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INTRODUCTION

The development of high throughput or massive parallel sequencing (MPS) has opened many
new research opportunities. Several platforms are released, of which the three major are the
Genome Sequencer from Roche/454 Life Sciences, the Genome Analyzer from
Illumina/Solexa and the SOLiD System from Applied Biosystems. These platforms differ in
several ways, such as the technology applied, read length and the number of DNA molecules
sequenced.

In the case of 454 sequencing, single DNA strands with 5’ and 3’ adaptor sequences are
attached to beads and then clonally amplified by PCR in an oil-water emulsion. The beads are
mixed with DNA polymerase and deposited in plates containing more than 1 million wells,
with one bead per well. Nucleotides then flow sequentially over the wells and as each
nucleotide is added to form complementary DNA strands, pyrophosphate is released and

detected in a chemiluminescent flash (pyrosequencing chemistry).

Since the launch of MPS, an increasing number of applications have been published, amongst
others de novo sequencing (Pearson, et al., 2007; Pol, et al., 2007; Velasco, et al., 2007),
whole genome re-sequencing (Albert, et al., 2007; Korbel, et al., 2007), amplicon sequencing
(e.g. exon re-sequencing, virus variant detection, DNA methylation) (Dahl, et al., 2007,
Korshunova, et al., 2008; Pettersson, et al., 2008; Taylor, et al., 2007; Thomas, et al., 2006) ,
miRNA and splice variant discovery (Ruby, et al., 2006; Yao, et al., 2007). However, the
implementation of this high throughput sequencing in molecular diagnostics remains largely
unexplored. Over the last decades, Sanger sequencing (Sanger, et al., 1977) has been the

dominant DNA sequencing technology and the “gold standard” for DNA-based mutation
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detection. However, due to cost limitations direct sequencing of large genes in diagnostics, is
often preceded by a mutation scanning technique, followed by characterization of the variant
with Sanger sequencing. Denaturing gradient gel electrophoresis (DGGE) (van der Hout, et
al., 2006), denaturing High-performance Liquid chromatography (dHPLC) (Liu, et al., 1998)
and High Resolution Melting Curve Analysis (HRMCA) (De Leeneer, et al., 2008; De
Leeneer, et al., 2009) are well known examples. For these pre-screening techniques,
sensitivities varying from 50-100% and specificities close to 100% were reported (Gerhardus,
et al., 2007). Some of these methods are laborious and cannot be fully automated since a

sequencing step is required to define the nature of the variant.

We chose the BReast CAncer susceptibility genes BRCAI (MIM +113705) and BRCA2 (MIM
+600185) to optimize high throughput amplicon sequencing, because of their size,
polymorphic character and lack of mutation hot spots. These genes require high throughput
screening as an increasing number of samples need to be tested within shorter turnaround
times. With the approval of targeted therapeutic agents like PARP inhibitors with selective
toxicity for tumors derived from germline carriers of mutations in BRCAI &2, expectations for
genetic testing keep increasing (Curtin, 2005). To obtain a cost efficient MPS strategy, an
easy set-up, and uniform distribution of coverage are required to maximize throughput. We
explored the challenges of optimizing the clinical use of MPS with two different approaches
and compared sensitivity and specificity of MPS with Sanger sequencing and prescreening
techniques currently used in molecular diagnostics. For our studies we chose the Roche
Genome Sequencer FLX (GS FLX) system because of the longer read lengths generated by

this instrument compared to the other 2 major platforms.

John Wiley & Sons, Inc.
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MATERIAL AND METHODS

DNA samples and sequence variants evaluated

In total 123 DNA samples isolated from blood were evaluated. To evaluate the specificity of
our MPS set-up genomic DNA samples from 30 patients previously analysed for the complete
coding region of BRCA1/2 with other mutation detection techniques were used. Eleven of
these patients were completely Sanger sequenced. Nineteen were analysed with High
resolution melting curve analysis (HRMCA) followed by Sanger sequencing of all aberrant
melting curves (De Leeneer, et al., 2008; De Leeneer, et al., 2009). For Sanger sequencing
and HRMCA identical primers sets were used as for MPS.

Furthermore, 93 samples with previously characterized (Sanger sequencing) deletion or
insertion variants were used as positive control samples to validate the detection capacities of
MPS. These samples were only sequenced for the amplicon containing the mutation and other
amplicons within the specific multiplex set. An overview of all variants evaluated is shown in
Supp. Table 1. In total forty-three 1-3 bp deletions, fourteen 1-3 bp insertions (of which 13
duplications), three combined indels and twenty-two deletions and an insertion larger than
3bp were sequenced. Twenty of these deletions and insertions are located in a homopolymeric
region longer than 3bp.

Furthermore, 410 (40 unique) nucleotide substitutions were present in all samples analyzed.

The majority (406) were frequent SNPs and 4 were nonsense mutations.

PCR set-up
To cover all coding regions and splice sites, we used primer sets thoroughly validated by
HRMCA (De Leeneer, et al., 2008; De Leeneer, et al., 2009) and Sanger sequencing. In run

1&2 we started from equimolar pools of singleplex PCRs, in run 3&4 multiplex PCRs were

5
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generated prior to sequencing. To fuse the amplicon-specific primers with the adaptor-MID
(Multiplex Identifiers) barcoded primers, 2 consecutive PCR rounds were used with a
universal M13 tail as linker (Hellemans J et al, under review). A schematic representation of

the principle and workflow of both approaches is shown in Figure 1.

Run 1 & 2

Per sample 111 singleplex PCRs with amplicon specific primers were performed with
identical reaction conditions and primers as published before (De Leeneer, et al., 2008). PCRs
were performed on the CFX384 (Bio-Rad) and RFU data (endpoint fluorescence) were used

for subsequent normalization to obtain 12 equimolar pools of PCR products per patient.

Run 3 & 4

Sixteen multiplex reactions were optimised to cover the complete coding and splice site
regions of BRCAI and BRCA2, except BRCAI exon 2. As this amplicon amplified less

efficiently compared to the other PCRs, it was optimized as an individual reaction.

The specifications of each multiplex reaction are given in Supplemental Table 2 & 3.
Multiplex PCR was performed in 20ul total volume. For sets 1,2,5,8-15 the amplification
mixture included 2X Titanium buffer (Clontech), 3% DMSO (VWR International), 200uM of
each dNTP (GE Healthcare), 1x Titanium Taq Polymerase (Clontech) and approximately
100ng of DNA. In 5 reactions (set 3,4,6,7 and 16), 3 mM MgCl, (Invitrogen), 2X PCR buffer
(Invitrogen) and 1.5U Platinum Taq polymerase was used instead of Titanium buffer and
polymerase. Two touchdown PCR programs were used (abbreviated as Touch46 and Touch48

in Supp. Table 2). The temperature cycling protocol consists of an initial denaturation step at
6
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94°C for 2 minutes, followed by 12 cycles of denaturation at 94°C for 20 seconds, annealing
starting at 60 (58) °C for 20 seconds (decreasing 1°C per cycle) and an extension at 72°C
during 1 minute. This initial PCR is followed by 25 additional cycles of denaturation at 94°C
for 40 seconds, annealing at 48 (46) °C during 40 seconds and extension at 72°C for 30

seconds. Final extension was accomplished at 72°C for 10 minutes.

