.57 0.116 0.097 0.111
19 45421877 rs484195 APOC1 G 0.533 0.424 | 3.4E-06 1.55 0.396 8.1E—-15 1.74 0.404 0.460 0.416
19 45422160 | rs12721051 APOC1 G 0.296 0.127 | 1.2E-18 2.89 0.118 2.1E-44 3.15 0.116 0.099 0.098
19 45422846 | rs56131196 APOC1 A 0.297 0.127 | 7.8E-19 291 0.117 2.4E-45 3.19 0.116 0.099 0.113
19 45422946 rs4420638 APOC1 G 0.293 0.127 | 4.1E-18 2.85 0.118 4.8E—43 3.10 0.116 0.099 0.114
19 45425175 s157594 Intergenic G 0.533 0.427 | 5.5E-06 1.53 0.393 2.0E-15 1.76 0.336 0.454 0.415
19 45425460 1s157595 Intergenic G 0.535 0.428 | 4.5E-06 1.54 0.396 3.5E-15 1.75 0.399 0.463 0.414
19 45427125 r3111Z8933 Intergenic A 0.269 0.121 | 1.5E-15 2.68 0.113 1.4E-36 291 0.112 0.092 0.104
19 45428234 | rs66626994 APOC1P1 A 0.270 0.122 | 1.8E-15 2.66 0.112 3.7E-37 2.93 0.108 0.091 0.105
19 45429708 | rs60049679 APOC1P1 Cc 0.245 0.154 | 1.0E-06 1.79 0.109 2.0E-29 2.67 0.115 0.129 0.151
21 39663760 1s928771 KCNJ15 G 0.238 0.154 | 6.0E-06 1.72 0.161 1.2E-08 1.63 0.172 0.125 0.172
21 39664976 152836293 KCNJ15 A 0.235 0.154 | 1.2E-05 1.69 0.161 4.5E-08 1.60 0.172 0.125 0.172

358  “For the APOE region, the nearest genes located within +2 kb of the listed SNPs

359
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Table S6. Examination of covariates effects in stage 1 analysis. Commonly used covariates
in the genome-wide association study, including age, gender, and principal components, were
tested in the stage 1 analysis. Upper panel: statistical metrics of Spearman’s correlation test
between the newly identified candidate alleles and covariates (i.e., age and gender) in stage 1
subjects (n = 442 and 477, for NC and AD respectively). Lower panel: logistic regression of
the risk effects of the variants with or without adjustment for principal components (the top
five that were phenotype-independent), age, and gender (n = 442, 477 for NC and AD,
respectively). Rho, Spearman’s rank correlation coefficient; PC, principal components; SE,
standard error; OR, odds ratio.

Age Gender
Rho p-value Rho p-value
GCH1 14:55297043_T | —0.0055 | 0.8677 | —0.0619 | 0.0604
LINC01413 | 15:57612410 C | —0.0573 | 0.0821 | —0.0332 0.3142
KCNJ15 21:39663760_G | —0.0137 | 0.6779 | 0.0104 0.7513

Gene Variant

p-value

Gene Variant p—vglue p-value top 5 PCs Ef.feCt SE OR
(unadjusted) | (age+gender) +a(1ge?+gen der) size

GCH1 14:55297043 T | 6.93E-05 6.53E-05 6.31E-05 0.5877 | 0.1469 | 1.80

LINC01413 | 15:57612410 C | 2.59E-05 3.80E-05 3.50E-05 —0.4507 | 0.1089 | 0.64

KCNJ15 | 21:39663760 G | 2.25E-05 1.91E-05 9.81E-06 0.5371 | 0.1215 | 1.71
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Table S7. Examination of covariates effects in stage 1+2 analysis. Commonly used
covariates in the genome-wide association study, including age, gender, and batch effects were
tested in the stage 1+2 analysis. Upper panel: Spearman’s correlation test between the newly
identified candidate alleles and covariates (i.e., age, gender, and batch effects) in stage 1+2
control subjects, which comprised both in-house controls (n = 442) and CONVERGE elderly
controls (n = 1,745). Lower panel: summary metrics for logistic regression before and after
adjusting age and gender as covariates. Rho, Spearman’s rank correlation coefficient; SE,

standard error; OR, odds ratio.

