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Intended Use

The therascreen BRCA1/2 NGS FFPE gDNA Kit (next-generation sequencing) panel is a
molecular diagnostic assay intended to be used for the identification of variants in the
coding regions of the BRCAT and BRCA2 human genes, in DNA derived from formalin-fixed
paraffin-embedded (FFPE) ovarian tumor tissue. The therascreen BRCA1/2 NGS FFPE gDNA

Kit panel is intended to be used as an aid for the classification of ovarian cancers.

Warning

The therascreen BRCA1/2 NGS FFPE gDNA Kit has been validated in combination with the
lllumina MiSeqDx platform and with the Biomedical Genomics Workbench software

(including a specific analysis workflow).

IMPORTANT: This handbook is provided in two parts. Part 1 contains a summary and
explanation, principles of the procedure and the description of the wet lab workflow:
e Genomic DNA extraction

e Target PCR amplification

e Sample pooling and purification

® Library construction

e Cleanup of adapter-ligated DNA

® Fine size selection

e PCR amplification of purified library

e Llibrary cleanup, quantitation and pooling

® Preparation of the pooled library for sequencing

® Setting up and starting the sequencing run

® Troubleshooting guide
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Part 2 contains information on data analysis and kit performance:

e Data analysis

® |Installing the analysis workflow

e Installing the analysis plug-in

® Exporting lllumina FASTQ files from the MiSeqDx
® Importing lllumina FASTQ files

® Sequence analysis
® Interpretation of results
e Troubleshooting guide

® Performance characteristics

IMPORTANT: The workflow was designed and optimized to establish the performance
described in Part 1 and Part 2 of this handbook. The instructions for use must be strictly
followed. Any deviation from the instructions in Part 1 and Part 2 of this handbook will void
QIAGEN responsibility. The entire workflow should be subject to independent verification by

the end-user laboratory before being introduced into routine use.

Principle of the Procedure

Sequencing is performed following the Illumina manufacturer’s protocol. FASTQ files are
processed with Biomedical Genomics Cancer Research Workbench software with the
BRCA1/2 CEIVD Workflow. A variant call format file is generated for each sample and
Biomedical Genomics Cancer Workbench software is recommended for variant

interpretation.

To ensure good quality of the results, in-process control criteria are used at different steps of
the library preparation and sequencing run (Figure 7). These criteria allow validation of the
different steps of the workflow to identify samples that give poor sequencing results or to

indicate potential contamination.
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DNA Library Sequence
extraction preparation NGS run analysis
DNA FFPE PCR target lllumina Biomedical

extraction kit enrichment MiSeqDx ‘ Genomics
QC NGS run: Wor

Pooling and Data output  Read quality
quanhtahon purification . >3.0 Gb Q30>80.0%  QC Analysis:
QC Extraction: ‘ Specificity
Am Adqpfer QC T-PCR: >80.0%
. liaati Amount of DNA Minimum coverage
Method: Fluorometer igation
Method: Fluorometer >200x
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QC Positive control NA12878:
PCR Quantitation post-T-PCR <20 ng/pl
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. and target pool Method: gPCR
getpo >80.0 nM

Figure 7. In-process control criteria. Through the sequencing workflow (blue boxes), several in-process
control steps are performed (yellow lozenges) to validate the T-PCR, the library preparation and the
sequencing run. The final criterion used to ensure good quality variant calling at a given position is the

minimum coverage obtained. Specificity relates to the percentage of pair reads aligned to the target
region.
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Materials Required but Not Provided: Analysis

Make sure that instruments used in this procedure have been checked and calibrated

according to the manufacturer’s recommendations.

Sequencing equipment
® lllumina MiSeqDx (lllumina, Inc.; cat. no. DX-410-1001)
e lllumina MiSeq software version 2.5.0.5 or higher

e lllumina Experiment Manager Software version v1.9 or higher

Software for sequence analysis

® Biomedical Genomics Workbench version 2.1.1 from CLC bio (www.clcbio.com)
e CLC Genomics Server 7.0.2 with Biomedical Genomics Extension from CLC bio

e QIAGEN GeneRead Panel Analysis Plugin
Available for download from the Product Resources tab of the therascreen BRCA1/2
NGS FFPE gDNA Kit product page on the QIAGEN website.

e BRCA 1/2 CE-IVD Workflow
Available for download from the Product Resources tab of the therascreen BRCA1/2
NGS FFPE gDNA Kit product page on the QIAGEN website.

System requirements recommended by CLC bio

(www.clcbio.com/support/system-requirements)

® Windows Vista®, Windows® 7, Windows 8, Windows 10, Windows Server 2008 or
Windows Server 2012

Mac OS® 10.7 or later
Linux: Red Hat® 5.0 or later; SUSE® 10.2 or later; Fedora® 6 or later
e 8 GB RAM required ;16 GB RAM recommended
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1024 x 768 display required; 1600 x 1200 display recommended

Intel® or AMD® CPU required

Minimum 100 GB free disk space in the default operating system user temp directory
Minimum 90 GB free disk space required in the CLC_References directory (if you are not
connected to a server)

If less free disk space is available, the reference data location can be changed. See
resources.qgiagenbioinformatics.com/manuals/biomedicalgenomicsworkbenchapplication
/current/.

Expand the section Getting started, open Reference data and click on Download and

configure reference data.

Special requirements for read mapping

The numbers below give minimum and recommended memory for systems running mapping

and analysis tasks. The requirements suggested are based on the genome size.

Human (3.2 Gb) and mouse (2.7 Gb)

® Minimum: 6 GB RAM; recommended: 8 GB RAM

Systems with less memory than specified will benefit from installing the legacy read
mapper plug-in (see www.clcbio.com/clc-plugin/read-mapper-legacy-version). This is

slower than the standard mapper but adjusts to the amount of memory available.

Special requirements for the 3D Molecule Viewer

System requirements

A graphics card capable of supporting OpenGL® 2.0
Updated graphics drivers

Please make sure the latest driver for the graphics card is installed.
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System recommendations

e A discrefe graphics card from either NVIDIA® or AMD/ATI™

Modern integrated graphics cards (such as the Intel HD Graphics series) may also be

used, but these are usually slower than the discrete cards.

® A 64-bit workbench version is recommended for working with large complexes

Warnings and Precautions

For in vitro diagnostic use

When working with chemicals, always wear a suitable lab coat, disposable gloves, and
protective goggles. For more information, please consult the appropriate safety data sheets
(SDSs). These are available online in PDF format at www.qiagen.com/safety where you can
find, view and print the SDS for each QIAGEN kit and kit component.

General precautions

Use of NGS tests requires good laboratory practices, including maintenance and calibration

of all equipment used, and compliance with applicable regulations and relevant standards.

e Discard sample and assay waste according to your local safety procedures.

® Reagents provided in the therascreen BRCA1/2 NGS FFPE gDNA Kit are optimally

diluted. Do not further dilute reagents, as this may result in a loss of performance.

e All reagents supplied in therascreen BRCA1/2 NGS FFPE gDNA Kit are intended to be
used solely with the other reagents supplied in the same kit. Do not substitute any reagent
between therascreen BRCA1/2 NGS FFPE gDNA kits, as this may affect performance.
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Do not use expired or incorrectly transported and stored components of the therascreen
BRCAT1/2 NGS FFPE gDNA Kit and kits required but not provided. Always check before

use.

Alteration of incubation times and/or temperatures may result in erroneous or discordant
data.

Caution must be observed to ensure correct sample testing with emphasis on incorrect

sample entry, loading error, pipetting error and bar coding error.

Make sure the samples are handled in a systematic way to ensure correct identification

at all times to maintain traceability.
Use exireme caution to prevent cross-contamination.

Use extreme caution to prevent PCR product carry-over contamination resulting in a

false positive signal.

Use extreme caution to prevent contamination by DNase, which may cause degradation
of DNA templates.

Use nuclease-free labware (e.g., pipets, pipet tips, reaction vials).Use fresh aerosol-
resistant pipet tips for all pipetting steps to avoid cross-contamination of the samples and

reagents.

Prepare pre-PCR master mix with dedicated material (pipets, tips, etc.) in a dedicated
area where no DNA matrices (cDNA, plasmid or PCR products) are introduced. Add
template in a separate zone (preferably in a separate room) with specific material
(pipets, tips, etc.).

Refer to the lllumina MiSeqDx instrument user manual for additional warnings,
precautions and procedures. The NGS platform needs to be correctly installed to ensure

power supply, and once launched, to ensure no interaction of the user with the platform.

Do not open the lllumina MiSeqDx instrument until a run is finished.
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Procedure: Part 2

Workflow overview

Parts of the workflow described in the scheme below have been optimized for this

procedure, including steps requiring kits and reagents that are not provided.

& Please read the following procedure carefully and refer only to Part 1
and Part 2 of this handbook for instructions.

DNA Library Sequence
extraction preparation NGS run analysis
DNA FFPE PCR target lllumina Biomedical

extraction kit enrichment MiSeqDx Genomics

DNA Pooling and

quantitation purification

Adapter
ligation

Workbench

Purification

PCR
amplification

Purification

Library
quantitation

Normalization
. and target pool

Figure 8. Overview of the NGS workflow.
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Protocol: Data analysis

This section includes a description of software installation and analysis of FASTQ files

generated during the sequencing.

Products and software required for data analysis:

e Biomedical Genomics Workbench software version 2.1.1 (www.clcbio.com)
e CLC Genomics Server 7.0.2 with Biomedical Genomics Extension(www.clcbio.com)

e The FASTQ files (two FASTQ files are expected per sample for paired reads)

It is important to use the specific assay analysis workflow to perform the sequence analysis. It
is expected that the user performs the CLC software analyses using a non-“admin” user

account.

