
 

  

For Research Use Only. 
Not for use in diagnostic procedures. 

 

HEAT-Seq and HEAT-Seq Ultra Target Enrichment  
User’s Guide 

Version 1.1 

  



 

HEAT-Seq and HEAT-Seq Ultra Target Enrichment User’s Guide, v1.1  2 

Copyright 

© 2016-2017 Roche Sequencing Solutions, Inc. All Rights Reserved. 

Roche Sequencing Solutions, Inc. 

4300 Hacienda Drive 

Pleasanton, CA 94588 USA 

Editions 

Version 1.0, July 2016; Version 1.1, September 2017 

Restrictions and Liabilities 

This document is provided “as is” and Roche Sequencing Solutions, Inc. (“Roche”) assumes no responsibility for any typographical, 
technical, or other inaccuracies in this document. Roche reserves the right to periodically change information that is contained in this 
document; however, Roche makes no commitment to provide any such changes, updates, enhancements, or other additions to this 
document to you in a timely manner or at all. 

OTHER THAN THE LIMITED WARRANTY CONTAINED IN THIS USER GUIDE, ROCHE MAKES NO REPRESENTATIONS, WARRANTIES, 
CONDITIONS OR COVENANTS, EITHER EXPRESS OR IMPLIED (INCLUDING WITHOUT LIMITATION, ANY EXPRESS OR IMPLIED 
WARRANTIES OR CONDITIONS OF FITNESS FOR A PARTICULAR PURPOSE, NON-INFRINGEMENT, MERCHANTABILITY, DURABILITY, 
TITLE, OR RELATED TO THE PERFORMANCE OR NON-PERFORMANCE OF ANY PRODUCT REFERENCED HEREIN OR PERFORMANCE OF 
ANY SERVICES REFERENCED HEREIN). 

This document might contain references to third party sources of information, hardware or software, products, or services and/or third party 
web sites (collectively the “Third-Party Information”). Roche does not control, and is not responsible for, any Third-Party Information, 
including, without limitation the content, accuracy, copyright compliance, compatibility, performance, trustworthiness, legality, decency, 
links, or any other aspect of Third-Party Information. The inclusion of Third-Party Information in this document does not imply endorsement 
by Roche of the Third-Party Information or the third party in any way. 

Roche does not in any way guarantee or represent that you will obtain satisfactory results from using Roche products as described herein. 
The only warranties provided to you are included in the Limited Warranty enclosed with this guide. You assume all risk in connection with 
your use of Roche products. 

Roche is not responsible nor will be liable in any way for your use of any software or equipment that is not supplied by Roche in connection 
with your use of Roche products. 

Conditions of Use 

You are responsible for understanding and performing the protocols described within. Roche does not guarantee any results you may 
achieve. These protocols are provided as Roche’s recommendations based on its use and experience with Roche products. 

Use Restrictions 

For patent license limitations for individual products please refer to: www.technical-support.roche.com. 

 

http://www.technical-support.roche.com/


 

HEAT-Seq and HEAT-Seq Ultra Target Enrichment User’s Guide, v1.1  3 

Table of Contents 

Table of Contents ................................................................................................................................................. 3 

Preface.................................................................................................................................................................... 5 
Regulatory Disclaimer .......................................................................................................................................................................................... 5 

HEAT-Seq Target Enrichment ..................................................................................................................................................................... 5 
Contact Information .............................................................................................................................................................................................. 5 

Technical Support............................................................................................................................................................................................ 5 
Manufacturer and Distribution ................................................................................................................................................................... 5 

Conventions Used in This Manual ................................................................................................................................................................... 5 
Symbols ............................................................................................................................................................................................................... 5 
Text ....................................................................................................................................................................................................................... 6 

Chapter 1. Before You Begin ............................................................................................................................. 7 
Workflow .................................................................................................................................................................................................................. 7 
What’s New in v1.1? ............................................................................................................................................................................................. 8 
Terminology ............................................................................................................................................................................................................. 8 
Protocol Information & Safety ........................................................................................................................................................................... 8 
Required Equipment, Labware & Consumables ......................................................................................................................................... 9 

Laboratory Equipment .................................................................................................................................................................................... 9 
Consumables Available from Roche Diagnostics ............................................................................................................................... 10 
Consumables Purchased from Other Vendors .................................................................................................................................... 10 

Chapter 2. Prepare Reagents ........................................................................................................................... 11 
Step 1. Aliquot HEAT-Seq Capture Probe Pool ......................................................................................................................................... 11 
Step 2. Dissolve and Aliquot 20 mM NAD+ .............................................................................................................................................. 11 
Step 3. Dilute and Aliquot 1 mM dNTPs ...................................................................................................................................................... 12 
Step 4. Aliquot PCR-Grade Water .................................................................................................................................................................. 13 

Chapter 3. Capture Target ................................................................................................................................ 14 
Sample Requirements ........................................................................................................................................................................................ 14 
Step 1. Thaw Reaction Components ............................................................................................................................................................. 14 
Step 2. Dilute DNA Sample .............................................................................................................................................................................. 15 
Step 3. Prepare the HEAT-Seq Capture Master Mix ............................................................................................................................... 15 
Step 4. Capture, Extend, and Ligate Targets .............................................................................................................................................. 16 
Step 5. Treat with Exonuclease ....................................................................................................................................................................... 17 

Chapter 4. Amplify Captured Targets ............................................................................................................. 19 
Sample Requirements ........................................................................................................................................................................................ 19 
Step 1. Select HEAT-Seq PCR Amplification Primers .............................................................................................................................. 19 
Step 2. Thaw Required Reaction Components .......................................................................................................................................... 19 
Step 3. Prepare the PCR Amplification Master Mix ................................................................................................................................. 20 
Step 4. Amplify Target DNA ............................................................................................................................................................................. 21 
Step 5. Clean Up Amplified HEAT-Seq Sample ......................................................................................................................................... 22 
Step 6. Assess Amplified HEAT-Seq Sample Quality .............................................................................................................................. 24 

Chapter 5. DNA Sequencing ............................................................................................................................ 25 
Sample Requirements ........................................................................................................................................................................................ 25 
Step 1. Set Up Sample Sheet using Illumina Experiment Manager .................................................................................................... 25 
Step 2. Pool Amplified HEAT-Seq Samples for Multiplexed Sequencing ......................................................................................... 26 
Step 3. Quantitate Pooled, Amplified HEAT-Seq Sample ....................................................................................................................... 26 
Step 4. Denature and Dilute Pooled, Amplified HEAT-Seq Sample for Sequencing .................................................................... 27 
Step 5. Add Customized Read 1 Sequencing Primer .............................................................................................................................. 28 

MiSeq Platform ............................................................................................................................................................................................... 28 
HiSeq 2000 or 2500 Platform - Rapid Run ............................................................................................................................................ 28 
HiSeq 2000 or 2500 Platform - High Output Run ................................................................................................................................ 28 

Step 6. Sequence DNA ...................................................................................................................................................................................... 28 



Table of Contents 

HEAT-Seq and HEAT-Seq Ultra Target Enrichment User’s Guide, v1.1  4 

Appendix A. Scaling Master Mix Volumes .................................................................................................... 29 

Appendix B. HEAT-Seq Amplification Primers ............................................................................................. 30 

Appendix C. PCR Cycle Optimization ............................................................................................................. 31 
Titrate PCR Cycles ............................................................................................................................................................................................... 31 
Assess Yield and Re-Amplify .......................................................................................................................................................................... 31 

Appendix D. Troubleshooting .......................................................................................................................... 32 
QC Bioanalyzer Electropherograms - Successful Captures .................................................................................................................. 32 
QC Bioanalyzer Electropherograms - Failed Captures ........................................................................................................................... 33 

Appendix E. Limited Warranty .......................................................................................................................... 35 
 



Preface 

HEAT-Seq and HEAT-Seq Ultra Target Enrichment User’s Guide, v1.1  5 

Preface 

 

Regulatory Disclaimer 
For Research Use Only. Not for use in diagnostic procedures. 

HEAT-Seq Target Enrichment  

The HEAT-Seq Target Enrichment portfolio employs an advanced version of Molecular Inversion Probe (MIP) 
technology for Single Nucleotide Polymorphism (SNP) discovery and validation. Every HEAT-Seq probe contains a 
Unique Identifier (UID) that enables the identification of unique molecules from the original sample. This in turn 
enables highly reliable removal of PCR duplicates, providing clearer insight into the sample's molecular complexity 
for confident detection of rare alleles. The workflow can be performed in a single day with minimal hands-on time, 
and does not require separate library preparation or fragmentation steps. 

 

Contact Information 

Technical Support 

If you have questions, contact your local Roche Technical Support. Go to 
sequencing.roche.com/support.html for contact information. 

