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1. Product Introduction

The oncoReveal® Multi-Cancer v4 with CNV Panel is a robust NGS assay that targets numerous gene regions of interest
for researchers looking to explore the genetic sequences of formalin-fixed paraffin-embedded (FFPE) DNA from solid
tumor samples. For more information on the panel specifications, see the oncoReveal® Multi-Cancer v4 with CNV Panel
product sheet (Doc. No.: MK-0023).

2. Product Description

The oncoReveal® Multi-Cancer v4 with CNV Panel utilizes our SLIMamp® (stem-loop inhibition mediated
amplification) technology, allowing researchers to amplify regions of interest in a simple, single-tube, multiplex reaction.
Pairs of DNA oligos designed for each region of interest, or hotspot, are used in the first round of gene-specific PCR (GS-
PCR), the excess primers are digested, and the products are subsequently purified via size selection. After purification a
second round of PCR adds index adaptors and P5 & P7 sequences to each library for sample tracking and sequencing. The

final libraries are furcher puriﬁed and can be sequenced on the [llumina sequencing piatform.

The panel requires an indexing kit, available in low or high throughput options, and the resulting libraries are designed
for sequencing on the Mlumina platforrn using a paired—end read length of 2x150. The workflow of this panel can be
performed and loaded onto the sequencing instrument within one day. In addition, the protocol contains numerous

stopping points for users who have time limitations.

Tog T
First PCR: Multiplex, Gene-Specific, Target Amplification BN R ccion of Interes: (ROT) [N
| Primer oGS

24 Cycles
L™ Primer |
[ Region ofimeres: (R01) |
[ Primer NG
Second PCR: High Fidelity Indexing PCR
—
[0 pr7index
6+ Cyeles
-
I P7 Index
Final Libraries
[ e

Figure 1. Overview of the oncoReveal® Multi-Cancer vq with CNV Panel library preparation.
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3. General Laboratory Guidelines

The following steps are recommended to improve consistency and reduce contamination:

Work areas: To reduce the risk of contamination from PCR amplicons, supplies should not be moved from one area

to another. Separate storage areas (refrigerator, freezer) should also be designated for pre- and post-PCR products.

Lab cleanliness: To further reduce the possibi]ity of contamination, work areas should be cleaned berween
experiments with laboratory cleaning solution (70% alcohol or a freshly made 10% hypochlorite solution). A periodic

cleaning of the floor is also recommended.

F]O()l‘: Items that have Fallen to the ﬂOOT are assumed to be contaminated le’ld shou]d b€ discarded. Ifa sample tube
or I"IOT]—COTISU.IﬂabIC item has Fallen to the ﬂOOI’ and remained sealed, the outer surface OF tl’lC item shou]d be
thoroughly Cleaned bﬁfbl’ﬁ use using 7000 a]coho] or ﬁ'eshly—made 10% hypOCh]Ol’itC so]ution. G]oves shou]d be Changed

after handling a contaminated item.

Aliquot reagents: Frozen reagents should be aliquoted into smaller volumes to reduce freeze/thaw cyc]es. To reduce
the risk of stock contamination it is recommended to a]iquot from the stock and work from the aliquots. In cases of

contamination, the use oFaliquots can also he]p to determine the source more quickly and easily.

Multichannel pipettes: Multichannel pipettes should be used to maintain consistency and efﬁciency ACTOSS NUMerous

samples.

Pipette tips: Tips should be Changed between each sample to prevent cross-contamination. Any tips that may have

become contaminated due to contact Wlth gloves, thC 13]3 bench, tube exteriors, ecc., Sl’lOUld bC discarded.

Open containers and lids: To prevent possible contamination from the surrounding air, tubes should be kept closed
when not directly in use, and plates, troughs7 and similar reservoirs should be covered with seals or lint-free 1ab01‘at01‘y

wipes. Additionally, reaching Over open containers should be avoided.
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4. Reagents and Equipment

This section describes the necessary equipment, reagents, and consumables needed before performing the protocol.

All reagents should be used in designated pre-PCR or post-PCR arcas to prevent amplicon contamination. Each area
designated for pre- and post-PCR should have dedicated equipment, reagents, and supplies (including gloves, lab coats,

etc.) to prevent contamination.
4.1 Kit Components

oncoReveal® Multi-Cancer v4 with CNV Panel Part No.: HDA-HS-1002-24

Reagent Use Area Use Storage

Gene-Specific PCR 2x Master Mix Gene-Specific PCR Pre-PCR -25° to -15°C
oncoReveal® Multi-Cancer v4 with CNV Oligo Pool Gene-Specific PCR | Pre-PCR -25° to -15°C
Exonuclease | Gene-Specific PCR | Pre-PCR -25° to -15°C
Indexing PCR 2x Master Mix Indexing PCR Pre-PCR -25° to -15°C

4.2 Indexing Kits

Reagent Part Number Area Use Storage

Pillar Custom Indexing Ptime.rs Kit A, 1nd1ees IDX-Pl-t0o-96 | Indexing PCR | Pre-PCR | -25° to -15°C
Pl501-8, Pl701-4 (32 combinations - 96 reactions)

Pillar Custom Indexing Primers Kit D, indices
PIs01-8, PI701-12 (96 combinations - 192 IDX-PI-1004-192 | Indexing PCR | Pre-PCR | -25° to -15°C
reactions)

Only one index kit is needed per assay. Multiple options are available to meet a variety of throughput needs.

43 User-Supplied Reagents

Reagent Area Use Supplier

10N NaOH or 1N NaOH Post-PCR General lab supplier

AMPure XP Beads Post-PCR Beckman Coulter, Cat# A63881 or A63880
Ethanol, 200 proof for molecular biology Post-PCR General lab supplier

Nuclease-free water Post-PCR General lab supplier

Qubit dsDNA High Sensitivity Assay kit Post-PCR Invitrogen, Cat# Q32851 or Q32854
Agarose gel7 2% (optional) ! Post-PCR General lab supplier

DNA molecular Weight markers (optional) ! Post-PCR General lab supplier

TapeStation or equivalent Post-PCR Agilent Technologies

1o mM Tris-HCl w/ 0.1% Tween-20, pH 85 (optional) Post-PCR Teknova, Cat# T7724

PhiX Control v3 Post-PCR [lumina, Cat# FC-110-3001

200 mM Tris-HCI, pH 7.0 (optional) ? Post-PCR General lab supplier

' The Qubit dsDNA High Sensitivity Assay kit is the primary DNA quantitation assay used throughout this protocol. Additional DNA

quantification can optionally be performed using an agarose gel or using TapeStation (or equivalent).

