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Abstract

Motivation: Currently, the Polygenic Score (PGS) Catalog curates over 400 publications on over 500 traits corresponding to over 3000 polygenic
risk scores (PRSs). To assess the feasibility of privately calculating the underlying multivariate relative risk for individuals with consumer
genomics data, we developed an in-browserPRS calculator for genomic data that does not circulate any data or engage in any computation
outside of the user’s personal device.

Results: A prototype personal risk score calculator, created for research purposes, was developed to demonstrate how the PGS Catalog can be
privately and readily applied to readily available direct-to-consumer genetic testing services, such as 23andMe. No software download, installation, or
configuration is needed. The PRS web calculator matches individual PGS catalog entries with an individual’'s 23andMe genome data composed of
600k to 1.4 M single-nucleotide polymorphisms (SNPs). Beta coefficients provide researchers with a convenient assessment of risk associated with
matched SNPs. This in-browser application was tested in a variety of personal devices, including smartphones, establishing the feasibility of privately
calculating personal risk scores with up to a few thousand reference genetic variations and from the full 23andMe SNP data file (compressed or not).

Availability and implementation: The PRScalc web application is developed in JavaScript, HTML, and CSS and is available at GitHub repository
(https://episphere.github.io/prs) under an MIT license. The datasets were derived from sources in the public domain: [PGS Catalog, Personal

Genome Project].

1 Introduction

The increasing identification of risk loci from large-scale
‘genome-wide association studies’ (GWAS) holds promise for
risk prediction to inform both individualized and population-
level preventative strategies (e.g. screening, precision preven-
tion) (Chatterjee et al. 2016). GWAS-derived ‘polygenic risk
scores’ (PRSs) are collections of genetic variants weighted by
their effect size (association with trait of interest) that inform
the cumulative effect of an individual’s genetic risk for some
trait (Loos 2020). The Polygenic Score (PGS) Catalog curates
publications of PRSs for multiple traits and corresponding
metadata, variants associated with a trait, effect alleles and its
associated effect size, and outcome odds ratios, all served
through a public REST API and FTP site (Lambert et al.
2021).

‘Direct-to-consumer’ products that calculate the risk of dis-
ease/traits based on genotype data, often through server-side
methods, have become widely available (Horton et al. 2019).
One such product, 23andMe (https://www.23andme.com), is
used here to assess the privacy-preserving approach. 23andMe

relies on genotyping technology to identify genetic markers or
‘single-nucleotide polymorphisms’ (SNPs) associated with a dis-
ease or trait. Additionally, 23andMe provides users with their
raw data (see ‘Your 23andMe data download’ in the in-browser
application for the direct link). Impute.me was an open-source
PRS calculation tool (Folkersen ez al. 2020); however, it required
genotype data to be uploaded to a server for processing, prompt-
ing data breach prevention strategies. Furthermore, providing
users with access to their raw genetic data can allow for a sense
of empowerment which may offset the balance between privacy
and informed consent. To address this limitation in our applica-
tion, personal PRSs are calculated on 23andMe genotype data,
using pure Javascript, completely on the client-side, on all mod-
ern browsers, without the need for opaque software downloads
or installations. This serves as a privacy-preserving exercise in
scalability of portable risk score calculators running in personal
mobile devices under full user oversight.

Specifically, no personal data circulate external computa-
tional environments, while making full use of the public refer-
ence offered by hundreds of published PRS in the PGS
catalog.
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34 not matched
* ® 26 matched, zero alleles
e ¢ 14 matched, one allele
B 3 matched, two alleles
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PRS = exp(Z 3z) = 1.351
Table for 17 matched PGS variants (dosage = 1 or 2)

# B z Pz variant dbSNP

1) 0.225 10.225 Chr10.123337335:0.G>A rs2981579
2) 0.09 20.179 Chra27416013:9.C>T rs4973768
3) 0.072 20.144 Chr11.1909006:9.T>C 153817198
4) 0.091 10.091 Chr8.128355618:9.A>G 513281615
5) 0.07 10.07 Chr8.29509616:9.C>A 59693444
6) 0.064 10.064 Chr3.47422760.A>G (36762644
7) 0.056 10.056 Chr10.22032942:9.G>A 157072776
8) 0.046 10.046 Chr6.151948366:0.G>A rs2046210
9) 0.026 10.026 Chr19.17394124:9.G>T rs2363956
10) -0.055 1 -0.055 Chr18.24570667.9.T>G rs1436904
11) -0.056 1 -0.056 Chr7.144074929.9.G>A rs720475

