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Extended Data Fig. 1 | Indexing and Querying in PrecisionChain. (A) Indexing 
in Domain 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 gets its 
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 a single 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 
data for that concept ID. The stream location is extracted from the mapping 
stream and the concept ID is searched in that stream. Person IDs returned from 
the stream search are retrieved and processed into a table. 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 is 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 

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.

http://www.nature.com/naturemedicine
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Extended Data Fig. 3 | Comparison of the top 10 actual and 1000GP projected 
PCs. For each PC, we show a scatter plot and kernel density estimate (KDE) 
plot. In the scatter 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 
is shown in the top left corner of each scatter plot. In the KDE plots, the true 

PC distribution is 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.

http://www.nature.com/naturemedicine
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Extended Data Fig. 4 | Data Storage in PrecisionChain. (A) Per node data storage. Data storage requirements (gb) for nodes in a 1, 2, 4, 8, and 16 node network with 
100 patients. (B) Per node storage growth rate. Growth rate in network storage requirements. Values expressed as a ratio to storage requirements of a single node 
network (baseline).

http://www.nature.com/naturemedicine
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Extended Data Fig. 5 | GWAS on PrecisionChain network. (A) Manhattan plot 
for variants with p < 5e-2 in UKBB GWAS. In the original study two loci were 
found to be significant, 6q25 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 

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 < 5e-
8. (C) QQ plot for all 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 < 5e-8.

http://www.nature.com/naturemedicine
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Extended Data Fig. 6 | GWAS comparison between PrecisionChain and PLINK. 
(A) Effect size coefficient agreement between ALS GWAS results from PLINK and 
PrecisionChain. Two-sided t-statistics were used. There is no multiple hypothesis 

testing involved. (B) P-value agreement between ALS GWAS results from PLINK 
and PrecisionChain. Two-sided t-statistics were used. There is no multiple 
hypothesis testing involved.

http://www.nature.com/naturemedicine
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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 
scheme

Sub-
indexing 
scheme

Mapping stream data 
(Key:Stream)

Example

Clinical Domain Clinical 
table

OMOP 
vocabulary 
hierarchy

ConceptID:Domain_Ancest
orConceptID

201820:Conditions_436670 
means
T2DiabetesMellitus:Conditions
_MetabolicDisease

Person Person ID Person ID 
bucket

PersonID:Clinical_ 
PersonIDBucket

123:Clinical_Person_1 means 
patient ID 123 in clinical 
bucket 1

Genetic Variant Genomic 
coordinate

Genomic 
coordinate 
range

Variant:Chromosome_Start_
End

498:1_1_10000 means variant 
498 in genomic coordinate 
range 1-10000 in chrom_1

Person Person ID Person ID 
bucket

PersonID:Variant_ 
PersonIDBucket

123:Variant_Person_1 means 
patient ID 123 in variant bucket 
1

Gene Genomic 
coordinate

Genomic 
coordinate 
range

Ensembl_ID:Chromosome_
Start_End

ENS123:1_1_10000 means 
gene ID ENS123 in 
chromosome 1 genomic 
coordinate range 1-10000

Analysis Metadata Metadata 
type

Type:metadata_stream GATK:variant_calling_1 means 
list of GATK called samples in 
stream variant calling 1

Population 
Stratificati
on

Person ID PersonID:PC_stream 123:PC_Person_1 means 
Person ID 123 in PC person 
stream 1

Kinship Person ID PersonID:kin_stream 892:Kin_Person_3 means 
Person ID 892 in Kinship 
stream 3

http://www.nature.com/naturemedicine
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Extended Data Table 2 | Comparison of cohort sizes from our implementation and the original analysis

Study CADD+ CADD-

Fall et al., 2018 3,968 11,698

Ours 4,373 12,967

http://www.nature.com/naturemedicine
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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

http://www.nature.com/naturemedicine
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Extended Data Table 4 | ALS GWAS replication results

A. Replication of significant variants (p<5e-8)

rsid Effect size (odds 
ratio) NYGC ALS

Effect size (odds 
ratio) GTAC

Standard Error 
NYGC ALS

Standard 
Error GTAC

P-value 
NYGC ALS

P-value 
GTAC

rs1207292988 0.69 0.68 0.06 0.12 1.6e-9 1e-3

B. Suggestive variants (5e-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<5e-6)

rsid Effect size (odds 
ratio) NYGC ALS

Effect size (odds 
ratio) GTAC

Standard Error 
NYGC ALS

Standard 
Error GTAC

P-value 
NYGC ALS

P-value 
GTAC

rs8009569 0.67 0.75 0.08 0.14 2.0.e-6 0.04

D. Suggestive variants (5e-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 5.9e-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 1.9e-06

7:68777007 rs2527656 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

rs2527656 7:68777007
7:68780352, 7:68781595, 7:68782416, 7:68788987, 7:68789563, 7:68789772, 7:68789858, 
7:68790354, 7:68790625

7:68790626 7:68790826, 7:68790895, 7:68790964, 7:68791149, 7:68791263

rs12277388 11:99524482
11:99526222, 11:99531773, 11:99532153, 11:99533116, 11:99539255, 11:99539959, 
11:99543860

rs120729298 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. 
c, 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 < 5 × 10−8.

http://www.nature.com/naturemedicine









