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Abstract

Next Generation Sequencing requires the input of high molecular weight genomic

DNA to construct quality libraries for whole genome bacterial sequencing. Large

scale sequencing projects, such as the 100K Pathogen Genome Project, require

methods to rapidly assess the quantity and quality of the input DNA using

high-throughput methods that are fast and cost effective. In this study, the Agilent

2200 TapeStation and Agilent 2100 Bioanalyzer Systems were used to assess a few

critical quality control steps for library construction. With minimal manual interven-

tion, the Agilent 2200 TapeStation System determined the quality of genomic DNA,

fragmented DNA, and final libraries constructed from multiple types of foodborne

pathogens. The Agilent 2200 TapeStation System provided a single platform that

effectively evaluated the necessary quality control steps, which provided a distinct

advantage to decrease the time needed for library construction and a common

instrument methodology for quality control. 
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Introduction

Reduced costs and higher throughput have rendered microbial
whole genome sequencing (WGS) accessible to many appli-
cations in infectious disease, food safety, and public health,
resulting in the production of thousands of genomes. This
contribution is especially important to food security because it
represents a consortium of government, academic, and indus-
trial partners in a global effort to make these sequences
public. The 100K Pathogen Genome Project
(http://100kgenome.vetmed.ucdavis.edu/) has committed to
sequencing 100,000 bacterial zoonotic and foodborne
pathogens from around the globe. As a large scale next 
generation sequencing project, it requires high-throughput
procedures from DNA extraction to library construction and
sequencing. This capacity demands an automated library 
construction workflow to enable the reliable and robust
sequencing pipeline, which in turn creates a need for robust
and high-throughput quality control steps to be established.

NGS library construction comprises repetitive processes,
making it adaptable to automation. Automation offers many
advantages, including sample throughput, reduced hands-on
time, greater reproducibility, and improved process control [1].
However, the development and validation of automated proto-
cols is not trivial. In the preparation for sequencing such a
large number of microbial genomes, DNA quantification (and
size qualification) is extremely important in many steps of the
pipeline, and is a challenge with current automated instru-
ments (Figure 1). The additional quality checks needed during
library construction creates a need for a streamlined process
to rapidly assess genomic DNA (gDNA) as well as fragmented
DNA. A method to check the quality of gDNA extracts, DNA
shearing protocols, and final library constructions directly in a
96-well plate format would significantly increase throughput. 

Genomic DNA extracts are often analyzed on agarose gels,
but this approach is not suitable for a high-throughput 
workflow. Size estimation against a ladder coupled with 
densitometry to determine concentration offers low resolution
and cannot be automated. Currently, the Agilent 2100
Bioanalyzer System can size fragments up to 12,000 base
pairs (bp), which is much smaller than gDNA. Consequently,
the 2100 Bioanalyzer System is not applicable to DNA extrac-
tion QC steps. The 2100 Bioanalyzer System can run 12 sam-
ples at a time, which are hand-pipetted and cannot be loaded
onto the instrument automatically from a 96-well plate.
Therefore, evaluation of gDNA quality (that is, lack of degra-
dation) is crucial because the next step in library preparation
for automated sequencing is DNA shearing, which depends
on consistent high molecular weight gDNA [2]. 

The gDNA is sheared to an optimal size range depending on
the sequencing technology. Sheared gDNA was evaluated to
confirm a normal size distribution centered around ~300 bp
before the samples were placed on the Agilent NGS
Workstation for library construction [3]. 

Agilent Technologies recently introduced the Agilent 2200
TapeStation System for DNA quantification and sizing. The
96-well plate sample format offers multiplexing, which leads
to faster analysis times, and offers streamlined workflows for
microbial library preparation for a project of this magnitude.
DNA analyses on the 2200 TapeStation system are performed
using the ready-to-use Genomic DNA ScreenTape and
Genomic DNA Reagents [4,5]. The 2200 TapeStation instru-
ment automatically loads the prepared samples from the
96-well plate onto the Genomic DNA ScreenTape.
Electrophoresis and imaging of an electropherogram or a gel
image are all automated within the instrument. This applica-
tion note presents a comparative study between the quantifi-
cation of microbial gDNA, sheared DNA, and the final library
obtained with the 2200 TapeStation System using Genomic
DNA ScreenTape and High Sensitivity D1000 ScreenTape
System to Agilent 2100 Bioanalyzer System, the accepted
standard for DNA/RNA fragment QC assessment [5,6,7,8].