Primer concentrations in one multiplex vary between 0.025uM and 0.8uM and were adjusted

to obtain equimolar quantities of each amplicon in one reaction (Supp. Table 3).

PCR with MID barcoded primers

MID barcoded primers consist of (Figure 1A): (i) the required sequencing adaptor (A or B),
(i1) a 10-nucleotide long MID tag or barcode to identify the patient (MID sequences provided
by Roche/454, application note (CRF00104)) (iii) a universal M13-tail (forward primer:
cacgacgttgtaaaacgac and reverse primer: caggaaacagctatgacc), identical with the M13 tail

used in the first PCR round.

After the initial PCRs (singleplex or multiplex), all samples were diluted 1000 times and 1 ul
product was used as a template for a second PCR with MID barcoded primers. Total volume
of this reaction was 15ul. The amplification mixture included 1.5 mM MgCl, (Invitrogen), 1X
PCR buffer (Invitrogen) and 1.5U Platinum Taq (Invitrogen), 3% DMSO (VWR
International), 200uM of each dNTP (GE healthcare) and 0.2 uM of both forward and reverse
primer. Temperature cycling protocol consists out of following steps: 4 minutes at 94°C, 15
cycles of denaturation at 94°C for 30 seconds, annealing at 60°C for 30 seconds, extension at

72°C during 50 seconds, and final extension at 72° for 10 minutes.

John Wiley & Sons, Inc.
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PCRs were performed on a CFX384 instrument (Bio-Rad). During optimization FAM labeled
MID primers were used to evaluate equimolarity between amplicons within one multiplex

reaction and fluorescent peaks were separated on an ABI3730 capillary system.

Sequencing runs and data analysis

PCRs were normalized and equimolarly pooled in relation to the RFU data. This pool was
purified on a High Pure PCR Cleanup Micro kit (Roche). Fragment length of this total
amplicon pool was evaluated on the Bioanalyzer (Agilent) and compared to the theoretically

predicted pattern (Figure 2).

Emulsion PCR and sequencing reactions on the GS-FLX (454- Roche) were performed
according to the manufacturer’s instructions. The FASTA files were analysed with in house
developed variant interpretation pipeline (VIP) software version 1.3 (De Schrijver et al.,
2010) and with the commercially available Nextgene software (Softgenetics) version 2.0.
Reads were aligned against GenBank reference sequences, NC_000017.10 (41196313-
41277467, complement BRCA1) and NC_000013.10 (32889617-32973809;BRCA2) from

build 18 of the Human Genome assembly.

John Wiley & Sons, Inc.
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RESULTS

We selected crucial characteristics like uniformity of coverage, sensitivity, specificity and
throughput, to evaluate the utility of MPS in diagnostics. Furthermore, MPS should
outperform current methods used in molecular diagnostics in terms of cost efficiency to make

the implementation worthwhile.

The performance evaluation of the selected approach is based on the results of 4 proof of
concept (PoC) experiments (Figure 1). In the first two experiments an identical singleplex

approach was used for the analysis of 22 different patient samples.

To reduce workload we started in PoC 3&4 from a multiplex set-up. For PoC4 a strong
optimization was performed compared to PoC3: primer concentrations within several
multiplex sets were adjusted for amplicons poorly covered in PoC3. Furthermore, the

composition of a few multiplexes was changed to obtain more uniform coverage.

Evaluation of uniformity in coverage distribution: singleplex vs. multiplex approach

In a cost efficient test, the full capacity of the GS-FLX instrument is used. This can be
achieved by pooling different patients and/or disorders in a single lane. To maximize sample
size in a single experiment, a uniform distribution of coverage is required. This means that the
difference in number of reads between the “less efficient” amplified fragments and the “best
performing” fragments should be as small as possible. We evaluated a singleplex (PoC1&2)
and a multiplex approach (PoC3&4). A summary on the number of amplicons sequenced,
reads mapped and coverage distribution is shown for each PoC study in Table 1. By
calculating the “fold difference to mean coverage”, we showed that starting from strongly
optimized multiplex sets results in a more uniform distribution of coverage compared to the

9
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equimolar pooling of singleplex sets (Figure 3). The “fold difference to mean coverage” can
be used as “spread correction factor” to calculate the average coverage one needs to aim for to
make sure that also for the less efficiently amplified fragments the minimum required
coverage is obtained. The smaller the fold difference to mean coverage, the larger the number
of samples that can be pooled in a single experiment, the more cost efficient a test will be.
Considering our best optimized multiplex sets (PoC4) we obtained a 3.16-fold difference to
mean coverage for 95% of the amplicons. This value can be used to calculate the average
coverage we need to aim for to obtain a predefined minimum coverage for at least 95% of the

amplicons (see below).

Multiplex optimization

Optimizing the multiplex sets by fragment analysis using FAM labeled MID primers, turned
out to be a good strategy: on average, we found a nearly linear correlation between peak
height (=relative fluorescence) on capillary electrophoresis within sets and coverage obtained
after 454 sequencing as shown for 2 multiplex sets in Figure 4. The better results for the
multiplex approach indicate that the second PCR round attaching the MID barcodes,
introduces inequimolarities between the amplicons within the pool of singleplex PCRs. These

equimolarities are further increased during the emulsion PCR.

Calculation of the number of samples that can be pooled in a single run

Knowing the fold difference to mean coverage, allows calculating the number of patients that
can be analyzed in a single standard GS-FLX run (calculation template available in

supplemental files of Hellemans et al. (under review):
10
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With a fold difference to mean coverage of 3.16, the required average coverage to
obtain a minimum coverage of 38 = 38*3.16= 120. We opted for a threshold of 38-
fold coverage based on statistical analyses made by Hellemans et al. who found that
38-fold coverage is required to detect a particular heterozygous variant with a
probability of 99.9% when only variants present in at least 25% of the reads are
considered as possible true variants. Reasons for the 25% variant frequency: see
“Sensitivity”.

A standard GS-FLX run has 400 000 reads available; based on previous runs we
found that the number of reads mapped is 95%= 400 000*95% = 380 000

111 amplicons are required to cover the complete coding region and splice sites of
BRCAI&?2 and considering a 5% safety margin to correct for possible run errors and
differences in MID amplification efficiencies during sequencing: 111¥120 + 5% =
13986 reads/patient are required

therefore, 380 000/13986= 27 patients can be pooled in a standard GS-FLX run, with a

maximum of 5% of the amplicons not meeting the 38x coverage threshold.

With the Titanium chemistry (1,100,000 reads available), the number of patients can

be increased to 74.