Gene Variant Age Gender Batch
Rho p-value Rho p-value Rho p-value
GCH1 14:55297043 T | —0.0146 | 0.4953 | —0.0259 | 0.2259 | —0.0043 | 0.8395
LINC01413 | 15:57612410_ C | —0.0130 | 0.5434 | -0.0077 | 0.7188 | 0.0134 | 0.5308
KCNJ15 21:39663760 G | —0.0176 | 0.4110 0.0127 0.5519 | 0.0138 | 0.5189
. -value -value .

Gene Variant (ur?a djusted) (agz +gender) Effect size SE OR

GCH1 14:55297043 T 1.55E-07 1.49E-05 0.5199 0.1201 1.68

LINC01413 | 15:57612410 C 8.89E-10 2.45E-06 -0.4463 | 0.0947 | 0.64

KCNJ15 21:39663760 G 9.21E-08 5.99E-07 0.5139 0.1030 | 1.67

22




387  Table S8. Correction for population stratification in stage 1+2 analysis. Summary metrics
388  of the association results before and after adjustment for population stratification. Upper panel:
389  summary metrics after application of the genetic similarity score matching (GSM) method with
390 the conditional logistic regression model before and after adjustment for age and gender. Lower
391 panel: summary metrics for logistic regression after inclusion of phenotype-associated
392  principal components (PC1 and PC3, at a nominal level of p < 0.05), with further adjustment
393 forage and gender. GSM, genetic similarity score matching; SE, standard error; OR, odds ratio;
394  PC, principal component.
395
396
p-value
Gene Variant p-value p-value | Effect SE OR (GSM Bffcct | s | oR
(unadjusted) (GSM) size + size
age+gender)
GCH1 14:55297043 T 1.55E-07 2.45E-07 0.5214 0.1010 1.684 1.55E-04 0.5046 0.1334 | 1.657
LINC01413 | 15:57612410_C 8.89E-10 3.68E-10 —0.5042 0.0804 0.604 3.32E-05 -0.4197 | 0.1011 0.657
KCNJ15 21:39663760_G 9.21E-08 3.23E-08 0.4866 0.0880 1.627 1.49E-06 0.5385 0.1119 | 1.714
397
398
p-value
Gene Variant p-value p-value Effect SE OR (PC1,3 Etfect SE OR
(unadjusted) (PC1,3) size + size
age+gender)
GCH1 14:55297043 T 1.55E-07 4.42E-05 0.5910 0.1447 1.806 4.36E—05 0.5944 0.1454 1.81
LINC01413 15:57612410_C 8.89E-10 2.21E-05 —0.4578 0.1079 0.633 3.65E—05 —0.4467 0.1082 0.64
KCNJ15 21:39663760_G 9.21E-08 4.22E-06 0.5487 0.1193 | 1.731 3.60E—06 0.5552 0.1198 | 1.74
399
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400 Table S9. Summary for AD susceptibility variants after adjusting for confounding

401  factors. Statistical metrics for fifty-nine variants passed the validation stage with a nominal p-

402  value passing the genome-wide significance threshold (p < 5E—8) in the combined dataset after

403  adjusting for age, gender and phenotype-associated PCs. AD, Alzheimer’s disease; CHR,

404  chromosome(s); BP, base positions in GRCh37 annotation; SNP, single nucleotide

405  polymorphism; EA, effect allele; EAF, effect allele frequency; NC, normal controls; OR, odds

406 ratio. CONVERGE, China, Oxford and Virginia Commonwealth University Experimental