Manufacturer and Distribution 

 Manufacturer  
Roche Molecular Systems, Inc. 
1080 US Highway 202 South 
Branchburg, NJ 08876 

Distribution Roche Diagnostics GmbH 
Mannheim, Germany 

Distribution in USA  Roche Diagnostics Corporation 
Indianapolis, IN USA  

 

Conventions Used in This Manual 
Symbols 

Symbol Description 

 
Important Note: Information critical to the success of the procedure or use of the product. Failure to 
follow these instructions could result in compromised data. 

 
Information Note: Designates a note that provides additional information concerning the current 
topic or procedure. 

 

http://sequencing.roche.com/support.html
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Text 

Conventions Description 

Numbered listing Indicates steps in a procedure that must be performed in the order listed. 

Italic type, blue Identifies a resource in a different area of this manual or on a web site. 

Italic type Identifies the names of dialog boxes, windows, tabs, panels, views, or message boxes in the software. 

Bold type Identifies names of menus and controls (buttons, checkboxes, etc.) in the software. 
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Chapter 1. Before You Begin 

This User’s Guide describes the use of HEAT-Seq Target Enrichment technology for SNP discovery and validation in 
genomic DNA (gDNA) samples. Specifically, this User’s Guide provides a protocol for the workflow outlined below 
(Figure 1), ending with sequencing on an Illumina sequencing instrument. 

Workflow 
The HEAT-Seq Target Enrichment protocol involves: 

1. Capture, extension, and ligation of target regions, and removal of input DNA sample and unused probe with 
exonuclease treatment. 

2. Amplification and cleanup of captured targets. 

3. Sequencing on Illumina MiSeq, HiSeq 2000, or HiSeq 2500 instrument with custom Read 1 sequencing primer. 
 

Figure 1 lists the steps in the workflow for HEAT-Seq Target Enrichment. 

The corresponding estimated time for each step is based on processing eight capture reactions. When applicable, 
incubation times are indicated between processing times in Figure 1. 

Step 
Processing/Incubation 

Time 

Input DNA Sample Preparation 30 min 

Capture, Extend, and Ligate Targets 
 

30 min 

Exonuclease Treatment 1 h 

Amplify Captured Targets 1 h 

Clean Up Amplified Sample 1 h 

Assess Amplified Sample Quality 1 h 

Proceed to DNA Sequencing using Illumina sequencing instrument and associated  
HEAT-Seq Reagents 

Figure 1: Workflow for HEAT-Seq Target Enrichment. 

3 h incubation 
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What’s New in v1.1? 
 Thermal cycler specifications added to required equipment section. 

 Thermal cycler programs no longer require tracking heated lid or multi-step programs.   

 Changes to quantification and preparation of input DNA. 

Terminology 
HEAT-Seq or HEAT-Seq Ultra Probes: 

• HEAT-Seq Ultra Oncology HotSpot Panel 

• HEAT-Seq Ultra Choice S Probes 

• HEAT-Seq Ultra Choice M Probes 

• HEAT-Seq Ultra Choice L Probes 

• HEAT-Seq Ultra Choice XL Probes 

• HEAT-Seq Ultra Choice XXL Probes 

• HEAT-Seq Oncology Panel 

• HEAT-Seq Choice Probes 
Capture Probe Pool: The set of oligonucleotide probes provided by Roche to perform HEAT-Seq capture and 
amplification of target sequences. 

Capture Reaction: DNA sample that has completed the capture, ligation, and extension step. 

Exonuclease-treated Captured Sample: Circular capture reaction DNA sample that has been treated with 
exonucleases to remove input or unligated DNA and unused probe. 

Amplified HEAT-Seq Sample: Exonuclease-treated circular captured sample that has been amplified to include the 
necessary adapter sequences and purified to remove non-specific products. 

Protocol Information & Safety 
 This protocol includes a PCR amplification step. Adherence to good laboratory practices for working with PCR 

is important to avoid contamination. Contamination may occur from sources such as laboratory benches, 
equipment, pipetting devices and aerosols. Consider the following recommendations: 
• Use physically separated working spaces for template preparation before PCR, assembly of PCR reactions, 

and post-PCR purification and analysis. 

• Wear gloves, change them often, and take precautions to avoid contamination. 

• Wipe bench tops and pipettes with 10% diluted bleach before preparing reagents and setting up captures. 

• Wipe bench tops and pipettes with 10% diluted bleach after processing amplified material. 

• A PCR hood equipped with a UV light should be used when making master mixes or setting up reactions. 

• Use reagents and solutions that are dedicated for use only for PCR. Store these reagents in small aliquots. 

• When pipetting DNA, avoid creating aerosols that could carry contaminants. 

• Use filtered pipette tips for each pipetting step in the protocol. 

• A negative (no template) control should be set up for Capture and PCR to monitor for contamination. 
 

 Centrifuge tubes before opening to collect liquid to the bottom and off caps. 
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 Perform all centrifugations at room temperature (+15 to +25 °C) unless otherwise indicated. Instructions to 
spin down the contents of a tube refer to using a microcentrifuge at top speed for 10 seconds, unless otherwise 
indicated. 

 Use calibrated pipettes and thermocyclers for optimum assay performance and to avoid running out of reagents. 

Required Equipment, Labware & Consumables 
You assume full responsibility when using the equipment, labware, and consumables described below. These 
protocols are designed for use with the specified equipment, labware, and consumables. 

Laboratory Equipment 

Equipment Supplier Catalog No. 
DynaMag-2 Magnet (MPC) 
(16 x 1.5 mL tube holder) 
-or- 
DynaMag-96 Side Magnet (MPC) 
(12 x 0.2 mL PCR-strips or 96-well plate) 

Life Technologies 12321D 
 
-or- 
12331D 

Illumina sequencing instrument (MiSeq, HiSeq 
2000 or HiSeq 2500) 

Illumina  

Microcentrifuge or Mini-Centrifuge Multiple Vendors  

Qubit 2.0 Fluorometer 
-or- 
Microplate Reader 
-or- 
Similar Fluorometric Quantitation Equipment 

Life Technologies 
 
Multiple Vendors 

 

Spectrophotometer NanoDrop ND-1000 

Bioanalyzer 2100 Agilent Q32866 

Thermocycler (with programmable heated lid and 
maximum allowable volume of at least 100 µL) 

Multiple Vendors  

Vortex mixer Multiple Vendors  
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Consumables Available from Roche Diagnostics 

Component Package Size/Contents Catalog No. 

HEAT-Seq Oncology Panel 24 reactions 
96 reactions 

07 757 042 001 
07 768 605 001 

HEAT-Seq Choice Probes 
96 reactions 
384 reactions 
1,536 reactions 

07 768 648 001 
07 768 656 001 
07 768 664 001 

HEAT-Seq Ultra Choice S Probes 
96 reactions 
384 reactions 
1,536 reactions 

07 757 077 001 
07 768 672 001 
07 768 699 001 

HEAT-Seq Ultra Choice M Probes 
96 reactions 
384 reactions 
1,536 reactions 

07 768 702 001 
07 768 729 001 
07 768 737 001 

HEAT-Seq Ultra Choice L Probes 384 reactions 
1,536 reactions 

07 768 753 001 
07 768 761 001 

HEAT-Seq Ultra Choice XL Probes 1,536 reactions 07 768 770 001 

HEAT-Seq Ultra Choice XXL Probes 1,536 reactions 07 768 788 001 

HEAT-Seq Ultra Oncology HotSpot Panel 24 reactions 
96 reactions 

07 757 069 001 
07 768 613 001 

HEAT-Seq Reagents 
24 reactions 
96 reactions 
384 reactions 

07 800 738 001 
07 800 746 001 
07 800 762 001 

 

Consumables Purchased from Other Vendors 

Component Supplier Package Size Catalog No. 
Water, PCR Grade Sigma-Aldrich 1 x 25 mL 

25 x 1 mL 
4 x 25 mL 

3315959001 
3315932001 
3315843001 

Agilent High Sensitivity DNA Kit Agilent 1 kit 5067-4626 

Ethanol, 200 proof (absolute), for 
molecular biology 

Multiple Vendors    

Sequencing Kit Options 
MiSeq Reagent Kit v2  
MiSeq Reagent Kit v3 
TruSeq Rapid SBS Kit and 

TruSeq Rapid Cluster Kit Paired 
End-HS 

HiSeq Rapid SBS Kit v2 and 
HiSeq Rapid PE Cluster Kit v2 

TruSeq SBS Kit v3-HS and 
TruSeq PE Cluster Kit v3—cBot –
HSHiSeq SBS Kit v4 and 
HiSeq PE Cluster Kit v4-cBot 

Illumina  
300 or 500 cycles 
150 or 600 cycles 
200 cycles 
 
 
200 cycles 
 
200 cycles 
 
250 cycles 
 

 
MS-102-2002, MS-102-2003 
MS-102-3001, MS-102-3003 
FC-402-4001 
PE-402-4001 
 
FC-402-4021 
PE-402-4002 
FC-401-3001 
PE-401-3001 
FC-401-4003 
PE-401-4001 

Qubit dsDNA HS Assay Kit 
 
 
-or- 
PicoGreen dsDNA Assay Kit  

Life Technologies 
 
 
 
Life Technologies 

100 assays 
-or- 
500 assays 
 
1000 assays 

Q32851 
 
Q32854 
 
P11496 

Tubes, DNase- and RNase-free: 
0.2 mL PCR tubes 
1.5 mL microcentrifuge tubes 

Multiple Vendors   

PAGE gel loading tips 
1-200 µL size 

Multiple Vendors   
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Chapter 2. Prepare Reagents 

This chapter describes how to aliquot reagents from the following: 

 HEAT-Seq and HEAT-Seq Ultra Probes 

 HEAT-Seq Accessory Kits 

Ensure that the following is available: 

 PCR-Grade Water: for capture and amplification reaction aliquots 

Upon the first use of each HEAT-Seq probe, undertake the following steps to avoid multiple freeze/thaw cycles or 
potential accidental contamination. 