Figure 5 shows that for PoC4 on average 4 of 111 amplicons (96.4%) did not meet the
38X-treshold. However, based on the capillary electrophoresis panels, higher coverage
was expected for these amplicons, indicating that some fragments are less efficiently
amplified by the emulsion PCR or had reduced coverage due to experimental variation.
Primer concentrations in the multiplex reactions can still be increased for BRCA2 11-16,
BRCA2 11-18, BRCA2 11-19 and BRCA?2 18-1 to improve coverage for these amplicons

and may provide a possible solution.

11
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Sensitivity, specificity and filter settings

Sensitivity

In total 503 (133 distinct) sequence variants, previously identified with Sanger sequencing
were evaluated in our sample set (30 patients and 93 control samples) with VIP v1.3. (The
sensitivity data obtained with NextGene v2.0 are described below.)

All 40 unique substitutions (SNP’s, missense, nonsense, splice site mutations) were easily
detected. Detection of deletions or insertions is more challenging. MPS analysis software is
based on mapping of single stranded reads on a reference sequence; hence, reads lacking one
or more nucleotides or containing an insertion will complicate this process. Furthermore,
pyrosequencing has its limitations for correct basecalling in homopolymeric regions (Huse, et
al., 2007). Therefore, we specifically selected 93 insertion-deletion (indel) mutations, of
which 20 deletions and insertions were present in homopolymeric tracts longer than 3 bp, to
thoroughly evaluate the limitations of the technology.

Of the 93 indels, 2 remained completely undetectable and 1 additional mutation was filtered
out due to low quality scores (<30) and was present in less than 25 % of the reads. Table 2
shows an overview of all undetected variants and their flanking sequences. All undetected
variants affect homopolymer stretches of 7 nucleotides.

In total 130/133 of all unique variants were detected with the VIP software resulting in a
sensitivity of 98% (100% for substitutions). In general, sensitivity of MPS will be higher,

since we introduced a sample bias by selecting variants in complex sequence regions.

Reference bias

12
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A priori, heterozygote variants are assumed to be present in 50% of the reads and
homozygous mutant samples in 100%. On average the heterozygous variants were present in
48.4% (95%CI: 47.7-49.1%; range 27-77%) of the reads. Homozygous mutant variants were
found with an average variant frequency of 99.0% (range: 93-100%). Based on these data we

conclude that the reference bias in mapping is minimal.

Specificity
MPS is more sensitive than Sanger sequencing in terms of random sequencing errors and
errors introduced by Taq polymerases, since the technology is based on sequencing of single,

clonally amplified molecules. It is challenging to filter out these errors in the data analysis.

The VIP software ((version 1.3)(De Schrijver et al., 2010)) generates a list of variants
detected in more than 10% of mapped reads. By analyzing 30 patient samples for the
complete BRCA1/2 coding sequence (3330 amplicons), this program generated a list of 5513
variants, of which only 443 are true variants, leaving 5070 false positives. Based on the
analysis of the positive controls, criteria were defined to distinguish false positive from true
variants. Reads defining a variant have to fulfill all of them, before being accepted as a

possible true variant that requires confirmation with Sanger sequencing.

To filter out as many false positives as possible the following filters were applied in VIP:

1. Min. 38X coverage (cov) is required (Filter 1, cov >38x)
2. The variant needs to be present in at least 25% of the reads (Filter 2, AF > 25%)
3. At least in 1 direction (forward (F) or reverse (R)) a high quality score is required

(Filter 3 Quality (Q) >30)

13
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4. Variants in homopolymer stretches longer than 6 basepairs are non reliable calls

(Filter 4, Homopolymer (Hp) >6)

An overview of the results is shown in Supplemental Table 3 & Figure 6. Application of these
filters allowed obtaining a specificity of ~92 %. Specificity for each PoC separately is shown
in Figure 7. Application of filters 1 and 2 resulted in the largest reduction of false positives:
1432 data points were filtered out because of <38X coverage and another 2628 because of
being present in less than 25% of the reads, resulting in a specificity of 70% (filter 1&2). Fine
tuning occurred by applying filters 3 and 4 decreasing the remaining 1010 false positives to
276. In total, 104 distinct false positive variants remained. The recurrence of some false
positives can be attributed to the Taq polymerase used or pseudogene amplification (Figure
8). 89% (244/276) of the false positives found are indel variations in the close neighborhood

of a homopolymer region.

Data analysis with a commercial available software package: Nextgene (Softgenetics)

The performance of our in house developed VIP software package was compared with the
commercially available software Nextgene version 2.0 (Softgenetics). This software has
intrinsic filters in terms of coverage and frequency of a particular variant being present in the
reads. An overall variant score is calculated, which provides an empirical estimation of the
likelihood that a given SNP is real and not an artifact of sequencing or alignment. This score
is mainly based on the concept of Phred scores where quality scores are logarithmically linked
to error probabilities. For example a quality score of 10, gives a chance of 1 out of 10 that the
base is incorrectly called. Furthermore, sub scores are integrated in this general score, taking
into account the allele frequency, forward and reverse balance and a homopolymeric score,

which penalizes indels found in homopolymeric regions. The maximum value for this overall

14
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some false positives. Only 11% (32) of all false positives were single nucleotide substitutions,
most of them can be explained by random sequencing or PCR artefacts and are only seen in a

single direction.

For at least one variant we have strong evidence of a non random sequence error caused by
the Taq polymerase: BRCA2 ¢.9502-44 G>T (exon 26) was found in about 36% (95% CI:30-
40% range: 19-61%) of all reads of all patients sequenced for this amplicon with Titanium
Taq polymerase. Sanger sequencing of exon 26 and splice sites for all of the patients with
Platinum Taq polymerase revealed only the G allele. Sanger sequencing of samples with
Titanium Taq polymerase clearly showed the G>T substitution in all samples (Figure 9).
These data clearly point at a possible role of the polymerase used for these non-random

sequencing errors.

Evaluation specificity of MID barcodes used

No other mutation detection technology allows pooling of several patients in a single lane.
MPS made this possible but the specificity of the MID barcodes used to distinguish individual
patients is crucial. MID tags are designed in such a way that 2 sequencing errors may occur,
without being defined as another MID. We analyzed the data for an experiment containing
only MIDs 1-5 and verified whether reads for MIDs 6-60 were generated. For MID10
approximately 900 reads were mapped (2 mismatches allowed), compared to about 14,000
reads for MIDs included in the experiment. Since these reads are randomly scattered over all
amplicons, chances on generating false positives are minimal, but not impossible for
amplicons with low coverage. Therefore, MID10 should be excluded when 2 mismatches are

allowed for mapping. MID10 is not present in the data when allowing only a single mismatch.

16
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Hereby, only a small fraction of the reads (maximum 2000 scattered over all amplicons and
patients) are lost and the risk on false positives is strongly reduced. As this is of major

importance for reliable analyses in diagnostic settings, this solution is preferred.

