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Overview

 Problem: Variants of Uncertain Significance

 Approach: Multiplex Assays of Variant Effect
(MAVE)

* Application 1: Calmodulin and Heart disease

* Application 2: CBS, MTHFR and
Homocysteinuria

« Scaling up: The MaveDB repository and
ecosystem
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Variants of Uncertain Significance
(VUS) are taking over
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Proactive assaying of variants
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100 - 400 rare missense variants!

Prepare an atlas with function impact
of all possible missense variants
before they are seen in the clinic
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Multiplex Assays of Variant
Effects (MAVE)
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Pioneered by Doug Fowler, Stan Fields, Dan Bolon and others
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Variant effect maps
for four proteins
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Now available in MSB
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Abstract

Although we now routinely sequence human genomes, we can
confidently identify only a fraction of the sequence variants that
have a functional impact. Here, we developed a deep mutational
scanning framework that produces exhaustive maps for human
missense variants by combining random codon mutagenesis and
multiplexed functional variation assays with computational impu-
tation and refinement. We applied this framework to four proteins
corresponding to six human genes: UBE2I (enceding SUMO E2
conjugase), SUMOL (small ublquitin=like modifier), TPK1 (thiamin
pyrophosphokinase), and CALM1/2/3 (three genes encoding the
protein calmodulin). The resulting maps recapitulate known
protein features and confidently identify pathegenic variation.
Assays potentially amenable to deep mutational scanning are
already available for 57% of human disease genes, suggesting that
DMS could ultimately map functional variation for all human
disease genes.

Keywords complementation; deep mutational scanning: genotype=
phenotype: vanants of uncertain significance

Subject Categories Chromatin, Epigenetics, Genomics & Functional
Genomics, Genome-Scale L Integrative Biclogy. Methods & Resources
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Introduction

Millions of people will soon have their genomes sequenced. Unfor-
tunately, we have only a limited ability to interpret personal
genomes, each carrying 100-400 rare missense variants (The 1000
Genomes Project Consortium, 2015) of which many must currently
be classified as “wvariants of uncertain significance™ [VUS). For
example, gene panel sequencing aimed at identifying germline
cancer rigk variants in families yielded VUS for the majority of
missense variants (Maxwell &t al, 2016). Functional variants can be
predicied, but when high precision is required, computational tools
(Adzhubei & al, 20010; Choi e al, 2012) detect only one-third as
many pathogenic variants as experimental assays (Sun & al, 2018).
Unfortunately, validated experimental assays enabling rapid clinical
interpretation of variants are not available for the vast majority of
human disease genes

Deep mutational scanning (DMS) (Fowler er al, 2010; Fowler &
Fields, 2014; Starita ef al, 2017), a strategy for large-scale functional
testing of variants, can functionally annotate a large fraction of
amino acid substinutions for a substantial subset of residue posi-
tions. Recent DMS studies, for example, covered the critical RING
domain of BRCAL (Starita ef o, 2015) associated with breast cancer
risk, and the PPARG protein associated with Mendelian lpodystro-
phy and increased risk of type 2 diabetes (Majithia er al, 2018).
Such maps can accurately identify functionality of a clinical variant
in advance of that variant's first clinical presentation. Diverse assays
can be used for DMS (see Table EV1). Functional complementation
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Calmodulin map distinguishes
dlsease from benlgn variants
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DMS map outperforms
PROVEAN & PolyPhen-2
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Invitae VUS predictions
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Variant MAF sd/rmsd imp/reg prereg DMS DMS call indication
D94A NA 0.26 imputed NA 0.46 likely damaging Cardio
D9%6H NA 0.26 imputed NA 0.72  likely damaging Cardio
128V 1-100°% 0.05 mild 0.88 0.88  uncertain Cardio
N98S NA 0.05 mild 0.89 0.89  uncertain Cardio

T 351 4-107% 0.04 mild 0.93 0.93  likely benign Non-Cardio
E48G NA 0.05 mild 0.93 0.93  likely benign Cardio
G26D NA 0.06 mild 0.94 0.94 likely benign Non-Cardio
T27S 3-100° 0.05 mild 0.96 0.96 likely benign Non-Cardio
V122A NA 0.05 mild 0.98 0.98 likely benign Non-Cardio
A104G NA 0.08 mild 1.00 1.00  likely benign Non-Cardio
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Roth Lab to be largest contributor
of variant effect data in 2018

total variants covered

#variants in covered in study
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MaveDB: An online repository for
Variant Effect Maps
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An ecosystem of services around
MaveDB

tlas of
ariant Effects
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Summary

* Multiplexed Assays of Variant Effect (MAVES)
contribute to a growing genotype-phenotype
atlas

e CBS and MTHFR MAVESs demonstrate clinical
utility

« MaveDB will make MAVE data widely
accessible
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Thanks!
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