
Abstract

Conclusion

Normalase is an enzymatic NGS library normalization procedure that
produces libraries with a specified molar concentration. This eliminates the
need for library quantification and concentration adjustment prior to library
pooling, resulting in optimal clustering density and index balance.
Normalase is bead-free and does not use a limited capacity immobilization
step which saves time and improves performance. Instead, following PCR
amplification, each library is incubated with Normalase reagents to
produce a set of equimolar samples for simple pooling. Normalized
libraries can then be directly sequenced without additional purification.
Normalase allows for more than 10-fold variation in input quantity, while
generating less than 10% variation in sample clustering within a pool.
Sequence analysis of normalized libraries indicates that performance
metrics such as coverage, complexity, base composition and coverage
uniformity are not affected. At the same time, the Normalase procedure
offers a significant reduction in time, number of steps, cost and the
likelihood of errors in loading when preparing samples for high throughput
sequencing without affecting biological data endpoints such as allele
frequency. In addition, size-independent normalization by Normalase is
beneficial for libraries produced by transposon-mediated or enzymatic
fragmentation where a broad size distribution complicates molarity
calculation. It can also be used for library normalization and pooling in
hybridization-capture protocols.

Introduction

Normalase – A Novel Library Normalization Tool for High-
Throughput NGS
Dustin Masser, Robert Stedtfeld, Vladimir Makarov, Justin Lenhart

Swift Biosciences, Inc. 
674 South Wagner Road • Ann Arbor, MI  48103 wwwswiftbiosci.com

© 2018, Swift Biosciences, Inc. The Swift logo is a trademark of Swift Biosciences. This product is for Research Use Only. Not for use in diagnostic procedures. Q5 High-Fidelity DNA Polymerase
Is a registered trademark of New England Biolabs, Inc. MiSeq is a registered trademark of Illumina, Inc. . 18-2288, 10/18 www.swiftbiosci.com

Swift Biosciences, 674 S. Wagner Road, Ann Arbor, MI 48103, Tel: 734.330.2568

ASHG 2018 : #1807T

Results
Only 12nM Required for 4nM Normalization

Normalase Qubit qPCR BioAnalyzer

Underlying 
Technology

Enzymatic 
Normalization

Fluorescence 
Spectroscopy

Fluorescence 
Spectroscopy

Capillary Gel 
Electrophoresis

Molar 
Normalization ✓ ✗ ✗ ✗
Analysis-free 
Normalization ✓ ✗ ✗ ✗
Dilution-free 

Normalization ✓ ✗ ✗ ✗
Doesn’t 

Require a 
Fragment 

Size Estimate
✓ ✗ ✗ ✗
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Pre-Normalase qPCR

Normalase is a novel NGS library normalization approach that produces
libraries with specified molar concentration and removes any guesswork
associated with library size

• Employs two enzymatic incubations (15 minutes each) for proper
normalization

• Minimal hands-on time (≤ 5 minutes total)

• Precisely and accurately normalizes NGS libraries from up to a 100 fold
molar variation

• Eliminates concentration adjustments of each sample

• Ideal for automation

• Normalase Indexing PCR – Normalization compatible with indexing PCR step

• Normalase PCR-Free – Normalization without amplification of libraries

• Normalase Pre-hybridization – Normalization of libraries prior to hybridization steps

Next Steps of Normalase Development

Robust Library Balancing

Reproducible Performance Across 
Sequencing Platforms

Normalase is a simple proprietary method for enzymatic NGS library normalization,
producing libraries with an absolute target molarity for multiplexed sequencing
applications. The protocol is designed for workflows that produce consistent amplified
library yields of 12nM or more following library amplification and generates a normalized
library pool of 4nM. The Normalase workflow does not require quantification and is a bead-
free normalization method where equal volumes of each library are pooled to simplify high
throughput sequencing.

Figure 1) The Normalase workflow begins during library preparation by replacing the
conventional library amplification primers with Normalase primers followed by a standard
bead-based cleanup and eliminates the need for library quantification. Instead of traditional
library quantification methods followed by manual library dilution and pooling, Normalase
consists of two 15 minute incubations where equimolar amounts of libraries are
enzymatically selected, pooled, and normalized yielding a single 4nM library pool ready for
sequencing.

Figure 2) Conventional library amplification with Normalase primers increases the amount
of indexed adapter libraries to ≥12nM and conditions the libraries for Normalase I and II
incubations. Following a standard purification, 4nM of each library is enzymatically
selected during the first step. After Normalase I, all libraries are combined into a single
pool. The Normalase II step enzymatically normalizes all libraries within the pool to 4nM.
Without the need for further purification, the pool is ready for sequencing.