©CoO~NOUTA,WNPE

Evaluation of multi-exon deletion detection

18 We evaluated the capacity to detect multi-exon deletions in both approaches. In PoC 2, a
20 patient sample with a heterozygous deletion of BRCA2 exon 1-4 was included and in PoC 4 a
heterozygous deletion of BRCAI exon 18-19 was evaluated. By calculating the dosage
25 quotient (DQ) (Goossens, et al., 2009), we obtained values not statistically different for the
217 deleted exons compared to the non-deleted exons. To clearly distinguish a deleted exon, DQ
30 values of 0.5 are expected. Normalizing the read counts by the average coverage of the
32 reference patients for these amplicons, resulted in a DQ of 0.35 (BRCA2 exon 2), DQ of 1
34 (BRCA2 exon 3) and 0.72 (BRCA2 exon 4). For BRCAI exon 18 and 19, we found a dosage
37 quotient of 0.9 for both exons. Therefore, differences in coverage for the deleted exons were

39 in our experiments not significant and we failed to detect this type of mutations.

17
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DISCUSSION

In this study we evaluated whether massive parallel amplicon sequencing on the GS-FLX is
suitable for implementation in a diagnostic setting. We used a multiplex bar coded amplicon
sequencing approach for BRCAI and BRCA2 as an example. For these genes a thoroughly
optimized and efficient mutation detection strategy was already previously optimized in our
laboratory (De Leeneer, et al., 2008; De Leeneer, et al., 2009). Therefore, we critically
evaluated the progress that could be made using amplicon sequencing on the GS-FLX.
Different critical aspects such as uniformity of coverage, sensitivity and specificity and
reliability of primers and consumables were considered. Our experiences will be very useful

for the optimization of other genes.

The recommended approach for amplicon sequencing of multiple sequences is based on the
use of fusion primers which start with an A or B sequence on which the pyrosequencing
reaction is initiated, followed by a patient specific barcode (MID) and a target specific
sequence at the 3' end. Although this fusion approach is very simple, some impractical issues,
in terms of primer management and set-up, will arise when the complexity of the experiment
(i.e. number of amplicons and number of patients) increases. Primer costs and workload can
be strongly reduced by attaching sequencing adaptors and barcodes to the PCR product by
ligation (Meyer, et al., 2007) or nested patch PCR (Varley and Mitra, 2008). In our study, a
second PCR was used to attach the MIDs and sequencing adaptors to the amplicon. We
preferred this approach because of its simplicity, lower cost and workload compared to some
other workflows. Multiplexing PCR products allowed to further reduce workload and
consumable cost, and to save patient material. We have chosen to multiplex about 10
amplicons in a single set: optimization of such sets can be obtained with a minimum of extra

efforts and results in a reduction of the initial workload by tenfold. Higher degrees of

18
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multiplexing would require significantly more efforts and would result in a relatively small
additional increase in efficiency. Furthermore, it would hamper the evaluation of pools by
capillary electrophoresis prior to sequencing, which turned out to be a cost effective
optimization method. Our results showed a good correlation between peak height (=relative
fluorescence) on capillary electrophoresis within sets and coverage obtained after 454
sequencing, indicating a limited influence of the emulsion PCR. We currently have no other
explanation than experimental variation for 4% of the PCR fragments that were less
efficiently amplified by the emulsion PCR. A correlation between coverage and amplicon
length, GC content or other sequence related characteristics could not be found. Although a
homopolymeric tract is present in 2 of these amplicons (BRCA2 11.18 and 11.19), this cannot
explain the lower coverage, since the presence of homopolymer stretches did not influence the

amplification efficiency of other homopolymer-rich fragments.

By analysis of 30 patient samples for the complete BRCA1/2 coding sequence with the VIP
software, we obtained a list of 5513 variants present in at least 10% of the reads, of which
only 443 are true variants, leaving 5070 false positives (specificity less than 10%). We are the
first group defining filters to cope with MPS sequencing “errors” in a diagnostic setting. With

this program we succeeded to obtain an overall specificity of 92%.

Filter 2 (AF >25%) is based on the minimal allele frequency found (27%) by analysis of 93
distinct indel variants and should avoid random PCR errors. The majority of false positives
were generated by sequencing of homopolymeric regions, a known complication for
pyrosequencing, resulting in undercalls and overcalls in homopolymeric stretches (i.e. one
nucleotide missing or one nucleotide added compared to the reference sequence). Filter 3
(Q>30) and 4 (Hp>6) were applied to reduce these numbers, since homopolymeric stretches

19
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influenced the Q value assigned to a specific read. These results were compared to those
obtained with the commercially available software Nextgene version 2.0. Application of
filters 1 and 2 (AF >25% and coverage >38 x), resulted in a specificity of 84%. Using an
overall mutation score filter of >15, allowed to increase the specificity to 96% but resulted in

loss of detection of some mutations present in homopolymeric regions of >6 nucleotides.

Our results provide evidence that some Taq polymerases introduce non random sequencing
errors. For example BRCA2 ¢.9502-44 G>T was found in almost all the patients analysed for
the relevant amplicon when amplified with Titanium Taq polymerase (ClonTech), but not
with Platinum Taq polymerase (Invitrogen). Since these errors will be reproducible in every
run in almost all patients, they can be considered as true false positives and can be ignored in

the long term.

Furthermore, the specificity of the barcodes used to identify patients was evaluated to confirm
that false positives could not have been generated by aligning reads to a wrong MID. Despite
the fact that no patients with MID10 were included in one of our experiments, reads for
MIDI10 were detected when allowing 2 mismatches for the MIDs. To avoid possible false
positives for amplicons with lower coverage we excluded MID10 from further experiments,
since 10 misaligned reads for a given amplicon are sufficient to generate a variant with at a
frequency of > 25% if only 38 fold coverage is obtained. In future experiments, data will be
mapped allowing only a single mismatch as hereby the fraction of reads lost is minimal and

misalignments to an incorrect MID will be avoided.

Homopolymeric stretches turned out to be major sources for false positive and false negative

variants. For an efficient workflow a high specificity is required and our study shows that the
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friendly software for data analysis, allows MPS to outperform prescreening techniques used in
combination with Sanger sequencing. Automation of the workflow will even further decrease
the workload.

Turnaround times for genetic testing need to be strongly reduced to meet increasing
expectations. Pooling large numbers of patients in a single run will only be useful in a
diagnostic setting if different disorders can be pooled in a single run. This requires the
development of uniform workflows for different genetic tests.

In some populations, large intragenic founder deletions represent an important fraction of the
BRCA1/2 mutation spectrum. Our MPS set-up allowed to detect point mutations with high
sensitivity but turned out to be unreliable for the identification of large exon (or multi-exon)
deletions. The application of 3 consecutive PCR rounds prior to sequencing most likely
explains why deviations from diploidy remained undetected. Additionally we aimed for an
average coverage of 120 (to obtain minimally 38), to allow a cost efficient test by pooling of a
large number of samples in a single lane. Studies successfully reporting the detection of large
intragenic rearrangements worked with much higher read depths, allowing more reliable
quantifications of copy numbers (Goossens, et al., 2009; Walsh, et al.) For a sensitive analysis
an additional technique for the detection of copy number variations needs to be included in

the mutation detection strategy.