Things to do before starting

e [f not already installed, the assay analysis BRCA 1/2 CEVD Workflow must be installed
prior to sequence analysis. A downloadable version is available from QIAGEN at the
Product Resources tab of the therascreen BRCA1/2 NGS FFPE gDNA Kit product page
on the QIAGEN website.

e If not already installed, the QIAGEN GeneRead Panel Analysis Plugin must be installed

prior to sequence analysis.

Installing the analysis workflow
There are two options for installing the analysis workflow:

® local installation (follow “Workflow: local installation process”)

® Installation on CLC Genomics Server (skip “Workflow: local installation process” and

follow “Workflow: server installation process”)

If the assay analysis BRCA 1/2 CE-IVD Workflow is already installed, skip “Workflow: local

installation process” and “Workflow: server installation process”.
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Workflow: local installation process

This installation procedure will install the assay analysis BRCA 1/2 CEIVD Workflow on

your local computer where the Biomedical Genomics Workbench software is installed.

Procedure

1. Launch the Biomedical Genomics Workbench software.

2. Click on Workflows and then Manage Workflows.
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3. Click Install from File.

[ ] Manage Workflows
W S
Cugtom Werkfiows Feady-to=Lise woriflows
«] | pescription

Leok Jn 5 BRCA 1-2 CE-ND Workflow bnstaller » @ |5
[Cierca 1-2 cE-WD Workhiow instaiter cpw

{ Ho w

I Plense clickt
File Mams: BRCA 1-2 CE-IVD Werkflow installer.cow
Files of Tvpe, [Workfiow { cpw) <5

| insai Cancel
'
I
Hetp | [ install from Fiie |

Select the workflow file BRCA 1-2 CE-IVD Workflow Installer.cpw. Click Install.

Create a new folder and select it, and then click OK.

™ Lacation for bundled referance data *

1

Save in folder
Save in Tolder
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o4 €LC_Data
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= 5] Home Made Reterences
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Click Close.

(5 Manage Workflows x

%

Cuastom Warkflows Renidy-to-Lze workfiows

S BRCALZ-CEIVD_RC 1 =1 | Description
Workflow id. HakioDx. BRCAL2-CEND.RCL
Emmanucl Prestut - cmmasms] | presta@haliods com
HalioDx
01

Cantfigure Fename. Uninga

Heip anstall from File Close

Workflow: server installation process

This installation procedure will install the assay analysis BRCA 1/2 CE-IVD Workflow on the

CLC Genomics Server (Biomedical enabled). In the following procedure, we use “serverlP”

for the server IP address and assume the CLC Genomics Server port is “7777" (the default).

Procedure

1.

Using a web browser, connect to http://serverlP:7777/.
Replace “serverlP” with the IP of the server, or use “localhost” if the web browser is run

directly from the server.

Enter the CLC administrator credentials (by default, login is “root” and password is
“default”).
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3. Click the Admin tab.

&

© CLC Genomics Serve... x

localhost:

® [Fec =] Sequence Text = Export data 3 Import data

® LBECLC_References

4. Open Workflows and click Install Workflow...

a8 1 o8 E

Install waorkflow install file
Choose a workflow install file that will be imported and installed on the server.
If this is a replacement of an already installed Workflow, the workflow to be replaced has to be uninstalled first,

| Browse... | BRCA 1-2 CE-IVD Workflow Installer.cpw

| Cancel || Install Workflow |

5. Select the workflow file BRCA 1-2 CE-IVD Workflow Installer.cpw and then click Install
Workflow.

Note: When the installation of BRCA 1/2 CE-IVD Workflow is complete, the Biomedical

Genomics Workbench software has to be restarted before importing FASTQ files from the

MiSeq instrument.
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Installing the analysis plug-in

There are two options for installing the analysis plug-in:

® Local installation (follow “Plug-in: local installation process”)

® Installation on CLC Genomics Server (skip “Plug-in: local installation process” and follow

“Plug-in: server installation process”)

If the assay analysis plug-in is already installed, skip “Plug-in: local installation process” and

“Plug-in: server installation process”.

Plug-in: local installation process

This installation procedure will install the QIAGEN GeneRead Panel Analysis Plugin on your

local computer where the CLC Biomedical Genomics workbench is installed.

Procedure

1. Launch the Biomedical Genomics Workbench software.

2. Click on Plugins, and then select Download Plugins.

Manage Plugins and Resources

@ QIAGEN GeneRead Panel Analysis

workflow that Lan identify and annotate variants in Tageted
Amplicon Sequencing data generated with GeneRead DNAsen
standard panels facused on 3 specific set of genes or can be
customized Lo include genes tallored 1o specific researdh
interests,

CereRead Panel Anabysis Pluy

MAGEN GeneRead Panel Analysis Plugin
Fraviger QIAGIN Awrkus

Support camtait Jupporiebrichio sam

Werstan: 181 Suid: 1S0206-DE20-1 22084

GEN Geneend panel wnatysis plugin

Dawnload and Instal

Chexk for Updates

The QIAGEN GeneRead Panel Analysis PIogin is 2 reaidy-1o- use

Gene Panels. The GeneRead DAMASeR Gene Fanels can sither be

3. Select the QIAGEN GeneRead Panel Analysis Plugin and then click Download and

Install.
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Plug-in: server installation process

This installation procedure will install the QIAGEN GeneRead Panel Analysis Plugin on the
CLC Genomics Server (Biomedical enabled). In the following procedure, we use “serverlP”

for the server IP address and assume the CLC Genomics Server port is “7777" (the default).

Procedure

1. Using a web browser, connect to http://serverlP:7777/.
Replace “serverlP” with the IP of the server, or use “localhost” if the web browser is run

directly from the server.

2. Enter the CLC administrator credentials (by default, login is “root” and password is
“default”).

3. Click the Admin tab.

© CLC Genomics Serve... x | 4k

localhost:

GxS| CLC Genomics Server - C

Version 7.0.2 - Biomedical el

lec
® fcic Jmmy *] Sequence Tet X Exportdata (9 mportdata ({7 Admin

® FEcLe_Reterences
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5. Go to the Install new plugin panel and Browse... to the file location.

Install new plugin
Browse.
Install plugin

Plugin setfings
Edit Plugin settings... |

Install the downloadable version of the GeneRead Panel Analysis Server Plugin
(available from the Product Resources tab of the therascreen BRCA1/2 NGS FFPE gDNA
Kit product page on the QIAGEN website).

Exporting lllumina FASTQ files from the MiSeq instrument

FASTQ files stored on the MiSeq computer must be exported from the MiSeq instrument to
the destination of your choice (external drive or server) to be available for the Biomedical

Genomics Workbench software.

Note: The FASTQ files are located in the following sequencing run folder:
MiSegAnalysis\RunID\Data\Intensities \BaseCalls.

We recommend that the results file not be stored long-term on the NGS platform to avoid

confusion between successive runs, and to maintain sufficient free disk space.
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Importing lllumina FASTQ files

There are two lllumina FASTQ files per sample.

Procedure

1. Open the Biomedical Genomics Workbench software.

2. Click Import and select lllumina in the menu.

File Edit Yiew Toolbox Workspace Help

ERERE =
Show  Hew Import Export t L Faste

Mawvipation &rea | (&, Standard Import.., tri-|

b O &8 Tracks...

+ E@ CLC_Data | 28 5ap/BAM Mapping Files..
% g cLC
& [ Home_N
£ Hybriay G2 Roche 454
7 Luciana) g2 iumina .
—J Emmani w2 souD
3l BRCAVI
= training &2 Sanger. .

5 Plugin._¢ 4 lon Torrent...
£1 guillaume
=2 Sophie

= Dlivier
£ Aude
- .

2% mport Primer Pairs...

YT YYYTYTYYYTY

3. Choose where to run by selecting the appropriate option.

e Select Workbench if the BRCA 1/2 CE-IVD Workflow is installed locally (i.e.,

installed using the “Workflow: local installation process”).

® Select CLC Server if the BRCA 1/2 CE-IVD Workflow is installed at the server level

(i.e., installed using the “Workflow: server installation process”).
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Hllumina High-Throughput Sequencing Import

| set parameters
1. Choose where to run

& |Workbench
CLC Server

The server Is not configured with any grid presets.

L] Remembear setting and skip this stap

| ? | € Erevious || o bex X gancel

4. Click Next.
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5. If CLC Server was selected in the previous step, the following window will open.

Illumina High-Throughput Sequencing Import

Set parameters
1 Cheose where to run
2. Choose impon files
location
Where are your files located?
@ On my |ocal disk or a place | have access 1o
) On the server or a place that the server has access to
f 2 I f 1 I ‘- 1T 5 |
7 8 | Erevious | > Next | ' Finisf X Cancel

6. Select On my local disk or a place I have access to and click Next.
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7. Select all the FASTQ files to be analyzed from the following path in the MiSeq file:
Analysis/Data/Intensities/BaseCalls.