Materials and Methods

The 100K Pathogen Genome Project sample preparation 
workflow begins with high molecular weight gDNA followed
by production of sheared DNA for library construction.
Isolates were chosen to validate the entire library construc-
tion pipeline quality control using 2200 TapeStation System
from specific bacterial isolates across a range of different GC
content and genomes sizes (Table 1). DNA was extracted and
followed by a cleanup with Qiagen QIAamp DNA Mini Kit
(51306) using the manufacturer’s instructions [9] to produce
gDNA for all isolates tested. 

The extracted gDNA was analyzed using the 2200 TapeStation
for high molecular weight gDNA before shearing and library
construction (Table 1) [5,6]. gDNA was sheared in batches of
96 samples using microtubes with the Covaris E220 Focused
Ultrasonicator [10,11]. The sheared DNA size range was
determined with the High Sensitivity DNA Kit on the Agilent
2100 Bioanalyzer system and 2200 TapeStation System with
the High Sensitivity D1000 ScreenTape assay to measure the
fragment distribution with desired sizes between ~200 to
300-bp (Table 1) [5,6,7,4]. Fragmented DNA was quantified
using the method detailed by Jeannotte et al. (5991-4003EN)
that describes use of the Agilent 2200 TapeStation system
[12]. 
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Figure 1. 100K Pathogen Genome Project sample preparation workflow for multiplexed, short read
Illumina sequencing using the Agilent 2200 TapeStation System and Agilent 2100
Bioanalyzer for quality control. 

Table 1. Comparison of library construction metrics for libraries prepared from different bacteria using the Agilent 2100 Bioanalyzer and the 
Agilent 2200 TapeStation Systems

Average Shearing Size QC (bp) Average Library Size QC (bp)

Bacterium Gram reaction
Approximate 
genome size (Mb)

GC content
(%)

Agilent 2100
Bioanalyzer 

Agilent 2200
TapeStation 

Difference 
(bp)

Agilent 2100
Bioanalyzer 

Agilent 2200
TapeStation 

Difference
(bp)

Campylobacter Negative 1.7 30 205 248 43 304 310 6

Staphylococcus Positive 2.8 32 180 205 25 303 302 1

Lactococcus Positive 2 35 179 235 56 290 301 11

Listeria Positive 2 38 204 234 30 300 289 11

Vibrio Negative 5 43 208 205 3 301 287 14

Escherichia Negative 5 51 260 255 5 320 312 8

Salmonella Negative 5 52 263 270 7 279 307 28

Pseudomonas Negative 5.2 66 250 250 0 294 295 1

Micrococcus Positive 2.5 70 245 240 5 310 320 10
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The sheared DNA input used for library construction
(KAPA HTP Library Preparation Kit KK8234; Kapa Biosystems,
Boston, MA) was normalized to 1–5 µg for all samples
(Figure 2) [13]. The standard KAPA protocol with dual-SPRI
size selection after adapter-ligation was used to construct
libraries that resulted in fragment distribution of 250–499 bp.
After library amplification, final libraries were confirmed with
the High Sensitivity DNA Kit on the 2100 Bioanalyzer System
and 2200 TapeStation System with DNA High Sensitivity Kit to
be between 200–500 bp. Libraries were quantified with the
qPCR-based KAPA Library Quantification Kit (KK4824) prior to
normalization and pooling before sequencing [14] at
BGI@UCD Davis (Sacramento, CA) using the Illumina HiSeq
2000 (San Diego, CA).