 

 
The procedures in this document are based on processing a minimum of 8 samples per experiment 
for 24, 96 and 384 reactions. Processing fewer than this recommended minimum number of samples 
per experiment may lead to a reduction in performance due to inaccurate pipetting of small 
volumes, and may also require additional reagent aliquots beyond the counts recommended below. 

Processing a minimum of 8 samples per experiment is strongly advised. 

 

The HEAT-Seq Capture Probe Pool is aliquoted in single-reaction tubes to avoid waste. The NAD+ and dNTPs 
aliquots are designed to be large enough for up to 12 samples, including overfill. Unused reagent from these aliquots 
is discarded at the end of each day. 

Step 1. Aliquot HEAT-Seq Capture Probe Pool 
Minimize the number of freeze thaw cycles for the HEAT-Seq Capture Probe Pool by dispensing into single-reaction 
aliquots in 0.2 mL PCR tubes. These tubes will be used for the capture reactions in Chapter 3. 

1. Completely thaw the tube of HEAT-Seq Capture Probe Pool, keeping tube and aliquots on ice once thawed. 

2. Vortex tube for 10 seconds and spin down for 10 seconds. 

3. Pipette 5.5 µL of thawed, mixed HEAT-Seq Capture Probe Pool into 0.2 mL PCR tubes. 

4. Store aliquots at -20 °C. 
 

 To avoid having to pipet more than 48 single-reaction aliquots at one time with the 
larger product sizes, you may start by pipetting 280 µL into one to seven 1.5 mL 
microcentrifuge tubes and storing them at -20 °C. Each tube is sufficient to dispense at 
least 48 single-reaction aliquots at a future date. 

 

Step 2. Dissolve and Aliquot 20 mM NAD+ 
NAD+ is provided as powder to extend its stability. At the time of first use it will need to be dissolved and aliquoted 
as described below. 

1. Add 960 µL of PCR-Grade Water (provided) to the tube of NAD+ powder to make a 20 mM solution of NAD+. 

2. Vortex for 10 seconds and spin down for 10 seconds. Repeat if any pellet or powder remains visible. 
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3. Pipette 7 µL of 20 mM NAD+ solution into 0.2 mL tubes on ice, with the number of aliquots listed in the table 
below. 

 

HEAT-Seq Pack Size # Aliquots 

24 Reactions 4 

96 Reactions 16 

384 Reactions 60 
 

4. Store aliquots at -20 °C. 
 

 
Each aliquot includes enough NAD+ for up to 12 samples (including overfill). 

If you consistently run greater or fewer than 12 samples per day, you can adjust the 
aliquot size for your convenience, but you will need to manage usage to ensure sufficient 
reagent for the number of reactions. 

 
Discard unused NAD+ at the end of each day (do not re-freeze an aliquot once it is 
thawed). You should discard any remaining reagent and make fresh aliquots whenever 
you open a new box. 

NAD+ stability is limited in solution. Aliquots stored at -20 °C are stable for three 
months without reduction in assay performance. Storage of aliquots at -70 °C may 
increase shelf-life, but has not been tested. 

 

Step 3. Dilute and Aliquot 1 mM dNTPs 
The dNTPs solution is provided at 10 mM, which is the concentration required to prepare the PCR amplification 
master mix (Chapter 4). The dNTPs solution must be diluted ten-fold to 1 mM and aliquoted, as described below, 
for use during preparation of the capture master mix (Chapter 3). 

1. At the time of first use, completely thaw a tube of 10 mM dNTPs. Place on ice. 

2. Vortex tube for 10 seconds and spin down for 10 seconds. 

3. Prepare a 1 mM stock of dNTPs in a 1.5 mL microcentrifuge tube, as specified in the table below. 

Component Volume 

PCR-Grade Water 630 µL 

10 mM dNTPs 70 µL 

Total 700 µL 
 

4. Vortex tube for 10 seconds and spin down for 10 seconds. 

5. Pipette 10 µL of the 1 mM dNTPs into 0.2 mL tubes on ice, with the number of aliquots listed in the table below. 

HEAT-Seq Pack Size # Aliquots 

24 Reactions 4 

96 Reactions 16 

384 Reactions 60 
 

6. Store aliquots at -20 °C. 
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Each aliquot includes enough dNTPs for up to 12 samples. 

If you consistently run greater or fewer than 12 samples per day, you can adjust the 
aliquot size for your convenience, but you will need to manage usage to ensure that you 
don’t run out of aliquots. It is possible to dilute and aliquot additional 1 mM dNTPs at a 
later time, if needed. 

 
Discard unused 1mM dNTPs at the end of each day (do not re-freeze an aliquot once it 
is thawed). You should discard any remaining reagent and make fresh aliquots 
whenever you start open a new box. 

Aliquots of 1 mM dNTPs stored at -20 °C are stable for three months without reduction 
in assay performance. It is suggested to make a new dilution of 1 mM dNTPs and 
aliquot again if 1 mM dNTPs have been stored longer than three months. 

 

Step 4. Aliquot PCR-Grade Water 
The procedures in this document may require that you obtain additional PCR-Grade Water beyond what is 
provided. You should aliquot PCR-Grade Water for sample capture and amplification to avoid cross-contamination. 

1. Thaw a tube or bottle of PCR-Grade Water. 

2. Pipette 1.2 mL of PCR-Grade Water into 1.5 mL tubes, with the number of aliquots listed in the table below. 
 

HEAT-Seq Pack Size # Aliquots 

24 Reactions 4 

96 Reactions 16 

384 Reactions 60 
 

3. Store aliquots at -20 °C. 
 

 
Each aliquot includes enough water for up to 12 samples. 

Aliquoted water is used in Chapter 3 for dilution of DNA samples and preparation of 
the capture master mix, and again in Chapter 4 for preparation of the PCR amplification 
master mix and elution of the cleaned up DNA sample from the AMPure beads. Note 
that these aliquots are not used for preparing 70% ethanol washes (Chapter 4) or 
sequencing (Chapter 5). 

If you consistently run greater or fewer than 12 samples per day, you can adjust the 
aliquot size for your convenience (prepare more aliquots, if needed). 

 
Discard unused PCR-Grade Water rather than running the risk of cross-contamination. 
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Chapter 3. Capture Target 

This chapter describes how to capture, extend, and ligate target regions of interest. This chapter requires the use of 
components from the following: 

 HEAT-Seq and HEAT-Seq Ultra Probes 

 HEAT-Seq Accessory Kits 

Ensure that the following is available: 

 PCR-Grade Water: up to ~16 µL per DNA sample for dilution, ~1 µL per DNA sample for capture 

Sample Requirements 
Either 100 ng (HEAT-Seq Ultra panels) or 250 ng (HEAT-Seq panels) of purified genomic DNA. 

Step 1. Thaw Reaction Components 
Preparation of reagent aliquots is described in Chapter 2. 

 
To avoid running out of aliquoted reagents or pipetting of extremely small volumes of 
reagents, plan ahead so that each experiment uses at least 8 samples per experiment. 

 

1. Keep enzymes in the freezer until immediately before use. 

2. Thaw the following HEAT-Seq capture master mix components and place on ice: 
• HEAT-Seq Buffer 

• One 1.2 mL PCR-Grade Water aliquot 

• Sufficient 20 mM NAD+ aliquots, supporting up to 12 samples per aliquot 

• Sufficient 1 mM dNTPs aliquots, supporting up to 12 samples per aliquot 
o DO NOT USE the undiluted 10 mM dNTPs solution for the capture reaction! 

3. Thaw the following capture reaction component and place on ice: 
• One single-reaction aliquot of HEAT-Seq Capture Probe Pool for each DNA sample 

o If required, thaw sufficient 48-reaction aliquots, vortex gently, and dispense 5.5 µL into single-
reaction 0.2 mL PCR tubes. Return any unused single-reaction aliquots to the freezer for future 
use. 
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Step 2. Dilute DNA Sample 
1. Quantitate input DNA by a fluorometric method, e.g. Qubit, PicoGreen, or equivalent, suitable for quantifying 

within the estimated range of the input sample. 
 

 
Always perform a fresh quantitation of samples before capture. Don’t freeze-thaw 
the sample after quantitation and before assay setup. 