Bx

Illumina High-Throughput Sequencing Import

x
Set parameters
1. Choose where to run
2. Choose import files Look In: | BaseCalls - HIES
location D ‘mal
3425
. CImm
Import files and opt N
mport files and options [ 2425 1 MAR-NGS-02
[} 3230 3 Miseganalysis
D 3930 3 150420_M70206_0009_000000000-ACSVD
3 Data
T Intensities
(] BaseCalls i
'S
File [ame:
Files of Type: |lllumina files (.txt/ fastg/ .fq/ .gseq) |v‘
General options Flease select afile
Faired reads
[ Discard read names Paired read information
[ Discard '_uam sco_r’ns ® Paired-end (forward-reverse) ) Mate-pair (reverse-forward)
iy seors Minimum distance |40 Maximum distance [400
llumina optiens
REemove failed reads Quality scores |MCBI/Sanger or lllumina Pipeline 1.8 and later |v‘
[]Wiseq de-multiplexing
O
8. Select the following settings:
® Check Paired reads
e Select Paired-end (forward-reverse)
e Fill in the Minimum distance field with 40 and Maximum distance field with 400
® Check Remove failed reads
9. Click Next.
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10.The following window will open. Select Save and click Next.

1. Choose where to run

2. Choose import files
location

3. Import files and options

4. Result handling

Illumina High-Throughput Sequencing Import

Result handling

Result handling
) Dpen
@ save []Into separate folders

Log handling
[] open log

e

‘ € Previous H = Naxt || W/ Finish H X Cancel

11.Create a folder to store the paired FASTQ files and click Finish.
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Sequence analysis

Process the FASTQ files with the assay analysis BRCA 1/2 CEIVD Workflow that was
installed using the “Workflow: local installation process” or the “Workflow: server
installation process”. Follow the step by step procedure for the paired FASTQ analysis as

described below.

Procedure

1. Select the Toolbox tab and double-click the workflow name.

File Edit View Toolbox Workspace Help
EQE Sk (B
Show MNew Save Import Export Graphics Frint Undo Reds  Cut  Copy Paste Delete

Mavigation Area

Bl O

s

o g CLC

o {5 CLC_References
< [@ CLC_References

Q- [<enter search term>

Toolbox

o= [ Ingenuity Variant Analysis

L % Cloning and Restriction Sites

o Sanger Sequencing

o @ Epigenomics Analysis

oG
B BRCA
oz
B BRCm B30 e

% BRCAL2-CEVD_20151120_01

B BRCALZ-CEVD_ 2015112401

B BRCA12-CEVD_20151124_02

B BRCA12-CEIVD_20160202_01

% BRCALZ-CEVD_A

¥ BRCAL2-CEIVD_RCL

B BRCALZ-CEVD_multiplicam

B BRCALZ-CEVD_notTrimmed_20150917_01

3;'5 BRCA12-CENVD_released

% BRCA_BM

B BRCAIVD_PANEL

B} BRCA_additionalQC

B BRCA_plugin_1_8

% MarseilleBRCA-CE-IVD

% Plugin 1.8 Locked

Frocesses Favorites

therascreen BRCA1/2 NGS FFPE gDNA Kit Handbook (Part 2) 02/2017 25



The following window opens.

i Hllumina High-Throughput Sequencing Import x

S&1 parameters
1. Choose where to run

& |Workbench
® CLC Server

The server is not configured with any grid presets.

[ Remember setting and skip this step

| 2 ! I < Next X cancel

2. Select the applicable option:
e Select Workbench if the BRCA 1/2 CE-IVD Workflow is installed locally.

® Select CLC Server if the BRCA 1/2 CE-IVD Workflow is installed at the server level.
3. Click Next.
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1. Choose where 10 run

2. Select sequencing reads

RCA12-CEIVD_20150709_01

Select sequencing reads
Mavigation Area

7 @ cLC

& 3 CLC_Data

% [ Home_Macde_References
o= 3 HybridWF

iE 4105_51_L001_R1_001 (paired)
1 4272 _53_L001_R1.001 (palred)
iE 4276.54_L001_R1_001 (paired)
15 4279.55_LO01_R1_001 (paired)
iE 4280_56_L001_R1_001 (paired)
{= 4281.57_L0O0O1_R1_001 (paired)
iE 4283_5B_L001_R1_001 (paired)
4287 _59_L001_R1_001 (palred)

42BB.510_LO01_R1.001 (paired)
WTC-manip27_512_L001_R1_001 (paired)
£ undetermined_S0_LO01_R1.001 (paired)
o~ 150122 _M70102_0081_000000000-AB084

Selected elements (1)
5 150122_M70103_00B0_00000000. . |

D

Q- [<enter search term>

| _(- Previous

||_->Ne=<l [ venisn || x;an:el_:

4. Choose the folder that contains the FASTQ files, check Batch and click the blue arrow
|_$ to select the folder.

5. Click Next.
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6. Visually confirm that 13 elements are selected in the Units panel. Click Next.

BRCA12-CEIVD_20150709_01

| Batch overview
| Units Contents
2, Select sequencing reads || 3466_52_L001_R1_001 (paired) |
3564_511_LO01_R1_001 (paired)

4105 51 L001_R1_001 (paired)
4272_53_L0O01_R1_001 (paired)
4276_54_L001_R1_001 {paired)
4279_55_LO01_R1_001 (paired)
42B0_56_L001_R1_001 (paired)
4281.57_LO0O1_R1.001 {paired)
4283_58_L001_R1.001 (paired)
4287_59_LO01_R1.001 (paired)
42BB_510_L001_R1_001 (paired)
NTC-manip27_512_L001_R1_001 (paired)
Undetermined_SO_LO0O1_R1_001 (paired)

1. Choose where ta run

3. Batch overview

3 I
H | | Onity use elements containing: | |
| Exclude elements containing: | \l

? e eiv:s in total|
- L |

? | |_’(_-__I_1tg3_4_qy§: ]| 3 Next || ' Einist ” X Cancal |

Note: The first time the BRCA 1/2 CEIVD Workflow is used, you must select the
reference data in the folder CLC_References.

The first time you open Biomedical Genomics Workbench a dialog box appears with a
message that reference data are available for download either to the local or server

CLC_References repository.

3 New References Available for local download | P ‘

New or missing versions of the reference data
used in the cancer tools are available for
download to the local CLC_References.

?
Do you want to open Data Management now?

Click below to dismiss this dialog for local
references until new versions are available.

["] Never show this dialog again
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Click Yes. This will take you to the Manage Reference Data wizard.

This wizard can also be accessed from the upper right corner of the Biomedical

Genomics Workbench by clicking on Data Management.

o B =X

T S & | &

Workspace Plugins |Data Management |Workflows

To install the reference data, click Data Management and download the following
reference databases: 1000 Genomes Project, CDS, ClinVar, Conservation Scores
PhastCons, Cosmic, dbSNP, dbSNP Common, Genes, HapMap, mRNA, Sequence,

Target Primers, Target Regions.

Manage Reference Data

The Reference Manager downloads references from the CLC bio reference library to your local disk or server, and lets yvou configure
the workflows using reference data with these downloads.

13 issues: 0 unconfigured, 0 inconsistent and 13 ready for update

9 1000 Cenomes Project: New version available (local)
Versions available from CLC bio: phase_1 (1377 ME) m Download

Workflow configuration... »

o
S
H
E
>
B
=
z
L ID

@ CDS: New version available (local)
Versions available from CLC bio: ensembl_v74 (12 MB) |I| Download

Workflow configuration... »

9 Clinvar: New version available (local)
Versions available from CLC bio: 20131203 (3 MB) |I| Download
Workflow configuration... »

@ Conservation Scores PhastCons: New version available (local)
Versions available from CLC bio: hg19 (3318 MB) |I| Download

Workflow configuration... »
@ COSMIC: New version available (local)
Versions available from CLC bio: 70 (65 MB) El Download

Workflow configuration... »
@ dbSNP: New version available (ocal)
Versions available from CLC bio: 138 (4197 MB) m Download

Workflow configuration... »

@ dbSNP Common: New version available (local)
Versions available from CLC bio: 138 (1210 MB) m Download

e

I‘|

Refer to Biomedical Genomics Workbench Application Manual, Section 4.1 “Reference

data” for more information.
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Select the reference data in CLC_References to perform step 7 to step 22 below.

For example, for step 7, the workflow input for CDS must be selected from the following
path:
CLC_References/homo_sapiens/cds/ensemble_V74/Homo_sapiens_ensembl_v74_CDS

Note: After first use, the following 16 steps (7-22) only require clicking through screens

by clicking Next at the bottom of the screen.

BRCA12-CEIVD A

[

Workilow input €% Homo_sapiens_ensembl v74_CO5 I}
7. Click Next.
Workow Inpul $1E Homo_sapiens_ensembl w74 _GCenes o
8. Click Next.
z Cimwar
Weekiow Input W4, Climar 20131203 "

BRCAL2-CEIVD A

Workflow Input W dbsn VIZE o

ing data

10.Click Next.
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= BRCA12-CEIVD A =

mEna
1 Choose where 16 run

Workflow Inpun- 34 Home_sapeens ensembl, 74, mflks, o
2. Select stquenting data

3 Bach overdee

dbsnp

& mAna

11.Click Next.

BRCA12-CEIVD_A

rput e Cosmic V70

BRCAL12-CEIVD_A

L Cnesse where 1o nun

HOMES, phice, 1 TUR,

CENOMIS, phase, 1_ANR, 10

CHONES phase 1ATR. |3
Setact sequencing data

2. Baten cverdw

10, 1000 Genomes papy

13.Click Next.

BRCA1Z

X 2414 IrBEmANioN Tram Dyarapping Gents
1 Chooss where

Cane track S Hemo_sapient_snsembl

2. Select Secuencng dala

o Eapiem_ nsembl

disnp
£ mbna
9. Com

At population

44l information from
Tapging Ganss

14.Click Next.
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1 Chaose where 1o run

Salerr saquencing data

meh overvaw
4. D5
Genes

& Clinvar

thisnp

@

mRna

Cosmic

1000

anomas pep

A Infarmansn from
Overapping Genes

12 Acd Exan Number

15.Click Next.