407  Research on Genetic Epidemiology; 1KG: 1000 Genomes Phase 3 cohort; gnomAD, Genome

408  Aggregation Database; EAS, East Asian.

409

(AD: Pl 442) (ggmf;geﬂga?fgt?) EAF | EAR gExA
Nearest Effect Effect CONV 1KG D

CHR BP SNP Genes” EA | EAF_AD EAF size p-value EAF size p-value ERGE EAS EAS
14 55297043 rs72713460 GCH1 T 0.160 0.097 0.588 | 6.31E-05 | 0.099 0.595 | 4.36E-05 0.125 0.129 0.120
15 57612410 rs2591054 LINC01413 (¢} 0.683 0.773 0.451 | 3.50E-05 | 0.779 0.447 3.65E—05 0.719 0.754 0.755
19 45371168 rs4803766 PVRL2 A 0.468 0.360 0.428 | 6.71E-06 | 0.332 0.424 | 7.96E-06 0.340 0.394 0.386
19 45372794 rs404935 PVRL2 A 0.280 0.154 0.722 7.11E-10 | 0.145 0.715 | 7.55E-10 0.144 0.147 0.150
19 45373565 rs395908 PVRL2 A 0.273 0.149 0.731 | 9.11E-10 | 0.143 0.728 | 7.66E-10 0.144 0.144 0.151
19 45376284 rs519113 PVRL2 G 0.297 0.166 0.745 1.87E-10 | 0.130 0.759 | 7.02E-11 0.152 0.163 0.168
19 45378144 rs34278513 PVRL2 T 0.262 0.145 0.720 | 2.88E-09 | 0.137 0.709 | 3.46E-09 0.126 0.132 0.147
19 45379516 rs412776 PVRL2 A 0.277 0.146 0.778 | 9.82E-11 0.136 0.766 1.29E-10 0.129 0.127 0.145
19 45380961 rs3865427 PVRL2 A 0.256 0.137 0.731 1.87E-09 | 0.128 0.724 1.90E-09 0.125 0.126 0.140
19 45380970 rs11668861 PVRL2 T 0.672 0.775 0.518 1.31E-06 | 0.794 0.500 | 2.61E-06 0.787 0.775 0.761
19 45382034 rs6859 PVRL2 G 0.585 0.692 0.515 | 6.72E-07 | 0.759 0.509 | 7.43E-07 0.696 0.692 0.688
19 45382966 rs3852860 PVRL2 T 0.661 0.758 0.481 | 6.13E-06 | 0.780 0.457 1.52E-05 0.778 0.765 0.761
19 45383061 rs3852861 PVRL2 T 0.667 0.761 0.470 | 9.26E-06 | 0.783 0.447 2.26E—-05 0.778 0.765 0.763
19 45383079 rs71352237 PVRL2 (¢} 0.254 0.135 0.746 1.49E-09 | 0.121 0.734 1.81E—09 0.119 0.124 0.128
19 45383115 1s34224078 PVRL2 G 0.254 0.135 0.746 1.49E-09 | 0.120 0.734 1.78E—09 0.119 0.124 0.129
19 45383139 rs35879138 PVRL2 A 0.254 0.135 0.746 1.49E-09 | 0.120 0.734 1.78E-09 0.119 0.124 0.128
19 45387459 rs12972156 PVRL2 G 0.243 0.110 0.913 | 4.96E-12 | 0.096 0.897 5.95E-12 0.092 0.095 0.098
19 45387596 1s12972970 PVRL2 A 0.243 0.110 0.913 | 4.96E-12 | 0.096 0.897 5.97E-12 0.093 0.095 0.098
19 45388130 rs34342646 PVRL2 A 0.243 0.110 0.913 | 4.96E-12 | 0.097 0.897 5.98E-12 0.093 0.095 0.100
19 45388500 rs283811 PVRL2 G 0.312 0.196 0.623 | 2.82E-08 | 0.184 0.590 1.22E-07 0.178 0.203 0.194
19 45388568 rs283812 PVRL2 C 0.362 0.231 0.532 | 4.82E-08 | 0.165 0.519 1.04E-07 0.156 NA 0.006
19 45390333 rs283815 PVRL2 G 0.319 0.203 0.609 | 4.25E-08 | 0.188 0.576 1.96E-07 0.184 0.214 0.194
19 45392254 rs6857 PVRL2 T 0.248 0.111 0.919 | 2.21E-12 | 0.096 0.900 | 3.27E-12 0.094 0.100 0.097
19 45394336 rs71352238 TOMM40 C 0.247 0.109 0.934 1.25E-12 | 0.096 0.917 1.67E-12 0.094 0.097 0.098
19 45394969 rs184017 TOMM40 G 0.318 0.203 0.605 | 4.66E-08 | 0.185 0.572 | 2.07E-07 0.181 0.208 0.198
19 45395266 rs157580 TOMMA40 A 0.550 0.448 0.404 1.99E-05 | 0.415 0.381 | 5.53E-05 0.430 0.459 0.443
19 45395619 rs2075650 TOMMA40 G 0.245 0.109 0.933 1.84E-12 | 0.096 0.918 | 2.06E-12 0.094 0.097 0.087
19 45395714 rs157581 TOMMA40 C 0.361 0.236 0.587 | 2.19E-08 | 0.208 0.564 | 7.06E-08 0.220 0.246 0.228
19 45395909 rs34404554 TOMMA40 G 0.246 0.109 0.934 1.53E-12 | 0.096 0.920 1.65E—-12 0.094 0.097 0.099