In conclusion, we developed an efficient workflow for high throughput BRCA1/2 amplicon
sequencing. Sensitivity and specificity of MPS amplicon sequencing is high and can be
further increased by supplementing MPS assays to overcome issues related to homopolymeric
regions. In terms of throughput, diagnostic testing can be highly accelerated and MPS
facilitates offering genetic analyses to more at-risk patients. Considering cost efficiency MPS

outperforms all other mutation screening techniques, but there is a shift from “wet” lab work
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towards data analysis. In our opinion, Sanger sequencing should still be used for confirmation

of deleterious variants in diagnostics.

©CoO~NOUTA,WNPE
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FIGURE LEGENDS

Figure 1: Schematic overview of the two set-up and different workflows used in the 4
Poc studies.

Panel A: Amplicon specific primers are fused with an universal M13tail. This target specific
PCR product is amplified in a second PCR with primers, consisting of an M13tail, MID-tag
(patient specific) and at the end an A or B adaptor

Panel B Upper panel: Schematic representation of the approach used in PoC 1 & 2. 111 PCR
reactions per patient are performed and equimolarly pooled in 12 pools, followed by a second
PCR to attach MID primers and sequencing adaptors. All products are equimolarly pooled
prior to emulsion PCR and sequencing.

Lower panel: Approach used in PoC 3 & 4; 16 multiplex reactions were optimized
containing the 111 amplicons to be amplified for each patient. By a second PCR round MID
barcode and sequencing adaptors were attached. PCR products are equimolarly pooled prior
to emulsion PCR and sequencing.

Figure 2: Comparison of fragment length of the total amplicon pool in theory and in
practice.

Left panel: Theoretical profile of the amplicon length of the total amplicon pool for one
patient when all amplicons are equimolarly pooled together. Amplicon length range is 233bp
to 437 bp, with an average amplicon length of 335bp.

Right panel: Amplicon length profile obtained with the Bioanalyzer (Agilent) after column
purification of the pool. Comparison of the two patterns is used as a quality control prior to
emulsion PCR.

Figure 3: Evolution of distribution of coverage uniformity in the 4 PoC experiments.

In total we performed 4 GS-FLX runs. In our first two experiments (green and orange curve),
equimolar pooling of simplex PCR reactions was used. The third (blue) and the fourth
(purple) experiment were prepared according to the multiplexing protocol.

Panel A: A distribution plot of the coverage is shown. The experiments with the multiplex
approach(PoC 3&4) clearly show a more uniform distribution of coverage compared to the
pooled simplex runs (PoC 1&2). 38 fold coverage threshold is depicted by the dotted line.
Failure rate in PoC 3 was higher because of poor amplification of some multiplex sets.

Panel B: Fold difference to the mean coverage is shown in function of the fraction of
amplicons. The dotted lines depict the factor where 90 or 95% fraction of all amplicons is
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considered. Our last experiment (PoC4-purple curve) clearly shows the best result where the
smallest difference to mean coverage was obtained. 95% of all amplicons are sequenced with
a spread correction factor of 3.16 (Table 1) (X-axis is shown in log10 scale).

Figure 4: Correlation between relative fluorescence and coverage within multiplex sets

The correlation between the relative fluorescence seen on capillary electrophoresis and
coverage is shown.

Equimolarity of amplicons within a multiplex set was verified on capillary electrophoresis.

Figure 5: Distribution of coverage for each amplicon in BRCA1/2 (PoC 4)

Coverage for each BRCAl and BRCA2 amplicon is shown, with the line indicating the
threshold of 38 fold coverage. In total 111 amplicons are needed to cover the complete coding
region of both genes. In BRCA2, 4 amplicons did on average not reach the 38x coverage
threshold; further optimisation for these amplicons is required.

Figure 6: Overview of data generated

Data were analysed with an in house developed software program (VIP). Combined forward
and reverse allele frequencies are plotted against coverage. Variants detected in 30 patients
and 93 positive control samples are shown. Grey data points are the false positives filtered out
when filters are applied. Green data points are true variants (503). The green outlier at almost
80% AF is deletion of 62 nucleotides, probably preferential amplification of the shorter allele
has occurred. 80% of the true variants have an allele frequency in the 40-60 range. Red data
points are the remaining false positives (276).

Figure 7: Specificity of 4 PoC studies analysed with VIP software

Specificity (%) of each PoC study and in total is plotted, for every filter applied in the VIP
software. Filter 1 and 2 clearly result in the largest increase in specificity. The total specificity
found is ~92%.

Figure 8: Pseudogene amplification by MPS

A part of the sequence of BRCA1 exon 2 is shown in both panels. In BRCA1 exon 2 for each
sample 10-15 variants (in 25-50% of the reads, blue boxes in upper panel) were detected
with MSP, but were not observed Sanger sequencing (lower panel, blue boxes represent the
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possible psuedogene nucleotides). Blasting of these sequences, showed co-amplification of
BRCA1P1 (90% analogy with BRCA1 exon 2) by the reverse primer.

©CoO~NOUTA,WNPE

Figure 9: Sanger sequencing results for BRCA2 ¢.9502-44G>T

In the upper panel the BRCA2 a Sanger sequence flanking the G allele at position ¢.9502-44 is
13 shown for a sample amplified with Platinum Taq polymerase. In the lower panel, the same
14 Sanger sequence for the same sample is shown after amplification with Titanium Taq
16 polymerase. In this sample we see a clear reduction of the G allele and the replacement by a T
17 allele.
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Table 1: Overview of characteristics of the 4 PoC experiments

PoC1 PoC 2 PoC3 PoC4

©CoO~NOUTA,WNPE

100% 100% ~30%* ~25%*
515,916 250,884 78,937 55,574
1221 1221 555 333
11 11 5 3

1/348/1870 1/191/1076  1/144/931 1/168/559
264 140 122 90
0.76 0.73 0.84 0.53

4.48/11.86  3.38/5.11 4.2/12.08 2.15/3.16

107 (8.76) 84 (6.88) 54 (9.73) 21(6.31)

23 * only 30% and 25% of the reads were used in these experiments, since in the same runs

pooling different disorders in one experiment was evaluated

John Wiley & Sons, Inc.
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Table 2: Examples of variants analysed in homopolymeric regions >5

Page 40 of 54

Variant (c.) flanking sequences

D OV WN PR

Change of homopolymer length coverage of  Quality

nucleotide

VF (%)

Results with VIP software

Ji#detected variants
%&%CAI c.1016dup ACTCCCAGCACAGAAAAAAAAGGTAGATCTGAATGCTGATC
BRCA?2 c.994del CTAGMAAGACTAGGAAAAAAATTTTCCATGARGCAAACGCT
%CAI ¢.1010del ACTCCCAGCACAGAAAAAAAGGTAGATCTGAATGCTGATCC
Deggcted variants in homopolymeric regions
1BRCA1 ¢.3329dup ATCCTGAAATAAAAAAAGCAAGAATATGAAGAAGTAGTTC
igRCAZ ¢.5577_5580del ACATGAAACAATTAAAAAAGTGAAAGACATATTTACAGAC
1BRCAI ¢.2989_2990dup AAAACTAAATGTAAGAAAAAAATCTGCTAGAGGAAAACTTT