PRNA track. S HOmO,_Saplens_ ensemil.v7 4 mENA o

1 Chadse whert ta un
2. Seledt sequencing data
31 Bateh overaew

4 €O

5. Cenes

& Cimvar

T dbsnp

Cogmic

1000 Cemsrmes population

Configurabla Paramatar

mnation ab

s

0% rack % Homa_sapéens_ensemil_

EHA Track BE Homs_saphins, snsark

Locked Semings

7 dbsnp
8 mAna
3. Cosmic

papulasizn

aicl Exon Murnber

1% il Informarion aboun
2 Enanges

14, sad imormation frem
COBMIC {5}

17 .Click Next.

Lecked Settings
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BRCA12-CEIVD_A
Ada Information fram Cliny
Configurable Parameters

Clinvar track W, Climvar, 20131203

b Locked Settings

5. Genes

ClinVar
7. dbsnp
8 mRna

Cosmic

10. 1000 Genomes population

11 Add Informatian from
Overiapping Cenes

12. Add Exon Number

12, Add Information about
Amino Adid Changes

14, Add Information from
COSMIC (6)

#dd information from
Clinvar @3

18.Click Next.

BRCA12-CEN
n dbSNP (3)

| Add Informaiion fram Corr
Configurable Farameters

L Choose where 1o run

2. sel

€t sequencing data Common dbSNP track

dbsnp_common_v13E 5

3. Batch overview
»  Locked Settings

6 Clinvar

absnp

»

mRna

©

Cosmic
10. 1000 Genomes population

11. Add Iaformation from
Overlapping Genes

12. Add Exon Number

13, Add Information about
Amino Acid Changes

14, Add Information from
COSMIC (8)

15 «Adel information from
ClinVar (2}

5. &ad Information from
Comman dbSHP (3)

19.Click Next.
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1 Chagse where 15 1w

2. Select sequenting data

3 h e
4 o8
5 Cenei

Clieh
dbinp
£ miftna

Cosmic

4. Add Informarion from
COMIC

15, Ag4 Informatin from
far i2)

16, e Infarmation fram
Gammian ABSHF ()
i Infortmition from

00 Gengmes Froject (4)

20.Click Next.

BRCA12-CEIVD_A

Choose where 1o run
2. Select sequencing data
3. Batch overvew

4. D5

Genes

Clinvar

dosnp

@

mRna

Cosmic
10. 1000 Genomes pepulation

11 Add Information from
Overlapping Genes

12. Add Exon Number

Add Information about
Amina Acid Changes

14. Add Information from
COSMIC (5)

5. Add Information from
Clinvar(2)

o

Add Informatien from
Common dbSHP @)

17 g fitormation from
1000 Gerfgmes Project (4)

8. Agd Information from
Hapiap &)

21.Click Next.

Enown variants track W DOGENOMES_ohass_|_EUR.

»  Locked Semings

Add Infermation fram HapMap (5)
Configurable Parameters

Knawn variants track "3, Selected 12 elemants.

?  Locked Settings

OGENOMES_pnase_ ] AN, 100/

SEMOMES_phase_|_4FR [y
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I Choose where 1o

Farametar irack | PRASIZons conservition, sceres hg 19 "l

Seiect sequencing dasa

Barch overdew

4. oos

n Ao
Aming At Changes

16 Add infaemation frem
o ESHF (3}

17 Ado infarmasion from

9. Add Conserwcin Soeres

22 .Click Next.

Fesult handing

hoose where 1 nun

quenting data

3. Batch ow w

4 o

5 Ganax
£ Cinvar
dbsrg
£ mfna

% Cosmic

Warkllow parameters

) Genomes popuiatian
Freuiaw All PAramssers
Adu Informasio

17, Ac Infsrmanan aBou mc separate folders
wing A¢i Changes
Log handii

14, 2dd informatian

CORMIC () | Gpen fog
15 Infermatian frem
16, Add Informatio

Commen GNP (33
47k infaimasian from

1000 Genomes Ty

Adi I
HapMap i

9. Add Consepatan Scares

30 Mabul hahdieg

7 5l % Prevous - o Hinish X Cariced

23.Select Save and then click Finish. The sequence analysis will start.
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When the sequence analysis is complete and before proceeding to variant analysis:

e Verify that the minimum number of reads per amplicon for the positive control is >200x.
This indicates that there is sufficient homogeneity through the BRCA1/BRCA2 amplicons.

® Check that the minimum number of reads per amplicon for the samples is >200x.

IMPORTANT: We recommend using only targets with coverage >200 reads for the final
analysis. The minimum coverage obtained per amplicon can be found in the “Locally

realigned trimmed reads read mapping (coverage) region statistics” report.

The read specificity defines the percentage of reads aligned to the target region. To
calculate the sequencing specificity and ensure that it is sufficient, open the “Mapping
summary report” (see Table 7) to find the total number of reads then open the “Coverage
summary report”. Data for the reads aligned onto the target region are shown in the
“Targeted regions overview” of the “Coverage summary report” (see Table 8).

Read specificity for the example is 92%. We recommend a read specificity >80%.

Table 7. Mapping summary report

Summary statistics
Percentage Percentage

Count of reads Average length Number of bases of bases
References 25 - 123,827,759.24 3,095,693,981 -
Mapped reads 3,012,232 98.91% 143.92 433,521,188 99.16%
Not mapped reads 33,274 1.09% 110.32 3,670,839 0.84%
Reads in pairs 2,962,962 97.29% 148.38 426,681,289 97.60%
Broken paired 49,270 1.62% 138.82 6,839,899 1.56%
reads
Total reads 3,045,506 100% 143.55 437,192,027 100%
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Table 8. Targeted regions overview

Total
Mapped mapped Total mapped
Total reads in Specificity reads i reaf!s in targe'ted Specifif:ity
mapped targeted excluding region excluding  excluding

Reference  reads region (%) ignored ignored ignored (%)
1 0 0 - 0 0 -

2 0 0 - 0 0 -

3 0 0 - 0 0 -

4 0 0 - 0 0 -

5 0 0 - 0 0 -

6 0 0 - 0 0 -

7 0 0 - 0 0 _

8 0 0 - 0 0 -

9 0 0 - 0 0 -

10 0 0 - 0 0 -

11 0 0 - 0 0 -

12 0 0 - 0 0 -

13 1,606,916 1,606,916 100.0 1,606,916 1,606,916 100.0
14 0 0 - 0 0 -

15 0 0 - 0 0 -

16 0 0 - 0 0 -

17 1,200,127 1,200,127 100.0 1,200,127 1,200,127 100.0
18 0 0 - 0 0 -

19 0 0 - 0 0 -

20 0 0 - 0 0 -

21 0 0 - 0 0 -

22 0 0 - 0 0 -

X 0 0 - 0 0 _

Y 0 0 - 0 0 -

MT 0 0 - 0 0 -
Total 2,807,043 2,807,043 100.0 2,807,043 2,807,043 100.0
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Quality control criteria

There must be 200x of minimum coverage per amplicon for the NA12878 positive

control.

There is sufficient read depth of coverage between the amplicons to ensure validation of

the sequencing run and the sequence alignment.
There must be 200x of minimum coverage per amplicon for the samples.
This ensures homogeneity of coverage and the quality of the samples.

To ensure specificity of the primers, >80% of reads are aligned to the target region for
the NA12878 positive control.

To ensure specificity of the primers, >80% of reads are aligned to the target region for

samples.

If these quality control criteria are not met, see “Troubleshooting Guide”, page 42.
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Interpretation of Results

For each sample, export the file in the Variant Call Format (VCF file) as described below and
submit to the BRCA1/BRCA2 variants database of your choice to identify the clinical
significance of the variants. For variants having a clinical pathological impact, check if the
called variant is present in the list of identified false positive variants (see “False positive

variants”, page 57, and in Table 16 on page Errorl Bookmark not defined.).

Pay attention to the type of sequence within which a variant is found:

® |Infronic sequence

® [Exonic sequence

e Adjacent/flanking (= 20 nt before and after the target region)
e Homopolymer

® Nucleotide stretch region

Note: Homopolymers (>6 nucleotides) and nucleotide stretch regions (di- or tri-nucleotide
repeats) are sources of false positives. The corresponding variants should be assessed with
care. We recommend performing a confirmatory experiment using an alternative sequencing

method (e.g., Sanger sequencing).