19 45396144 rs11556505 TOMMA40 T 0.245 0.108 0.939 1.36E-12 | 0.096 0.926 1.36E-12 0.094 0.096 0.087
19 45396219 rs157582 TOMMA40 T 0.322 0.204 0.607 | 2.86E-08 | 0.188 0.578 1.13E-07 0.182 0.209 0.186
19 45396665 rs59007384 TOMM40 T 0.321 0.215 0.538 | 7.00E-07 | 0.184 0.503 | 3.21E-06 0.189 0.227 0.208
19 45404691 rs405697 TOMM40 G 0.512 0.411 0.406 | 2.14E-05 | 0.387 0.392 | 4.20E-05 0.392 0.436 0.418
19 45406673 rs10119 TOMM40 A 0.280 0.119 0.999 | 3.73E-15 | 0.098 0.980 | 5.10E-15 0.097 0.096 0.102
19 45409167 rs440446 APOE G 0.508 0.407 0.401 | 2.58E-05 | 0.381 0.378 | 7.20E-05 0.383 0.428 0.396
19 45410002 rs769449 APOE A 0.252 0.104 0.984 1.09E-13 | 0.089 0.950 | 2.75E-13 0.086 0.077 0.090
19 45411941 rs429358 APOE C 0.278 0.113 1.013 | 2.23E-15 | 0.083 0.991 | 3.77E-15 0.093 0.086 0.089
19 45413576 1575627662 APOE T 0.306 0.200 0.526 1.00E-06 | 0.191 0.506 | 2.34E-06 0.185 0.191 0.189
19 45414451 rs439401 APOE C 0.535 0.427 0.429 | 7.32E-06 | 0.407 0.406 | 2.13E-05 0.407 0.444 0.414
19 45415713 rs10414043 Intergenic A 0.269 0.114 0.974 | 3.13E-14 | 0.108 0.940 8.48E-14 0.104 0.088 0.100
19 45415935 rs7256200 APOC1 T 0.266 0.114 0.961 | 7.38E-14 | 0.107 0.926 1.96E-13 0.104 0.085 0.097
19 45416178 rs483082 APOC1 T 0.332 0.207 0.602 1.52E-08 | 0.195 0.583 | 4.06E-08 0.191 0.202 0.193
19 45416478 rs584007 APOC1 G 0.531 0.429 0.406 | 2.08E-05 | 0.402 0.382 | 6.09E-05 0.407 0.447 0.416
19 45416741 rs438811 APOC1 T 0.332 0.207 0.602 1.52E-08 | 0.195 0.583 | 4.07E-08 0.192 0.202 0.194
19 45418790 rs5117 APOC1 C 0.308 0.201 0.522 1.03E-06 | 0.185 0.500 | 2.73E-06 0.181 0.205 0.189
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19 45418961 rs3826688 APOC1 C 0.531 0.430 | 0.403 | 2.52E-05 | 0.402 | 0.380 | 6.97E-05 0.397 0.454 0.422
19 45420082 rs73052335 APOC1 C 0.325 0.153 0.877 1.30E-14 | 0.101 0.870 1.44E-14 0.112 NA 0.094
19 45421254 1s12721046 APOC1 A 0.296 0.126 0.986 1.26E-15 | 0.105 0.964 | 2.10E-15 0.116 0.097 0.111
19 45421877 rs484195 APOC1 G 0.533 0.424 0.437 | 6.11E-06 | 0.396 0.410 | 2.07E-05 0.404 0.460 0.416
19 45422160 rs12721051 APOC1 G 0.296 0.127 0.976 1.96E-15 | 0.118 0.949 | 4.46E-15 0.116 0.099 0.098
19 45422846 rs56131196 APOC1 A 0.297 0.127 0.982 1.37E-15 | 0.117 0.957 | 2.77E-15 0.116 0.099 0.113
19 45422946 rs4420638 APOC1 G 0.293 0.127 0.968 | 4.05E-15 | 0.118 0.940 | 9.07E-15 0.116 0.099 0.114
19 45425175 rs157594 Intergenic G 0.533 0.427 0.432 | 8.38E-06 | 0.393 | 0.405 | 2.78E-05 0.336 0.454 0.415
19 45425460 rs157595 Intergenic G 0.535 0.428 | 0.434 | 7.14E-06 | 0.396 | 0.406 | 2.54E-05 0.399 0.463 0.414
19 45427125 | rs111789331 Intergenic A 0.269 0.121 0.920 | 3.14E-13 | 0.113 | 0.892 | 6.74E-13 0.112 0.092 0.104
19 45428234 rs66626994 APOC1P1 A 0.270 0.122 0.919 | 3.08E-13 | 0.112 | 0.894 | 5.86E-13 0.108 0.091 0.105
19 45429708 rs60049679 APOC1P1 C 0.245 0.154 | 0.559 | 3.39E-06 | 0.109 | 0.528 | 1.16E-05 0.115 0.129 0.151
21 39663760 rs928771 KCNJ15 G 0.238 0.154 0.537 | 9.81E-06 | 0.161 0.555 | 3.60E-06 0.172 0.125 0.172
21 39664976 rs2836293 KCNJ15 A 0.235 0.154 0.537 | 9.81E-06 | 0.161 0.555 | 3.60E-06 0.172 0.125 0.172
410  "For the APOE region, the nearest genes located within +2 kb of the listed SNPs