*The 200 mM Tris-HCI, pH 7.0 reagent is only required for denaturing libraries for sequencing on the Illumina NextSeq or MiniSeq. If sequencing
on the MiSeq this reagent is not needed.
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4.4 Other Consumables

Compatible Sequencing Reagents

Sequencing Reagent Kit Catalog No.
MiniSeq™ Mid Output kit (300 cycles) [lumina FC-420-1004
MiniSeq™ High Output kit (300 cycles) [lumina FC-420-1003
MiSeq™ Reagent Nano kit vz (300 cycles) [lumina MS-103-1001
MiSeq™ Reagent Micro kit vz (300 cycles) * [lumina MS-103-1002
MiSeq™ Reagent kit vz (300 cycles) * [lumina MS-102-2002
MiSeq™ Reagent kit v3 (600 cycles) # lumina MS-102-3003
NextSeq™ 500/550 Mid Output vz.5 kit (300 cycles) # Mlumina 20024905
NextSeq™ 500/550 High Output v2.5 kit (300 cycles) Mlumina 20024908
NextSeq™ 1000/2000 P1 Reagents (300 cycles) Mlumina 20050264
NextSeq™ 1000/2000 P1 Reagents (600 cycles) Mlumina 20075294
NextSeq™ 1000/2000 P2 Reagents v3 (300 cycles) Mlumina 20046813
NextSeq™ 1000/2000 P2 300M Reagents (600 cycles) Mlumina 20075295
NextSeq™ 2000 P3 Reagents (300 cycles) Mlumina 20040561

¥ Indicates the flow cells the oncoReveal® Multi-Cancer v4 with CNV Panel has been validated on. However, libraries generated using this
protocol are compatible with all Illumina sequencers.

General Laboratory Consumables

In additiori to EhC consumables listed below other general laboratory supplies needed to carry out the pI‘OtOCOl include

glOVCS7 a pre—chilled anChtOp COOlCF, tU.bC I'EleS7 etc.

Consumable Area Use Supplier

1.5 mL microcentrifuge tubes Pre- and Post-PCR General lab supplier

96-well PCR plates, 0.2 mL Pre- and Post-PCR Fisher Scientific, Cat# 14-222-334 or equivalent
Microplate sealing film Pre- and Post-PCR Fisher Scientific, Cat# 14-222-347 or equivalent
Conical tubes, 15 mL Pre- and Post-PCR General lab supplier

Conical tubes, 50 mL Post-PCR General lab supplier

Low retention, acrosol filter pipette tips Pre- and Post-PCR General lab supplier

Solution basin (trough OT Teservoir) Pre- and Post-PCR Fisher Scientific, Cat# 13—681—506 or equivalent
Qubit Assay tubes Post-PCR Invitrogen, Cat# Q32856

4.5 Equipment

Equipment Area Use Supplier

Cenrrifuge adapted for PCR plates, tabletop Pre- and Post-PCR | General lab supplier

Gel elecrrophoresis apparatus (optional)"" Post-PCR General lab supplier

TapeStation or equivalent® Post-PCR Agilent Technologies, Cat# G2992BA
Magnetic stand for 96 wells Post-PCR Life Technologies, Cat# 12331D or 12027
Microfuge Pre- and Post-PCR | General lab supplier

Thermal cycler7 heated lid capability Post-PCR General lab supplier

Pipettes, 0.5-1000 L capabilities Pre- and Post-PCR | General lab supplier

Qubit Fluorometer Post-PCR Invitrogen, Cat# Q33216/Q33218
Vortex mixer Pre- and Post-PCR | General lab supplier

* The Qubit dsDNA High Sensitivity kit is the primary DNA quantitation assay used throughout this protocol. Additional DNA quantification
can optionally be performed using either an agarose gel or TapeStation (or equivalent).
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5. Workflow

The following chart demonstrates the workflow for performing the oncoReveal® Multi-Cancer v4 with CNV Panel library

preparation.

Gene-Specific PCR

Hands-on time: 30 - 45 min.

Total time: 2.75 - 3 hours
753

Primer Digestion

- Pre-PCR

Post-PCR
Hands-on time: 10 - 15 min.

Total time: 45 - 50 min.

A

Purif:y PCR Product

A Stopping Point (Optional)

Hands—on time: 3-5 ]’10111’8

Total time: 65-85 hours

Hands-on time: 30 - 45 min.

Total time: 30 - 45 min.

Indexing PCR

A

Hands-on time: 20 - 40 min.

Total time: 50 - 70 min.
Indexing PCR plate is set up in

A Pre-PCR area.

Purify Libraries

Hands-on time: 30 - 45 min.

Total time: 30 - 45 min.

A

Quantify and Load Libraries

Hands—on time: 1 - 1.5 hours

Total time: I5-2 hours

Figure 2. Library preparation workflow for oncoReveal® Multi-Cancer v4 with CNV Panel. The workflow can be completed within one day but
contains multiple oprional stopping points for users with time constraints.
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Symbol Description
0 Information: Information that follows this symbol is important and may require action.
@ Optional Stopping Point: A point in the workflow at which work may be safely paused, and samples
can be stored appropriately.
A Caution: Information that follows this symbol is critical to the workflow. Information following
1 . ) .
. this symbol should not be skipped or ignored.

Symhols used throughout this protocol and their associated meaning.

6. DNA Input Information

Inclusion of Normal Samples

Copy number variation (CNV) analysis is based on a Dirichlet process and utilizes at least 1 normal sample to establish
the copy number baseline. CNVs are called at gene level. All amplicons contained in the panel are used for CNV analysis,

either as a control or as CNV candidate.

For each CNV analysis run, 3 — 5 (minimum 1) in-run normal (negative; sample without any CNVs) samples should be
provided. It is best if the negative control sample is derived from the same tissue type, handled with the same procedure,
and prepared using the same DNA extraction method as the samples. CNV calling sensitivity increases with additional
normal samples. The algorithm supports out-of-run normal samples, provided they were sequenced using the same
chemistry lot. In the absence of normal samples, the CNV analysis will run on median normalization algorithm®, given
the conditions listed below have been met. This sample setting conﬁguration will be automatieally detected by Pillar’s

secondary analysis pipeline, PIVAT®.