T7—8

7—6
7—6

6—>7
4—6
57

38

219
39

99
105
167

n.a

n.a
25

3]
34
32

<10%

<10%
23%

47%
50%
40%

Ré)sﬁllts with Nextgene sofware

“xpunples of variants with low mutation score
22
3 IgéA 2 ¢.6351dup GAAGATCAAAAAAAACACTAGTTTT
BREA T ¢.1010del ACTCCCAGCACAGAAAAAAAGGTAGATCTGAATGCTGATCC
SREA I c.1961delA AGAGATAAAGAAAAAAAAGTACAACCAAA

T7T—8
7—6
8—>7

221
20
76

Mutation

score
10

12
11

33%
50%
52%

Z\
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
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1

2

2 Supp T1: Overview of all sequence variants evaluated on NGS.

5

6

7

8 substitutions

(*190 DNA level systematic nomenclature (BIC) Protein level Suggested classification
11

12 BRCA1

13 ¢.134+3A>C (IVS3+3A>C) non-coding Mutation

1‘5‘ c.1067A>G (1186A>G ) p.GIn356Arg Polymorphism
16 ¢.1456 T>C (1575T>C) p.Phe486Leu Polymorphism
17 c.1487G>A (1606G>A) p.Argd96His Polymorphism
ig ¢.2077G>A (2196G>A) p.Asp693Asn Polymorphism
20 €.2082C>T (2201C>T) p.Ser694Ser Polymorphism
21 ¢.2311T>C (2430T>C) p.Leu771Leu Polymorphism
22 €.2612C>T (2731C>T) p.Pro871Leu Polymorphism
gi c.3113A>G (3232A>G) p.Glu1038Gly Polymorphism
25 ¢.3179A>C (3298A>C) p.Glul060Ala Polymorphism
26 c.3548A>G (3667A>G) p.Lys1183Arg Polymorphism
% ¢.3661G>T (3780G>T) p.Glu1221X Mutation

29 c.3841C>T (3960C>T) p.GIn1281X Mutation

30 €.4308T>C (4427T>C) p.Serl1436Ser Polymorphism
31 c.4867A>G (4956A>G) p.Ser1613Gly Polymorphism
gg ¢.4956G>A (5075G>A) p.Met1652lle Polymorphism
34 €.4987-53 C>T (IVS17-53C>T) non-coding Polymorphism
gg ¢.536A>G (655A>G) p.Val179Cys Polymorphism
g; BRCA2

39 c.10110G>A (10338G>A ) p.Arg3370Arg polymorphism
22 c.1113C>A (1342C>A) p.His372Asn polymorphism
42

43

jg John Wiley & Sons, Inc.
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¢.125A>G (353A>G)
c.1-25G>A (203G>A)
¢.1365A>G (1593A>G)

€.2229 T>C (2457T>C)
¢.2971A>G (3199A>G)
¢.3396A>G (3624A>G)
¢.3807T>C (4035T>C)
¢.3851G>A (4079G>A)
c.516+1G>A (IVS6+1G>A)
¢.5645C>A (5873C>A)
€.5744C>T (5972C>T)
€.68+62T>G (IVS2+62T>G)
€.681+56C>T (IVS8+56C>T)
¢.7057G>C (7285G>C)
C.7242A>G (7470A>G)
€.7806-14T>C (IVS16-14T>C)
c.8182G>A (8410G>A)
c.865A>C 1093A>C
€.9257-16T>C (IVS24-16T>C)
€.9976A>T (10204A>T)

BRCA1

¢.562-58delT (IVS8-58delT)
c.1010delA (1129delA)
¢.1016dupA (1135insA)
c.1072delC (1191delC)
c.1121delC (1240delC)
c.1287dupA (1406insA)

p.Tyr42Cys
non-coding
p.Ser455Ser
p.His743His
p.Asn991Asp
p.Lys1132Lys
p.Val1269Val
p.Ser1284Asn
non-coding
p.Ser1882X
p.Thr1915Met
non-coding
non-coding
p.Gly2353Arg
p.Ser2414Ser
non-coding
p.Val2728lle
p.Asn289His
non-coding
p.Lys3326X

indels

non-coding
p.Glu337fs
p.Lys339fs
p.Leu358fs
p.Thr374fs
p.Asp430fs

polymorphism
polymorphism
polymorphism
polymorphism
polymorphism
polymorphism
polymorphism
polymorphism
Mutation

Mutation

polymorphism
polymorphism
polymorphism
polymorphism
polymorphism
polymorphism
polymorphism
polymorphism
polymorphism
polymorphism

Polymorphism
Mutation
Mutation
Mutation
Mutation
Mutation

John Wiley & Sons, Inc.
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€.1292dupT (1411insT)
c.1319delT (1438delT)
c.1504_1508del5 (1623del5)
c.1881_1884del4 (2000del4)
c.1961delA (2080delA)
c.2019delA (2138delA)

c.2197del5 (2316del5)

c.2210delC (2329delC)
c.2212_2215del4 (2331del4)
c.232delA (351delA)

¢.2380dupG (2478insG)
€.2405_2406delTG (2524delTG)
€.2646_2648delTGC (2765delTGC)
c.2685_2686delAA (2804delAA)
€.2689insA (2809insA)
c.2726delA (2845delA)
€.2727_2730del4 (2846del4)
c.2728delC (2847delC)
c.2764_2767del4 (2883delACAG)
€.2934T>G (3053T>G)
€.2989_2990dupA (3109insAA)
€.3329dupA (3448insA)
c.3481_3491del11 (3600del11)
c.3485delA (3604delA)
c.3494_3495delTT (3613-3614delTT)
c.3549AG>T (3668AG>T)
¢.3756_3759del4 (3875del4)
¢.3770_3771delAG (3889delAG)
¢.3820dupG (3939insG)
¢.3891_3893delTTC (4010delTTC)

p.Leud31fs
p.Leud40fs
p.Leu502fs
p.Val627fs
p.Lys654fs
p.Glu673fs
p.Glu733fs
p.Thr737fs
p.Val738fs
p.Arg78fs
p.Glu787fs
p.Val802fs
p.Cys882del
p.GIn895fs
p.Pro897fs
p.Asn909fs
p.Asn909fs
p.GIn910fs
p.Thr922fs
p.Tyr978X
p.Asn997fs
p.Lys1110fs
p.Glu1161fs
p.Asp1162fs
p.Phe1169fs
p.Lys1183fs
p.Leu1252fs
p.Glu1257fs
p.Val1274fs
p.Ser1297fs

Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation

John Wiley & Sons, Inc.
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€.4165_4166delAG (4284del AG)