 

 
Use of DNA quantitated by NanoDrop may result in low performance. 

 

2. Dilute sample DNA with PCR-Grade Water to the appropriate concentration listed in the table below for the 
appropriate HEAT-Seq capture probe pool.  

 
These concentrations will provide the appropriate amount of input DNA per 
reaction. Make each dilution in a final volume of at least 11 µL per reaction to 
ensure adequate volume. Vortex diluted samples gently and store on ice. Thaw and 
use a second aliquot of PCR-Grade Water if required for processing a large number 
of samples. 

HEAT-Seq Capture Probe Pool Input DNA Amount DNA Concentration 

HEAT-Seq Panels 250 ng 25 ng/µL 

HEAT-Seq Ultra Panels 100 ng 10 ng/µL 

Each capture reaction will receive 10 µL of diluted DNA. 

 

3. Requantify using fluorometric method, e.g. Qubit, PicoGreen, or equivalent, suitable for quantifying within the 
range of 10 – 25 ng/µL to ensure the diluted DNA is at the appropriate concentration.   

 

 
Inaccurate dilution, or quantification with NanoDrop, will lead to incorrect input 
DNA amounts, which may decrease performance. 

4. Adjust the DNA concentration, if needed, to reach the intended DNA concentration for your assay. 
 

Step 3. Prepare the HEAT-Seq Capture Master Mix 
Scale the master mix volume to process a minimum of 8 samples per experiment and use the exact volumes 
recommended in this User’s Guide to avoid running out of master mix components (see Appendix A). 

 
Set up a no template control capture to check for possible contamination. Be sure to 
include it as one of the samples in calculating master mix volumes.  

 

1. For each thawed master mix component, vortex, spin down briefly, and place on ice. 

2. Immediately before use, remove the following enzymes from -20 °C storage, spin down briefly, and place on ice: 
• HEAT-Seq Ligase 

• HEAT-Seq Polymerase  
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3. In a tube of appropriate size, add each component in the order displayed in the table below. Scale the master mix 
volumes to the number of samples in your experiment multiplied by a scaling factor of 1.05 (see Appendix A). 

Capture Master Mix Component Per Reaction 
(Nominal) 

HEAT-Seq Buffer* 2.000 µL 

1 mM dNTPs 0.625 µL 

20 mM NAD+ 0.400 µL 

PCR-Grade Water 0.950 µL 

HEAT-Seq Ligase 0.400 µL 

Polymerase 0.125 µL 

Total 4.500 µL 

Master Mix Volume  =  Nominal Volume  x  # Samples  x  1.05 

 

 
The enzymes are temperature sensitive. Keep the master mix and enzymes on ice at 
all times prior to incubating the reaction. 

 

4. Mix thoroughly by pipetting up and down 10 times or vortexing briefly. 

5. Briefly spin down the master mix and place on ice. 

6. Discard unused portions of the NAD+ and 1 mM dNTPs aliquots, but retain the PCR-Grade Water aliquot for 
use in Chapter 4. 

 

Step 4. Capture, Extend, and Ligate Targets 
Preparation of single-reaction HEAT-Seq Capture Probe Pool aliquots is described in Chapter 2. The capture 
reaction is set up and incubated in the aliquot tube. 

1. Set up capture reactions. 

a. Gently vortex the diluted input DNA (10 ng/µL or 25 ng/µL, depending on the panel used), spin, and place 
on ice. 

b. For each single-reaction aliquot tube of HEAT-Seq Capture Probe Pool (from Chapter 2), add your diluted 
DNA sample and HEAT-Seq capture master mix in the specified volume and order. 

Capture Reaction Component Per Tube 

HEAT-Seq Capture Probe Pool (from Chapter 2) 5.5 µL 

Diluted Input DNA (10 ng/µL or 25 ng/µL) 10.0 µL 

HEAT-Seq Capture Master Mix 4.5 µL 

Total 20.0 µL 

 

 
Pipette each reaction of HEAT-Seq Master Mix very slowly and spin down master 
mix tube before removing the last 4.5 µL aliquot. 

 
c. Mix reaction tubes thoroughly by pipetting up and down 10 times or vortexing briefly. 

d. Close lids tightly and spin down briefly. 
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2. Incubate capture reactions to capture, extend, and ligate the capture region. 

a. Place tubes containing each capture reaction in a thermocycler with a heated lid, set to track +10 °C above 
block temperature. 

b. Run the following temperature program: 
o Step 1: 5 min @ 95 °C 
o Step 2: 3 hrs @ 60 °C 
o Step 3: Hold @ 4 °C  

 

 
For increased performance, the 3hr @ 60 °C step can be increased to 6hr @ 60 °C. 

 

 
Alternatively, if a PCR machine with a tracking heated lid is not available, set the lid 
temperature to 80 °C. Set heat block to use calculated heat for 20 µL reaction 
volume.  

 

3. Proceed with the next step or store overnight at 4 °C. 
 

Step 5. Treat with Exonuclease 
Scale the master mix volume to process a minimum of 8 samples per experiment and use the exact volumes 
recommended in this User’s Guide to avoid running out of master mix components (see Appendix A). 

1. Prepare exonuclease master mix. 

a. Immediately before use, remove the following enzymes from -20 °C storage, spin, and place on ice: 
o Exonuclease A 
o Exonuclease B 

b. In a tube of appropriate size, add each component in the table below. Scale the master mix volumes to the 
number of samples in your experiment multiplied by a scaling factor of 1.05 (see Appendix A for examples). 

Exonuclease Master Mix Component Per Reaction 
(Nominal) 

Exonuclease A 1.25 µL 

Exonuclease B 1.25 µL 

Total 2.50 µL 

Master Mix Volume  =  Nominal Volume  x  # Samples  x  1.05 

c. Pipet up and down 10 times or vortexing briefly. 

d. Spin down briefly. 

2. Set up exonuclease reactions. 

a. Add 2.5 µL of exonuclease master mix to each capture reaction tube (total volume 22.5 µL). 

 
Pipette each reaction of Exonuclease Master Mix very slowly and spin down before 
removing the last 2.5 µL aliquot. 

b. Mix reaction tubes thoroughly by vortexing for 10 seconds. 

c. Close lid tightly and spin down briefly. 
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3. Incubate exonuclease reactions. 

a. Place tubes containing each capture reaction in a thermocycler with a heated lid, set to track +10 °C above 
block temperature. 

b. Run the following temperature program: 
o Step 1: 30 min @ 37 °C 
o Step 2: 10 min @ 95 °C 
o Step 3: Hold @ 4 °C 

 
Alternatively, if a PCR machine with a tracking heated lid is not available, set the lid 
temperature to a constant 105 °C. Set heat block to use calculated heat for a 23 µL 
reaction volume 

4. Proceed with the next step. 
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Chapter 4. Amplify Captured Targets 

This chapter describes how to amplify and clean up captured HEAT-Seq samples. This chapter requires the use of 
components from the following: 

 HEAT-Seq Accessory Kits 

 HEAT-Seq Clean-up Kits 

Ensure that the following is available: 

 PCR-Grade Water: ~48 µL per DNA sample for amplification; ~25 µL per DNA sample for clean up 

 Freshly-prepared 70% Ethanol: ~0.4 mL per DNA sample 

Sample Requirements 
Exonuclease-treated captured sample from Chapter 3. 

Step 1. Select HEAT-Seq PCR Amplification Primers 
Up to 96 samples may be sequenced in a single flow cell or in a single lane by incorporating a unique index tag into 
the amplification primer used for each sample (see Appendix B). After sequencing, reads associated with each sample 
can be identified by the index tag sequences. 

1. Choose a unique combination of one HEAT-Seq Primer A and one HEAT-Seq Primer B for each sample to be 
mixed together in an Illumina multiplexed sequencing assay (see Appendix B for details). 

 

 
Use careful handling practices with primers to prevent cross-contamination. 

 
Be sure the HEAT-Seq Read 1 Sequencing Primer supplied with this kit is not used 
in the amplification step. If used, PCR amplification will fail or create non-specific 
products. 

 

Step 2. Thaw Required Reaction Components 
Preparation of reagent aliquots is described in Chapter 2. 

1. Keep enzymes in the freezer until immediately before use. 

2. Thaw the following PCR amplification reaction components and place on ice: 
• Amplification Buffer 

• Sufficient 1.2 mL PCR-Grade Water aliquots, supporting up to 12 samples per aliquot (you may use the 
water remaining in the aliquot thawed in Chapter 3) 

• Undiluted dNTPs 
o DO NOT USE the diluted 1 mM dNTPs aliquots for the amplification reaction! 

• Appropriate HEAT-Seq Primer A for each capture sample 

• Appropriate HEAT-Seq Primer B for each capture sample 
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Step 3. Prepare the PCR Amplification Master Mix 
Carry out all PCR amplification steps in a PCR hood. All reagents should be kept on ice. Scale the master mix 
volume to process a minimum of 8 samples per experiment and use the exact volumes recommended in this 
User’s Guide to avoid running out of master mix components (see Appendix A). 