With the default PIVAT® settings, the following conditions are required to be met in the absence of normal references:
1. The minimum number of required samples is 10.
2. 'The number of samples with the same sample type of CNV cannot exceed 30% of all samples.
3. Final libraries pooled together for sequencing should have varied CNV signatures (e.gi7 CNVs with different

€xoms, genes, or lengths).

* Support for median normalization algorichm is dependent on PiVAT® version. Please check the PiVAT® release notes or with your field application

scientist to see if your version of PiVAT® supports this capabilicy.
DNA Input Information

The following protocol includes information for preparing libraries using genomic DNA isolated from tissue, FFPE, or

blOOd samples.

Recommended DNA input per sample:
e Genomic DNA (from tissue, cell lines): 20 — 60 ng
e FFPE DNA: 20 - 8o ng
o Severely degraded FFPE DNA: 40 ng minimum

e Blood DNA: 20 ng minimum

For severely degraded FFPE DNA, if the amount of DNA is limited, lower input may be used, but the sequencing yield7
quality and on-target alignment rate may be negatively affected. For best performance, normalize the sample DNA and
the negative control DNA to the same input amount and start with 20 — j0ng of DNA per reaction. At 30 ng DNA input

and above, CNV detection is robust within 30% input range variations (e.g., 30 ng + 10 ng).

For FFPE samples, it is recommended that Uracil-DNA glycosylase (UDG) be added before proceeding with gene-
speciﬁc PCR. The deamination ofcytosine to uracil is a common cause for the presence of artificial C>T (or G>A) variants.
To reduce such artifacts, which are present due to DNA damage in FFPE samples, UDG can be added to the reaction
during the initial setup of gene-specific PCR.
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7. Library Preparation Protocol

- 5 hours
6.5 — 8.5 hours

7.1 Gene-Specific PCR (GS-PCR) and Purification

Amplify Genomic DNA Targets

30 — 45 min.

2.75 — 3 hours

The following steps should be pcrformcd in a pre-PCR area.

For this portion of the protocol prepare a pre—chilled benchtop cooler and keep the gene—speciﬁc PCR Master Mix (GS-
PCR MMX) and the oligo pool in the cooler until it is needed.

See recommended DNA input quantities in section 6: “DNA Input Information. 7

1. Prepare Gene—Speciﬁc PCR Mix 1: Vortex and centrifuge the GS-PCR MMX and oligo pool before use. For each
PCR reaction, the volume of each component is listed below.

o Important: The gene-specific PCR master mix is viscous. Ensure the mix is fully homogenized before adding other reaction
components. Vortexing is recommended and will not adversely affect enzyme activity.

GS-PCR Mix 1 |

Reagent Volume (pL) Volume (pL)
without UDG with UDG
Gene—Speciﬁc PCR 2x Master Mix 12.5 12.5
oncoReveal® Multi-Cancer v4 with CNV Oligo Pool 5.0 5.0
UDbG (5 units/pL) 0.0 1.0
Subtotal 17.5 18.5

2. Transfer: Transfer 7.5 uL (or 18.5 uL ifusing UDG) of GS-PCR Mix 1 to each sample well in a PCR. plate, strip tube,
or PCR tube.

3. Add input DNA: Add 7.5 pL (6.5 pL ifusing UDG) of DNA* (diluted ifnecessary) to the GS-PCR plate. Add 7.5 pL
(or 6.5 pL ifusing UDG) of nuclease-free water to the no-template control well.

Final GS-PCR Mix

pR— Volume (pL) Volume (pL)
without UDG with UDG
GS-PCR Mix 1 17.5 18.5
DNA (or water) 7.5 65
Total 25.0 25.0

* The DNA concentration can be determined using the Qubit dsDNA HS Assay Kit.

4. Seal and mix: Carefully seal the reactions and vortex for 10 - 15 seconds.

5. Spin: Briefly centrifuge the reactions to remove any air bubbles from the bottom of the wells and to spin down droplets
from the seal or side walls.
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The follow‘ing steps should be pcrfonncdin a post-PCR arca.

6. Perform GS-PCR: Perform the following program with the heated lid on:

GS-PCR Program

Temperature  Time Number of Cycles  Number of Cycles
(without UDG) (with UDG)
37°C 10 mMin 0 I
95°C 15 min I 1
97°C I min
58°C I min
60°C 2 min 5 5
64°C 30 sec
72°C I min
95°C 30 sec 8 8
66°C 3 min
8°C Hold I 1
NOTE: If multiple sample types are being processed (non-FFPE and FFPE DNA), reactions with and without UDG can be run simultancously

with the same PCR conditions. The 37°C incubation will not adversely affect the PCR reaction.

A Do not leave reactions on the thcrmocyclcr 0vcrnight at 8°C. Once cycling is complete the reactions can be
stored at -20°C.

Gene-Specific Primer Digestion

The follow‘ing steps should be pcrfonncdin a post-PCR arca.

For IﬁhiS pOI'tiOIl Of IﬁhC pI‘OtOCOl7 have a pre—chiﬂed benchtop COOlCI' prcpared. KCCP the CXOHUCIC&SG in the coolcr. KCCP

th€ samplc reactions at ambicnt tcmpcraturc.

1. Bricﬂy ccntrifugc the gcnc—spcciﬁc PCR product to remove droplcts from the side walls. Carcﬁllly remove the seal
or caps.

2. Dilute Exonuclease: Invert the Exonuclease I to mix and ccntrifugc bricﬂy to remove any droplcts from the lid.

Prepare the Exonuclease Dilution as indicated below. Pipette to mix and placc in the cooler.

Exonuclease Dilution (per reaction)

Reagent Volume (pL)
Exonuclease | 3.0
Exonuclease I Buffer (or nuclease-free water) 2.0
Total 5.0

o Important: The exonuclease solution is viscous and requires careful attention when pipetting. Ensure the dilution is mixed

thOI‘Ollghly.
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3. Add Exonuclease: Add 5 pL of the diluted exonuclease to each well containing gene-specific PCR product. Pipette
up and down to mix.

4. Seal and mix: Carefully seal the reactions. Pulse vortex the reactions on a medium setting for 5 — 10 seconds.

5. Spin: Briefly centrifuge the reactions to remove any air bubbles from the bottom of the wells and to spin down
droplets from the scal or side walls.

6. Perform the digestion: Perform the following program with the heated lid on:

GS Primer Digestion Program

Temperature Time Number of Cycles
37°C 20 min I
80°C 10 min I
8°C Hold 1

A Do not leave reactions on the thermocycler overnight at 8°C. Once cycling is complete the reactions can be
stored at -20°C.