12) -0.06 1-0.06 Chr1.10566215:9.A>G rs616488

13) -0.073 1 -0.073 Chr16.53813367:9.T>G
14) -0.075 1 -0.075 Chr21.16520832:9.G>A
15) -0.079 1 -0.079 Chr14.69034682:9.C>T
16) -0.085 1 -0.085 Chr2.121245122:9.C>T
17) -0.059 2 -0.118 Chr6.1318878:9.T>C
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Figure 1. Composition of graphic elements produced by the privacy-preserving PRS calculator for the public 23andme datafile at Harvard Personal
Genome Project (personalgenomes.org), with ref #hub4EEB2, under the name ‘Dorothy Wolf’, based on PGS Catalog (pgscatalog.org) entry PGS000001,
for breast carcinoma. The three graphic elements in this composition are, in order of appearance in the web calculator result: (i) the table listing only the
variants that match both the PGS catalog and for which the individual 23andme file reports a variant (where zvalue is 1 or 2), placed in the lower right of
the pot; (i) the pie chart accessing what proportion of risk, "8, reported in the PGS catalog is actually covered by 23andme panel, displayed at the top left
of the figure; and (iii) the background plot sorting all the SNPs assessed in the catalog by f value with different symbols and colors for unmatched. The
report provides links to additional references, including the publication, phenotype ontology, and doSNP.
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2 Methods

For the general user, 23andMe does not currently support
an authentication API to pull SNP data directly from their
account. As an alternative, a 23andMe raw data file contain-
ing up to 610527 variants from an individual, is locally
loaded onto the application. The calculation is processed en-
tirely in the browser on the 23andMe file in memory in the
user’s local system, i.e. without ever circulating any data by
a server. The calculation consists of matching PGS variants
by chromosome and position to 23andMe variants
(build37). The PRS is calculated from the summation of the
products of the PGS beta (effect size) and the individual’s al-
lele dosage (total number of effect alleles) according to the
following equation:

PRS = exp (ZT (B; Zi))

The above equation is a standard equation to calculate the
underlying multivariate relative risk as weighted (B) PRS mul-
tiplied by dosage (z, number of alleles with variation).

In this equation, N is the number of SNPs in PGS catalog
entry, f; is the effect size (or beta) of variant i, and dosage, z;,
is the number of copies of the effect allele of SNP ¢ for that
23andme individual (Collister et al. 2022). The ‘exp(betas)’
component can also be defined as odds ratios measuring the
relative risk for a variant. Additional information about the
user’s SNPs matched against the chosen PGS catalog entry
scoring file is retrieved from the Ensembl database using an
API request to https:/rest.ensembl.org

3 Results

PGS scoring files are standardized compressed text files, typi-
cally composed of a few hundred rows, one per variant. The
prototype application displays the scoring and genomic file
as a decompressed text for direct inspection and an odds ra-
tio plot of associated variants. To illustrate the characteris-
tics and working of this application, the PGS scoring file
PGS000001, listing 77 variants associated with breast can-
cer, was matched for a public 23andme report data file.
Figure 1 reproduces that PRS calculation, with specific refer-
ence to the sources and process detailed in that figure’s
legend.

In summary, in the example depicted in this figure, the un-
derlying multivariate relative risk score reported by PGS#1
(breast carcinoma) and calculated for ‘Dorothy Wolf’
23andme result is 1.351. This calculation considered 77 var-
iants listed in the PGS catalog #1, of which 17 were found to
occur amongst the 43 that matched Dorothy’s 23andme data
covered 40% of the risk score reported by the reference
publication.

4 Discussion

As advised by the FAIR principles, research genomics tools
should be open-source and either run on the client side or un-
der its governance, in order not to raise obstacles to reusabil-
ity (Wilkinson et al. 2016). The PRS calculator relies solely on
published/validated/open-source risk scores from the PGS cat-
alog, whereas consumer genomics companies use proprietary

algorithms that cannot be readily reproduced by others.
Additionally, we observed that the inherent reusability of this
design led to the use of the PRS calculator as a research tool
to compare different PGS catalog entries, by reviewing the
in-browser SNPedia and dbSNP analysis. It should be noted
that this calculator was devised as a proof of concept, and it
has a number of important limitations for research or clinical
use. The current tool uses pre-imputation genotype data and
thus results in a low number of SNP matches. Most impor-
tant, only the relative risk model (see in Chatterjee et al.
2016, Box 1, eq 2) is calculated, with no effort to determine
absolute risk of disease. Finally, the risk calculation will only
be attempted for PGS catalog entries reporting effects as
beta values under ‘effect_weight’. Future work enabling the
use of imputed or sequencing data (of much larger size) cover-
ing variation across the whole genome, and integration of
raw PRS into risk models, is needed. Further considerations
are also required prior to clinical use of PRS (Hao et al.
2022).

5 Conclusion

The prototype PRS calculator reported here is a web applica-
tion developed as an exercise in privacy-preserving personal-
ized risk computing. Specifically, it probes the logistic limits
of what a commodity mobile device can realistically compute.
We found that, up to a few thousand SNPs, web computing
(in-browser) provides an effective avenue for researchers to
assess their contributions to PGS catalog in a manner that
addresses the FAIR principles (Findable, Accessible,
Interoperable, Reusable) (Wilkinson et al. 2016, Garcia-
Closas et al. 2023). Given the rapid advancement of web
technologies, the software architecture implemented may also
inform future logistics of computer-assisted Precision
Prevention.
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