
A novel, single-tube enzymatic fragmentation 
and library construction method enables fast 
turnaround times and improved data quality  
for microbial whole-genome sequencing
Next-generation whole genome sequencing of microbes demands rapid, robust, 

sequence data across a wide range of genome sizes, complexities and genomic  
GC content. In this Application Note, we describe a streamlined library preparation 
method that results in minimal bias, high uniform coverage, and facilitates  
de novo assembly of microbial genomes.
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Escherichia coli (51% GC)

 (29% GC)

Bordetella pertussis (68% GC)

Figure 1. Bacterial species 
used for library preparation 
and sequencing.

INTRODUCTION
Whole-genome sequencing (WGS) of microbes employing next-

generation sequencing (NGS) technologies enables pathogen 

scale and level of resolution—thereby profoundly impacting 

diagnostic microbiology and public health. To fully capitalize on 

de novo 

and re-sequencing applications.

A major focus area in NGS library construction for microbial WGS 

has been the elimination of mechanical shearing—which requires 

solutions based on transposases (“tagmentation”) or mixtures of 

sequence data quality (coverage depth and uniformity)—particularly 

for organisms with extreme (highly GC- or AT-rich) genomic content.

The KAPA HyperPlus Kit is a robust and versatile kit for the 

construction of DNA libraries for Illumina sequencing from a range 

a novel enzyme cocktail—offers the speed and convenience of 

ligation-based library construction from Covaris-sheared DNA. 
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EXPERIMENTAL DESIGN
Current Illumina® library construction methods employing 

non-mechanical solutions for DNA fragmentation have three 

which is related to sensitivity with respect to DNA input; (ii) 

introduced during fragmentation and/or compulsory library 

and alter the representation of input DNA that is converted 

to usable reads—ultimately affecting coverage depth and 

de novo 

genomes.

three bacteria from whole genome shotgun libraries prepared 

using four different fast library construction strategies. The 

four methods were compared with respect to key library 

de novo assembly metrics.

Escherichia coli Bordetella pertussis  

are all relevant for human health and were selected to 

represent a wide range of genomic GC content. 

Library preparation methods are summarized in Table 1. The 

KAPA Hyper Prep Kit with Covaris-sheared DNA represents 

preparation. The KAPA HyperPlus Kit contains the novel KAPA 

work synergistically with the KAPA Hyper Prep chemistry to 

of a dsDNA nicking enzyme and an endonuclease. Both the 

The Nextera XT DNA Library Preparation Kit from Illumina  

CA) are included at the end of this Note.

Table 1. Library construction methodologies used in this study.

Abbreviation
Fragmentation  

method/kit
Library 

preparation kit
Prep 
time

Hyper Prep Covaris shearing KAPA Hyper Prep Kit 4 h

HyperPlus
KAPA Frag reagent 

for Enzymatic 
Fragmentation

KAPA Hyper Prep Kit 3 h

NEBNext
NEBNext dsDNA 

Fragmentase
Library Prep Kit  

for Illumina
4 h

Nextera
Nextera XT DNA Library Preparation Kit

2.5 h

MATERIALS AND METHODS
Comparative Library Construction

Libraries were prepared in duplicate from 1 ng of bacterial 

obtained from the American Type Culture Collection (ATCC; 

C. 

E. coli

B. pertussis

Tohama 1 (BAA-589). 

performed with reagents supplied in the respective library 

μL 

microtubes 

directly for library construction using the KAPA Hyper Prep 

Libraries were prepared with the KAPA 

Dual-indexed adapter oligos used for both the Hyper Prep 

and HyperPlus methods were obtained from Integrated 

 Input DNA was digested with NEBNext 

 Post-ligation 

size selection was performed with parameters recommended 
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Nextera  Libraries were prepared according to 

Kit for Illumina platforms (Kapa Biosystems). Library size 

instrument and Agilent High Sensitivity DNA Kit (Agilent 

Libraries were normalized and combined into four separate 

Adapter and quality trimming was performed using 

De novo assembly was 

Quast v. 2.3.