@ Optional Stopping Point: The reactions may be stored at -20°C after primer digestion is complete.

Gel Image After Gene-Specific PCR

The following image is an example of samples after gene—speciﬁc PCR and before primer digestion on a 2% agarose gel.

Ladder Legend

350 bp

50 bp

PCR product

Primers

Lane 1: Genomic DNA, 20 ng
Lane 2: FFPE DNA, 20 ng
Lane 3: No template control (NTC)

Figure 3. Analysis of GS-PCR product on 2% agarose gel.
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Purify the Gene-Specific PCR Product

The following steps should be pcrformcdin a post-PCR arca.

Before beginning the purification:

e Remove AMPure XP beads from 4°C and incubate at room temperature for at least 30 minutes before use.
e Caution: Ensure that the AMPure bead solution reaches room temperature before performing the
puriﬁcation. The temperature of the bead solution can have adverse effects on the puriﬁcation process.

e If gene-specific PCR products were stored at -20°C, remove from the freezer to thaw at room temperature before
purification.

®  Prepare 70% ethanol by mixing three parts of water with seven parts of absolute ethanol in a conical tube, invert tube
a few times to mix, and dispense sufficient volume in a disposabie trough for convenient dispensing using a

multichannel pipette.

A Caution: fresh 70% ethanol is required for optima] results.

Gene-Specific Product Purification:

1. If condensation has formed or if reactions were stored at -20°C, brieﬂy centrifuge the sampies upon thawing.

Carefully remove EhC seal.

2. Mix Beads: Vortex AMPure XP beads thoroughly until all beads are Weﬂ—dispersed.

e Caution: Ensure that the AMPure bead solution is homogenous. A non-uniform distribution can have
unpredictable effects on the puriﬁcation process.

3. Add water to sample: Add 20 uL of nuclease-free water to each well containing GS-PCR product to bring the reaction

volume to 50 pL.

4. Add beads: Add 6o uL of AMPure beads (equivalent to a 1.2x bead ratio) to each well. Pipette the mixture up and

down 10 times. If bubbles form on the bottom of the wells, brieﬂy centrifuge the samples and mix again.
5. Bind GS-PCR product to beads: Incubate for 5 minutes at room temperature.

6. Separate beads containing GS-PCR product: Place the PCR plate ona magnetic rack until the solution appears clear,
which can take up to 5 minutes.

7- Remove supernatant; Carefully remove th(? supernatant from CélCl’l WCH Without disturbing thﬁ beads.

8. Wash beads: With the PCR plate still on the magnetic rack, add 150 pL of freshly prepared 70% ethanol to cach well
without disturbing the beads. Incubate at room temperature for 30 seconds and then remove the supernatant from
each well.

o Important: Do not allow the ethanol mixture to remain open to the air. The ethanol concentration will change over time,
" affecting the washing of the beads. Pour only enough solution for each wash.
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9.  Second wash: Repeat step 8 for a second 70% ethanol wash. Then remove the supernatant from cach well. Put aside
any remaining ethanol solution. The unused ethanol solution can be used to purify the libraries after the indexing
PCR is completed.

10. Remove remaining ethanol wash: Centrifuge for 10 — 15 seconds, place the PCR plate back on the magnetic rack, and
use a 10 or 20 pL tip to remove any trace amounts of ethanol from each well.

II. Resuspend beads: Remove the PCR plate from the magnetic rack and immediately resuspend the dried beads in each
well using 64 pL of nuclease-free water. Gently pipette the suspension up and down 10 times. If bubbles form on the
bottom of the wells, briefly centrifuge and mix again.

TIP: After resuspending the beads, cover the reactions and prepare for the indexing PCR step using the Indexing PCR Master Mix. The Indexing
PCR Master Mix should be handled in the pre-PCR area. Alternatively, the purified gene-specific PCR product may be stored at -20°C after

elution.

2. Incubate and Elute: Incubate the elution for 5 minutes at room temperature.

13.  Separate GS-PCR product from beads: Place the reactions on a magnetic rack at room temperature until the

so]ution appears c]ear. Transfer 62 pL 0FC1€3T supemat:mt FTOTTI each We” to a new PCR p]ate.

@ Optiona] Stopping Point: The puriﬁed GS-PCR products can be stored at -20°C.
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7.2 Index PCR and Purification

Indexing PCR: Amplify the Libraries

The following steps should be perfonnedin a pre-PCR area.

For this portion of the protocol, prepare a pre-chilled benchtop cooler. The Indexing PCR Master Mix should be kept in

the cooler until needed.

1. Prepare Indexing Primer Mix: In a new PCR plate add 4 pL each of the appropriate forward and reverse indexing

primers to each sampIe WCII that WIII be used.

Indexing Primer Mix

(per reaction)

Reagent Volume (pL)
Pizoo Pillar Index 4.0
Pisoo Pillar Index 4.0
Subtoral 8.0

2. Prepare Indexing PCR Mix 1: Brieﬂy vortex and centrifuge the Indexing PCR Master Mix before use. To prepare the
Indexing PCR Mix 1 combine the Indexing PCR Master Mix and water with sufficient overage.

Indexing PCR Mix 1
(per reaction)
Reagent Volume (pL)
Indexing PCR 2x Master Mix 25.0
Nuclease-free water 11O
Subrtotal 36.0

3. Add Indexing PCR Mix 1 to Indexing Primer Mix: Transfer 36 pL of the Indexing PCR Mix 1 to cach sample well of
the PCR plate in step 1 that contains Indexing Primer Mix. To prevent cross-contamination of indices, be sure to
change tips between each well.

Indexing PCR Mix 2

(per reaction)
Reagent Volume (pL)
Indexing Primer Mix 8.0
Indexing PCR Mix 1 36.0
Subtotal 44.0

The following steps should be perfonnedin a post-PCR arca. Cover or seal the reactions before
transferﬁng from the pre-PCR area to the post-PCR area.

If the purified GS-PCR products were stored at -20°C after the GS-PCR purification, ensure that they have been thawed
at room temperature before proceeding.
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4. Add purified GS-PCR product: Add 6 pL of purified GS-PCR product into the appropriate wells containing
Indexing PCR Mix 2.

lndexing PCR Final Mix

(per reaction)

Reagent Volume (pL)
Indexing PCR Mix 2 44.0
Purified Gene-Specific PCR product 6.0
Total 50.0

5. Seal and Mix: Carefully seal the reactions and vortex for 10 — 15 seconds.

6. Spin: Briefly centrifuge the reactions to remove any air bubbles from the bottom of the wells and to spin down
droplets from the seal or side walls.