 

 
A PCR no template control should also be prepared to check for reagent 
contamination and when used should be counted as a sample to account for master 
mix volumes. 

 

1. Immediately before use, remove the following enzyme from -20 °C storage, spin, and place on ice. 
• HEAT-Seq Polymerase 

2. Vortex each thawed master mix component, spin, and return to ice. 

3. In a tube of appropriate size, add each component in the order displayed in the table below. Scale the master 
mix volumes to the number of samples in your experiment multiplied by a scaling factor specific to reaction 
size, listed in the table below (see Appendix A for examples).  

PCR Amplification Master Mix Component Per Reaction 
(Nominal) 

Amplification Buffer 20.000 µL 

10 mM dNTPs 2.000 µL 

PCR-Grade Water 47.375 µL 

Polymerase 0.125 µL 

Total 69.500 µL 
24 and 96 reactions: 
Master Mix Volume  =  Nominal Volume  x  # Samples  x  1.05 
384 reactions: 
Master Mix Volume  =  Nominal Volume  x  # Samples  x  1.03 

 
 
4. Mix by pipetting up and down 20 times or vortexing briefly, spin, and place on ice. 

 
The polymerase enzyme is temperature sensitive. Keep the master mix on ice at all 
times prior to incubating the reaction. 

 
Note: The Amplification Buffer is green in color and viscous. Ensure good pipetting 
and mixing techniques and pipette buffer slowly to ensure accuracy. 
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Step 4. Amplify Target DNA 
1. Set up amplification reactions. 

a. Vortex each thawed HEAT-Seq Primer A and B, spin, and return to ice. 

b. For each 0.2 mL capture reaction tube (from Chapter 3), add the PCR Amplification Master mix and 
HEAT-Seq Primers A and B in the specified volume and order. 

Amplification Reaction Component Per Tube 

Captured target DNA (from Chapter 3) 22.5 µL 

PCR Amplification Master Mix 69.5 µL 

Sample-Specific HEAT-Seq Primer A 4.0 µL 

Sample-Specific HEAT-Seq Primer B 4.0 µL 

Total 100.0 µL 

 

 
Be sure that the primers are the last component added to each reaction tube. 

 
Ensure good pipetting and mixing techniques and pipette Amplification Master 
Mix slowly to ensure accuracy. 

 

c. Mix reaction tubes thoroughly by pipetting up and down 20 times or vortexing briefly. 

d. Close lids tightly and spin down briefly. 

2. Determine number of PCR cycles (see Appendix C for optimization suggestions). 

HEAT-Seq Panel PCR Cycles 

HEAT-Seq Oncology Panel 21 

HEAT-Seq Choice 18-24 

HEAT-Seq Ultra Choice S 22 

HEAT-Seq Ultra Choice M 21 

HEAT-Seq Ultra Choice L 20 

HEAT-Seq Ultra Choice XL 19 

HEAT-Seq Ultra Choice XXL 18 

HEAT-Seq Ultra Oncology HotSpot Panel 21 

 

 
It is vital to the success of the assay to perform the PCR Cycle Optimization in 
Appendix C. Too many PCR cycles can increase the duplicate rate of sequencing 
data, or could cause non-specific products to form that will reduce the mappability 
of the sequence data or lower the on-target rate. Too few PCR cycles will result in 
no capture product or not enough to sequence by standard sequencing protocols. 
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3. Amplify target DNA. 

a. Place tubes containing each capture reaction in a thermocycler with a heated lid, set to track +10 °C of 
block temperature. For PCR machines without a tracking heated lid, set the heated lid to 105 °C. 

 
Alternatively, if a PCR machine that supports a reaction volume of at least 100 µL is 
not available, split the 100 µL reaction volume into 2 tubes of 50 µL after mixing. 

b. Run the following temperature program: 
o Step 1: 30 sec @ 98 °C 
o Step 2: 10 sec @ 98 °C 
o Step 3: 30 sec @ 60 °C 
o Step 4: 20 sec @ 72 °C 
o Step 5: Go to Step 2; repeat as determined previously 
o Step 6: 2 min @ 72 °C 
o Step 7: Hold @ 4 °C  

4. Proceed with the next step or to store overnight at 4 °C. 
 

Step 5. Clean Up Amplified HEAT-Seq Sample 
Clean up of amplified samples is conducted at room temperature. 
 

 
Clean up can also be performed in 1.5 mL tubes if a 0.2 mL magnetic particle 
collector is not available. 

 

1. Prepare reagents for cleanup. 

a. Remove the following components from storage, and allow to warm to room temperature for at least 
30 min, and vortex before use. 

o Agencourt AMPure XP beads (4 °C) 
o Clean-up Buffer (4 °C) 
o TE Buffer (pH 8.0) (-20 °C) 
o PCR-Grade Water aliquot(s) thawed when preparing the PCR amplification master mix 

b. Prepare fresh 70% ethanol using PCR-Grade Water (0.4 mL per sample). 

2. Incubate each amplified sample with Agencourt AMPure XP Beads, and then remove supernatant. 

a. If the amplifications were split in 2 tubes to accommodate a low-volume thermal cycler, combine the two 
reactions for each sample for a final volume of 100 µL per sample.   

b. Vortex tube of beads for one minute. 

c. Add 125 µL of beads to each amplified HEAT-Seq reaction mix. Vortex tube of AMPure XP Beads between 
every three additions of beads to samples. 

d. Completely mix sample and beads by pipetting up and down 20 times or vortexing briefly. 

e. Incubate at room temperature in a tube rack for 15 minutes. 

f. Place tubes on a magnetic particle collector and allow the solution to clear. 

g. Remove and discard the supernatant being careful not to disturb the beads. 
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3. Resuspend beads in TE Buffer and wash with Clean-up Buffer (twice). 

a. Add 25 µL of thawed, mixed TE Buffer to each tube. Inspect pipette before adding TE Buffer to be sure only 
25 µL of TE Buffer is added to tubes. 

b. Vortex for 10 seconds to fully resuspend beads, and place tubes in a tube rack. 

c. Vortex Clean-up Buffer well.  

 
When adequately mixed and vortexed, the Clean Up Buffer will have bubbles. Take 
care not to aspirate any bubbles during transfer.   

d. Add 125 µL of vortexed Clean-up Buffer to each tube resuspended in TE. 

e. Mix completely by pipetting up and down 20 times or vortexing well, and spin. 

f. Incubate at room temperature in a tube rack for 5 minutes. 

g. Place tubes on a magnetic particle collector and allow the solution to clear. 

h. Remove and discard the supernatant being careful not to disturb the beads. 

i. Repeat once, for a total of two TE and Clean-up Buffer wash cycles.  

4. Wash beads with 70% ethanol (twice). 

a. Leaving tubes on the magnetic particle collector, add 175 µL of 70% ethanol to each tube. 

b. Incubate the tubes on the magnetic particle collector for at least 30 seconds. 

c. Remove and discard the supernatant from the beads being careful not to disturb the beads. 

d. Repeat once, for a total of two ethanol washes. 

5. Elute Amplified HEAT-Seq Sample from beads with PCR-Grade Water. 

a. Be sure to remove all the ethanol after the second wash. 

b. Allow beads to dry. This process may take 10-15 minutes. 
 

 
Beads are dry when they have a matte appearance and are no longer shiny. 
Overdrying may result in decreased yields.  

 

c. Resuspend the beads in 25 µL of PCR-Grade Water. 

d. Vortex well, ensuring all beads are off the tube wall, and spin tubes briefly to collect contents. 

e. Incubate resuspended beads in a tube rack for 2 minutes at room temperature. 

f. Place tubes on a magnetic particle collector and allow the solution to clear. 

g. Transfer 20 µL of the eluted amplified sample into a new clean tube. 
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Step 6. Assess Amplified HEAT-Seq Sample Quality 
1. Run 1 µL of each amplified HEAT-Seq sample on an Agilent Bioanalyzer High Sensitivity chip, following the 

manufacturer’s instructions. 

 
Use of an analysis method other than Agilent Bioanalyzer High Sensitivity chip 
may be insufficient for accurately qualifying results.  

 

a. Ensure the main peak size is ~288 bp (278-298 bp). The electropherogram of a successful capture and 
amplification will look similar to the example in Figure 2. Refer to Appendix D for examples of both 
successful and failed amplifications and for troubleshooting guidance. 

 
Figure 2. Example of a successful capture and amplification product on an Agilent Bioanalyzer High Sensitivity Chip. 

2. Calculate the yield of the ~288 bp peak. 

a. Use the Agilent Bioanalyzer 2100 software to determine the concentration of the ~288 bp main peak. 

b. Yield of the ~288 bp peak (in 20 µL eluted volume) should be as listed in the table below. 

Product Yield 
(in 20 µL) 

Concentration 
(pg/ µL) 

HEAT-Seq ≥10 ng ≥500 pg/ µL 

HEAT-Seq Ultra ≥6 ng ≥300 pg/ µL 

 
c. Record the concentration of the ~288 bp peak for each sample for use in Chapter 5. 