¢.4391_4393delCTAInsTT (4510delCTAiInsTT)
€.4416delTTinsG (4535delTTinsG)

c.4435delG (4554delG)
c.4575_4585del11 (4694del11)
c.493del2 (612delCT)
¢.5030_5033del4 (5149del4)
¢.5137delG (5256delG)
c.5191+2delT (IVS19+2delT)
¢.5266dupC (5382insC)
¢.5329dupC (5448insC)
¢.5360_5361delGTinsAG

(5479_5480delGTinsAG)
¢.5503_5564del62 (5622del62)

BRCA2

c.462_463delAA (690delAA)
¢.1310_1313del4 (1538del4)
c.1389_1390delAG (1617delAG)
¢.1705delC (1933delC)
¢.2150delG (2378delG)
c.2584_2590del7 (2812del7)
c.2806_2809del4 (3034del4)
€.2957dupA (3185insA)
c.3269delT (3497delT)
c.3453delC (3681delC)
c.3847_3848delGT (4075delGT)
¢.3866_3867delAA (4094delAA)
c.4171delG (4399delG)
c.4435ins4 (4763 INS4)

p.Ser1389fs
p.Pro1464fs
p.Leu1472fs
p.Val1479fs
p.Gln1525fs
p.Thr164fs

p.Thr1677fs
p.Val1713fs
non-coding

p.GIn1756fs
p.Thr1777fs
p.Cys1787fs

p.Arg1835fs

p.Gln154fs
p.Lys437fs
p.Thr463fs
p.GIn569fs
p.Cys717fs
p.Lys862fs
p.Lys936fs
p.Asn986fs
p.Met1090fs
p.lle1151fs
p.Val1283fs
p.Lys1289fs
p.Glu1391fs
p.Ser14797fs

Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation

Mutation

Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation

John Wiley & Sons, Inc.
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c.4449delA (4677delA)
c.4456_4459del4 (4684del4)
c.4480dupA (4708insA)
c.469_470delAA (697delAA)
€.4936_4939del4 (5164del4)
€.4940delCA (5168delCA)
c.5131delG (5359delG)
c.5180del A (5408delA)
c.5213_5216del4 (5441delCTTA)
¢.5314delC (4542delC)
¢.5350_5351delAA (5578delAA)
¢.5577_5580del4 (5805del4)
c.5595_5596del AT (5823delAT)
¢.5681dupA (5909insA)
c.5722_5723delCT (5950delCT)
¢.5771_5774del4 (5999del4)
c.5964delT (6174delT)
€.6270_6271delTA (6498delTA)
c.6280_6281delTT (6503delTT)
€.6280_6286del7 (6508del7)
c.634_635delAG (862delAG)
¢.6351dupA (5579insA)
€.6445delAT (6673delAT)
€.6591_6592delTG (6819delTG)
€.6603_6604delTG (6831delTG)
c.6644_6647del4 (6872del4)
¢.8904delC (9132delC)
€.9099_9100delTC (9327delTC)
€.9458delG (9686delG)
c.994delA (1222delA)

p.Thr1483fs
p.Val1486fs
p.Ser1494fs
p.Lys157fs
p.Glu1646fs
p.Thr1647fs
p.Val1711fs
p.Glu1727fs
p.Thr1738fs
p.Val1438fs
p.Asn1784fs
p.lle1859fs
p.lle1865fs
p.Tyr1894fs
p.Leu1908fs
p.lle1924fs
p.Ser1982fs
p.His2090fs
p.Leu292fs
p.Tyr2094fs
p.Arg212fs
p.Asn1784fs
p.lle2149fs
p.Thr2197fs
p.Ser2201fs
p.Tyr2215fs
p.Val2969fs
p.Thr3033fs
p.Gly3153fs
p.lle332fs

Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation
Mutation

John Wiley & Sons, Inc.
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e GenBank reference sequences NT_010755.15 (4920610-5001764; BRCA1) and NT_024524.13 (13869617 13953809; BRCA2) cDNA numbering according to

reference sequence NM_007294.3 (BRCA1) and NM_000059.3 (BRCA2)

¢ Nucleotide numbering reflects cDNA numbering with +1 corresponding to the A of the ATG translation initiation codon in the reference sequence. The
initiation codon is codon 1.

Supp T2: Specifications of reaction conditions and composition of multiplex reactions

SET 1 SET 2 SET 3 SET 4 SET 5 SET 6 SET 7 SET 8
BRCA2_10 4 BRCA1_21 BRCA1_23 BRCA1_10 BRCA1_15 2 BRCA2 27.3 BRCA1_11_1 BRCA1_11_14
BRCA29 BRCA1_22 BRCA1_17 BRCA2_14_3 BRCA2_23 2 BRCA1_18 BRCA1_19 BRCA2_27_2
BRCA1_11_12 BRCA2_14 2 BRCA1_3 BRCA1_5 BRCA1_6 BRCA2_18_2 BRCA1_15_1 BRCA1_11_8
% BRCA2_11_15 BRCA111 2 BRCA2_11_10 BRCA1 24 BRCA2_7 BRCA2_11_12 BRCA2 22 1 BRCA2_15
“:’ BRCA1_8 BRCA1_9 BRCA1_11_15 BRCA2_11_3 BRCA2_25 1 BRCA1_11_18 BRCA2_10_3 BRCA2_11_24
% BRCA2_22 2 BRCA1_11_4 BRCA2_25 2 BRCA2_10_2 BRCA1_11_6 BRCA1_11_13 BRCA2_11_28
< BRCA1 16 1 BRCA1 16 2 BRCA1_13 BRCA2 11 11 BRCA1_12 BRCA2 20
BRCA2_11_4 BRCA1_11_16 BRCA1_11_21 BRCA2 27 4 BRCA2 11_1
BRCA2_11_21 BRCA2_11_17 BRCA2_10_6
PCR program Touch60 Touch60 Touch58 Touch58 Touch60 Touch58 Touch58 Touch60
Taq Titanium Taqg Titanium Taq PlatinumTaq PlatinumTaq  Titanium Taq  PlatinumTaq PlatinumTaq Titanium Taqg
polymerase
SET 9 SET 10 SET 11 SET 12 SET 13 SET 14 SET 15 SET 16
2 BRCA1_11_17 BRCA1_11 20 BRCA2_8 BRCA2_12 BRCA2_18 1 BRCA2 11 6 BRCA2_21 BRCA2_2
S BRCA2_27 5 BRCA1_14 BRCA2_10_1 BRCA1_11_7 BRCA2_17 BRCA2_11_20 BRCA2_13 BRCA1 7
3 BRCA1_20 BRCA2_11_13 BRCA2 11 7 BRCA2 27 1 BRCA2 3 BRCA1_11_19 BRCA2_11_27 BRCA2_ 4
§ BRCA2_11_14 BRCA1_11_10 BRCA1_11 5 BRCA2 119 BRCA2_16 BRCA2_26 BRCA1_11_11 BRCA2_11_23