411
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Table S10. Transethnic meta-analysis of identified AD risk loci. Three previously published
GWAS AD cohorts with cases diagnoses of AD and healthy normal controls together with the
Chinese dataset were included in the meta-analysis: ADNI (AD: 515, NC: 339), ADC (AD:
3,946, NC: 1,746), LOAD (AD: 464, NC: 2,231), and the combined dataset for the Chinese
population (AD: 477, NC: 2,187). Meta p-values were obtained from the METASOFT program
on the basis of the estimation of the Han and Eskin’s Random Effects model (RE-HE, or RE2).
AD, Alzheimer’s disease; CHR, chromosome(s); BP, base positions in GRCh37 annotation;
SNP, single nucleotide polymorphism; EA, effect alleles; EAF, effect allele frequency; OR,
odds ratio; SD, standard deviations; NC, normal control; WGS, whole-genome sequencing;
ADNI, Alzheimer’s Disease Neuroimaging Initiative; ADC, Alzheimer’s Disease Centers
Cohort; LOAD, Late-onset Alzheimer’s disease Family Study; I2, I-square heterogeneity
statistic; Q, Cochrane’s Q statistic; 72, Tau-square heterogeneity estimator of DerSimonian—
Laird.

Effect

Variants Genes Cohorts p-value size SE p-value 12 Q p-value (Q) 72

Chinese 4.36E-05 0.5944 0.1454
. ADNI 9.60E-02 0.2154 | 0.1294

1s72713460 GCH1 ADC 144E—01 0.0788 0.0539 2.53E-04 | 73.81 11.46 9.50E-03 0.024
LOAD 1.64E-01 0.1181 0.0849
Chinese 3.60E-06 0.5552 | 0.1198
. ADNI 7.44E-01 0.0338 0.1035