7. Perform Indexing PCR: Perform the following program with the heated lid on:

Indexing PCR Program ‘

Temperature Time Number of Cycles
95°C 2 min I
95°C 30 sec
66°C 30 sec 6*
72°C 1 min
72°C 5 min I
8°C Hold I

* Additional Indexing PCR cycles can be performed if final library yield is low or initial DNA input is below recommended minimum.

@ Optional Stopping Point: The indexed libraries can be stored at -20°C after cycling is complete.

Indexing PCR: Purify the Libraries

Before beginning the purification:

e Keep AMPure XP beads at room temperature while the Indexing PCR is being performed unless reactions will be

stored at -20°C after the program is complete.

e Caution: Ensure that the AMPure bead solution reaches room temperature before performing the

purification. The temperature of the bead solution can have adverse effects on the purification process.

e If the indexed libraries were stored at -20°C remove them from the freezer to thaw thoroughly to ambient
temperature before purification. After samples have thawed, briefly centrifuge to remove any droplets from the side

walls.
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Library Purification

The ﬁ)ll()wing steps should be pcrfm‘mcd in a post-PCR area.

1. Mix beads: Vortex AMPure XP beads thorough]y until all beads are well dispersed,

Caution: Ensure that the AMPure bead solution is homogenous. A non-uniform distribution can have
unpredictable effects on the purification process.

2. Add beads: Add 50 uL beads (equivalent to a 1.0x bead ratio) to each well. Pipette the mixture up and down 10 times.
If bubbles form on the bottom of the wells, briefly centrifuge and mix again.

3. Bind libraries to beads: Incubate for 5 minutes at room temperature.

4. Separate libraries on beads: Place the PCR plate on a magnetic rack until the solution appears clear, which can take
up to 5 minutes.

5- Remove supernatant: Carefuﬂy remove the supernatant FI‘OIT] each We” Without disturbing the beads.

6. Wash beads: With the PCR plate still on the magnetic rack add 150 pL of Fresh]y prepared 70% ethanol to each well
without disturbing the beads. Incubate at room temperature for 30 seconds, and then remove the supernatant from

each well.

Caution: Do not allow the ethanol mixture to remain open to the air. The ethanol concentration will change
over time, affecting the Washing of the beads. Pour only enough solution for each wash.

7 SCCOIld wash: Repeat Step 6 fOI' a SCCOI’ld 7000 ethanol WaSl’l‘ ﬂlen remove tl’lC supernatant ﬁrom each WeH

8. Remove remaining ethanol wash: Centrifuge for 10 — 15 seconds, place the PCR plate back on the magnetic rack, and

use a 10 Oor 20 },lL tlp o remove any trace amounts ofethanol ﬁ‘Ol’l’l each WGH

9. DI‘y beads: Let the beads air dly at room temperature fOl' 2—-5 minutes.

Important: To mitigate product loss, do not allow the beads to over-dry. The beads have sufficiently dried when the bead
mass has small cracks in the middle. If large cracks have appeared throughout the entire bead ring or if the beads are flaky,
they are over-dried. Beads that are too dry may be difficult to resuspend.

10. Resuspcnd beads: Remove the PCR plate from the magnetic rack and resuspend the dried beads in each well using
32 pL of nuclease-free water. Gently pipette the beads suspension up and down 1o times. If bubbles form on the
bottom of the wells, briefly centrifuge and mix again.

1. Elute libraries: Incubate at room temperature for 5 minutes.

12. Separate libraries from beads: Place thﬁ bead Sl,lSpﬁl’lSiOl’lS on the magnetic rack at room temperature until [h€

SOlthiOl’l appears Clear. 'l‘ransfer 30 pL ofdear supernatant from €21C1’1 W€H to a new plate.

TIP: During the incubation and magnetic separation of the beads, cover the samplcs with microplatc scaling ﬁlm and prepare the solutions

needed for quantitation pcrformcd in the next section.

13.  Quantification: Analyze an aliquot of each library per the instructions in the next section.

@ Optional Stopping Point: The purified libraries can be stored at 4°C for up to 3 days, or at -20°C for longer-
term storage.
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Final Library Gel Image

The following image is an example of final libraries after both rounds of PCR and purification on a 2% agarose gel.

Ladder Legend

350 bp

50 bp

Final Library

Lane 1 and Lane 2: Genomic DNA, 20 ng
Lane 3: FFPE DNA, 20 ng
Lane 4: No template control (NTC)

Figure 4.Gel analysis of final library material.
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7.3 Quantitation and Normalization of Purified Libraries

Prior to sequencing, libraries must be quantified, normalized, and then pooled together. The following section describes
how to quantify libraries using the Qubit system. Other library quantification methods, such as qPCR quantification kits

or TapeStation, may be used according to the manufacturer’s protocol.

Qubit Quantitation

The following steps should be performedin a post-PCR arca.

1. Prepare Qubit working solution: Dilute the Qubit dsDNA HS reagent 1200 in Qubit dsDNA HS buffer. Vortex
briefly to mix the Qubit working solution.

For example, 2000 uL is sufficient buffer for 10 readings (8 samples + 2 standards). Combine 1990 uL of Qubit dsDNA HS buffer and 10 uL HS
reagent.

0 Important: Fluorescent dyes are sensitive to light. Protect the Qubit working solution from light.
2. Label tubes: Set up 0.5 mL Qubit tubes for standards and samples. Label the tube lids.

3. Prepare standards: Transfer 190 puL of Qubit working solution into two tubes for standard r and standard 2, and then
add ro pL of each standard to the corresponding tube.

c Caution: New standard dilutions should be prepared with the libraries to be quantiﬁed. Do not re-use

standard dilutions from previous experiments.

4. Prepare samples: Transfer 198 uL. of Qubit Working solution to each tube, and then add 2 uL of each library to its
corresponding Qubir tube (r:roo dilution).

5. Mix and spin: Vortex to mix and then centrifuge the tubes brieﬂy.
6. Incubate the tubes at room temperature for 2 minutes.

7. Measure concentration: Measure the concentration of each 1ibrary on the Qubit Fluorometer per the manufacturer’s
instructions. Use the dsDNA High Sensitivity assay to read standards 1 and 2 followed by the sarnples.