Note: The interpretation of the variants should be performed by a clinical geneticist.
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Exporting a VCF file

1. Select the “Annotated Variants” file in the Navigation Area panel (1).
2. Click the Export button in the toolbar (2).

3. In the Select export format window, choose VCF (3) and click Select.

o Blomedical Genomics Warkbench 2.1.1 - Evaluation

Eile Edi Yiew Toelbox
EAESEN-
Shom tow =

Havigation drea

O

OD X

Cn Copy Fam Delen

a1
T
&1 151130_M70103_0010 =

= [ 160108, M70103.0014.000000000-AKHAL

i

& £ 160108.M70103.0014. 000000000~ AKHAL Verif10-1 3 xiL Quzergtion Edendicn Supgorad for
I 08000008 ALNSE. VCF Export variant tracks to Variant Call Format  [vef] es

7 BO0000G-ALHD

10.510.L001_R1_001 (paired) Tip Export files and fokder sinictrs in €LC far |zip] Vo3
00B-0v18-0125-¢9 59_1001_R1_001 {pared)
I 1008-0v18-025-8¢7_57_L001 F1 001 (pairedy
IF 1008-0v18-05-006.56_L001_R1_001 (paired)
L091_R1.001 (paired)
-8c5.55.1001.R1.001 [paire)
201.R1.001 maired)
LO01_R1_001 (paired)
001_R1_00L paired)
01 R1 001 ipaired) L
_Lb01_R1_001 (paired) wimmed (paired) mapp!
510100171001 (paired) 1nmmed (paired) (Read

Export annotations on sequences Vo fesd N

0. Export annotaions on sequences in Excel 1. [xisx] HNe

1 Excel 7., Expom annotations on sequences in Excel £ [xls] L

Export annctations on sequences in 1ab el [ta] Ho

BaM Export mappad reads in BAM farmat eam] Mo

BCLOSL0.LO01R1.001 (paired) rimmed (paired) (Read
1 1006-0+v18-00625 -8c10,510,L001 1,001 (paired) inmmed (paired) (Read|

BCLO.SL0.L001.R1,001 (paired) trimmad (paired) (Read o cancel | [ Seieet

1 b LOOB Ol B OASIE B0 SO L0081 001 Al "I i Ba adl
W, 100B-0v18-00825 -Bc 10 510_L001_R1_001 (paired) Annoctated Variants I
R

Data anolysis

Idensdy varienn in whols axome data

4. If you are logged info a CLC Server, you will be asked whether to run the export job

using the Workbench or the CLC Server. Select Workbench or CLC Server.

1 Workbench

et

5. Click Next.
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6. Confirm selection of the data to be exported. The Export VCF dialog opens.

[ XRNs) Expoct VCF

Set parameters

1. Select Variants

2. Set parameters

"

Exclude chromosomes from enforced diploid export (Nothing selected) +*

Basic export parameters

Use compression | None &

File name

Output file name Q287 _521_LOOL_R1_001 (paired) Annotated Variants.wef

Custom file name {1142}

L2l s Previous Finish Cancel

Note: For the first use, the Reference sequence track must be selected from the following
path: CLC_References/homo_sapiens/sequence/hg19/Homo_sapiens_sequence_hg19.

7. Click Next.

(- RNz = Export VCF
1. Choose where to run ik
2. Select Varlants I Macinosh HEL
3. Set parameters  DEVICES 154 Applications
S Libeary
4. Select output folder PLACES ™ Network
Ll System
I User Information
() users
_ ew foider |
| 71" Previous Next | Finish | Cancel

8. Select the export folder and click Finish.
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Troubleshooting Guide

This troubleshooting guide may be helpful in solving any problems that may arise in the
assessment of BRCAT/2 mutation status using the therascreen BRCA1/2 NGS FFPE gDNA

Kit. For contact information, see back cover or visit www.giagen.com.

For troubleshooting information relating to other kits, please refer to the respective kit

handbooks.

For troubleshooting information relating to the lllumina MiSeqDx instrument and related
software including Biomedical Genomics Workbench and BRCA 1/2 CEIVD Workflow,

please refer to the respective user guides and manuals.

Comments and suggestions

Low yield of target DNA
a) Check the gDNA

concentration

b) Check concentration of
positive control obtained
after Target-PCR (T-PCR)

pooling and purification

We recommend using a fluorometer for gDNA

quantitation from FFPE starting material.

The gDNA concentration must be >2.5 ng/pl to
ensure sufficient sample quantity for downstream
experiments. The kit is optimized for 10 ng of gDNA
per target PCR reaction (40 ng fotal).

If the concentration of the NA12878 positive control
is less than 20 ng/pl, an error could occur during the
T-PCR or during the sample pooling and purification
step.

Repeat the T-PCR step for all the samples.

42
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Comments and suggestions

c) Check concentration of
samples after TPCR

pooling and purification

Low library yields

a) Check the T-PCR yields

b) Check concentration of the
positive control after the
library preparation and

size selections steps

Sample concentration below the quality control

criterion of 4 ng/pl may indicate degraded DNA.

Repeat DNA extraction from the failed sample.

After the T-PCR and before proceeding to the library
preparation, concentrations of positive control and
samples must be >20 ng/pl and >4 ng/yl

respectively.

e |If the concentration of the positive control is too

low, repeat the T-PCR step for all samples.

e If the concentration of a sample is too low, repeat

the extraction of the sample DNA.

Quantitate the purified and size-selected libraries
using an lllumina-compatible gPCR library
quantitation kit. Repeat the library quantitation if

quality control criteria are not fulfilled.

If the concentration of the NA12878 positive control
is less than 120 nM, an error may have occurred
during library preparation, size selection, PCR

amplification or the PCR purification step.

Restart the library construction from the gDNA for all

samples.
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Comments and suggestions

c) Check concentration of the  Quantitate the purified and size-selected libraries

samples after the library using an lllumina-compatible qPCR library
preparation and size quantitation kit. Pay attention to the gPCR quality
selections steps control criteria described in the protocol.

If a sample concentration is less than 80 nM, an
error may have occurred during the library
preparation, size selection, PCR amplification or the

PCR purification step.

Restart the library construction from the gDNA for

that sample.

Low output of sequencing data (Total reads <3Gb)

Check the quantity of To avoid misreading parts of the targeted BRCA1/2
library material added to  region, 3 Gb of total sequencing data output is

the lllumina sequencing recommended. If the quality criterion of 3 Gb is not
cartridge fulfilled, restart the protocol from the library

quantitation step.

Check lllumina flow cell images according to the

manufacturer’s instructions.

o If the library is overloaded (saturating cluster
density), decrease the amount of pooled libraries
added to the cartridge.

® If the clustering density is low, increase the

amount of pooled libraries added to the

carfridge.
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Comments and suggestions

Low sequencing specificity (% of reads aligned to the BRCA1/2 target region)

Check the mean size of
the size-selected and

purified libraries

Low reads coverage

Check the minimum

coverage per amplicon

If the quality criterion of 80% specificity is not
fulfilled, assess the purification quality by analyzing
library fragment size. The mean amplicon size should
be about 280 bp.

Restart the protocol from the T-PCR.

If the quality criteria of 200x coverage is not fulfilled,

we recommend:

e Checking that the 4 target PCR reactions were

pooled at equivalent volumes.

e Checking the reads homogeneity in terms of the
number of reads obtained per sample for the

10 samples plus the positive control.

Contamination of no template control (NTC)

a) Check NTC after TPCR

b) Check the concentration of
NTC after the library
preparation and size

selections steps

If sample is detected in the NTC, contamination may
have occurred during the T-PCR, or during the sample

pooling and purification step.
Restart the T-PCR

If the concentration of NTC is greater than 1 nM,
contamination may have occurred during the library
preparation, size selection, PCR amplification or the

PCR purification step.

Restart the T-PCR.
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Quality Control

In accordance with QIAGEN’s ISO-certified Quality Management System, each lot of
therascreen BRCA1/2 NGS FFPE gDNA Kit is tested against predetermined specifications to

ensure consistent product quality.

Limitations

The kit is intended for professional use.

The product is to be used only by personnel specially instructed and trained in molecular

biology techniques and familiar with this technology.

This kit should be used following the instructions given in this manual, in combination with a

validated instrument mentioned in “Materials Required but Not Provided: Analysis”, page 7.

Attention should be paid to expiration dates printed on the box and labels of all

components. Do not use expired components.

The therascreen BRCA1/2 NGS FFPE gDNA Kit is validated only for buffered formalinfixed

paraffin-embedded tissue.
Only the lllumina MiSeqDx has been validated for sample library sequencing.

Any off-label use of this product and/or modification of the components will void QIAGEN's
liability.

It is the user’s responsibility to validate system performance for any procedures used in their

laboratory that are not covered by the QIAGEN performance studies.
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Detection of mutations is dependent on sample integrity, the tumor content and amplifiable

DNA present in the specimen.

The therascreen BRCA1/2 NGS FFPE gDNA Kit together with the analysis workflow is not

suited for copy number variation (CNV) analysis.

Any diagnostic results generated with the product must be interpreted within the context of

all relevant clinical or laboratory findings.
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Performance Characteristics

IMPORTANT: The assay performance characteristics for the therascreen BRCA1/2 NGS FFPE
gDNA Kit were obtained with the Biomedical Genomics Workbench software reporting tool
with the BRCA 1/2 CE-IVD Workflow. The entire workflow should be subject to independent

verification by the laboratory end user before being introduced into routine use.

Reportable range of the assay

The design of the therascreen BRCA1/2 NGS FFPE gDNA Kit covers the entire coding
regions of BRCAT and BRCA2, plus at least 20 bp flanking each coding exon. Information

on coverage by the kit is given in Table 9.

Table 9. Coverage information

FFPE NA12878
Coverage Number of values 82 samples 67 samples
Minimum coverage Minimum 1,863 813
Median 5,624 4,725
Mean 5,591 5,187
Maximum 11,890 14,187
% of data with coverage 100% 100%
>200x
Normalized minimum coverage* Minimum 1,142 539
(equivalent to 3 GB of data per  Median 3,499 3,124
sequencing run) Mean 3,494 3,416
Maximum 7,383 9,211
% of data with coverage 100% 100%
>200x

* The amplicon coverage per sequencing run was normalized by multiplying the minimum coverage obtained with the
kit by the ratio: 3 Gb (minimum sequencing data output recommended)/Run sequencing output (in Gb).
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Uniformity of amplification

Among 82 FFPE sample datasets, the data showed that 99.29% of the targeted positions are
covered by a number of reads higher than 20% of the mean depth of coverage
(95% prediction interval 96.81-100%).

