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1. OVERVIEW 

As the demand for next-generation sequencing (NGS) 
grows, laboratories must adapt to manage increased 
throughput. The most significant tool in enabling 
increased NGS throughput is the incorporation of an 
automated liquid handling system into a workflow. 
Presented here is the automated implementation of the 
HyperCap workflow, from the SeqCap EZ HyperCap 
v2.0 User’s Guide, on the Agilent Bravo NGS 
Workstation Option B (Bravo B) liquid handling 
system. Included are considerations made in adapting 
the HyperCap workflow and data in support of the 
Agilent Bravo B implementation. 

2. NGS WORKFLOW AUTOMATION 

An automated liquid handling system offers advantages 
in the execution of a workflow. The leading benefits of 
automation include improved consistency in sample 
and reagent handling, greater processing throughput, a 
reduction in hands-on time and, potentially, an overall 
improved turnaround time. All these benefits increase 
reproducibility of results. 

The Roche SeqCap EZ HyperCap workflow was 
designed with automated liquid handlers in mind.  The 
automation-friendly strategies supported in the 
workflow are: transfer volumes within a range of 5 µL to 
200 µL, pipette mixing as a substitute for vortexing, 
workflow simplification whenever applicable (e.g. the 
use of Universal Blocking Oligos) and feasible 
alternatives to technique-sensitive processes (such as 
visual confirmation). 
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Implementing the HyperCap Workflow 

The overall goal of automation is to 
replicate the manual workflow process 
as closely as possible. The extent of 
automation of the workflow is 
dependent upon the automated system 
and its capabilities, such as available 
peripherals, pipetting heads and 
software flexibility. These aspects drive 
overall workflow implementation 
considerations. 

For the Agilent Bravo B platform, the 
following features affect the HyperCap 
workflow implementation: 

• Use of the Agilent LT250 96-
multichannel head: Samples 
and reagents must be plated in 
automation-compatible 
(ANSI/SLAS standard) plates. 
Plating in multiples of 8 allows 
for per-column well 
processing. 

• Master mix preparation in 96-
well plates: As the Agilent 
Bravo B is designed for 
processing liquids within 
automation-compatible 
plates, reagent master mixes 
are best prepared manually then plated into wells by column. Plating reagents also requires sufficient excess 
volume per well to ensure sufficient volumes are transferred during method execution. 

• Disposable tip volume: The tip filter affects the working volume of the Agilent LT250 disposable tips. 
160 µL functions as the safe maximum volume to avoid liquid contact with the filter. To avoid multiple 
liquid transfers, 80% ethanol was reduced to 160 µL, and 200 µL capture wash buffer additions were 
reduced to 150 µL. 

• High-temperature incubations and thermal cycling off-deck: Without an on-deck thermal cycler, PCR 
incubations must occur externally to the Agilent Bravo B. Other high-temperature incubations are also 
performed externally on account of evaporation within an open plate environment. 

Following the above considerations and workflow adjustments, the automated SeqCap HyperCap workflow 
performance was evaluated using a well characterized HapMap DNA sample with the SeqCap EZ Human Oncology 
Panel and the SeqCap EZ MedExome Panel. The KAPA DNA HyperPlus Library Preparation Kit and both SeqCap 
(single-indexed) Adapter Kits and KAPA Dual-Indexed Adapters were used for library preparation. 

Figure 1: Overall HyperCap workflow. Extent of automation implementation is 
dependent on many factors, including choice of system, peripherals and software 
capabilities. 
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3. EXPERIMENTAL PLAN 

Prior to library preparation, input genomic DNA material was buffer exchanged using a 2.5X ratio AMPure XP 
Beads cleanup to remove residual EDTA. For validation of the automated HyperCap workflow on the Agilent Bravo 
B liquid handler, libraries from 100 ng of reference genomic DNA (Coriell Institute NA12891) were generated 
following the KAPA HyperPlus library preparation as in the SeqCap EZ HyperCap User’s Guide (v2.0) with 
additional modifications described  in the Appendix below. 

Following PCR amplification and prior to hybridization, libraries were manually quantified and pooled to 1 µg total 
multiplexed library for SeqCap EZ MedExome Panel (6-plex) and SeqCap EZ Human Oncology Panel (8-plex) 
captures. Execution of hybridization and post-hybridization processing was performed as detailed in the SeqCap EZ 
HyperCap User’s Guide (v2.0) with additional modifications described in the Appendix below. 

All library preparation and target enrichment master mixes, cleanup buffers and adapters were manually prepared 
and plated prior to Agilent Bravo B execution. Incubations of library preparation reactions, hybridization and PCR 
amplifications were performed on an external thermal cycler, while the 20 °C adapter ligation incubation was 
executed on the Agilent Bravo B platform. The high-temperature incubations were performed external to the Agilent 
Bravo B to prevent evaporation due to the open air environment. 