3. Calculate the contribution of smaller minor peaks. 

a. Use the Agilent Bioanalyzer 2100 software to determine the concentration of each minor peak present in 
the size range of 100-277 bp, and calculate the sum of these minor peak concentrations. 

b. The ~288 bp capture peak should be ≥70% of the sum of the main and all minor peaks for HEAT-Seq 
Choice Probes, and ≥80% for HEAT-Seq catalog probes. 

 

 
Minor peaks larger than the ~288 bp main peak are not sequenced as efficiently, 
and are therefore not included when calculating the contribution of minor peaks. 
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Chapter 5. DNA Sequencing 

HEAT-Seq Target Enrichment is designed for sequencing on Illumina MiSeq, HiSeq 2000, or HiSeq 2500 platforms, 
using reagents provided by Illumina in conjunction with a HEAT-Seq Read 1 Sequencing Primer. 

Ensure that the following is available: 

 Illumina Sequencing Kit listed under Consumables Purchased from Other Vendors in Chapter 1, including 
2.0 N NaOH stock, EBT Buffer, and HT1 Hybridization Buffer 

 Illumina PW1 or PCR-Grade Water 

 HEAT-Seq Read 1 Sequencing Primer (HEAT-Seq Accessory Kit) 

Sample Requirements 
Amplified sample from Chapter 4. 

Step 1. Set Up Sample Sheet using Illumina Experiment Manager 
Use the Illumina Experiment Manager to set up a sample sheet for an Illumina sequencing run. 

1. Sequencing Application Selection: Choose ‘FASTQ Only’. 

2. Workflow Parameters: 

a. For Sample Prep Kit: 
o Select ‘Nextera’. 
o Choose two index cycles. 

b. For Read Type: Choose ‘Paired End’ 

c. Set run to sequence 76 cycles or higher for Read 1 and Read 2. 

d. Uncheck the boxes that are already checked by default and do not select any of the ‘Custom Primer’ boxes. 
 

 
The included HEAT-Seq Read 1 Sequencing Primer is spiked into the normal 
Illumina primers and will not require instructions for the sequencer to draw 
from a different tube. 

 

3. Sample Selection:  

a. Add rows for each sample in the sequencing run. 

b. Identify the indices of your samples incorporated in Chapter 4 using the Index Grid in Appendix B. These 
indices correspond to the indices already listed in Experiment Manager for Nextera Samples. 
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Step 2. Pool Amplified HEAT-Seq Samples for Multiplexed Sequencing 
Groups of samples with distinctive index tags incorporated during amplification (Chapter 4) may be pooled together 
and sequenced in a single flow cell or in a single lane.  

1. Use the concentrations recorded in Chapter 4 to pool equal mass amounts of the ~288 bp peak from each 
sample, with a combined volume of 30 µL or more. In the example shown in Table 1, each of eight multiplex 
samples contributes ~2.5 ng of ~288 bp DNA. 

 

 
Choose a number of multiplexed samples that will provide sufficient coverage per 
sample for your application on your sequencing platform. 

 
Choose an input DNA amount large enough to avoid pipetting less than 1.5 to 2 µL 
of the most concentrated sample and small enough to avoid pipetting more than 
18 µL of the least concentrated sample. Extremely high concentration samples may 
require intermediate dilution if they are to be pooled together with extremely low 
concentration samples (the ratio of highest to lowest concentrations to be pooled 
should be no greater than 9- to 12-fold). 

 
Sample ID DNA Concentration Volume Input DNA 

Amplified Sample 1 861 pg/µL 2.90 µL 2.5 ng 

Amplified Sample 2 525 pg/µL  4.76 µL 2.5 ng 

Amplified Sample 3 683 pg/µL  3.66 µL 2.5 ng 

Amplified Sample 4 145 pg/µL  17.24 µL 2.5 ng 

Amplified Sample 5 1,235 pg/µL 2.02 µL 2.5 ng 

Amplified Sample 6 1,110 pg/µL 2.25 µL 2.5 ng 

Amplified Sample 7 1,176 pg/µL 2.13 µL 2.5 ng 

Amplified Sample 8 1,351 pg/µL 1.85 µL 2.5 ng 

 Total: 36.81 µL 20.0 ng 

Table 1. Example combination of eight amplified HEAT-Seq or HEAT-Seq Ultra samples for multiplexed sequencing. 

 

 
Note that individual samples with concentrations that would otherwise be too low 
to sequence can be sequenced by mixing them with higher concentration samples 
(see Table 1). 

 

Step 3. Quantitate Pooled, Amplified HEAT-Seq Sample  
1. Quantitate 5 µL of the pooled sample by a fluorometric method (such as Qubit). 

2. Convert concentration to nM, based on an average length of 288 bp: 
• Example: 500 pg/µL * 1x10^6 µL/L * nmol-bp/660,000 pg * 1/288 bp = 2.63 nM 

3. Dilute the pooled sample to 2.0 nM (380 pg/µL) of total DNA with Illumina EBT Buffer in a minimum total 
volume of 12 µL. 

 



Chapter 5. DNA Sequencing 

HEAT-Seq and HEAT-Seq Ultra Target Enrichment User’s Guide, v1.1  27 

Step 4. Denature and Dilute Pooled, Amplified HEAT-Seq Sample for 
Sequencing 
Use the following modified protocol to denature the pooled, amplified HEAT-Seq sample, rather than the protocols 
described in the current Illumina MiSeq, HiSeq 2000, or HiSeq 2500 User Guides. 
 

 
In the rare circumstance when the pooled sample concentration is below 2 nM, you 
may be able to denature the correct amount of DNA by proportionally increasing 
the volume of pooled sample added. This will allow sequencing of pooled samples 
down to 1.0 nM (190 pg/µL). 

Add up to 20 µL of sample for denaturation, but do not change the volume of 
NaOH added. The extra volume of sample (up to 10 µL) can be compensated by an 
equal reduction in the amount of HT1 Hybridization Buffer added diluting to 
20 pM. 

 

1. Thaw a tube of Illumina HT1 Hybridization Buffer at room temperature, vortex, and then place on ice to chill. 

2. Prepare 0.2 N NaOH solution. 

a. Add 90 µL of Illumina PW1 water or PCR-Grade Water to a microcentrifuge tube. 

b. Add 10 µL of Illumina 2.0 N NaOH stock, and vortex. 
 

 
Dilute NaOH immediately before use, and discard if not used within 12 hours. 

 

3. Denature sample. 

a. Add 10 µL of 2 nM sample (20 fmol) to a 1.5 mL microcentrifuge tube. For lower concentration samples, 
add a proportionally larger volume up to a total of 20 µL (for a 1 nM sample). 

b. Add 5 µL 0.2 N NaOH. 

c. Vortex for 10 seconds, spin. 

d. Incubate for 5 minutes at room temperature. 

4. Dilute sample. 

a. Add 985 µL pre-chilled Illumina HT1 Hybridization Buffer, vortex and place on ice. For lower 
concentration samples, reduce the volume of buffer by an amount equal to the excess sample volume (up to 
10 µL). Sample concentration is now 20 pM in 1,000 µL. 

b. Dilute with pre-chilled HT1 Hybridization Buffer to a final input concentration appropriate for the 
sequencing platform. See Table 2 for recommended concentrations, which you may optimize. 

 

Sequencing Platform 20 pM Sample 
Volume 

HT1 Hybridization 
Buffer Volume 

Sequencer Input 
Concentration 

MiSeq v2 400 µL 600 µL 8 pM 

MiSeq v3 600 µL 400 µL 12 pM 

HiSeq Rapid Run 500 µL 500 µL 10 pM 

HiSeq High Output Run 600 µL 400 µL 12 pM 

Table 2. Recommended input DNA concentration by sequencing platform. The required input volumes are 600 µL 
(MiSeq), 420 µL (HiSeq Rapid Run), or 120 µL (HiSeq High Output Run). 
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The residual NaOH concentration in a 12 pM sample denatured following this 
protocol is 0.6 mM. Note that increasing the input concentration may actually 
decrease cluster count because of the higher residual NaOH concentration, 
which should never exceed 1 mM. 

 

c. Vortex , spin, and place on ice. 
 

Step 5. Add Customized Read 1 Sequencing Primer 
The HEAT-Seq Read 1 Sequencing Primer is specifically designed to be spiked into the normal Illumina primers for 
sequencing on Illumina MiSeq, HiSeq 2000, or HiSeq 2500 platforms. 

MiSeq Platform 

1. Thaw the Read 1 Sequencing Primer and place on ice. 

2. Use a gel-loading tip to transfer >50 µL of the reagent in slot 12 of the MiSeq Reagent Kit v2 or v3 to a 
1.5 mL tube. 

3. Add 3 µL of 100 µM Read 1 Sequencing Primer to the tube. 

4. Vortex for 10 seconds, and spin down for 10 seconds. 

5. Transfer the Read 1 Sequencing Primer mixture back into slot 12. 

6. Vortex the MiSeq Reagent cartridge after addition of primer and tap down to drive out bubbles in the 
cartridge tubes. 