rs928771 KCNJ15 ADC 193E01 0.0574 0.0441 6.41E-04 | 81.31 16.05 1.11E-03 0.026
LOAD 4.11E-01 0.0607 0.0738

“ Statistical metrics with p < 5E—2 in the corresponding cohort(s).
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428 Table S11. Plasma biomarkers associated with AD risk genotypes. A total of 146 plasma
429  biomarkers obtained from the ADNI dataset were included in the analysis of possible
430 modulation effects due to the identified AD risk variants, rs72713460 and rs928771. Ten
431  biomarkers exhibiting low variance in their expression levels were removed prior to the
432  analysis. The table shows the plasma biomarkers significantly associated with the genotypes
433  inthe AD subjects (sample n = 69) with a p < 0.05 after adjusting for age, gender, and the top
434  five PCs. Biomarkers with an average detection signal lower than the limit of detection (LOD)
435  were also excluded from the table. SE, standard error; FDR, false discovery rate.
436
Gene SNP Biomarker E:if;gt SE p-value FDR
Matrix metalloproteinase-2 (MMP-2) (ng/mL) 0.0534 0.0176 3.07E-03 0.276
Pancreatic polypeptide (PPP) (pg/mL) -0.1454 0.0541 8.50E-03 0.459
Eotaxin-3 (pg/mL) -0.0476 | 0.0200 | 1.93E-02 0.579
GCH1 rs72713460
Matrix petalloproteinase-7 (MMP-7) (ng/mL) 0.0566 0.0248 2.48E-02 0.604
Resistin (ng/mL) 0.0360 | 0.0160 | 2.69E-02 0.604
Glutathione S-transferase alpha (GST-alpha) (ng/mL) -0.1305 0.0637 4.32E-02 0.729
TNF-related a?_lc_JthAolsli_s_-Fien?)ci)u(cni;\/gn:li_g)and receptor 3 0.0553 00174 | 2.00E-03 0.276
Alpha-1-microglobulin (A1Micro) (ug/mL) —0.0451 0.0144 2.30E-03 0.276
Tissue inhibitor of m(er'[%lllrc:]pl)_r;teinases-l (TIMP-1) 0.0364 00149 1.65E-02 0556
Myeloid progenitor inhibitory factor-1 (CCL23) (ng/mL) —-0.0298 0.0131 2.59E-02 0.604
KCNJI5 rs928771 Thrombomodulin (TM) (ng/mL) ~0.0319 | 00145 | 2.99E02 | 0.605
Apolipoprotein H (Apo H) (ug/mL) —32.2527 | 14.7603 | 3.14E-02 0.605
Thymus-expressed chemokine (TECK) (ng/mL) —0.0420 0.0207 4.50E-02 0.729
Macrophage-derived chemokine (MDC) (pg/mL) —0.0323 0.0160 4.59E-02 0.729
Brain-derived neurotrophic factor (BDNF) (ng/mL) 0.0959 0.0480 4.86E-02 0.729
437
438
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439 Table S12. CSF biomarkers associated with AD risk genotypes. A total of 83 plasma
440  biomarkers obtained from the ADNI dataset were included in the analysis of possible
441  modulation effects due to the identified AD risk variants, rs72713460 and rs928771. One
442  biomarker exhibiting low variance in its expression level was removed prior to the analysis.
443  The table shows the plasma biomarkers significantly associated with the genotypes in the AD
444 subjects (sample n = 103) with a p < 0.05 after adjusting for age, gender, and the top five PCs.
445  Biomarkers with an average detection signal lower than the limit of detection (LOD) were also
446  excluded from the table. SE, standard error; FDR, false discovery rate.
447
Gene SNP Biomarker E:if;:t SE p-value FDR
Interleukin-25 (IL-25) (pg/mL) -0.9062 | 0.4089 | 3.05E-02 0.973
Angiotensin-converting enzyme (ACE) (ng/mL) -0.0648 0.0299 3.43E-02 0.973
GCH1 rs72713460
Immunoglobulin A (IgA) (mg/mL) 0.0920 0.0426 3.48E-02 0.973
C-reactive protein (CRP) (ug/mL) 0.2424 0.1165 4.18E-02 0.973
Cancer antigen 19-9 (U/mL) 0.1511 0.0592 1.33E-02 0.973
KCNJ15 1s928771 Interleukin-25 (IL-25) (pg/mL) 1.0349 0.4843 3.67E-02 0.973
Macr°phaga\;f"cosng’)'s(tr:$“m'al_t)'”g factor-1 00569 | 00282 | 4.84E-02 | 0.986
448
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Table S13. GO analysis of the genes regulated by AD susceptibility loci. A total of 52
candidate variants from 3 AD susceptibility loci (APOE-APOC1, 49 SNPs; KCNJ15, 2 SNPs;
and GCH1 1 SNP) passing the genome-wide significance threshold in the combined dataset
were subjected to genotype-expression analysis for possible regulatory effects in the
hippocampal and blood transcriptome datasets (GTEx dataset). The table shows the
representative ontologies for identified genes regulated by AD risk loci obtained from blood
(sample n = 365) and hippocampus (sample n = 87) transcriptome datasets with an FDR <
1E-3. GO, gene ontology; FDR, false discovery rate.