Interfering substances

Reagents from the FFPE DNA extraction kit and potential interfering substances from FFPE
samples were tested for potential impact on the performance of the therascreen BRCA1/2
NGS FFPE gDNA Kit. No impact of interfering conditions or substances on performance was

observed according to DNA and library quantitation, sequencing output or variant calling.
Carryover

Ligation of specific oligonucleotide sequences is used for lllumina cluster generation and the
identification of samples. Alternating the use of 2 sets of 12 bar codes between successive

runs decreases the risk of contamination.

Samples bar-coded with the first adapter set were used in a sequencing run, Run 1. Two
additional sequencing runs were then performed without samples, Run 2 and Run 3, and
any remaining first set bar codes were quantified in Run 2 and Run 3 to measure carryover
contamination between runs. The same experiment was performed using the second set of
bar codes. The runto-run global percentage of carryover contamination was established by
comparing the ratio of the number of reads obtained from Run 1 and Run 3 using both sets
of bar codes, considering that the customer uses alternatively the two available sets of bar

codes.

The run+o-run carryover, defined as the percentage of reads from the samples of Run 1 that
are still detected in Run 3 (without samples), was 0.43% and 0.47% for the first bar code set

and the second bar code set, respectively.
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On-target reads (assay specificity)

On-target reads is defined as the percentage of reads aligned on the target region among

the total reads obtained per sample. The percentage is calculated according the formula:

Number of reads aligned to the target region x 100

On+arget reads (%) =
Total number of reads

On-target statistics were obtained from 82 data sets generated using 52 FFPE-derived DNA
extracts using 3 different kit lots. On average, 94.51% of the reads were aligned to the

target region (Table 10).

Table 10. On-target reads (assay specificity)

Average Minimum Maximum Standard deviation

94.51% 87.67% 96.17% 1.4%

Assay precision

The repeatability (within-run precision) and the reproducibility (between-run precision) of the
assay were assessed in terms of allele frequency (AF). Two mixed samples were produced to
generate a maximum of variants with expected AF between 5 and 15%. These samples were
tested in duplicate through é sequencing runs, using 2 MiSeqDx platforms (inter-instrument

reproducibility), 3 operators (inter-operator reproducibility) and 3 kit lots (inter-lot variability).

The goal was to determine relative percentages of the total variability introduced at each
level: lot, operator, instrument, replicates. Analysis of the variance components indicates that
the major component of the total variance is repeatability, i.e., it arises from the within-run

duplicates (see Table 11; column Sr).
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Table 11. Compilation of all variants detected in 36 datasets for 2 samples

Variant Position & Calculated

Ref allle > Expected  average

Variant allele AF AF (n=36) SD*  CV* (%)  Sr* Si* So* Sin*  Stotal* Reliability"
SAL/G329] 3055 999 999 006 006 006 000 000 000 006 100.00
iig’”]?’o“ 999 999 005 005 005 001 002 001 005 8418
?lé32929387 999 997 016 016 011 009 012 002 018 33.41
5(’32>/g’29]5°°5 99.9 997 038 038 026 022 029 000 044 3425
?fé32929387 999 997 019 019 015 010 012 000 021 47.81
5(’3]>/g’29]5°°5 99.9 997 045 046 031 027 033 000 053 3418
22;232906729 903 90.1 085 095 080 000 000 036 088 83.49
ilé?’”ow” 886 918 070 076 064 000 034 000 073 78.30
?lé”?%é“é 545 525 178 340 1.54 048 069 074 190 6544
?fé?’”%é“é 51 50.2 190 378 140 018 1.17 1.02 209 44.49
f’:L/T329] 391 439 462 168 364 156 000 025 072 173 80.86
Q/NBIBT s a3 131 304 1.1 000 071 046 1.40 6331
22;4329]369] 423 449 127 284 1.0 000 079 000 1.35 6587
2/23193T -y 435 175 401 139 000 123 033 1.89 54.60
S2/41244000 15 9 099 1027 099 000 000 000 099 100.00
?A‘” ZISI6 440 129 094 729 065 000 065 050 1.05 39.14
}Q’fé‘” 219780 445 122 098 805 091 000 044 000 101 81.35
2/41219804 q4n 122 097 795 091 000 041 000 1.00 83.03
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Variant Position &

Calculated

Ref allele > Expected  average
Variant dllele AF AF (n=36) SD*  CV* (%)  Sr* Si* So* Sin*  Stotal*  Reliability'
15.3(/:4] 244435 14.2 11.9 0.66 5.58 0.62 0.00 0.11 025 0.68 83.56
éi{:\ﬂ AL 14.2 11.8 0.96 8.17 0.93 0.00 0.21 0.16 0.97 9256
ii/éﬂ 234470 14.2 11.7 0.57 4.90 0.54 0.00 0.15 0.19 0.59 83.18
ii/éﬂ L, 14.2 11.6 1.12 9.65 1.07 0.00 0.21 0.33 1.14 88.24
éi/:] 244936 14.2 11.5 0.87 7.55 0.73 0.00 0.40 039 0.92 6278
15.3(/:4] R2E0 14.2 11.4 0.65 5.70 0.62 0.00 0.22 0.00 0.66 88.91
15.3(/:4] 215416 13.6 9.3 0.78 8.43 0.78 0.00 0.00 0.00 0.78 100.00
é]>/:2890572 9.6 6.6 0.72 1095 0.72 000 0.11 0.00 0.72 97.88
ii/GSQQQQQSQ 9.5 12.4 0.76 6.13 0.76 0.00 0.00 0.00 0.76 100.00
ZL§2929232 ©.5 6.7 0.68 10.07 0.68 0.00 0.00 0.00 0.68 100.00
ii/GSQQ] 1888 9.4 9.5 0.60 6.33 0.52 0.13 035 0.00 0.64 6508
é2>/:2890572 9.4 9.1 0.88 9.72 0.80 0.08 0.19 040 0.92 76.65
iL/GSQQ] 1888 9.3 6.2 0.45 7.33 0.42 0.00 0.03 0.20 0.47 81.41
214329]4236 9.3 5.8 0.60 10.27 055 0.00 026 0.12 0.62 78.49
$2/32915411
32915414 9.2 9.7 0.76 7.83 070 0.00 0.26 026 0.79 7835
AATT>-
S1/32915411
32915414 9.2 5.6 0.51 9.03 0.50 0.00 0.11 0.00 0.51 9565
AATT>-
22>/§2907259 9.0 9.6 0.53 5.52 0.53 0.00 0.00 0.08 0.53 97.53
(53]>//:H Ges 57 7.0 0.70 9.96 0.57 0.00 0.48 0.00 0.75 59.27
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Variant Position &

Calculated

Ref allele > Expected  average

Variant dllele AF AF (n=36) SD*  CV* (%)  Sr* Si* So* Sin*  Stotal*  Reliability'
?lém 219780 5.6 6.9 078 11.23 0.73 0.00 0.00 0.33 0.80 83.21
'Is',lém AP 5.6 6.9 0.77 11.20 0.72 0.00 0.00 0.34 0.80 81.37
il/é] 245237 5.6 6.6 0.68 10.39 0.69 0.00 0.00 0.00 0.69 100.00
'Is'lém Zes U 5.6 6.4 0.42 6.54 0.41 0.00 0.04 0.10 0.42 93.21
?lém 223094 5.5 6.3 0.46 7.29 0.44 0.00 0.18 0.00 0.47 85.03
ZZ.A] el 5.4 6.6 0.72 1090 0.67 0.15 0.28 0.00 0.74 81.60
il/é'] 234470 5.4 6.5 0.56 8.61 0.54 0.00 0.09 0.15 0.57 90.40
ZL/:] e 5.4 6.5 0.68 10.55 0.62 000 0.35 0.00 0.71 7593
?:L/TA] 231516 5.4 6.4 0.62 9.81 0.54 0.00 035 0.13 0.66 68.51
‘|s'lé4] Zesn il 5.4 6.3 0.66 10.61 0.63 000 0.24 0.00 0.68 87.22
$2/32913603 5.3 4.9 0.68 14.02 065 000 025 0.10 0.70 85.48

G>A

* SD: standard deviation; CV: coefficient of variation (Stotal/Mean) Sr: SD repeatability (within-lot precision);
Si: SD interlot; So: SD inter-operator; Sin: SD inter-instrument; Stotal: SD total (withinlab precision).

T Reliability = (Sr2/Stotal?) x 100
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Limit of Detection (LOD)

Assay cut-off

The assay cut-off for allele frequency was defined as the minimum allele frequency for which
99.9% of the detected variants are true positive variants after removal of false positive
variants described in Table 13, Table 14 and Table 16. The variant allele frequency (VAF)
cutoff was calculated as 5.75% for 53 previously characterized samples: 13 samples
obtained from the Coriell Institute for Medical Research repository and 20 clinical FFPE

samples tested in duplicate using 3 kit batches.

To demonstrate that the assay can detect a VAF of 1.5%, 4 individual FFPE DNA tumor-
derived samples were mixed at different ratios with one other FFPE DNA tumor-derived
sample. To reproduce a reduction in homogeneity between multiplexed samples, sequencing
runs were performed with decreasing amounts of sample library material in a range from
4 nM (the recommended amount) to 0.125 nM of library loaded into the cartridge. Total
library input was maintained at a constant concentration of 4 nM by increasing the amount
of NA12878 positive control DNA.

