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Extended Data Fig.1|Indexing and Querying in PrecisionChain. (A) Indexing
inDomain view is done by clinical table and then OMOP vocabulary hierarchy.
Each clinical domain has its own exclusive set of streams. Concepts are grouped
by ancestor concept using the vocabulary hierarchy. Each ancestor group getsiits
own stream. Indexing in Person view is by person (person ID). All data (clinical
or genetic) for a patient are inserted into the same stream. For clinical this is
irrespective of domain and for variant this is irrespective of genomic coordinate
bin. Note within asingle stream, multiple patient data can be inserted. Indexing
in Variant/Gene view is by genomic coordinate bin. All variants/genes within a

set of continuous genomic coordinates are added to a single stream. Indexing
in Analysis is by analysis type. Data for kinship and population stratification

is stored per sample and data for sequencing metadata is stored by metadata
type. (B) Flowchart of query process. User inputs required fields into the query
module. The mapping stream is searched for the location of the stream holding
datafor that concept ID. The stream location is extracted from the mapping
streamand the concept ID is searched in that stream. Person IDs returned from
the stream search are retrieved and processed into atable. If additional search
filters are added, these are processed on the returned data.
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Extended Data Fig. 2| GUI. (A) Combination Clinical Query. Users create a
cohort using clinical and genetic data. In this example, a user is querying for
patients with variants (MAF 0.0-0.1) in the SLC2A2 gene and are prescribed
Metformin (SLC2A2 gene is known to influence metformin response). Variant
level information for the cohort s returned. Clicking on the patient ID’s loads
further demographic information (B) Combination Genetic Query. Extract
clinical data for patients who have a specific variant of interest. In this example

taction="ignore’,
#rom QueryClinical daport (
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donainuery,
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from Queryvartant aport (
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auerypersonschrons,
getPatientiariantAmnotation
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aueryvariantciintcat,

#rom Querynalysis dapore (

diagnosis information for patients with heterozygous genotype at position
3:17101658 (SLC2A2 gene) is returned. Clinical relationships with this variant
can now be examined. (C) Administrative view. Administrators can view
time-stamped logs of all queries conducted, filtering by user, query type and
date. Information viewed is dependent on a user’s access level. (D) Analysis
workbook. Users can leverage network functionality to build cohorts and
conduct analysis that replicates traditional GWAS workflow.
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Extended Data Fig. 3| Comparison of the top 10 actual and 1000GP projected
PCs. For each PC, we show ascatter plot and kernel density estimate (KDE)
plot.Inthescatter plots, the actual PC values are plotted on the x-axis and the
projected PC values are plotted on the y-axis. The Pearson correlation coefficient
isshownin the top left corner of each scatter plot. In the KDE plots, the true

PC distributionis shown in blue and the projected PC distribution is shown in
orange. The p-value of a two-sided Kolmogorov-Smirnov test comparing the

two distributions is shown in the top left corner of each KDE plot. No multiple
hypothesis correction was needed.
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Extended Data Fig. 5| GWAS on PrecisionChain network. (A) Manhattan plot
for variants with p < 5e-2in UKBB GWAS. In the original study two loci were
found to be significant, 625 and 9p21. Two-sided t-statistics were used with
standard GWAS Bonferroni correction for multiple hypothesis testing with a
cut-off p < 5e-8. (B) QQ plot for all variants in UKBB GWAS. Lambda inflation
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factor=1.024. For GWAS p-values two-sided t-statistics were used with standard
GWAS Bonferroni correction for multiple hypothesis testing with a cut-off p < Se-
8.(C) QQplotforall variants in ALS GWAS. Lambda Inflation Factor =1.011. For
GWAS p-values two-sided t-statistics were used with standard GWAS Bonferroni
correction for multiple hypothesis testing with a cut-off p < Se-8.
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Extended Data Fig. 6| GWAS comparison between PrecisionChainand PLINK.  testinginvolved. (B) P-value agreement between ALS GWAS results from PLINK
(A) Effect size coefficient agreement between ALS GWAS results from PLINKand ~ and PrecisionChain. Two-sided t-statistics were used. There is no multiple
PrecisionChain. Two-sided t-statistics were used. There is no multiple hypothesis hypothesis testing involved.
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Extended Data Table 1| How the mapping stream is structured to record the indexing structure of each view

