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BACKGROUND

Genetic testing for hereditary breast and ovarian cancer (HBOC) is becoming increasingly
widespread in the era of precision medicine. Variants of unknown significance (VUS) in the
HBOC susceptibility genes BRCATand BRCAZ pose a quandary to medical providers and
patients because these genes are clinically actionable!. A large percentage of VUS in BRCA1/2
are predicted to affect splicing?. Previous efforts have focused on interrogating splicing VUS
using low-throughput and/or imprecise techniques3. Therefore, we developed and validated a
method for using RT-PCR NGS to accurately and efficiently characterize germline splicing
defects.

SPLICING VARIANT DATA

Sequence data retrospectively
analyzed from a cohort of 23,000
individuals tested at a clinical
diagnostics laboratory for a
HBOC DNA Multi-Gene Panel
Test (MGPT). (A) In this cohort,
- 44% and 42% of pathogenic
s mutations were detected in
BRCATin BRCAZ, respectively.
(B) Among the variants that were
classified as pathogenic, 8.8%
have known effects on splicing.

METHODS

The ENIGMA (Evidence-based Network for the Interpretation of
Germline Mutant Alleles) consortium recommends capillary
electrophoresis and Sanger sequencing of subcloned transcripts as
the gold standard to identify the BRCA1/2 transcripts that are
present in patient samples3. We compared our capillary
electrophoresis and Sanger sequencing results to our newly
developed CloneSeq assay, which was designed to perform
quantitative and qualitative characterization of splicing VUS. For
this assay, we performed RT-PCR using primers designed at least 1
exon away from the variant of interest. PCR products were cloned

Clone PCR Product;
Amplify
KAPA Prep: into E. coli. Full plates with bacteria colonies were scraped and
Massively Parallel Sequencing pooled together for plasmid DNA extraction. NGS libraries were

v constructed from the plasmid preps and run on the lllumina
NovoSplice Bioinformatics platform. Results were analyzed using our custom in-house
IEEIE bioinformatics pipeline to identify splicing events including exon
skipping, novel intron insertion, and alternative 5" donor and 3’
acceptor splicing sites.

BRCA1, 44%

MNonsense,
25.1%

RNA Isolation

RT-PCR
v

TapeStation

v
v
v

ASSAY VALIDATION

Puro: +
CHX: -

BRCA1 c.5467+5G>T: +

100

BRCA1 c.5467+5G=T

Full-length
A3 (317 bp)

(256 bp)
300

400

Lol il ||
Control 1 = Full-length

200
(326 bp)

Jo | (1]

100 300

Control 2
Full-length
(326 bp)

Lt

C

D

100% -

Qins i23
ains i22
mins i21
@ins i20
|BA23

aA21

@ Full-length

% of Total Transcripts

0%

BRCA1 c.5467+5G>T. +

Puro: +

CHX: -

BRCA1 ¢.5467+5G>T

Figure 1. Splicing alterations
caused by the variant BRCA1
c.5467+5G>T. LCLs with variant or
controls were treated with
puromycin (puro) or
cycloheximide (CHX). RNA was
extracted and RT-PCR performed
and analyzed on TapeStation (A)
or capillary electrophoresis (B).
(C) Sanger sequencing of
subcloned transcripts of LCLs
treated with indicated NMD
inhibitor. Median transcript levels
over 3 replicates are shown.
Transcripts must be detected in 22
replicates to be graphed. (D)
CloneSeq results from LCLs
treated with puromycin on the
indicated variant. Median levels of
each transcript are displayed.
Elevated levels of the A23
transcript were seen with all 4
methods. All experiments were
performed in triplicate and were
highly reproducible.
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BRCA1 ¢.5152+5G>T: Family Studies
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Figure 3. Data leading to
reclassification of the previously
uncharacterized VUS BRCA1
c.5152+5G>T. (A) Pedigree of
HBOC family with variant. (B)
TapeStation analysis identified a
band corresponding to A18 in
positive samples and not
controls. (C) Sanger sequencing
of subcloned transcripts
identified high levels A18 in
positive samples. (D) Using
CloneSeq, we detected and
quantified the A18 abnormal
transcript in heterozygous
individuals, in addition to
identifying other alternatively
spliced transcripts found both in
the heterozygous and wild type
controls. Median transcript
levels calculated from triplicate
experiments are displayed.

Figure 2. Splicing alterations
observed in the benign variant
&o’&&é'@“\f o S BRCA2 9501+3A>T. LCLs with
@ W o variant and controls were
i [ — — — e [ e [ e e treated with puromycin (puro)
- e or cycloheximide (CHX).
TapeStation analysis (A) and
Sanger sequencing of
subcloned transcripts (B)
identified very low levels of A25
in positive samples. (C) RT-PCR
analysis was performed on
patients that were positive for
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TAKE-HOME POINTS

CloneSeq is a fast and reliable alternative to the gold-standard splicing assays, thereby
reducing the rate of uncertain variants detected on clinical genomic tests.

CloneSeq accurately classifies splicing variants as benign or pathogenic, allowing more
patients to choose whether to undertake preventive measures, targeted treatment, or pre-
symptomatic screening programs.
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