Results and Discussion

Prior to shearing, the extracted DNA was analyzed using the
2200 TapeStation System with Genomic DNA Kit to determine
the high molecular weight gDNA that was subsequently used
for library construction. The 2100 Bioanalyzer System can size
fragments up to 12,000 base pairs (bp), which is much smaller
than gDNA. The sheared gDNA sizes were within the
expected size range using each technology. Differences
between the 2100 Bioanalyzer System and the
2200 TapeStation System observed for Gram Positive 
organisms were < 56 bp, while the differences for
Gram Negative microbes were < 43 bp. These sizes were
within the performance specifications for the instruments,
and were considered within acceptable ranges.

The library QC metrics for libraries prepared from these sam-
ples were within acceptable ranges with differences between
the final library size < 20 bp. The final libraries showed no
bias from gram reaction and GC content (%) ranging from
30 to 70 based on insert size, and passed the established QC
limits for sequencing. The 2200 TapeStation System was 
considered equivalent to the 2100 Bioanalyzer System for
determining the final library size.

Input DNA

End repair

A-tailing

Size selection

Fragmentation

Adaptor ligation

Library amplification

Figure 2. Detailed KAPA HTP Preparation Protocol. The input into library
construction is fragmented DNA or cDNA. Each enzymatic reac-
tion is followed by a SPRI-bead cleanup (1.7X after End Repair;
1.8X after A-Tailing, and two consecutive 1X cleanups after
adapter ligation). The “with-bead” protocol uses a single aliquot
of SPRI beads for all cleanups prior to library amplification, and
significantly reduces the loss of library fragments associated with
the physical transfer of material between enzymatic reactions.
This results in higher yields of adapter-ligated libraries, and
reduces the number of amplification cycles required to generate
sufficient material for Library QC and sequencing.
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Figure 3A. The electropherograms generated with the Agilent 2200 TapeStation Genomic
DNA Kit to determine high molecular weight genomic DNA used for library
construction. Each trace represents an individual isolate.

Listeria

Electropherograms for three different gDNA, sheared DNA,
and final libraries were represented using the
2200 TapeStation or 2100 Bioanalyzer Systems (Figures 3A,
3B, and 3C). Each of the isolates had similar library sizes that
subsequently produced adequate sequence results. The final
yield suggested over-amplification using the 2100 Bioanalyzer
System, but not with the 2200 TapeStation System. Thus, the
enteric pathogens produced similar sized libraries that 
produced excellent sequence results. 

Conclusion

Genomic DNA from nine bacteria with three different isolates
was extracted and analyzed for quality and molecular weight
using the Agilent 2200 TapeStation System with Genomic
DNA ScreenTape assay, which determined the gDNA was
high molecular weight and not degraded. Using the same
instrumentation, the fragmented DNA and final libraries were
determined. In both QC steps, the two instruments produced
equivalent results. 

In the future, the Agilent NGS Workstation can be used to
prepare samples to complete the quality control for the library
preparation workflow. Thus, the Agilent 2200 TapeStation
System met the needs of the high-throughput workloads
because 96 samples in a well plate at a time can be mea-
sured. Using a single platform, we can evaluate gDNA, frag-
mented DNA, and final libraries, streamlining the process and
the workflow for high volume DNA library preparation. 
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Fragmented DNA

Microbe Agilent 2100 Bioanalyzer System Agilent 2200 TapeStation System

Figure 3B. Electropherograms generated from Covaris sheared DNA used for library construction (on the Agilent 2100 Bioanalyzer system with the
High Sensitivity DNA Kit and the Agilent 2200 Tapestation System with the High Sensitivity D1000 Kit). The far right and left peaks are internal 
standards, the broad center peak represents the sheared DNA. Fragmentation parameters were selected to produce a fragment size distribution with
a peak in the range of ~300 bp, which is ideal for 2 x 100 bp paired-end sequencing on the Illumina HiSeq 2000.
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Figure 3C. Electropherograms generated on the Agilent 2100 Bioanalyzer system with the High Sensitivity DNA Kit and the Agilent 2200 Tapestation System
with the High Sensitivity D1000 Kit. The bacterial libraries were prepared for whole genome sequencing with the KAPA HTP Library Preparation Kit on
the Agilent NGS Workstation. The electropherogram average library size for each genus is indicated. The far right and left peaks are internal 
standards, the broad center peak represents the sheared DNA in the Bioanalyzer and TapeStation kit. 
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