Table 1) Benefits of Normalase compared to traditional library quantification methods are
absolute molar normalization, analysis-free normalization, dilution-free normalization, all
without requiring fragment size estimates of each library.

Figure 3) Replacing library amplification primers with Normalase primers is necessary to
condition the libraries for downstream normalization. Only 12nM of amplified library is
required for input into the Normalase I reaction. Theoretical schematic demonstrating the
need for amplified libraries to be ≥12nM before Normalase for 4nM normalization after
Normalase. All amplified libraries ≥12nM (green line) will be normalized properly to 4nM
(red line) after Normalase. Those libraries that are <12nM will not be normalized to 4nM
and will have a molarity less than 4nM. Therefore libraries that are routinely amplified
≥12nM, can be run through Normalase without changes to cycle number, while libraries
<12nM will need an extra cycle or two of amplification.

Figure 4) A. Libraries generated with 50ng Coriell NA12878 DNA were amplified for 6
cycles with Normalase primers using three different DNA polymerases; NEB Q5® HiFi,
Kapa HiFi, and Swift HiFi (n=5 libraries/polymerase). All polymerases tested amplified
libraries to ≥12nM, meeting the minimum threshold for Normalase. B. Amplified libraries
were normalized with Normalase and sequenced on the Illumina MiSeq using a V2 Mico
flowcell 1x50 cycles. Performance of Normalase normalization was equivalent across the
three HiFi polymerases. The variation across libraries was calculated at a coefficient of
variation (CV) of 8.7%.
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Figure 5) A. 16 Swift 2S Turbo Flexible libraries generated with 1-250ng of Coriell
NA12878 DNA were amplified with Normalase with the recommended 10-3 PCR cycles to
yield ≥12nM, confirmed by qPCR. Libraries were either normalized with Normalase (B) or
manually diluted to 4nM based on the qPCR quant and pooled (C), both pools were
sequenced on individual Illumina MiSeq® V2 Standard flowcells 1x50 cycles. B. The
Normalase normalized libraries loaded at 12pM clustered at 892K/mm2 and the index
balance variation was calculated to be a CV of 5.6%. C. qPCR manually normalized
libraries loaded at 10pM clustered at 848K/mm2 and the index balance variation was
calculated to be a CV of 23.9%. Both Library pools performed within specifications of
MiSeq clustering, but Normalase provided 4-fold better library balancing.
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Figure 6) The same Normalase normalized 16 2S Turbo Flexible libraries from Figure 5
were also sequenced on the Illumina MiniSeq and iSeq 100 to test clustering performance
on additional sequencers. A. Libraries were loaded at 1pM on the MiniSeq Mid Output
2x151 and clustered at 188K/mm2 with a index balance CV of 9%. B. Libraries were loaded
at 50pM i1 cartridge 2x101 and yielded 5.86M reads with a index balance CV of 8%.
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Illumina MiniSeq – 188K/mm2
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Compatible Workflows
• Libraries with full-length indexed adapters

• Libraries that have an amplified yield of consistently ≥12nM (20μL volume)

• Libraries prepared for direct sequencing (i.e., whole genome, whole transcriptome)

• Target enriched library pools post-hybridization capture

Figure 7) 16 Libraries amplified with Normalase primers to 30, 20, 15, and 12nM (n=4
libraries/concentration) were used for input into Normalase and processed four
independent times. A. Libraries were confirmed to be the desired concentration and above
12nM. Error Bars: SD. B. Post-Normalase sequencing results for indexing balance of the
four independent runs through Normalase using the same 16 libraries. The overall index
balance variation was calculated to be a CV of 7.3%, demonstrating reproducible
normalization across Normalase and sequencing runs.
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Post-Normalase Sequencing

Run 1 Run 2 Run 3 Run 4

Robust Performance Across Variable 
Insert Sizes

Loading (pM) Cluster Density 
(K/mm2) # of libraries Library Balance 

(CV%) Insert Size

12 1370 6 9.7 150
12 804 16 6.5 200
12 918 16 7.1 200
12 972 16 8.0 200
12 1043 16 8.2 200
12 856 16 9.5 350
12 1157 6 5.4 350
12 1070 5 3.7 600

Table 2) Expected and consistent cluster generation using MiSeq V2 chemistry from
library pools normalized to 4nM using Normalase.
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