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Current next-generation sequencing (NGS) 
platforms use a variety of technologies in-
cluding pyrosequencing, ion-sequencing, 
sequencing by synthesis, or sequencing 
by ligation. With minor variations, all 
these systems share a similar DNA library 
preparation procedure, which includes 
genomic DNA quality and quantity as-
sessment, DNA fragmentation followed 
by fragment sizing, and platform-specific 
adaptor ligation.

Bottlenecks in DNA library prepara-
tion are a major problem for NGS labs. 
A recent survey of 120 labs by Kalorama 
Information found that library prepara-
tion was the main bottleneck in the NGS 
sequencing process.

One labor-intensive step in DNA li-
brary preparation is the size determi-
nation and quantification of both un-
sheared genomic DNA and downstream 
fragmented DNA. Existing methods for 
DNA fragment analysis include agarose 
gel electrophoresis, chip-based electro-
phoresis, and capillary electrophoresis. 

Agarose gel electrophoresis is labor in-
tensive, requiring gel preparation, sample 
transfer via pipetting, and image analysis. 
The images often give distorted or unreli-
able data, and a separate, second method 
(UV or fluorescence spectroscopy) is re-
quired for quantification.

Chip-based electrophoresis provides 
faster run times and improved data qual-

ity compared to agarose gel electrophore-
sis, but requires hands-on processing for 
cleaning, priming, and the loading of gel, 
markers, and samples onto the system. 
The samples are analyzed sequentially 
in the same separation channel, without 
flushing or priming between injections, 
which can result in trapped particulates 
or air bubbles that adversely affect subse-
quent separations.

Capillary electrophoresis (CE) offers 
advantages over both agarose and mi-
crochip electrophoresis in that gel fill and 
sample loading are automated. However, 
many commercial CE instruments are 
prohibitively expensive and focus on 
single-strand rather than double-strand 
DNA analysis. Other CE instruments 
lack the sensitivity, dynamic range, and 
separation quality required for adequate 
DNA library analysis. Although all tech-
niques can be interfaced to a robotic sys-
tem, only the most sophisticated core labs 
can afford both the cost and expertise re-
quired to operate such systems.

Advanced Analytical Technologies  
(www.aati-us.com) recently introduced 
the Fragment Analyzer™ CE System. 
With the capability of analyzing 12 or 96 
samples per run, the Fragment Analyzer 
bridges the gap between a low-volume 
stand-alone instrument and one that is 
interfaced with a robotic system. The in-
strument features:

• an automated capillary flush with 
fresh gel between every injection cycle to 
prevent sample carryover;

• the ability to run up to three 96-well 
sample plates unattended, with a capacity 
of 1,500 samples/day;

• the ability to switch between two 
different gel types automatically between 
injections, enabling multiple sizing ranges 
to be assessed from one run to the next;

•  high separation resolution; and
• high sensitivity detection with a dy-

namic range for DNA smears of <50 pg/
µL to >5,000 pg/µL.

The Fragment Analyzer can be utilized 
for both quantification and qualification 
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Figure 1. Stages 
of NGS library 
construction:  
Checkmarks 
indicate where 
quality/quantity 
analyses may be 
performed by 
the Fragment 
Analyzer 
Automated CE 
System. 



of intact genomic DNA, fragmented 
DNA, ligated DNA, and enriched DNA. 
Figure 1 shows an overview of typical 
NGS library-preparation stages.

Genomic DNA

Genomic DNA (gDNA) is extracted, 
nonfragmented DNA from cellular mat-
ter. Although the gDNA is intentionally 
fragmented in the downstream construc-
tion of NGS DNA libraries, this process 
relies on high-quality incoming gDNA 
with a known concentration.

Traditionally, two separate methods 
are required to fully characterize gDNA:

1) The quality of genomic DNA is 
monitored using agarose gel electropho-
resis, with good quality nonfragmented 
gDNA defined as a single band at a size 
of approximately 20,000 base pairs (bp) 
or higher. Poor quality gDNA is ob-
served as a general broad smear below 
20,000 bp.  

2) The quantity of genomic DNA is 
measured using UV-Visible or fluores-
cence spectroscopy.

The Fragment Analyzer measures 
both the quality and quantity of intact 
gDNA with a single automated mea-
surement. Figure 2 shows the analysis of 
three different samples of gDNA pres-
ent as intact, partially degraded, or fully 
degraded forms. The quantity of gDNA 
obtained with the Fragment Analyzer is 
equivalent to results obtained with stan-
dard fluorometric methods. 

In Figure 2, the highly degraded 
gDNA sample is observed as an exten-
sively shifted smear below 1,000 bp in 
size. While the fluorometric result indi-
cates a similar concentration, the quality 
cannot be determined via fluorometry 
without the use of a secondary technique 
such as agarose gel, which requires ad-
ditional cost and time to complete.

NGS Fragment Size Determination

All NGS methods employ a technique 
called shotgun sequencing, whereby the 
DNA of an organism is randomly sheared 
into small fragments that are sequenced 
and combined using a sophisticated com-
puter assembly program. DNA library 
preparation for NGS employs a controlled 
fragmentation of gDNA into smaller frag-

ments with average sizes generally ranging 
from 50 bp to 1,500 bp.

In order to obtain high-quality se-
quencing data, the size of the sheared 
DNA must be within a critical range, 
which is dependent on the NGS plat-
form and method employed. Thus, 
qualification of the fragments is impor-
tant. Likewise, many laboratories re-
quire the quantity of DNA fragments to 
fall within a critical concentration range 
for their process, so quantification of 
the fragments becomes vital.

The Fragment Analyzer system is able 
to assess both the quantity and size distri-
bution of NGS fragment libraries across 
a wide sizing range in a single measure-
ment. The dynamic range is from <50 
pg/µL up to 5 ng/µL, with more concen-

trated samples analyzed via appropriate 
predilution. The sizing range is from 50 
bp to 5,000 bp. Figure 3 shows the con-
centration and size distribution of a typi-
cal NGS library sample.

Advanced Analytical’s Fragment Ana-
lyzer technology enables significantly 
reduced labor for NGS DNA library 
qualification through method consolida-
tion and automation, with the ability to 
handle up to 1,500 samples/day.   
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Figure 2. NGS library preparation compared to separation ladder depicting the size distribution of 
the fragments: The table shows the predicted concentration of the sample. 

Figure 3. Quality and quantity analysis of intact, partially degraded, and completely 
degraded genomic DNA samples