Blood eGene network

Pathway ID Description Counts FDR

G0.0006952 Defense response 27 3.61E-06
G0.0006955 Immune response 25 1.19E-05
G0.0045087 Innate immune response 21 1.32E-05
G0.0006950 Response to stress 39 1.07E-04
G0.0002376 Immune system process 28 2.04E-04
G0.0006956 Complement activation 6 2.04E-04

Adaptive immune response based on somatic recombination of
G0.0002460 immune receptors built from immunoglobulin superfamily domains 8 2.238-04
G0.0050776 Regulation of immune response 17 4.72E-04
G0.0006958 Complement activation, classical pathway 5 6.46E—04
G0.0050778 Positive regulation of immune response 14 6.46E—04
Hippocampus eGene network

Pathway ID Description Counts FDR

G0.0071310 Cellular response to organic substance 44 6.69E-10
G0.0010033 Response to organic substance 48 1.05E-08
G0.0016032 Viral process 26 1.05E-08
G0.0044403 Symbiosis, encompassing mutualism through parasitism 27 1.05E-08
G0.0070887 Cellular response to chemical stimulus 46 1.05E-08
G0.0007166 Cell surface receptor signalling pathway 41 2.02E-07
G0.0007165 Signal transduction 65 2.39E-07
G0.0071363 Cellular response to growth factor stimulus 22 6.93E—07
G0.0044700 Single organism signalling 65 2.63E—06
G0.0009719 Response to endogenous stimulus 31 3.89E—06
G0.0051128 Regulation of cellular component organization 39 4.92E-06
G0.0007154 Cell communication 64 1.44E-05
G0.0006950 Response to stress 50 1.81E-05
G0.0071345 Cellular response to cytokine stimulus 18 2.00E-05
G0.0051704 Multi-organism process 38 2.86E—05
G0.0009611 Response to wounding 21 3.84E-05
G0.0051130 Positive regulation of cellular component organization 26 3.90E-05
G0.0034097 Response to cytokine 19 4.51E-05
G0.0051716 Cellular response to stimulus 69 5.12E-05
G0.0071495 Cellular response to endogenous stimulus 24 5.73E-05
G0.0051641 Cellular localization 36 5.99E-05
G0.0042221 Response to chemical 51 6.63E—05
G0.0048522 Positive regulation of cellular process 56 7.54E-05
G0.0010941 Regulation of cell death 29 7.91E-05
G0.0006952 Defence response 28 9.98E-05
G0.0019058 Viral life cycle 12 9.98E-05
G0.0007167 Enzyme linked receptor protein signalling pathway 22 1.47E-04
G0.0019222 Regulation of metabolic process 70 2.00E-04
G0.0042981 Regulation of apoptotic process 27 2.13E-04
G0.0048583 Regulation of response to stimulus 46 2.13E-04
G0.1902531 Regulation of intracellular signal transduction 27 2.22E-04
G0.0045667 Regulation of osteoblast differentiation 8 3.86E-04
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458

G0.0045087 Innate immune response 21 5.55E-04
G0.2001137 Positive regulation of endocytic recycling 3 5.55E-04
G0.0051649 Establishment of localization in cell 30 5.84E-04
G0.0014070 Response to organic cyclic compound 19 7.73E-04
G0.0034613 Cellular protein localization 23 7.73E-04
G0.0008104 Protein localization 29 7.80E-04
G0.0050793 Regulation of developmental process 33 7.80E-04
G0.0009653 Anatomical structure morphogenesis 33 7.85E-04
G0.0007507 Heart development 14 8.99E-04
G0.0060429 Epithelium development 21 8.99E-04
G0.0051246 Regulation of protein metabolic process 36 9.01E-04
G0.0005829 Cytosol 56 1.21E-08
G0.0005925 Focal adhesion 13 7.21E-04
G0.0043233 Organelle lumen 53 7.21E-04
G0.0070013 Intracellular organelle lumen 52 7.21E-04