High-molecular weight genomic DNA was extracted from 

cultured bacterial isolates; and DNA concentration and 

Libraries were prepared with the KAPA HyperPlus Library 

Preparation Kit according to the manufacturer’s instructions. 

was performed after the post-ligation cleanup. Libraries 

Bioanalyzer instrument and Agilent High Sensitivity DNA Kit. 

Reads were de-multiplexed and basic quality control 

performed. De novo assembly and annotation were carried out 

RESULTS AND DISCUSSION
Comparative Library Construction Metrics

and more variable (Table 2). When taking the number of 

were much higher than needed for library QC and multiplexed 

Higher consistency across species suggests that the Hyper 

suited for high-throughput pipelines than the NEBNext and 

Nextera methods. 

Table 2. Final library yields

Species and  
GC content Hyper Prep

 (14 cycles)
HyperPlus
(14 cycles)

NEBNext
(15 cycles)

Nextera
(12 cycles)

 (29%) 267 223 85 22

E. coli (51%) 279 148 97

B. pertussis (68%) 264 189 25 54

Average 
(all species)

270 ± 8 237 ± 51 43 ± 37 58 ± 38

 on the next page. 

summarized in Table 3. 

Fragment lengths determined with the Bioanalyzer for size-

selected libraries prepared with ligation-based methods 

variation across bacteria. Since long library molecules are not 

yield of sequenceable library achieved with the Nextera 



4 | Microbial whole-genome sequencing
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Libraries prepared from E. coli, and B. pertussis gDNA using the 

Technologies). Peak sizes do not correspond with mass-based library yields 

libraries were diluted to 5 ng/μL for analysis. 

Sequencing Metrics

The four library construction methods used in this study 

associated with fragmentation—which has traditionally been a 

concern with non-mechanical methods—and bias introduced 

the depth and uniformity with which genomes are covered. 

Table 3. Mode library fragment lengths, determined by electrophoretic 
analysis (BioA) or from sequence data (Seq).

Species and  
GC content

Average length (bp)

Hyper Prep HyperPlus NEBNext Nextera

BioA Seq BioA Seq BioA Seq BioA Seq

(29%)
659 385 712 358 694 478 872 566

E. coli  
(51%)

361 749 383 774 438 1563 444

B. pertussis 
(68%)

629 361 683 374 788 452 532

Average  
(all species)

646 369 715 371 752 456 1447 514

Std dev (bp) 13 11 27 41 16 51

metrics are not.

underrepresented or often absent from draft genomes. 

Start site complexity plots (Figure 3) show the nucleotide 

whereas enzymatic fragmentation methods all displayed 

varying degrees of start site bias. The KAPA Frag reagent for 

Start site bias potentially impacts library diversity (number 

of unique reads representing each genome position). Other 

library construction parameters that impact library diversity 

are the amount and quality of input DNA (identical for all 

amount of material for QC and sequencing if the input into 

and ultimately the amount of sequencing that has to be done. 

All of the enzymatic fragmentation methods displayed more 

start site bias than Covaris shearing (the current industry 
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• Bias associated with enzymatic fragmentation in the 

identical for Hyper Prep and HyperPlus. In the HyperPlus 

between the fragmentation and library construction 

chemistries.

• 

rich sequence—presumably as the result of more biased 

representation of “easy” (more GC-balanced) regions 

be performed to achieve the requisite coverage for these 

p. 6) illustrate the impact of different library construction 

the genome. Coverage tracks for 7 – 8 kb portions of the 

C.  toxin genes (tcdA and tcdB); and an 11 kb genomic 

region of B. pertussis spanning genes encoding the pertussis 

was achieved across each region. The NEBNext and Nextera 

methods yielded a much more uneven distribution of aligned 

C.  toxin genes. The 

NEBNext data has two gaps in the GC-rich B. pertussis toxin 
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Figure 3. Start site complexity plots

E. coli B. pertussis

 

G plots would both have a value of ~15% at each position. 
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Figure 5. GC-bias plots

coverage of 1.