John Wiley & Sons, Inc.
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BRCA2_23 1 BRCA2_11_22 BRCA2_11_26 BRCA2_10_7 BRCA2_19 BRCA2_11_19 BRCA2_11_25
BRCA2_10_5 BRCA2_11_8 BRCA2_14_1 BRCA2_11_5 BRCA1_11_3
BRCA1_11_9 BRCA2_5/6 BRCA2_24
BRCA2_11_16
PCR program Touch60 Touch60 Touch60 Touch60 Touch60 Touch58 Touch60 Touch58
Taq Titanium Taq Titanium Taq Titanium Taq Titanium Taq  Titanium Taqg  Titanium Taq Titanium Taq PlatinumTaq
polymerase

Supp T3: Primer concentrations in all multiplex reactions

concentration

0.005

0.002

0.004

0.016

0.016

0.016

0.008

UM
uM
UM
UM
UM
UM

UM

SET 1
primers/amplicon
BRCA2_10 4
BRCA2 9
BRCA1 11 12
BRCA2_11_15
BRCAL_8
BRCA2 22 2

BRCA1_16_1

SET 2

concentration

0.009

0.001

0.007

0.002

0.024

0.004

0.008

uM
UM
UM
uMm
UM
uMm

uMm

primers/amplicon
BRCA1_21
BRCA1_22
BRCA2 14 2
BRCA1 11_2
BRCA1_9
BRCA1_11 4

BRCA1_16_2

John Wiley & Sons, Inc.
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0.016

0.024

concentration

0.003

0.004

0.008

0.008

0.008

0.008

0.012

uM

UM

UM
UM
uM
uM
uM
uM

uM

BRCA2_11_4

BRCA2_11 21

SET 3
primers/amplicon
BRCA1_23
BRCA1_17
BRCA1_3
BRCA2 11 10
BRCA1 11 15
BRCA2 25 2

BRCA1_13

SET5

concentration primers/amplicon

0.016 pM BRCA1_11_16

concentration

0.006

0.011

0.032

0.003

0.012

0.024

0.024

0.008

0.024

concentration

SET 4

uMm
uMm
uMm
uMm
UM
UM
UM
uMm

uMm

primers/amplicon
BRCA1_10
BRCA2 14_3
BRCA1_5
BRCA1_24
BRCA2 11_3
BRCA2 10 2
BRCA2 11 11
BRCA1 11 21

BRCA2_11_17

SET 6

primers/amplicon

John Wiley & Sons, Inc.
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0.004 uM BRCA2 23 2 0002 uM BRCA1 18

0.004 pM BRCA1_6 0.003 um BRCA2_ 18 2

©CoO~NOUTA,WNPE

10 0.016 uM BRCAZ7 0.008 pM BRCA2 1112
2 0.003 uM BRCA2 25 1 0.008 pM BRCA1_11_18

14 0.024 puM BRCA1_11_6

SET7 SET 8

21 concentration primers/amplicon concentration primers/amplicon
23 0.016 pM BRCA1_11_1 0.007 pM BRCA1 11_14
25 0.004 pM BRCA1_19 0.008 uM BRCA2_27 2
27 0.008 pM BRCA1_15_1 0.008 uM BRCA1_11_8
0.008 pM BRCA2 22 1 0.005 pM BRCA2_15

32 0.016 pM BRCA2_10_3 0.004 uM BRCA2 11_24
34 0.008 pM BRCA1_11_13 0.016 puM BRCA2_11_28
36 0.008 pM BRCA1_12 0.024 uM BRCA2 20

% 0.032 uMm  BRCAZ 27 4 0.016 uM BRCA2 11_f

45 John Wiley & Sons, Inc.
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concentration

0.006

0.008

0.003

0.008

0.008

0.024

0.008

concentration

0.006

0.024

0.008

UM
UM
UM
uM
uM
uM

uM

UM
UM

uM

SET9
primers/amplicon
BRCA1 11 17
BRCA2 27 5
BRCA1_20
BRCA2 11 14
BRCA2 23 1
BRCA2 10 5

BRCA1_11_9

SET 11
primers/amplicon
BRCA2_8
BRCA2 10_1

BRCA2_11_7

0.024

concentration

0.006

0.002

0.008

0.014

0.024

0.024

0.024

concentration

0.016

0.016

0.008

uM BRCA2_10_6

SET 10
primers/amplicon

uM BRCA1_11_20
uM BRCA1_ 14

uM BRCA2_11_13
uM  BRCA1_11_10
UM BRCA2_11_22
uM BRCA2 11_8

uM BRCA2 5en6

SET 12
primers/amplicon

uM BRCA2 12

UM BRCA1_11_7

uM BRCA2_27_f

John Wiley & Sons, Inc.
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0.008

0.008

©CoO~NOUTA,WNPE

0.002
19 0.024
21 0.004
23 0.024

25 0.008

uM

UM

concentration

UM
uM
uM
uM

uM

BRCA1_11_5

BRCA2_11_26

SET 13
primers/amplicon
BRCA2 18 1
BRCA2_17
BRCA2_3
BRCA2_16

BRCA2 19

SET 15

38 concentration primers/amplicon

0.008

0.016

0.008

concentration

0.008

0.016

0.008

0.016

0.016

0.008

0.016

0.024

concentration

uM
UM

uMm

BRCA2 11 9
BRCA2 10_7

BRCA2 14_1

SET 14

uMm
uMm
uMm
UM
UM
uMm
uMm

uMm

primers/amplicon
BRCA2 11 6
BRCA2 11 20
BRCA1 11 19
BRCA2 26
BRCA2 11 19
BRCA2 115
BRCA2_ 24

BRCA2_11_16

SET 16

primers/amplicon

John Wiley & Sons, Inc.
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0.008 uM BRCA2_21 0.008 uM BRCA2_2
0.008 uM BRCA2 13 0.008 uM BRCA1_7
0.01 pM BRCA2 11 27 0.008 uM BRCA2 4
0.01 uM BRCA1_11_11 0.024 pM BRCA2 11 23
0.008 pM BRCA2 11 25
0.016 pM BRCA1_11_3
Sensitivity
Detected variants False negatives (coverage) True False negatives
# unique # unique
PoC1 146 30 16 14 0 0
PoC 2 160 40 12 5 1 1
PoC 3 43 29 12 8 0 0
PoC4 204 115 2 2 2 2

John Wiley & Sons, Inc.

Supp T4A: Summary of sensitivity data

(VIP)
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Total

553

144

42 29 3 3

©CoO~NOUTA,WNPE

Supp T4B: Summary of specificity data (VIP)

Specificity (false positives)

PoC1
PoC 2
PoC3
PoC4
Total

raw data
# unique
1145 205
2948 693
764 377
213 177
5070 1452

Filter 1 (coverage > 38) Filter 2 (AF >25%)

# unique #
1040 168 382
1955 474 444

480 248 145

163 140 39
3638 1030 1010

unique
48
112
76
47
283

Filter 3 (Q>30)

# unique
96 27
165 59
74 36
13 19
348 141

Filter 4 (Hp>7)

# unique
43 14
161 55
61 28
11 7
276 104

John Wiley & Sons, Inc.
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