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Variants of uncertain significance (VUS)
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How do we interpret the impact of
genetic variation at scale?

Validity Throughput
Genetic analysis or
one-off experiments +++ +
Computational
prediction T T+

Massively parallel
functional analysis +++ +++



Massively parallel functional assays
for assessing function of missense variants
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Biochemical functions of BRCA1
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RING | BARD1 BRCT

BRCAA1 is required for homology-directed
dsDNA break repair (HDR)

BRCA1 HDR activity is required for
tumor suppression

BRCA1 must dimerize with BARD1 to
function in HDR

The BRCA1:BARD1 dimer has
ubiquitin ligase activity



Multiplex assays for BRCA1
protein function and splicing

Experiments 1 and 2:
BARD1-BRCA1-RING E3 ligase activity

BARD1-BRCA1-RING interaction

Experiment 3:
Saturation genome editing to assess the
effect of SNVs on splicing.
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CRISPR ——
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Multiplex assays for BRCA1
protein function and splicing

Experiments 1 and 2:
BARD1-BRCA1-RING E3 ligase activity

BARD1-BRCA1-RING interaction

— exon 17
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Massively parallel assays for the BRCA1-RING
E3 ligase and BARD1-binding activities

E3 ligase activity
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Massively parallel assays for the BRCA1-RING
E3 ligase and BARD1-binding activities
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How can we leverage these measurements to estimate
the likelihood that a BRCA1 variant would be pathogenic?
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How can we leverage these measurements to estimate
-the-likelihood-thata BRCA1-variant-would-bepathogenic?
to understand the homology-directed DNA repair (HDR)
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Experimental data build a better predictor of
BRCA1 HDR function

Leave-One-Out Cross Validation R?
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HDR predictions for clinical BRCA1 variants
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HDR predictions for 1,287 BRCA1
variants not yet seen in patients
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HDR predictions for 1,287 BRCA1
variants not yet seen in patients
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Multiplex assays for BRCA1
protein function and splicing

Experiment 3:
Saturation genome editing to assess the
effect of SNVs on splicing.

— exon 17 exon 18 exon19 —

CRISPR ——
— HDR Library
- (N =4,096)




Multiplex genome editing to measure
the effects of SNVs on splicing

Edited repair

templates 1. CRISPR-Cas9 construct targeting
Cas9/gRNA (N = 4,096) BRCA1 exon 18
:: 2. Repair templatelibrary to
—— substitute SNVs within the exon.

Findlay, Boyle et al., Nature (2014).



Multiplex genome editing to measure
the effects of SNVs on splicing

Edited repair

templates
Cas9/gRNA (N = 4,096)

Co-transfection,
Multiplex editing

% Heterogeneous
R population of
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5 days, collect gDNA & RNA [

“Selective PCR” — only
edited gDNA and cDNA




Multiplex genome editing to measure
the effects of SNVs on splicing

Edited repair
Cas9/aRNA templates
asv/g (N = 4,096) Enrichment Scores

- Calculate effects on
splicing for each variant

cDNA / gDNA

Rank-ordered variants

Py ;
equence, Variant Counts
— gDNA and cDNA gDNA cDNA

== g == =|=—

5 days, collect gDNA & RNA

Co-transfection,
Multiplex editing

Countvariant
gDNA and cDNA




Variants that create splice enhancers and silencers or
trigger nonsense-mediated decay behave as expected
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Effect size
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Effects of SNVs across BRCA1 exon 18

wno an0 Tog oo yos oy asf oot 1o '-ltlﬂbu..“‘t‘”.. Nttt ooty .'..“ILﬂi" oo 'luloﬂ ™ "lﬂ,.l o
SR i no4 I ”l | : 1]‘
) ] " ) é ]

] .l L4 :

l" I'E L ll‘ ';: 10' o o'l :h :'] "I 1, Iﬂ lh Ny .ll l'. "l u A} o ’l IJ

oA eC oGeT

123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77

BRCAT1 exon 18 position
---- *Dashed lines represent nonsense mutations

Findlay, Boyle et al., Nature (2014).



Effect size

Effects of SNVs across BRCA1 exon 18
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In summary

Parallelized assays for the protein function of
the RING domain of BRCA1

Saturation genome editing to understand the
effect of missense variants on splicing
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Challenges for scaling up
Library construction and variant delivery
Parallelizable assays for protein function
Sequencing of variants |
Computational variant scoring pipeline |

Calculate likelihood estimates for pathogenicity



How the results from massively parallel
assays could get to the bedside...
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The effects of missense SNVs on splicing
and protein function are difficult to predict

Stop Gain \/ Frameshift \/ Missense ?

Splicing effects

Multiplex genome editing to determine

exonc1R7|spR SRR exontd effects of SNVs on splicing of exon 18 of
—— ) HDR Library _ BRCA1
== (N = 4,096) Findlay et al. Nature 2014

Learning the Sequence Determinants of
\ Alternative Splicing from Millions of
—_— Random Sequences
] Rosenberg et al. Cell 2015




Scoring full-length BRCA1 variants
for HDR function in human cells
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Scoring full-length BRCA1 variants
for HDR function in human cells

HDR rescue assay
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Construction of the barcoded single amino acid
substitution BRCA1-RING library
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Multiplex genome editing to measure
the effects of SNVs on splicing

Each edited exon receives

1. Arandom SNV
\_ 2. A fixed mutation
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Prospective functional map for 1,287 BRCA1 RING variants
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Massively parallel assays for
BRCA1-RING E3 ligase activity

E3 ligase activity
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Massively parallel assays for
BRCA1-RING E3 ligase activity

E3 ligase activity
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Massively parallel assays for the BRCA1-RING
E3 ligase and BARD1-binding activities

E3 ligase activity
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Massively parallel assays for the BRCA1-RING
E3 ligase and BARD1-binding activities

E3 ligase activity
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Genetic testing is big business

More companies, lower costs, more genes”

*41.7% of tests revealed a VUS in at least one gene

Tung et al. Frequency of mutations in individuals with breast cancer referred for BRCA1 and BRCA2
testing using next-generation sequencing with a 25-gene panel. Cancer 2015
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THE PRECISION MEDICINE INITIATIVE

We need new
technologies to deliver
on the promises of
genetic medicine
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Massively parallel
functional analyses are a
possible solution
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