For 
were over-represented in the NEBNext and Nextera 

B. pertussis

Figure 6. Selected IGV plots

tcdA and tcdB, and an 11 kb region containing pertussis toxin-encoding  

track at the bottom of each plot represents the DNA sequence (A = 
C =  = yellow and T = red). Areas of low or lumpy coverage for the 
AT-rich 

for which virtually no reads were obtained with NEBNext. 
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Figure 4. Coverage uniformity plots

E. coli B. pertussis
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De novo Assembly

de novo

are being interrogated. Since longer inserts with a tight size 

distribution facilitate de novo 

protocols that provide for tunable fragmentation and size 

selection are essential. All three of the ligation-based library 

The four library construction methods were compared with 

respect to key de novo

NEBNext and Nextera with respect to all metrics.

The GC-rich B. pertussis 

as compared to the E. coli and  genomes. 

Despite the fact that the Hyper Prep and HyperPlus methods 

higher and more uniform coverage translated to fewer and 

AT-rich  genome. The HyperPlus method performed 

similarly or better than the industry-leading Hyper Prep 

start site bias associated with enzymatic fragmentation is 

Meeting the Challenges of Large-scale Genome Projects

and the Centers for Disease Control and Prevention (CDC). 

The project aims to create the largest public database of 

foodborne pathogen draft genomes—to support public health 

and research activities related to pathogen surveillance and 

outbreak management; the diagnosis and epidemiology 

draft genomes have been assembled to date from libraries 

proved to be a major bottleneck in establishing a fast and 

on the quality and utility of data generated using Kapa’s novel 

enzymatic fragmentation solution instead of Covaris shearing. 

high-quality sequence data. Slight bias in the nucleotide 

uniqueness or GC content distribution of reads. 
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Figure 7. De novo assembly metrics

with respect to three key de novo assembly metrics. De novo assembly is 
achieved by the appropriate arrangement of overlapping contigs (collections 

 

this value). 
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De novo

consistent across all the genomes. Calculated GC content 

available. The number of assembled contigs ranged between 

Vibrio 

achieved in the comparative library construction experiment.  

for 96 samples—from isolated DNA to sequencing-ready pool—

improvement in success rates. A higher degree of multiplexing 

(384 libraries/lane) is currently being implemented to further 

optimize coverage and overall sequencing cost. 

CONCLUSIONS
The KAPA HyperPlus Library Preparation Kit is the ideal  

solution for high-throughput microbial whole genome 

robust across a wide range of genome GC contents; and 

thereby facilitating de novo assembly and maximizing 

sequencing cost. 

Table 4. De novo assembly metrics for representative genomes produced by the 100K Pathogen Genome Project

Genus and species

Read 
count 

(PF reads)
Predicted 
coverage

Average 
coverage 

(calculated 
from assembly)

Predicted 
genome 

%GC
Calculated 

%GC

Estimated 
genome size 

(bp)
Assembly 
size (bp)

Assembled 
contigs

N50 
length

Number 
of 

annotated 
genes

Staphylococcus areus 252 168 32 32 44

Staphylococcus areus 225 169 32 32 45

Micrococcus sp. 73 172 N/A 34 41

Micrococcus sp. 93 176 N/A 34 44

Listeria monocytogenes 161 164 38 36 16

Listeria monocytogenes 163 165 38 36 21

Vibrio parahaemolytica 233 166 43 44 77

Vibrio parahaemolytica 123 167 43 44 72

Salmonella bnamdala 194 173 51 55

Pseudomonas tremae 46 66 61 25

Pseudomonas tremae 174 66 62 26

Microbacterium sp. 91 175 65-75 69 13

Microbacterium sp. 86 171 65 26