Level View Indexing | Sub- Mapping stream data Example
scheme indexing (Key:Stream)
scheme
Clinical | Domain | Clinical OMOP ConceptID:Domain_Ancest | 201820:Conditions 436670
table vocabulary | orConceptID means
hierarchy T2DiabetesMellitus:Conditions
_MetabolicDisease
Person | Person ID | Person ID PersonID:Clinical 123:Clinical Person 1 means
bucket PersonIDBucket patient ID 123 in clinical
bucket 1
Genetic | Variant | Genomic | Genomic Variant:Chromosome_Start | 498:1 1 10000 means variant
coordinate | coordinate | End 498 in genomic coordinate
range range 1-10000 in chrom 1
Person Person ID | Person ID PersonID:Variant 123:Variant Person_1 means
bucket PersonIDBucket patient ID 123 in variant bucket
1
Gene Genomic | Genomic Ensembl ID:Chromosome | ENS123:1 1 10000 means
coordinate | coordinate | Start End gene ID ENS123 in
range chromosome 1 genomic
coordinate range 1-10000
Analysis | Metadata | Metadata Type:metadata_stream GATK:variant_calling_1 means
type list of GATK called samples in
stream variant calling 1
Population | Person ID PersonID:PC_stream 123:PC_Person_1 means
Stratificati Person ID 123 in PC person
on stream 1
Kinship Person ID PersonID:kin_stream 892:Kin_ Person_3 means

Person ID 892 in Kinship
stream 3
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Extended Data Table 2 | Comparison of cohort sizes from our implementation and the original analysis

Study CADD+H CADD-
Fall et al., 2018 3,968 | 11,698
Ours 4,373 | 12,967
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Extended Data Table 3 | Comparative analysis of GWAS using standard techniques, including querying VCFs and OMOP
CDMs versus PrecisionChain approach

Function Standard| Ours
Total lines of code 173 103
Cohort creation lines of code 90 45
Genetic data harmonization lines of code] 18 5
Software packages used 2 1
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Extended Data Table 4 | ALS GWAS replication results

A. Replication of significant variants (p<Se-8)

rsid Effect size (odds | Effect size (odds| Standard Error | Standard P-value P-value
ratio) NYGC ALS | ratio) GTAC NYGC ALS Error GTAC |NYGC ALS| GTAC
rs1207292988§| 0.69 0.68 0.06 0.12 1.6e-9 le-3
B. Suggestive variants (Se-8<p<5e-6)
Gene| Variants (Chr:Pos)| rsid MAF| Effect size (odds ratio)| Standard Error| P-value
NA 14:20791137 rs8009569 | 0.20 | 0.67 0.08 2.0.e-6
C. Replication of suggestive variants (5e-8<p<Se-6)
rsid Effect size (odds Effect size (odds | Standard Error | Standard P-value P-value
ratio) NYGC ALS | ratio) GTAC NYGC ALS Error GTAC |NYGC ALS | GTAC
1s8009569 | 0.67 0.75 0.08 0.14 2.0.e-6 0.04
D. Suggestive variants (Se-8<p<5e-6) that did not replicate
Variants (Chr:Pos)|rsid MAF Effect size (odds ratio)|Standard Error P-value
1:114804291 rs555717851 | 0.01 | 3.70 0.26 5.9¢-07
1:122540301 rs1185767685 | 0.04 | 1.96 0.15 3.7e-06
2:18183356 rs78674159 0.04 | 2.00 0.14 1.6e-06
4:167675436 rs1518188 0.23 | 0.71 0.07 4.5e-06
5:46648754 rs1226342565 | 0.03 | 2.14 0.16 4.2e-06
5:122583494 rs1871170 0.21 | 1.42 0.07 1.9¢-06
7:68777007 152527656 0.16 | 1.44 0.08 1.8e-06
7:68790626 0.20 | 1.39 0.07 3.1e-06
10:130107363 rs141751714 | 0.01 | 3.37 0.24 2.7e-07
11:99524482 rs12277388 0.10 | 0.58 0.11 8.6e-07
12:20225977 rs10841473 0.27 | 1.37 0.07 4.7e-06
22:18387016 rs146285323 | 0.36 | 0.71 0.07 1.8e-07
E. Variants Excluded Due to Linkage Disequilibrium (R2 > 0.5)
rsid Chr:Pos Variants
rs1518188 | 4:167675436| 4:167678168, 4:167694067
rs1871170 | 5:122583494| 5:122585419, 5:122587022, 5:122591013
7:68780352, 7:68781595, 7:68782416, 7:68788987, 7:68789563, 7:68789772, 7:68789858,
1s2527656 | 7:68777007 | 7:68790354, 7:68790625
7:68790626 | 7:68790826, 7:68790895, 7:68790964, 7:68791149, 7:68791263
11:99526222, 11:99531773, 11:99532153, 11:99533116, 11:99539255, 11:99539959,
1512277388 | 11:99524482| 11:99543860
1120729298 13:18211930( 13:18211943, 13:18211889, 13:18212172

a, Comparison of significant variant results from original (NYGC ALS) and replication (GTAC) GWAS datasets. b, Suggestive variants that replicated and may be associated with site of onset in ALS.
¢, Comparison of suggestive variant results from original (NYGC ALS) and replication (GTAC) GWAS datasets. d, Suggestive variants that did not replicate and may be associated with site of onset
in ALS. e, Variants pruned for LD. GWAS P values were calculated by two-sided t-statistics with standard GWAS Bonferroni correction for multiple hypothesis testing with a cutoff of P<5x1078,
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