4510 Focal adhesion 11 9.16E-05
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459  Table S14. Summary statistics for the Caucasian AD risk loci in the Chinese population.
460  Detailed summary statistics for the 16 AD Caucasian risk loci (23) in Chinese subjects (AD:
461  477; NC: 2187 [442 from the in-house WGS dataset and 1,745 from CONVERGE dataset])
462  derived from the association analysis results based on the Chinese WGS dataset. EA, effect
463 allele; EAF, effect allele frequency in the combined control samples; OR, odds ratio; Cl,
464  confidence intervals; WGS, whole-genome sequencing. CONVERGE, China, Oxford and
465  Virginia Commonwealth University Experimental Research on Genetic Epidemiology; 1KG:
466 1000 Genomes Phase 3 cohort; gnomAD, Genome Aggregation Database; EAS, East Asian.
467 P, beta (effect size); SE, standard error; OR, odds ratio.
468
469
Chinese WGS data
Caucasian GWAS (Adjusted for age, gender, and phenotype- EAFin | EAFin | EAFin
SNPs Location Genes EA associated PCs) CONV 1KG gnomAD
EAF p-value OR EAF p-value g SE OR ERGE EAS) (EAS)
rs6733839" 2:127892810 BIN1 T 0.409 6.9E-44 121 | 0.453 4.7E-02 0.188 0.094 121 0.444 0.372 0.437
rs190982 5:88223420 MEF2C G 0.408 3.2E-08 092 | 0.128 3.8E-01 0.118 0.136 | 1.13 0.157 0.133 0.149
rs9271192 6:32578530 :tﬁgﬁgi (¢} 0.276 5.2E-11 111 | 0.182 8.6E-01 0.022 0.128 1.02 0.197 0.231 0.188
rs10948363" 6:47487762 CD2AP G 0.266 2.9E-12 1.10 | 0.123 4.5E—02 0.286 0.143 1.33 0.122 0.123 0.148
rs2718058 7:37841534 NMES G 0.373 1.1E-13 1.10 | 0.218 8.3E-01 0.024 0.113 1.02 0.216 0.191 0.201
rs1476679 7:100004446 ZCWPW1 (¢} 0.287 4.8E—09 0.93 | 0.371 9.7E-01 0.019 0.101 1.02 0.329 0.349 0.333
rs11771145% 7:143110762 EPHA1L A 0.338 5.6E-10 0.92 | 0.546 1.4E-01 —-0.135 0.092 0.87 0.522 0.522 0.496
rs28834970 8:27195121 PTK2B C 0.366 2.8E-25 0.90 | 0.273 7.0E-01 0.039 0.101 | 1.04 0.265 0.257 0.305
rs9331896 8:27467686 CLU C 0.379 7.4E-14 1.10 | 0.186 8.4E-01 0.024 0.120 | 1.02 0.195 0.219 0.205
rs10838725 11:47557871 CELF1 C 0.316 6.1E-16 0.86 | 0.313 5.1E-01 0.068 0.102 | 1.07 0.303 0.386 0.374
rs10792832 11:85867875 PICALM A 0.358 9.7E-15 1.08 | 0.381 7.4E-02 —0.174 | 0.098 | 0.84 0.382 0.409 0.408
rs11218343 11:121435587 SORL1 C 0.039 1.1E-08 0.88 | 0.311 1.1E-01 -0.169 | 0.107 | 0.84 0.282 0.288 0.294
rs17125944" 14:53400629 FERMT2 C 0.092 5.5E—09 0.76 | 0.229 3.6E—02 —0.240 0.114 0.79 0.224 0.227 0.211
(510498633 | 1492026052 | S'CXAY T | 0217 | 79B-09 | 113 | 0411 | 9.1E-01 | 0018 | 0157 | 098 | 0113 | 0085 | 0.0
rs4147929 19:1063443 ABCA7 A 0.190 1.1E-15 0.90 | 0.329 1.5E-01 0.140 0.098 | 1.15 0.326 0.354 0.334
rs3865444 19:51727962 CD33 A 0.307 3.0E-06 114 | 0.191 8.1E-01 0.030 0.126 1.03 0.191 0.186 0.175
470 " Statistical metrics with p < SE—2 in the Chinese dataset.
471 TMinor allele switched in Chinese cohort (EPHAL, rs11771145).
472  Caucasian GWAS data were obtained from ref. 23.
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