4. RESULTS 

Prior to SeqCap hybridization, sample libraries were quantified by Thermo Fisher Nanodrop 8000 to ensure 1 µg 
yield. Fragment size distribution was assessed on an Agilent 2100 Bioanalyzer DNA 1000 chip. All resulting single- 
and dual-indexed libraries exhibited proper sizing with an average fragment length of around 330 – 350 bp; no 
adapter dimer peaks were observed. Figure 2 shows an overlay of 32 Bravo B-prepared SeqCap single-indexed 
sample libraries; KAPA dual-indexed libraries present the same profile (data not shown). 

Figure 2: Comparison plot of fragment size-distribution traces for SeqCap single-indexed pre-capture libraries 
generated on the Agilent Bravo B. Libraries were run on an Agilent 2100 Bioanalyzer using DNA 1000 chips. X-axis: base 
pairs (bp); Y-axis: Fluorescent Units. 
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Following target enrichment, all post-capture sample yields passed the 500 ng yield minimum and were 
subsequently sequenced in accordance with specific panel needs. SeqCap EZ MedExome captures were sequenced 
on an Illumina HiSeq 2500 instrument using Rapid v2 chemistry, 2x101 paired-end sequencing; SeqCap EZ Human 
Oncology Panel captures were sequenced on an Illumina MiSeq instrument using MiSeq v2 chemistry, 2x101 bp 
paired-end sequencing. 

Sequencing data was analyzed following the steps outlined in the SeqCap EZ data analysis technical note (see: How 
To… Evaluate SeqCap EZ Target Enrichment Data). 

Resulting data for the SeqCap EZ Human Oncology Panel (3 captures, 24 representative libraries, Figure 3) showed 
consistent percent on-target reads averaging 81.7%, with a minimum 20X depth of coverage averaging 90.8%. 
Uniformity performance, measured through the fold-80 base penalty metric, was consistent between the three 
represented captures at an average of 2.17. 

SeqCap EZ MedExome data (3 captures, 18 representative libraries,  Figure  4) also exhibited consistent performance 
for overall percent on-target reads (averaging 90.4%) and two 20X depth of coverage metrics for coding DNA 
sequences (averaging 95.5%) and medically relevant regions (averaging 98.7%). The fold-80 penalty uniformity 
metric was also consistent between the three captures, averaging 1.97. 
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Figure 3: Representative capture quality metrics post-sequencing analysis for 8-plex SeqCap EZ Human Oncology 
Panel-captured Dual-Indexed libraries. Each bar represents one 8-plex capture, averaged across the 8 samples 
represented. 
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Figure 4: Representative capture quality metrics post-sequencing analysis for 6-plex SeqCap MedExome-captured single-indexed libraries. 
Each bar represents one 6-plex capture, averaged across the 6 samples represented. Additional depth of coverage metrics were generated 
for specifically-identified subsets of the MedExome panel: coding DNA sequences (CDS) and medically relevant regions. 

5. DISCUSSION 

Automating a workflow process imparts consistency in sample and reagent handling and resulting performance 
metrics. Gains from automation are also realized in increased operator hands-free time and improved turnaround 
time. 

Validation of the Roche HyperCap workflow on the Agilent Bravo B platform provided an opportunity to assess 
workflow performance, when modified to accommodate automation. The success of the target enrichment, as shown 
in the sequencing analysis, demonstrated that the implementation strategies and platform-specific considerations 
described in this note were appropriate for the workflow. Additionally, these strategies, as applied to the Agilent 
Bravo B, can likely be adapted to other liquid handling platforms to provide similar success with the HyperCap 
workflow. 

For more information on automation of SeqCap EZ workflows, contact your local Roche Technical Support. Go to 
sequencing.roche.com/support.html for contact information. 
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http://sequencing.roche.com/support.html
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6. APPENDIX 

HyperCap Workflow Modifications 

Prepare KAPA HyperPlus Library & Amplify the Sample Library Using LM-PCR 
Workflow Step(s) Modification 

Master Mix Preparation 

– Reagents and master mixes were plated with an 18% excess volume 
plus 10 µL static dead volume per reagent plate well. Manual 
preparation of master mixes used an additional 5% excess volume for 
each component to ensure adequate plating. All reagents were 
plated ahead of library preparation execution. 

– The Master Mix reagent plate was held at 4 °C on-deck. 
– AMPure XP Beads were plated with 15% excess plus 15 µL dead 

volume per well. 80% ethanol was plated in a reservoir with 30 mL 
dead volume. 

All Cleanup steps 
– 160 µL 80% Ethanol was used for AMPure XP Beads wash steps. 
– Bead resuspension prior to elution steps included a 2 minute shake 

at 1400 RPM. 

