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INTRODUCTION
Next Generation Sequencing (NGS) library construction reagents – in particular the probes used to 
enrich targeted regions of the human genome – are essential for obtaining high quality human whole 
exome sequencing (WES) data. The efficient library construction workflow and superior oligo probe 
design and performance of the Twist® Human Core Exome Kit enables increased uniformity and 
deeper coverage of difficult regions while driving down the cost per sample. When automated on the 
PerkinElmer® Sciclone® G3 NGSx workstation (Figure 4), users enjoy interface-guided workflow set-up 
and advanced step tracking (Figure 1), in addition to the higher throughput and reduced variability 
afforded by automation. Metrics generated with automated library preparation, such as yield, mapping 
rate, coverage, and GC bias are comparable to or superior in performance to manual preparation 
observed in this technical note.
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Protocol Initiation

A total of 48 pre-capture Combinatorial Dual Index Long Y-Adapter (CDI Standard Protocol) libraries and 48 pre-capture 
Universal Dual Index Adapter (UDI Protocol) libraries were generated on a Sciclone® G3 NGSx liquid handler using the Twist® 
Bioscience Human Core Exome kit with 50 ng NA12878 genomic DNA inputs. Samples and libraries were quantified using 
fluorescence quantification (Thermo Fisher® Scientific Qubit® fluorometer). Libraries were pooled by mass for subsequent 
hybridization and target enrichment (8 gDNA libraries per exome hybridization reaction). A total of four post capture library 
pools, two for CDI and two for UDI adapters, were taken from hybridization through 2 x 76 bp paired-end sequencing on 
an Illumina® NextSeq® sequencer using a high output kit. Data was demultiplexed and downsampled to 150X and analyzed 
using the Picard Metrics Analysis Suit with a minimum Q-score of 20.

Sciclone® G3 NGSx Workstation for Plate Setup

The Sciclone® G3 NGSx workstation is a bench top liquid 
handler designed to automate the construction of NGS  
libraries. The simplified user-interface and integrated  
hardware directs users on running applications (Figure 1). 
Additionally, workbooks and picture sets are packaged 
with the application to guide proper assay preparation  
(Figure 2) and for tracking automation steps performed 
on the Sciclone® G3 NGSx workstation (Figure 3).

Pre-Capture Process

A. gDNA Library Preparation 

The Twist® Bioscience Human Core Exome gDNA library 
workflow consists of:

• Enzymatic Fragmentation/End Repair/dA-tailing;
• CDI or UDI Adapter Ligation;
• Post-ligation Bead Cleanup; and 
• Pre-capture PCR

The Twist® Bioscience Exome Workbook describes how to 
prepare master mixes and reagent plates to begin a run.  
For Enzymatic Fragmentation/End Repair/dA-tailing and  
Pre-Capture PCR, an off-deck thermal cycler was utilized.  
The CDI or UDI Adapter Ligation incubation was completed  
on the Sciclone® deck. For each of the off-deck thermal  
cycler programs, the user was prompted to remove the plate 
from the Sciclone® deck and place it on the thermal cycler. 
While the Enzymatic Fragmentation/End Repair/dA-tailing 
thermal cycler program was running, the Sciclone®  
application broadcasted the ligation mix for the next step  
and prompted the user to place the Enzymatic  
Fragmentation/End Repair/dA-tailing plate on the deck at 
the completion of its cycler program. The application was 
completed in approximately 2.5 hours.

B. Pre-capture PCR Cleanup: 

This module followed the off-deck PCR amplification  
and was completed in approximately 40 minutes.  
The Twist® Exome Workbook describes how to prepare  
reagent plates for the start of the run.

Figure 1. Sciclone® user interface for the Twist® Bioscience Human Core Exome 
Library Prep automated method

Figure 3. Step-tracking log captures timing of key steps throughout the workflow.

Figure 2. The Microsoft® Excel® Workbook in the Sciclone automated Twist® 
Bioscience Human Core Exome Kit method. The workbook details plate type 
and layout, deck location, and reagent volumes calculated from user input.
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C. Pooling:  

This application step used 80 μL filtered tips because the smaller pooling volumes will likely be required (i.e. 2.5 – 10 μL). 
Each hybridization reaction required a total of 1,500 ng of indexed libraries per hybridization reaction, which was generated 
by pooling 187.5 ng of each pre-capture library from 8 individual libraries. Each library pool contained a set of eight dual 
indexed adapters (CDI or UDI). The 48 CDI or UDI pre-capture libraries were pooled into their respective six 8-plex libraries in 
30 minutes. The volume required for 187.5 ng of each amplified indexed adapter library was calculated by dividing 187.5 ng 
by the gDNA libraries’ concentration values measured using fluorescence quantification. The pooled libraries were desiccated 
off-deck using a Thermo Fisher® Scientific SpeedVac® vacuum prior to proceeding to the Hybridization step.