 

HiSeq 2000 or 2500 Platform - Rapid Run 

1. Thaw the Read 1 Sequencing Primer and place on ice. 

2. Add 10 µL of 100 µM Read 1 Sequencing Primer into the 15 mL conical tube of HP10 from the TruSeq Rapid 
Cluster Kit Paired End-HS or HiSeq Rapid PE Cluster Kit v2. 

3. Vortex tube for 10 seconds. 

4. Place the HP10 tube in position 18 of the small HiSeq rack for cluster, indexing, and paired end reagents. 
 

HiSeq 2000 or 2500 Platform - High Output Run 

1. Thaw the Read 1 Sequencing Primer and place on ice. 

2. Transfer 1.5 µL of 100 µM Read 1 Sequencing Primer to each tube in row 11 (containing HP6) of the TruSeq PE 
Cluster Kit v3 –cBot-HS, or (containing HP10) of the HiSeq PE Cluster Kit v4-cBot that correlates with the 
lanes that contain HEAT-Seq samples. 

3. Mix solution by pipetting up and down 10 times. 
 

Step 6. Sequence DNA 
Other than using a modified DNA denaturation protocol and spiking the customized Read 1 Sequencing Primer into 
the normal Illumina primers, HEAT-Seq DNA sequencing follows standard Illumina sequencing protocols. 

1. Follow the current Illumina MiSeq, HiSeq 2000, or HiSeq 2500 User Guides to sequence your sample. 
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Appendix A. Scaling Master Mix Volumes 

Scale master mix volumes exactly as recommended in this User’s Guide to avoid wasting reagents such as the ligase, 
polymerase, and exonuclease enzymes. Always process a minimum of 8 samples per experiment. Always use 
calibrated pipettes appropriate to the volumes being dispensed so that pipetting accuracy and precision will have 
minimal effects on master mix performance and reagent use. 

Chapter 3 and Chapter 4 provide reagent volumes for master mixes, which are then multiplied by the number of 
samples and by a scaling factor to ensure that there is enough for complete pipetting. For example, if your 
experiment has 16 samples you would multiply each volume in a single reaction x 16 (the number of samples) x 1.05 
(the standard scaling factor). Bear in mind that each individual volume will be rounded to a precision appropriate 
for the pipet being used to dispense the solution. 
 

 
When preparing PCR amplification master mix for 384 reactions, calculate using a 
scaling factor of 1.03 to minimize the risk of running out of reagent. All other master 
mixes use a scaling factor of 1.05. 

 

The following table shows some specific examples for the PCR amplification master mix. 

PCR Amplification Master Mix 
Component 

Per Reaction 
(Nominal) 

24 Reations 
(x 8 x 1.05) 

96 Reactions 
(x 32 x 1.05) 

384 Reactions 
(x 60 x 1.03) 

Amplification Buffer 20.0 µL 168 µL 672 µL 1.24 mL 

10 mM dNTPs 2.00 µL 16.8 µL 67.2 µL 124 µL 

PCR-Grade Water 47.4 µL 398 µL 1.59 mL 2.93 mL 

Polymerase 0.125 µL 1.05 µL 4.20 µL 7.73 µL 

Total 69.50 µL 584 µL 2.34 mL 4.30 mL 
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Appendix B. HEAT-Seq Amplification Primers 

PCR amplification primers are used to implement sample multiplexing. These primers incorporate a distinctive 
index tag to each end of the captured targets during amplification (Chapter 4) and are compatible with sequencing 
on Illumina MiSeq, HiSeq 2000 and HiSeq 2500 sequencers. 

Table 3 displays 96 different combinations of primers that allow up to 96 different samples to be multiplexed and 
sequenced in one sequencing run. The 24 reaction package size contains only six forward primers (A1-A6) and four 
reverse primers (B3-B6), displayed in bold in Table 3. The 96 and 384 reaction package sizes contain all 12 forward 
primers and all eight reverse primers. Please note that the A1-A12 primers have the same indices as the Nextera 
i701-i712 indices. Similarly, the B2-B8, B17 primers have the same indices as the Nextera i502-i508, i517 primers. 

 
Primer 
Name 

Index B2: 
CTCTCTAT 

Index B3: 
TATCCTCT 

Index B4: 
AGAGTAGA 

Index B5: 
GTAAGGAG 

Index B6: 
ACTGCATA 

Index B7: 
AAGGAGTA 

Index B8: 
CTAAGCCT 

Index B17: 
GCGTAAGA 

Index A1: 
TAAGGCGA 

Index A1 
Index B2 

Index A1 
Index B3 

Index A1 
Index B4 

Index A1 
Index B5 

Index A1 
Index B6 

Index A1 
Index B7 

Index A1 
Index B8 

Index A1 
Index B17 

Index A2: 
CGTACTAG 

Index A2 
Index B2 

Index A2 
Index B3 

Index A2 
Index B4 

Index A2 
Index B5 

Index A2 
Index B6 

Index A2 
Index B7 

Index A2 
Index B8 

Index A2 
Index B17 

Index A3: 
AGGCAGAA 

Index A3 
Index B2 

Index A3 
Index B3 

Index A3 
Index B4 

Index A3 
Index B5 

Index A3 
Index B6 

Index A3 
Index B7 

Index A3 
Index B8 

Index A3 
Index B17 

Index A4: 
TCCTGAGC 

Index A4 
Index B2 

Index A4 
Index B3 

Index A4 
Index B4 

Index A4 
Index B5 

Index A4 
Index B6 

Index A4 
Index B7 

Index A4 
Index B8 

Index A4 
Index B17 

Index A5: 
GGACTCCT 

Index A5 
Index B2 

Index A5 
Index B3 

Index A5 
Index B4 

Index A5 
Index B5 

Index A5 
Index B6 

Index A5 
Index B7 

Index A5 
Index B8 

Index A5 
Index B17 

Index 6: 
TAGGCATG 

Index A6 
Index B2 

Index A6 
Index B3 

Index A6 
Index B4 

Index A6 
Index B5 

Index A6 
Index B6 

Index A6 
Index B7 

Index A6 
Index B8 

Index A6 
Index B17 

Index A7: 
CTCTCTAC 

Index A7 
Index B2 

Index A7 
Index B3 

Index A7 
Index B4 

Index A7 
Index B5 

Index A7 
Index B6 

Index A7 
Index B7 

Index A7 
Index B8 

Index A7 
Index B17 

Index A8: 
CAGAGAGG 

Index A8 
Index B2 

Index A8 
Index B3 

Index A8 
Index B4 

Index A8 
Index B5 

Index A8 
Index B6 

Index A8 
Index B7 

Index A8 
Index B8 

Index A8 
Index B17 

Index A9: 
GCTACGCT 

Index A9 
Index B2 

Index A9 
Index B3 

Index A9 
Index B4 

Index A9 
Index B5 

Index A9 
Index B6 

Index A9 
Index B7 

Index A9 
Index B8 

Index A9 
Index B17 

Index A10: 
CGAGGCTG 

Index A10 
Index B2 

Index A10 
Index B3 

Index A10 
Index B4 

Index A10 
Index B5 

Index A10 
Index B6 

Index A10 
Index B7 

Index A10 
Index B8 

Index A10 
Index B17 

Index A11: 
AAGAGGCA 

Index A11 
Index B2 

Index A11 
Index B3 

Index A11 
Index B4 

Index A11 
Index B5 

Index A11 
Index B6 

Index A11 
Index B7 

Index A11 
Index B8 

Index A11 
Index B17 

Index A12: 
GTAGAGGA 

Index A12 
Index B2 

Index A12 
Index B3 

Index A12 
Index B4 

Index A12 
Index B5 

Index A12 
Index B6 

Index A12 
Index B7 

Index A12 
Index B8 

Index A12 
Index B17 

Table 3: HEAT-Seq Multiplexing Amplification Primers. Bold indicates primers that are included in the 24 reaction pack size. 

Each PCR reaction must use one A primer and one B primer. To multiplex samples for sequencing, make sure that 
each sample pooled together has a unique combination of A and B. For example if two samples in your sequencing 
pool have A1, then those two samples must have different B primers and sequencing must include both indexing 
reads. The primers provided offer combinations that allow for representation of both Red and Green lasers at each 
cycle of indexing on an Illumina sequencer. For additional guidance, please see Illumina’s Technical Note Nextera 
Low Plex Pooling Guidelines. 
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Appendix C. PCR Cycle Optimization 

The numbers of PCR cycles identified in Chapter 4 are recommendations based on panel size and input of 
recommended amount of high quality DNA. The cycles may have to be increased or decreased depending on user, 
panel, sample type and sample quality. 