Post-Ligation Cleanup 

– Bead Binding Time:    5 minutes 
– Magnet Binding Time:    15 minutes 
– Ethanol Wash Time:    0.5 minutes 
– Bead Drying Time:    2 minutes 
– Bead Resuspension Binding Time:  2 minutes 
– Bead Resuspension Magnet Binding Time:  2 minutes 

Double-Sided Size Selection 
Cleanup 

– Bead Binding Time:    5 minutes 
– Magnet Binding Time:    5 minutes 
– Ethanol Wash Time:    0.5 minutes 
– Bead Drying Time:    2 minutes 
– Bead Resuspension Binding Time:  2 minutes 
– Bead Resuspension Magnet Binding Time:  2 minutes 

Pre-Capture LM-PCR 
Amplification 

– 9 cycles of PCR amplification were used for both the SeqCap EZ 
Single-Index- and KAPA Dual-Index-ligated libraries. Additional PCR 
cycles ensured that the resulting libraries met the singleplex capture 
input requirement of 1 µg total library material. 

Purify the Pre-Capture LM-
PCR Amplified Sample Library 

– 1X cleanup was performed using 50 µL AMPure XP Beads. 
– Bead Binding Time:    5 minutes 
– Magnet Binding Time:    5 minutes 
– Ethanol Wash Time:    0.5 minutes 
– Bead Drying Time:    2 minutes 
– Bead Resuspension Binding Time:  2 minutes 
– Bead Resuspension Magnet Binding Time:  2 minutes 
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Hybridize the Sample and SeqCap EZ Probe Pool 
Workflow Step(s) Modification 

Prepare the Hybridization 
Sample 

– COT Human DNA and Universal Blocking Oligos were master mixed 
together prior to the hybridization setup (10 µL total per sample; 5 µL 
each of COT Human DNA and Universal Blocking Oligos). This 
master mix was manually prepared with 5% excess volume then 
plated with 10% excess volume. 

– The Multiplex Sample Library Pool was normalized to 57 µL total 
volume. 

– AMPure XP Beads addition was set at 134 µL for a 2X cleanup after 
the addition of 10 µL COT DNA and UBOs. 

– The SeqCap EZ Probe Pool, 2x Hybridization Buffer and Component 
A were master mixed prior to the hybridization setup (15 µL total per 
sample; 7.5 µL 2X Hybridization Buffer, 3 µL Component A, and 
4.5 µL SeqCap EZ Probe Pool). This master mix was plated with 3% 
excess volume per component then plated with no additional excess 
volume. 

– AMPure XP Beads were plated with 15% excess plus 15 µL dead 
volume per well. 80% ethanol was plated in a reservoir with 30 mL 
dead volume. 

Hybridization Setup cleanup 

– 160 µL 80% Ethanol was used for the AMPure XP Beads wash step. 
– AMPure XP Beads resuspension prior to the elution step included a 5 

minute shake at 1500 RPM. 
– Bead Binding Time:    5 minutes 
– Magnet Binding Time:    8 minutes 
– Ethanol Wash Time:    0.5 minutes 
– Bead Drying Time:    5 minutes 
– Bead Resuspension Binding Time:  5 minutes 
– Bead Resuspension Magnet Binding Time:  3 minutes 

Hybridization Setup elution 

– The 15 µL master mix of the SeqCap EZ Probe Pool, 2x Hybridization 
Buffer and Component A was used to resuspend the AMPure XP 
Beads pellet. The 15 µL was then transferred following AMPure XP 
Beads pelleting for the final hybridization reaction setup. 
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Wash and Recover Capture Multiplex DNA Sample & Amplify Captured Multiplex DNA Sample Using LM-PCR 
Workflow Step Modification 

Prepare the Capture Beads – Capture Beads were aliquoted and washed per-well (50 µL per 
sample). 

Wash the Capture Beads Plus 
Bead-Bound DNA 

– 150 µL Stringent Wash Buffer, Wash Buffer I, Wash Buffer II and 
Wash Buffer III was used for wash steps using 200 µL. 

– The same broadcast plate was used for the Stringent Wash Buffer, 
Wash Buffer I, Wash Buffer II and Wash Buffer III plating. The plate 
was evacuated prior to the next buffer addition. 

Prepare the Post-Capture LM-
PCR Master Mix 

– No additional water volume was added to the bead-bound DNA prior 
to Post-Capture LM-PCR setup. 

Purify the Amplified Captured 
Multiplex Sample using 
AMPure XP Beads 

– 160 µL 80% Ethanol was used for the AMPure XP Beads wash steps. 
– The AMPure XP Beads resuspension prior to the elution step 

included a 2 minute shake at 1400 RPM. 
– Bead Binding Time:    5 minutes 
– Magnet Binding Time:    5 minutes 
– Ethanol Wash Time:    0.5 minutes 
– Bead Drying Time:    2 minutes 
– Bead Resuspension Binding Time:  2 minutes 
– Bead Resuspension Magnet Binding Time:  2 minutes 
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