If any concentration is above the linear range of the instrument, prepare a new dilution by eombining 199 pL Qubit
working solution and 1 },lL library (1:200 dilution). Repeat steps 5—7.

8. Calculate concentration: 1 ng/pL ofiibrary is equal to 5 nM. Example calculation is below. Adjust dilution factor
aeeordingly.

2 uL of library + 198 pL Qubit working solution:

Qubit reading (
1,000

mi)

x dilution factor (100) x conversion factor (5) = nM

@ Optional Stopping Point: The normalized libraries can be stored at 4°C overnight for sequencing the next day.
For longer storage, the normalized libraries can be stored at -20°C.
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Normalization and Pooling

The follow‘ing steps should be pcrfonncdin a post-PCR arca.

c If sequencing on the MiniSeq, libraries should be normalized to 1 nM prior to pooling. For all other

Illumina sequencing platforms, libraries should be normalized to 5 nM prior to pooling.

1. Normalize libraries to 5 nM: Dilute an aliquot (e.g., 4 uL) of each sample library to 5 nM using nuclease-free water
or 10 mM Tris-HCl with 0.1% Tween-20, pH 8.5. An example calculation is as follows:

Library concentration (nM) x 4 pL library
5nM

= final volume of library

Final volume of library — 4 pL library = volume of diluent

2. Mix and spin: Mix the 5nM libraries thoroughly by vortexing and then centrifuge brieﬂy.

3. Prepare library pool: Label a new 1.5 mL microtube for the library pool. Prepare an equimolar 5 nM mixture of
libraries by combining cach library at equal volume (e.g., mixing 5 uL of each 5 nM 1ibrary). Gentiy pipette the entire
solution up and down 10 times to mix thoroughiy, Quickiy vortex the pool and then brieﬂy centrifuge.

4. Quantify library pool (recommended): It is recommended that the 1ibrary pool be quantiﬁed using Qubit or another
library quantitation method (qPCR) to ensure the pool isats nM (= 10%) to prevent poor sequencing performance.
If the final dilution is not 5 nM (iIO%), adjust the dilution for loading the sequencer accordingly to obrtain the desired

concentration.

@ Optional Stopping Point: The normalized libraries can be stored at 4°C overnight for sequencing the next day.
For longer storage, the normalized samples can be stored at -20°C.
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8. Sequencing

Prepare Diluted Libraries for Sequencing

The libraries generated using this protocol can be multiplexed and sequenced on Illumina® sequencers. Table 1 outlines

the sequencing parameters and the recommended per-sample sequencing coverage.

The number of libraries that can be multiplexed together is dependent on several factors, among them are the estimated
throughput of the flow cell and sequencing platform, the desired sequencing depth, as well as the number of unique index

combinations available.

The estimated maximum number of libraries that can be multiplexed on a single flow cell using each kit is displayed in

Table 2. Select the appropriate sequencing kit based on the number of libraries to be sequenced.

Table 1. Sequencing recommendations.

Sequencing Conﬁguration Index Recommended Coverage Recommended Reads Per Sample

Dual Mean: 2000X

(8 bp cach) Min: 400X >1.364 million PE reads

2x150

Table 2. Multiplexing recommendations for [llumina sequencers.

Ses g Bl Gl Estimatetl lnstrument Output Estimated l\’laxinn:tn Sequencing
< (million PE reads) Batch Size
MiSeq Micro 8 5
MiSeq v2 30 19
MiSeq v3 50 32
NextSeq 500/550 Mid Output 260 71

Calculations assume = 90% €ﬂi’C[iU€ on—target rate aftcr rcad mappmg and minimum segment coverage > 20% Ofl’hC mean coverage.

The following steps should be pcrformccl in a post-PCR area.

For this portion of the protocol, prepare a pre-chilled benchtop cooler.
Sequencing Using Illumina MiSeq™ v2 Reagents

MiSeq v2 recommended final library pool loading concentration: 15 pM
MiSeq v2 recommended PhiX spike-in concentration: 12.5 pM

The following steps can be found in greater detail in Hlumina’s “MiSeq System: Denature & Dilute Libraries Guide” (Doc#
15039740).
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Normalize: Dilute libraries to 5 nM, as demonstrated in the section “Quantitation and Normalization of Purified

Libraries.”

Prepare 0.2 N NaOH: Label a new 1.5 mL microtube for 0.2 N NaOH. Prepare the NaOH by combining 800 uL of

nuclease-free water with 200 pL of 1 N NaOH. Vortex the solution to mix.

NOTE: Alternatively, prepare a 1 N NaOH solution by combining 500 uL of 10 N NaOH with 4.5 mL of nuclease-free water. Vortex the solution
to mix. If 1 N NaOH has not been prepared within the last week from a 10 N solution, prepare a new 1 N NaOH solution.

Denature the library pool: Label a new 1.5 mL microtube for the denatured 25 pM library pool.
a.  Denature the 5 nM library pool by combining 5 pL of the library pool and 5 uL of the freshly prepared 0.2
N NaOH.
Vortex thoroughly for 10 seconds and centrifuge for r minute.
Let the solution stand at room temperature for 5 minutes.
Add 990 pL of Tllumina’s HT1 hybridization buffer to the denatured library pool.

o an o

Invert the mixture several times, centrifuge briefly, and place in the cooler.

Dilute library pool to 15 pM: Label a new 1.5 mL microtube for the 15 pM library mix. Combine 360 pL of the 25 pM
library pool with 240 pL of lllumina’s HTT hybridization buffer. Adjust the volumes as needed for libraries that are

over or under 25 pM. Invert the mixture several times, centrifuge briefly, and place in the cooler.

Combine library pool and PhiX control: Label a new 1.5 mL microtube for the mixture that will be loaded onto the
sequencer. Combine 594 pL of the 15 pM library pool with 6 pL of 12.5 pM PhiX library control. Briefly vortex,

centrifuge, and piace in the cooler.
Load MiSeq cartridge: Using a clean rooo uL tip puncture the foil cap above the sample 1oading well on the MiSeq
cartridge. Load the 600 uL iibrary pool and PhiX mixture into the reagent cartridge, ensuring that the solution has

reached EhC bottorn Of EhC WGH

Run the MiSeq: Sequence the libraries on the MiSeq per the manufacturer’s instructions using a paired—end read

1ength of 150 (2x150) and two indexing reads of 8 cycles cach. See “MiSeq System User Guide” (parr #15027617).

Store diluted libraries and mixtures at -20°C for iong—term storage.