The assay sensitivity was calculated by probit analysis and the results are reported in
Table 12. For a library input of 4 nM, the assay defects variants at a VAF of 1.54%.

Table 12. Assay sensitivity: minimum VAF detected with decreasing library input

Library input (sample) VAF LOD
4 nM 1.54%
2 nM 1.54%
1 nM 1.54%
0.5 nM 1.93%
0.25 nM 3.16%
0.125 nM 3.88%
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Minimum coverage to detect VAF at 5.75%

The minimum coverage (total number of reads) required to call the VAF cut-off of 5.75% was
assessed. Four individual FFPE DNA tumor-derived samples were mixed at different ratios
with one other FFPE DNA tumor-derived sample to obtain VAF values ranging from 5.25% to
6.25%, with an estimated median VAF of 5.75%. Multiple sequencing runs were performed
with two-fold serial dilutions of the same set of mixed samples with library amounts ranging
from 4 nM 1o 0.015625 nM. For example, if 15000x coverage is obtained with a library
input of 4 nM, the same variant will be detected 59x with 0.015625 nM input.

Probit analysis was used to determine the LOD for each AF class using a method following
guidance in NCCLS EP17-A2 (20). The final value is the coverage needed to detect the AF

with 95% confidence. An example graph is shown in Figure 9.

Hit rate vs Mean coverage
Allele frequency = 5.75% * 0.5%

1.0 4 e < ' 2 o
% T LoD = 159x
0.8 4
2 0.6
[e]
_; £
T 0.4 -
0.2 4
0.0 4
1 1 L 1 1
0 200 400 600 800

Mean coverage
Figure 9. Probit analysis. Hit rate represents the percentage of variants detected according to the

coverage.

A minimum of 200 reads per position is required to detect VAF at 5.75%. (The LOD was
159x, rounded up to 200x.)
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Accuracy

Accuracy was estimated using previously characterized samples, including DNA samples
from Coriell Institute for Medical Research repository and DNA extracted from FFPE ovarian

tumor samples.

® Set 1: 13 samples from the Coriell repository fully characterized for the target region

(191 variants expected)

® Set 2: 27 samples from the Coriell repository partially characterized for 25 pathogenic

variants (27 variants expected)

e Set 3: 20 Samples of DNA extracted from FFPE ovarian tumor samples fully

characterized for the target region (570 variants expected)

All expected variants were detected in the Coriell samples (Set 1 and Set 2), including two
large deletions of 40 nucleotides in BRCAT (BRCA1:c.1175_1214del40 p.Leu392Gilnfs).

Accuracy was calculated with the following formula:

(Number of true positives + Number of true negatives) x 100

Accuracy (%) =
Target region (21,150 bases)

Accuracy for the FFPE samples (Set 3) was calculated at 99.988% using a probit approach
to set the allele frequency threshold at 5.75%.
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Variant limitations

False positive variants

A list of 47 false positive variants was established for a set of previously characterized
samples: 13 samples from the Coriell repository and 20 clinical FFPE samples tested in
duplicate; n=53. False positive variants arise from instrument limitation in relation to
sequences with homopolymeric tracts >6 nt and/or regions with repeats of di- and
tri-nucleotide  stretches. False positive variants can also be artifacts arising from

primer dimers.

The list of false positive variants for BRCAT on chromosome 17 is shown in Table 13. The list
of false positive variants for BRCA2 on chromosome 13 is shown in Table 14. The position
of the false positive (FP) is described in the first column (Hg19 coordinates) followed by the
reference (REF) and alternative (ALT) nucleotides found. The percentage of data sets in which
the FP variant was found (from 53 data sets) is shown in the column “% of datasets (n=53)".
The minimum, average and maximum AF percentages from the 53 data sets are shown in
the columns “Minimum AF (%)”, “Average AF (%)" and “Maximum AF (%)”. Variants are
classified in 4 categories: “Homopol” (FP from homopolymeric tracts >6 nt), “Primer dimer”
(FP from primer dimer artifacts), “Stretch” (FP from di- and tri-nucleotide repeats), and

“Other” (FP from polymerase synthesis and/or sequencing errors).

therascreen BRCA1/2 NGS FFPE gDNA Kit Handbook (Part 2) 02/2017 57



Table 13. List of false positive (FP) variants detected in BRCAT on chromosome 17

% of False

datasets ~ Minimum  Average Maximum positive
Region REF ALT Type (n=53) AF(%) AF (%) AF (%) classification
41231323 c T SNV 9.4 1.3 2.0 2.5 Other
41231324 G A SNV 9.4 1.1 1.4 2.6 Other
41231333 G C SNV 7.5 1.0 1.5 1.7 Strefch
41231352 T C SNV 9.4 1.4 1.8 2.1 Other
41231370 C A SNV 57 1.1 1.2 1.3 Other
41231401 c T SNV 1.9 1.4 1.4 1.4 Other
41231404 T C SNV 11.3 1.2 2.4 3.8 Other
41231419 G A SNV 9.4 1.3 2.5 3.4 Other
41242939..41242940 CA - Deletion 100 3.1 4.8 6.1 Strefch
41243524 C SNV 92.5 1.1 1.7 2.7 Primer dimer
41244613 A SNV 3.8 2.0 2.1 2.1 Other
41245586741245587 - T Insertion  96.2 1.1 1.4 2.4 Homopol
41245587 T - Deletion 100 2.3 3.2 3.9 Homopol
41246532 T - Deletion 13.2 1.0 1.1 1.2 Homopol
41246926 A - Deletion 94.3 1.0 1.4 2.0 Homopol
41267808 G - Deletion 77.4 1.0 1.2 1.5 Homopol
41276152741276153 - AT Insertion 94.3 1.1 1.5 2.0 Stretch
41276153..41276154 AT - Deletion 100 1.9 2.7 3.3 Strefch

Table 14. List of false positive (FP) variants detected in BRCA2 on chromosome 13

% of False

datasets  Minimum  Average Maximum positive
Region REF ALT Type (n=53) AF (%) AF (%) AF (%) classification
32893197732893198 - T Insertion 100 4.3 5.6 6.8 Homopol
32893198 T - Deletion 100 11.0 12.6 13.5 Homopol
32893198..32893199 1T - Deletion 5.7 1.1 1.2 1.3 Homopol
32893318 G A SNV 3.8 1.3 1.8 2.2 Other
32900364 T - Deletion  75.5 1.0 1.3 1.9 Homopol

58 therascreen BRCA1/2 NGS FFPE gDNA Kit Handbook (Part 2) 02/2017



% of False

datasets  Minimum  Average Maximum positive
Region REF ALT Type (n=53) AF (%) AF (%) AF (%) classification
32905197 T - Deletion  18.9 1.0 1.1 1.3 Homopol
32905219732905220 - T Insertion 100 8.8 10.4 11.4 Homopol
32905219732905220 - T Insertion  96.2 1.0 1.2 1.6 Homopol
32905220 T - Deletion 100 19.7 21.1 23.1 Homopol
32905220..32905221 - Deletion 100 3.8 4.4 5.4 Homopol
32907421 A - Deletion  94.3 2.2 3.1 3.9 Homopol
32907535732907536 - T Insertion 100 6.8 77 10.0 Homopol
32907535732907536 - T Insertion 3.8 1.0 1.1 1.1 Homopol
32907536 T - Deletion 100 21.4 23.8 26.3 Homopol
32907536..32907537 1T - Deletion 100 3.6 4.6 6.2 Homopol
32911074 A - Deletion 11.3 1.0 1.2 1.6 Homopol
32911443 A - Deletion 9.4 1.0 1.1 1.2 Homopol
32912346 A - Deletion 77.4 1.0 1.2 1.5 Homopol
32913559 A - Deletion 100 1.0 1.5 2.0 Homopol
32913837 A - Deletion 18.9 1.0 1.0 1.1 Homopol
32914828 A G SNV 100 2.4 4.1 6.8 Primer dimer
32921032 C T SNV 3.8 1.4 1.4 1.4 Other
32953633 A - Deletion 17.0 1.0 1.1 1.3 Homopol
32954022/32954023 - A Insertion 13.2 1.0 1.1 1.2 Homopol
32954023 A - Deletion 100 2.1 3.3 4.1 Homopol
32954303 T - Deletion 100 1.5 2.3 2.8 Homopol
32968809 T - Deletion  96.2 2.3 2.6 3.2 Homopol
32972287 T - Deletion 5.7 1.0 1.1 1.2 Homopol
32972526 G A SNV 3.8 1.4 1.4 1.4 Other
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False negative variants

Extra base pairs may be added (insertions) or removed (deletions) from the DNA of a gene.
The number can range from one to thousands. Collectively, these mutations are called indels.
Performance of the therascreen BRCA1/2 NGS FFPE gDNA Kit was established based on
detection of substitution variants and small indels (<3 nf). Large indels (>3 nt) were detected
but the performance characteristics for detection of these large indels could not be

determined.

The therascreen BRCA1/2 NGS FFPE gDNA Kit together with this analysis workflow is not

suited for copy number variation (CNV) analysis.

Primer binding sites of the therascreen BRCA1/2 NGS FFPE gDNA Kit are selected to avoid
the presence of variants within the selected regions. This does not exclude the presence of
rare variants within a primer binding site leading to incorrect amplification, and masking the
presence of potential clinically-relevant mutations. If such a phenomenon is suspected, we

recommend performing a confirmatory experiment using an alternative method.
Validation results

The validation study of the therascreen BRCA1/2 NGS FFPE gDNA Kit assay was conducted
on FFPE samples from ovarian tumor tissue using 2 independent kit lots. This study assessed
performance under normal conditions of use: 40 ng input, a threshold variant allele

frequency of 5.75%, and 200x coverage.