D A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  No software used for data collection

Data analysis Code for the PrecisionChain framework is available at https://github.com/G2Lab/PrecisionChain and https://doi.org/10.5281/
zenodo.10067135.
MultiChain v2.3.3 Community (GPLv3) was used to store data in blockchain infrastructure.
Python v3.6.13 was used for data pre-processing , insertion and querying
BCFTOOLS v1.9 was used for VCF data pre-processing
PLINK version v1.90 was used for plaintext GWAS analysis

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The individual level data from NYGC ALS Consortium are available to authorized investigators through dbGaP via accession code phs003067 (being processed by
dbGaP as of 07/19/2024). Data dictionaries and variable summaries are available on the dbGaP public FTP site: https://ftp.ncbi.nlm.nih.gov/dbgap/studies/
phs003067/phs003067.v1.p1 Public summary-level phenotype data may be browsed at the dbGaP study report page: https://www.ncbi.nlm.nih.gov/projects/gap/
cgi-bin/study.cgi?study_id=phs003067.v1.p1

Subject Sample Telemetry Report (SSTR) for Subject and Sample IDs, consents, summary counts, processing status, and molecular and sequence sample uses is
available on the SSTR site: https://www.ncbi.nlm.nih.gov/gap/sstr/report/phs003067.v1.p1

The data are available under General Research and Health, Medical, Biomedical data use limitations.

GTAC data can be accessed via dbGaP accession code phs002973.v1.p1.

Genetic data for the publicly-accessible blockchain network are shared via the International Genome Sample Resource (1000 Genomes Project) and can be accessed
through https://www.internationalgenome.org/data-portal/data-collection/30x-grch38.

UK Biobank data is available to authorized investigators through UKBiobank portal.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender ~1964 (~42%) of 4734 samples used from NYGC ALS consortium data is female.

Population characteristics We limited our analysis to patients with European genetic ancestry (>80%), known reported sex and known site of onset. This
leaves 2,903 patients, 802 with bulbar and 2,101 with limb ALS. Average age of symptom onset for these patients are ~58.
More information can be found at https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs003067.v1.p1

Recruitment Samples were recruited from a range of hospitals and academic medical centers worldwide in the
USA and Europe.

Ethics oversight The NYGC ALS Consortium samples presented in this work were acquired through various institutional review board (IRB)
protocols from member sites and the Target ALS postmortem tissue core and transferred to the NYGC in accordance with all
applicable foreign, domestic, federal, state, and local laws and regulations for processing, sequencing, and analysis. The
Biomedical Research Alliance of New York (BRANY) IRB serves as the central ethics oversight body for NYGC ALS Consortium.
Ethical approval was given and is effective through 07/27/2024. Note that BRANY IRB determined that the request for waiver
of informed consent satisfies the waiver criteria set forth in 45 CFR 46.116(d).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size No sample size calculation was used. We limited our analysis to patients with European genetic ancestry (>80%), known reported sex and
known site of onset. This leaves 2,903 patients, 802 with bulbar and 2,101 with limb ALS. Since our phenotype is site of onset, we are limited
to this sample size with the available data. However, we think this is acceptable as sample sizes of >1000 are shown to be typically sufficient
to power a genotype-phenotype association study for 500k- 1 million SNPs (Hong et al. 2012). Thus, we believe the study is sufficiently
powered.

Data exclusions  Exclusion criteria were any of the following: We limited our analysis to patients with European genetic ancestry (>80%), known gender and
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Data exclusions  known site of onset. This leaves 2,903 patients, 802 with bulbar and 2,101 with limb ALS. The first is essential as we wanted to make sure
population does not confound our analysis and majority of NYGC ALS patients are of European ancestry. The second is needed as we use site
of onset as the phenotype.

Replication ALS GWAS findings were replicated once in a publicly available GTAC dataset (dbGaP accession code phs002973.v1.p1)
Randomization  The program was a resource generation program so no patient randomization was appropriate.

Blinding Blinding is not relevant in this study as we are not assessing outcome of an intervention on separate groups. Our study measures only existing
associations in patients' genetic variants and site of onset. Both features are fixed at time of analysis.
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