Sequencing Using Ilumina MiSeq™ v3 Reagents

MiSeq v3 recommended final library pool loading concentration: 25 pM

MiSeq v3 recommended PhiX spike—in concentration: 20 pM

The following steps can be found in greater detail in Illumina’s “MiSeq System: Denature & Dilute Libraries Guide” (Doc#

15039740).

1.

Normalize: Dilute libraries to 5 nM, as demonstrated in the previous section “Quantitation and Normalization of Purified

Libraries.”
Prepare 0.2 N NaOH: Label a new 1.5 mL microtube for 0.2 N NaOH. Prepare the NaOH by combining 8oo pL
nuclease-free water with 200 pL of 1 N NaOH. Vortex the solution to mix.

NOTE: Altcmatively, prepare a 1 N NaOH solution by combining 500 uL of 10 N NaOH with 4.5 mL of nuclease-free water. Vortex the solution
to mix. If 1 N NaOH has not been prepared within the last week from a 10 N solution, prepare a new 1 N NaOH solution.
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3.

Sequencing Using Illumina’s NextSeq

Denature the library pool: Label a new 1.5 mL microtube for the denatured 25 pM library pool.
a.  Denature the 5 nM library pool by combining 5 pL of the library pool and 5 uL of the freshly prepared o.2
N NaOH.
Vortex thoroughly for 10 seconds and centrifuge for r minute.
Let the solution stand at room temperature for 5 minutes.
Add 990 pL of Tllumina’s HT1 hybridization buffer to the denatured library pool.

o an o

Invert the mixture several times, centrifuge briefly, and place in the cooler.

Combine library mix and PhiX control: Label a new 1.5 mL microtube for the mixture that will be loaded onto the
sequencer. Combine 594 pL of the 25 pM library pool with 6 pL of 20 pM PhiX library control. Briefly vortex,

centrifuge, and place in the cooler.
Load MiSeq cartridge: Using a clean 1000 pL tip puncture the foil cap above the sample loading well on the MiSeq
cartridge. Load the 600 pL library pool and PhiX mixture into the cartridge, ensuring that the solution has reached

the bottom of the well.

Run the MiSeq: Sequence the libraries on the MiSeq per the manufacturer’s instructions using a paired—end read

length of 150 (2x150) and two indexing reads of 8 cycles cach. See “MiSeq System User Guide” (part #15027617).

Store diluted libraries and mixtures at -20°C for long—term storage.

™

500/550 Reagents

Mid Output recommended library pool concentration: 1.8 pM

Mid Output recommended PhiX spike—in concentration: 1.8 pM

I.

4.

Normalize: Dilute libraries to 5 1M, as demonstrated in the previous section “Quantitation and Normalization of Purified

Libraries.”

Prepare 0.2 N NaOH: Label a new r.5 mL microtube for 0.2 N NaOH. Prepare the NaOH by combining 8oo pL of

nuclease-free water with 200 uL of 1 N NaOH. Vortex the solution to mix.

NOTE: Alternatively, prepare a 1 N NaOH solution by combining 500 uL of 10 N NaOH with 4.5 mL of nuclease-free water. Vortex the solution
to mix. If 1 N NaOH has not been prepared within the last week from a 10 N solution, prepare a new 1 N NaOH solution.

Denature the library pool: Label a new 1.5 mL microtube for the denatured 25 pM library pool.
a. Denature the 5 nM library pool by combining 5 pL of the library pool and 5 pL of the freshly prepared o.2
N NaOH.
Vortex thoroughly for 10 seconds and centrifuge for 1 minute.
Let the solution stand at room temperature for 5 minutes.
Add 5 pL of 200 mM Tris-HCI, pH 7.0.
Vortex briefly and centrifuge for 1 minute.
Add 985 pL of Tllumina’s HT1 hybridization buffer to the denatured 1ibrary mix.

©™ e oA o

Vortex briefly and centrifuge for 1 minute.

Dilute 25 pM library pool to 1.8 pM: Dilute the denatured library to 1.8 pM in 1400 pL by combining 101 pL of the 25
pM denatured library mix with 1299 pL of Illumina’s HT1 hybridization buffer. Invert to mix and centrifuge briefly.
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5. Combine library mix and PhiX control: Label a new 1.5 mL microtube for the mixture that will be loaded. Combine
1287 pL of the 1.8 pM library mix with 13 pL of a 1.8 pM PhiX library control. Briefly vortex, centrifuge, and place in
the cooler.

6. Load NextSeq cartridge: Using a clean 1000 pL tip, puncture the foil cap above the sample loading well on the
NextSeq cartridge. Load 1300 uL library mix and PhiX mixture into the cartridge and ensure the solution has reached
the bottom of the cartridge well.

7. Run the NextSeq: Sequence the libraries on the NextSeq per the manufacturer’s instructions using a paired—end read
length of 150 (2x150) and two indexing reads of 8 cycles cach. See “NextSeq System User Guide” (part #15046563 or
15069765).

8. Store diluted libraries and mixtures at -20°C for long—term storage.

Preparing a Sample Sheet for Sequencing

TIP: Prepare the sample sheet prior to loading the MiSeq, NextSeq, or MiniSeq cartridge. If an error has been made during the indexing PCR where
samples have the same indices, it can be remedied before loading the samples on the sequencer.

The available Pillar indexing primers and their barcode sequences are listed in Appendix A. For the i5 indexing primers,
indexing on the NextSeq or the MiniSeq requires the reverse complement of the barcode sequence. The correct barcode
sequences for sequencing on the MiSeq and the NextSeq or MiniSeq are provided in Appendix A. Additionally, the Pillar

sample sheet generator will automatically populate the correct barcode sequence when the indexing primer is selected.

In Appendix A, note that indexing primers highlighted in yellow have the same barcode sequences as Hlumina TruSeq
Custom Amplicon (TSCA) indices.

In EhC Pillar sample sheet generator, prepare a sample sheet that contains thC information fOl‘ the samples that are being

loaded. Ensure that the appropriate sample sheet is being made for the MiSeq, NextSeq, or MiniSeq.

Open thC Plllal sample sheet generator le’ld enter user input in the Sh'cldﬁd CﬁllS. CCllS that are shaded blue are required

and CCllS that are shaded grey are optional.

1. Enter the “Sample_ID” for cach sample. Each Sample_ID must be unique and contain only alphanumeric characters,
dashes (-), and underscores (_). All other characters are not allowed. To check that the Sample_ID meets all
requirements click “Reset Sample_ID color” and then click “Check Sample_ID”.