Titrate PCR Cycles 
A PCR cycle titration can be performed using one capture amplification by dividing it up into four 25 µL reactions. 
These reaction can test up to four different cycle counts, ranging from approximately 18 to 24 cycles. Run 10 µL of 
the amplified PCR reactions tested on a 4% agarose gel. The optimum cycle count is the one where HEAT-Seq 
product (~288 bp) becomes clearly visible and contains the least amount of non-specific products smaller and/or 
larger than the ~288bp band. A low level of non-specific product will be removed with PCR clean-up, but non-
specific bands that are as dark as or darker than the capture product will not be completely removed and can 
interfere with the performance of the capture. 

The example shown in Figure 3 performs optimally with a total of 21 amplification cycles. If only 19 cycles were 
used, yield may be too low for sequencing. If 23 cycles are used, there may be carryover of non-specific product in 
the clean-up or duplicate rate may be unnecessarily increased. 

 

 
The PCR titration will consume the entire capture and will not be usable for 
downstream use. 

 

 
Figure 3. PCR Cycle Titration Gel. 

Assess Yield and Re-Amplify 
Alternatively, 5 µL of PCR product can be run on an agarose gel to assess yield. The remainder of the product can 
then be amplified with additional cycles if needed. 
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Appendix D. Troubleshooting 

QC Bioanalyzer Electropherograms - Successful Captures 
Below are examples of Agilent Bioanalyzer electropherograms generated when assessing amplified sample quality 
(Chapter 4) that demonstrate successful sample capture using HEAT-Seq Target Enrichment. 

 
Electropherogram Description 

 
 

 

Successful capture product 
 
The peak at ~288 bp is the prominent peak, with good yield 
(>500 pg/µL). 

 

 

Successful capture product with electrical spike artifact 
 
The vertical spikes larger than 280 bp in both examples are due to 
an electrical artifact, and can be ignored. 

 

Successful capture with high yield but marginal specificity  
 
The peak at ~288 bp is present at good concentration 
(>500 pg/µL), but the minor peak present at 18% of the total is 
almost enough to put the capture peak below the 80% cutoff. 
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Successful capture with marginal yield 
 
The 316 pg/µL concentration of the ~288 bp peak is only just 
above the minimum yield for a HEAT-Seq Ultra capture, which is 
300 pg/µL. 

 

Successful capture with high MW peaks 
 
 Higher Molecular Weight products: 

• are likely undigested DNA or non-specific products  
• will be much harder to sequence than the capture 

product at 288 bp. 

  

QC Bioanalyzer Electropherograms - Failed Captures 
Below are examples of Agilent Bioanalyzer electropherograms generated when assessing amplified sample quality 
(Chapter 4) that demonstrate failed sample capture using HEAT-Seq Target Enrichment. 

 

 

 
 

Low yield 
 
The capture peak is not at least 300 pg/µL (HEAT-Seq Ultra) or 
500 pg/µL (HEAT-Seq) or a capture peak is not present. 
 
Possible causes and suggestions for improvement: 

a. DNA was not quantitated with a fluorometric method. 
Solution: Do not use the NanoDrop to quantitate input 
DNA, a fluorometric method must be used. 

b. Less than the recommended amount of DNA was used. 
Solution: Be sure an accurate quantitation method is 
used and be sure the suggested amount of input DNA 
is used. 

c. DNA is low quality. Solution: Perform a PCR cycle 
titration to optimize the HEAT-Seq assay for specific 
sample types to be tested. If more sample is available, 
more input DNA will improve performance when the 
DNA sample is low quality. 

 

Failed exonuclease treatment 
 
A broad peak of larger molecular weight product and big primer 
dimer peaks.  
 
Possible Causes and suggestions for improvement: 

a. Exonuclease treatment not performed. Solution: Follow 
User Guide protocol to prevent missing this step. 

b. PCR machine not set up correctly. Solution: Check 
protocol to insure that PCR machine is set up as 
instructed. 

c. Exonuclease reaction not mixed. Solution: When adding 
enzyme mixture, be sure to vortex as instructed to 
sufficiently mix it with capture reactions. 



Appendix D. Troubleshooting 

HEAT-Seq and HEAT-Seq Ultra Target Enrichment User’s Guide, v1.1  34 

 

Failed PCR 
 
A primer dimer peak is present but no capture product. 
 
Possible Causes and suggestions for improvement:  

a. Only one amplification primer added to PCR Reaction. 
Solution: Use a systematic approach to adding primers 
to reaction tubes. 

b. Capture did not work: No product to amplify causing 
primers to dimer instead of amplifying capture product. 
See suggestions noted already for low/no yield 
captures.  

 

 

Over-amplified 
 
Wavy traces with many broad peaks. If too many PCR cycles are 
performed, many extra non-specific products will form and may 
mask the capture peak. 
 
Possible Causes and suggestion for improvement:.  

a.  Too many PCR cycles and too little DNA input, or DNA 
quality is low. Solution: Perform a PCR Cycle 
Optimization as instructed in Appendix C.  

 

Non-specific product 
 
Non-specific products are more prominent than the capture 
product 
 
Possible Causes:  

a. More probe added to capture than instructed. Solution: 
Be sure only 5.5 µL of HEAT-Seq Probe is added to 
each capture. 

b. Not enough DNA added to capture causing probes to 
interact instead of capturing DNA. Solution: Be sure an 
accurate quantitation method is used and that the 
suggested amount of input DNA is used. 

c. Improper Clean-Up procedure:  
1. Failure to remove all supernatant from 

Clean-Up washes. Solution: Pipette 
supernatant off slowly and repeatedly until 
all volume is removed. 

2. Wrong buffer volumes used in Clean-Up. 
Solution: Double check instructions and 
pipettes to be sure proper volumes are used.  

3. Clean-up Buffer was not mixed. Solution: 
Vortex clean-up buffer sufficiently and often. 
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Appendix E. Limited Warranty 

 
1. Limited Warranty 

A. Products: Roche Sequencing Solutions, Inc. (“Roche”) warrants that its Products conform to its published specifications and are free 
from defects in material or workmanship. Customer’s sole and exclusive remedy (and Roche’s sole and exclusive liability) under this limited 
warranty shall be to either (a) replace the defective Products, or (b) provide Customer with a refund, as solely determined by Roche. 

B. Under no circumstances shall Roche’s liability to Customer exceed the amount paid by Customer for the Services and Products to Roche. 
Roche will bear all reasonable shipping costs if service is re-performed at Roche or the Products are replaced. This warranty does not apply 
to any defect or nonconformance caused by (i) the failure by Customer to provide a suitable storage, use, or operating environment for the 
Materials or Customer’s submission of substandard quality Materials or contaminated or degraded Materials to Roche, (ii) Customer’s use 
of non-recommended reagents, (iii) Customer’s use of the Products, Materials or Data for a purpose or in a manner other than that for 
which they were designed, (iv) the failure by Customer to follow Roche’s published protocols; or (v) as a result of any other abuse, misuse 
or neglect of the Products, Materials or Data by Customer. This warranty applies only to Customer and not to third parties. 

C. TO THE FULLEST EXTENT PERMITTED BY APPLICABLE LAW, ROCHE DISCLAIMS ALL OTHER REPRESENTATIONS, AND WARRANTIES, 
EXPRESS OR IMPLIED, WITH RESPECT TO THE PRODUCTS, SERVICES AND DATA, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED 
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT. CUSTOMER’S SOLE REMEDY 
FOR BREACH OF WARRANTY IS STATED ABOVE. 

D. Any action by Customer against Roche for Roche’s breach of this warranty must be commenced within 12 months following the date of 
such breach. Notwithstanding such 12-month period, within twenty (20) days of the delivery of Data and/or Products to Customer, 
Customer must notify Roche in writing of any nonconformity of the Services and Products, describing the nonconformity in detail; otherwise 
all Services and Products shall be conclusively deemed accepted without qualification. 

2. FURTHER LIABILITY LIMITATION 

TO THE FULLEST EXTENT PERMITTED UNDER APPLICABLE LAW, ROCHE SHALL NOT HAVE ANY LIABILITY FOR INCIDENTAL, 
COMPENSATORY, PUNITIVE, CONSEQUENTIAL, INDIRECT, SPECIAL OR OTHER SIMILAR DAMAGES, HOWEVER CAUSED AND 
REGARDLESS OF FORM OF ACTION WHETHER IN CONTRACT, TORT (INCLUDING NEGLIGENCE), STRICT PRODUCT LIABILITY OR 
OTHERWISE, EVEN IF ROCHE HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. CUSTOMER UNDERSTANDS THAT ANY 
RISKS OF LOSS HEREUNDER ARE REFLECTED IN THE PRICE OF THE SERVICES AND PRODUCTS AND THAT THESE TERMS WOULD 
HAVE BEEN DIFFERENT IF THERE HAD BEEN A DIFFERENT ALLOCATION OF RISK. 

If you have any questions concerning service of this product, please contact your local Roche Technical Support. Go to 
sequencing.roche.com/support.html for contact information. 

Evidence of original purchase is required. It is important to save your sales receipt or packaging slip to verify purchase. 

 

http://sequencing.roche.com/support.html
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