D. Hybridization Setup: 

Preparation of hybridization libraries was completed in approximately 15 minutes. Lyophilized pooled libraries were 
resuspended in the blocker master mix on the deck of Sciclone® G3 NGSx workstation.

The resulting pooled samples were hybridized off-deck at 70°C for a minimum of 16 hours.

Post-Capture Process

A. Target Capture and Post-capture PCR setup: 

Target capture and post-capture PCR setup took approximately 
3 hours. Streptavidin beads were prepared for probe capture 
using Bead Binding Buffer on deck. Probes were captured using 
the streptavidin binding beads on-deck. The streptavidin beads 
underwent a single room temperature Wash 1 step, followed 
by three 48°C Wash 2 steps, on-deck. On-bead PCR setup was 
completed on-deck. The PCR reaction was performed off-deck 
using a thermal cycler.

B. Post-capture PCR Cleanup: 

This module follows the off-deck PCR amplification step and 
was completed in approximately 40 minutes. 

gDNA and Capture Library Quality Control

Fluorescent quantification and library sizes/profiles were 
checked before pooling for hybridization (post Pre-Capture 
PCR) and next-generation sequencing of the final targeted 
enriched libraries (post Post-Capture PCR). gDNA and  
capture library concentrations were measured using Thermo 
Fisher® Scientific Qubit® broad range and high sensitivity  
assays, respectively. Library sizes/profiles were obtained with  
a LabChip® GX Touch™ nucleic acid analyzer using the NGS  
3K assay.

Results

The PerkinElmer® Sciclone® G3 NGSx workstation protocols 
generated NGS libraries with yields and sizes within the 
expected range of the Twist® Human Core Exome manual.  
With an input of 50 ng of DNA, automated pre-capture  
library yields were comparable to the expected ideal manual concentration, approximately 80 ng/μL, with the size 
distributions averaging 343 bp. After 8 cycles of post-capture PCR amplification, the pooled libraries were purified.  
The yields were within the Twist® BioScience specified expected range of 10-20 ng/μL and the size distributions  
averaging 346.3 bp. (Table 1).

Figure 4. Sciclone® G3 NGSx deck layout for complete library preparation.

Figure 5. Overlay of Y- adapter pre-capture libraries generated with DNA NGS 
3K Reagent Kit on LabChip® GX Touch™ nucleic acid analyzer.
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Following quantification and library size/profile evaluation of the libraries, the exome targeted enrichment libraries were 2 x 76 
bp paired end sequenced on an Illumina® NextSeq® sequencer using a high output kit. Results for the NA12878 libraries featured 
comparable values for relevant sequencing metrics (Table 2) including coverage, GC percentage, and mapping quality. The 
sequencing statistics indicated that automating the Twist® Bioscience Human Core Exome Kit workflow on the Sciclone® G3 
NGSx workstation generated libraries of similar or superior quality, with a concomitant dramatic boost in throughput when 
compared to manually prepared libraries. All variables considered, libraries generated on the Sciclone® G3 NGSx workstation 
achieved data equivalent to libraries prepared manually.

Conclusion

The Twist® Bioscience Human Core Exome kit provides 
a simplified workflow for generating high quality exome 
sequencing libraries that can be combined with the  
user-friendly automation capabilities of the Sciclone® G3 
NGSx workstation. This collaboration provides users with 
a reliable high-throughput solution to achieving the high 
uniformity and on-target data.

Figure 6. Overlay of UDI adapter pre-capture libraries generated with DNA 
NGS 3K Reagent Kit on LabChip® GX Touch™ nucleic acid analyzer.

Figure 7. Overlay of two final Y-adapter post-capture libraries generated with 
DNA NGS 3K Reagent Kit on LabChip® GX Touch™ nucleic acid analyzer.

Figure 8. Overlay of two final UDI adapter post-capture libraries generated with 
DNA NGS 3K Reagent Kit on LabChip® GX Touch™ nucleic acid analyzer.

Post-Capture 
Library

Qubit® Value 
(ng/µL)

Mean Size 
(bp)

Y-Adapter
Hyb A1 19.9 350

Hyb B1 22 354

UDI Adapter
Hyb G1 11.5 337

Hyb H1 11.2 344

Table 1. Quant values and peak size of final post capture libraries for both protocols.

Table 2. Table of sequenced data metrics for both adapter types.

Y-Adapter UDI Adapter

Total Unique Molecules Observed 300M-450M 300M-400M

Median Insert Size 160-170 bp 150-165 bp

Depth of Coverage 30x 85-95% ~93%

Depth of Coverage 20x >94% >96%

Uniformity of Coverage 1.36-1.41 1.38-1.44

Percent off Bait <18% <22%

Duplication Rate 2.5-3.5% 3-4%

AT Dropout Rate <2% <2%

GC Dropout Rate <3.5% <3%

Zero Coverage Target <1.3% <1.3%