2. If text is green, the Sample_ID is acceptable. If text is red, Sample_ID is not acceptable. Change Sample_ID
accordingly and repeat step 2 until all text is green.

3. Next, enter indices into appropriate fields. Index sequences will be populated once the index_ID is entered.
4. Check that the index combination for each sample is unique. If “Check_index_uniqueness” column is green, then all
index combinations are unique. If the column is red for a sample7 then the index combination is not unique. Do not

load samples together in the same run that have the same index combination.

5. Once all requirements for the sample sheet are met, export the sample sheet as a comma-separated values (.csv) file
by clicking “Export”.
)
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9. Troubleshooting

Low Yield of Gene-Specific Product

Potential Cause Solution

DNA quanticv or quali The recommended input for the assay is 20 — 60 ng of genomic DNA and 20 - 80 ng for
quantity or quatity FFPE DNA. Higher quantities may be necessary for low- or poor-quality FFPE samples.
. Check that the cycling protocol performed is the appropriate protocol for gene-specific

Improper cycling amplification. ener : FREep P ¢ b

Low lndexing Efficieney

Potential Cause Solution

Incomplete AMPure purification or loss of gene—specific product will affect the
indexing PCR reaction. The puriﬁed gene—specific product can be checked on an
agarose gel to ensure the product was not lost, and that the clean—up was sufficient to

remove €Xcess primers.

Improper AMPure
purification

The AMPure bead ratio and ethanol concentration affect the PCR Clean—up. Ensure
that the correct AMPure bead concentration was used for clean—up7 and fresh 70%
ethanol was used for the wash.

Leftover ethanol from the wash steps can hinder the PCR reaction. Remove as much of’
the ethanol during the final wash step with a pipette and dry the beads to ensure the
residual ethanol has evaporated.

Partial primer digestion

Poor digestion of the gene—specific primers can hinder the indexing efiiciency of the
indexing PCR reaction. Check the primer digestion using an agarose gel.

Incomplete deactivation of
exonuclease

The inactivation of the nuclease and AMPure puriﬁcation is necessary before
performing indexing PCR. Leftover active exonuclease can digest the indexing PCR
primers, reducing the yield of the indexing PCR reaction.

Low Yield of Final Library

Potential Cause

Solution

DNA quantity or quality

The recommended input for the assay is 20 — 60 ng ofgenomie DNA and 20 - 80 ng for
FFPE DNA. Higher quantities may be necessary for low- or poor—quality FFPE samples.

Run the product from the gene—speciﬁc PCR on an agarose gel to check the yield.

Improper AMPure

Incomplete AMPure purification or loss of product will affect the final yield. The
purified product can be checked on an agarose gel to ensure that the product was not
lost during PCR Clean—up.

purification

The AMPure bead ratio and ethanol concentration affect the PCR clean-up. Ensure that
the correct AMPure bead concentration was used for clean-up, and fresh 70% ethanol is
used for the wash.
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Amplicon Contamination in No—Template Control

Potential Cause Solution

Make sure to change tips between samples and avoid waving tips over tubes or plates.

Poor sealing or residual liquid in tips can cause contamination of nearby samples. If
possible, leave adjacent wells empty between samples.

Cross-contamination Workspaces and equipment for pre-PCR and post-PCR should be separated to prevent

amplicon contamination.

Periodically clean the workspace, floor, equipment, and instrumentation with a
laboratory cleaning solution to break down amplicons on surfaces.

Recommended cleaning solutions are 10% bleach, 70% isopropanol, or 70% ethanol.

Sequencing Performance

Potential Cause Solution

Confirm that the appropriate loading concentration was used for the applicable
sequencing instrument.

Improper normalization
and pooling of libraries Check the 5nM (or i nM ifsequencing on the MiniSeq) library mix using Qubit or RT-
PCR. Dilute the denatured library mix as needed to adjust for the difference in
concentration.

Improper library quantitation may result in artiﬁcially high or low yields, which affects
downstream normalization.

Improper library

quantitation Re-quantify the final libraries and/or the normalized libraries to check for the expected
values.
Changing the ratio of AMPure beads affects the purification of the products. Notably,
the presence of primer dimers can cause an underestimation of total quantity, causing
over—clustering.

Improper AMPure The final libraries can be checked on an agarose gel for the proper product size and for

purification the presence of primer dimers.

The AMPure bead ratio and ethanol concentration affect the PCR clean—up. Ensure
that the correct AMPure bead concentration was used for clean—up, and that fresh 70%
ethanol was used for the wash.
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10. Appendix A: Index Sequences

Indexing primers highlighted in yellow have the same barcode sequences as Illumina TruSeq Custom Amplicon (TSCA)

indices.
Index ID Index Barcode Sequence

Pizor ATTACTCG

Pizo2 TCCGGAGA

Pi703 CGCTCATT

Pi7o4 GAGATTCC

Pizos ATTCAGAA

Pizo6 GAATTCGT

Pizo7 CTGAAGCT

Pizo8 TAATGCGC

Pizo9 ATCACGAC

Pi710 ACAGTGGT

Pi7mx CAGATCCA

Pi7zr2 ACAAACGG

Piz3 GAAACCCA

Pi714 TGTGACCA

Pirs AGGGTCAA

Pi716 AGGAGTGG

Index ID Index Barcode Sequence for MiSeq Index Barcode Sequence for NextSeq

and MiniSeq
Pisor TATAGCCT AGGCTATA
Piso2 ATAGAGGC GCCTCTAT
Pi503 CCTATCCT AGGATAGG
Piso4 GGCTCTGA TCAGAGCC
Pi5o05 AGGCGAAG CTTCGCCT
Pi506 TAATCTTA TAAGATTA
Pis07 CAGGACGT ACGTCCTG
Pi508 GTACTGAC GTCAGTAC
Pisog TGAACCTT AAGGTTCA
Pizro TGCTAAGT ACTTAGCA
Pisir TGTTCTCT AGAGAACA
Pisr2 TAAGACAC GTGTCTTA
Pi5r3 CTAATCGA TCGATTAG
Pisi4 CTAGAACA TGTTCTAG
Pi515 TAAGTTCC GGAACTTA
Pi516 TAGACCTA TAGGTCTA
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1. Appendix B: CNV Analysis using PiVAT®

See the PIVAT® User Manual (Doc. No. UM-0073) for detailed instructions on initializing the analysis and understanding
the output in PIVAT®,
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