A total of 171 ovarian FFPE tumor samples was provided and characterized by
3 collaborating laboratories: Curie Institute in France, one in Germany and one in the United
Kingdom. The laboratories were free to select the method of their choice to identify the
BRCA 1/2 variants and utilized different platforms, assays, software and algorithms for

variant calling.
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To further characterize the clinical samples, an external sequencing service provider used the

Multiplicom BRCA Tumor MASTR™ Plus Dx assay to deliver results using an independent

bioanalytical platform.

Results from all methods were used to classify the variants as follows:

To

True positive (TP): variant call based on therascreen BRCA1/2 NGS FFPE gDNA Kit data

and present in at least one other method

True negative (TN): no variant call based on results for therascreen BRCA1/2 NGS FFPE
gDNA Kit and collaborations

False positive (FP): variant call based on therascreen BRCA1/2 NGS FFPE gDNA Kit

data but absent in other methods

False negative (FN): no variant call based on therascreen BRCA1/2 NGS FFPE gDNA

Kit data but present in at least one other method

calculate the number of true negative variants, the target region was defined as the

intersection between the 3 methods that represents 19612 nucleotides. Three unique variants

outside this target region were excluded from the analysis.

After this classification, one false negative variant and 4 false positive variants were

observed among the 2130 variants obtained with the 3 methods. The discrepant result for

BRCAT on chromosome 17 (false negative) is shown in Table 15. Discrepant results for

BRCA2 on chromosome 13 (false positive) are listed in Table 16.

Table 15. Discrepant result according to 3 methods (all variants) for BRCAT on
chromosome 17

Genomic location therascreen  Expected Clinical Variant
GRCh37 REF* ALT* Type kit VAF* (%)  VAF (%) significance  dlassification
41276067 29 - Deletion ~ Not detected  71.11 Pathogenic False negative

* REF: Reference nucleotide; ALT: alternative nucleotide; VAF: Variant allele frequency; SNV: Single nucleotide
variation.
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Table 16. Discrepant results according to 3 methods (all variants) for BRCA2 on
chromosome 13

Genomic location therascreen  Expected Clinical Variant

GRCh37 REF* ALT* Type kit VAF* (%)  VAF (%) significance  classification
32906729 A C SNV* 99.83 Not detected  Unknown False positive
32912299 T C SNV 34.59 Not detected ~ Unknown False positive
32912299 T C SNV 71.86 Not detected  Unknown False positive
32913709 T - Deletion  43.18 Not detected  Pathogenic False positive

* REF: Reference nucleotide; ALT: alternative nucleotide; VAF: Variant allele frequency; SNV: Single nucleotide
variation.

The false negative variant, BRCAT g.41276067 c.19_47del29, was a large deletion of
29 nucleotides on BRCAT from an ovarian FFPE sample. This deletion was previously
detected with the therascreen BRCA1/2 NGS FFPE gDNA Kit workflow on an FFPE sample
from bladder.

Three false positive single nucleotide variants were detected. One was located in the BRCA2
g.32906729 region and two were located in the BRCA2 g.32912299 region. The
Multiplicom assay exhibited a very low coverage in these regions, respectively 28x, 38x
and Ox. Investigation within the BAM sequence alignment files showed that the two variants
occurred at the corresponding allele frequencies: 28/28 (100% VAF) and 9/38 (24% VAF)

respectively. The discrepancies probably come from an amplicon dropout.

The false positive variant BRCA2 g.32913709delT is located in the first nucleotide of the
amplicon. The corresponding amplification primer hybridizes in a sequence containing a
true pathogenic variant g.32913703 del TACT. This deletion was detected by the
therascreen BRCA1/2 NGS FFPE gDNA Kit assay and its presence could explain the
misalignment of the primer leading to the release of this false positive variant. This false
positive will never lead to a patient misclassification since it is systematically linked to the

detection of the true pathogenic variant.

62 therascreen BRCA1/2 NGS FFPE gDNA Kit Handbook (Part 2) 02/2017



The results of the study are shown in a contingency table (Table 17) and overall assessment

of sensitivity and specificity is shown in Table 18.

e Clinical sensitivity is defined as the positive agreement:

True positive/(True positive + False negative)
e Clinical specificity is defined as the negative agreement:
True negative/(False positive + True negative)

® Accuracy is defined as the overall agreement between assay results and the results from
collaborations and the third method:

True positive + True negative/Number of bases in the target region

Table 17. Contingency table with calculated performance of the therascreen BRCA1/2 NGS
FFPE gDNA Kit

Results from collaboration and
Multiplicom assay
(Reference method)

Positive Negative Total
- 2125 4
Results of therascreen Positive True positive False positive 2129
BRCA1/2 NGS FFPE i
gDNA Kit assay TS 1 Fa se 3,351 ,52.2 True 3,351,523
negative negative
Total 2126 3,351,526 3,353,652

Table 18. Sensitivity, specificity and accuracy among methods

Parameter Result 95% Cl

Sensitivity 99.9530% 99.7382-100%
Specificity 99.9999% 99.9997-100%
Accuracy 99.9998% 99.9996-100%
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Symbols

The following symbols may appear on the packaging and labeling:

Symbol Symbol definition
REF Catalog number
Manufacturer

MAT Material number

Rn R is for revision of the Handbook and n is the revision number

LOT Lot number

GTIN Global Trade ltem Number

IVD In vitro diagnostic medical device

c € CE mark for European conformity
g Use by

W Contains reagents sufficient for N reactions
<N>
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Symbol definition

Temperature limitation

Components (i.e., a list of what is included)
Contains (contents)

Number |i.e., vials, bottles)

Caution

Consult instructions for use

Keep away from sunlight
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Ordering Information

Ordering information for additional required products and reagents may be found in

Table 1, page 15 in Part 1.

Product Contents Cat. no.
therascreen BRCA1/2 For 20 reactions: For the identification of 875011
NGS FFPE gDNA Kit CE  variants in BRCAT and BRCA2 with

(20) [llumina MiSeqDx platform; BRCA Primer

Mix 1, BRCA Primer Mix 2, BRCA Primer
Mix 3, BRCA Primer Mix 4, HotStarTaq
DNA polymerase, GR NGS Panel 5x PCR
Buffer V2, nuclease-free water for NTC

For upto-date licensing information and productspecific disclaimers, see the respective
QIAGEN kit handbook or user manual. QIAGEN kit handbooks and user manuals are
available at www.qiagen.com or can be requested from QIAGEN Technical Services or your

local distributor.
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This product is intended for in vitro diagnostic use. QIAGEN products may not be resold, modified for resale or used to manufacture commercial products without
written approval of QIAGEN.

Information in this document is subject to change without notice. QIAGEN assumes no responsibility for any errors that may appear in this document. This document is
believed to be complete and accurate at the time of publication. In no event shall QIAGEN be liable for incidental, special, multiple, or consequential damages in
connection with, or arising from the use of this document.

QIAGEN products are warranted fo meet their stated specifications. QIAGEN's sole obligation and the customer’s sole remedy are limited to replacement of products
free of charge in the event products fail to perform as warranted.

Trademarks: QIAGEN®, Sample to Insight®, HotStarTaq®, therascreen® (QIAGEN Group); AMD® (Advanced Micro Devices, Inc.); ATI™ (ATl Technologies);
Eppendorf® (Eppendorf AG); Windows®, Windows Vista® (Microsoft Corporation); Fedora®, Red Hat® (Red Hat, Inc.); lllumina®, MiSeqDx™ (lllumina, Inc.); Intel® (Intel
Corporation);Mac OS® (Apple Computer, Inc.); MASTR™ (Multiplicom N.V.); NVIDIA® (NVIDIA Corporation); OpenGL® (Khronos Group); SUSE® (SUSE PLC).
Registered names, trademarks, etc. used in this document, even when not specifically marked as such, are not to be considered unprotected by law.

Limited License Agreement for therascreen BRCA1/2 NGS FFPE gDNA Kit
Use of this product signifies the agreement of any purchaser or user of the product to the following terms:

1. The product may be used solely in accordance with the protocols provided with the product and this handbook and for use with components contained in the kit
only. QIAGEN grants no license under any of its intellectual property to use or incorporate the enclosed components of this kit with any components not included
within this kit except as described in the protocols provided with the product, this handbook, and additional protocols available at www.qiagen.com. Some of
these additional protocols have been provided by QIAGEN users for QIAGEN users. These protocols have not been thoroughly tested or optimized by
QIAGEN. QIAGEN neither guarantees them nor warrants that they do not infringe the rights of third-parties.

Other than expressly stated licenses, QIAGEN makes no warranty that this kit and/or its use(s) do not infringe the rights of third-parties.

This kit and its components are licensed for one-time use and may not be reused, refurbished, or resold.

QIAGEN specifically disclaims any other licenses, expressed or implied other than those expressly stated.

oA 0N

The purchaser and user of the kit agree not fo take or permit anyone else to take any steps that could lead tfo or facilitate any acts prohibited above. QIAGEN
may enforce the prohibitions of this Limited License Agreement in any Court, and shall recover all its investigative and Court costs, including attorney fees, in any
action to enforce this Limited License Agreement or any of its intellectual property rights relating to the kit and/or its components.

For updated license terms, see. www.qiagen.com
HB-2197-002 1103449 157014158 02/2017
© 2017 QIAGEN, all rights reserved.
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