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Following extraction, DNA fragment size was evaluated using Pulsed-Field 

Gel Electrophoresis (PFGE). PFGE gels are useful for approximating the 

fragment size range of HMW DNA samples, which do not properly migrate 

or separate using traditional gel electrophoresis methods. 

Using the Wizard® HMW DNA extraction method, large fragments were 

isolated from a variety of samples. DNA fragment size varies by sample 

type, with fragments in excess of 500kb obtained in some cases. From 

fresh whole blood, overnight E. coli cultures, and freshly cultured 

mammalian cells, DNA in excess of 250kb was routinely obtained. The 

results with spinach are representative of extractions from plant samples, 

which require freezing with liquid nitrogen and subsequent processing with 

mortar and pestle. This yields somewhat smaller but still very large DNAs.
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Genetics and disease research has often been limited by the technologies 

and tools available to researchers. Tools such as DNA sequencing have 

been the primary means researchers employ to attempt to gain a better 

understanding not only of the form and content of the human genome, but 

also of the genetic differences that can be found in cases of unusual 

phenotypes and disease. 

The field of DNA sequencing has evolved, growing to include technologies 

that can provide enormous amounts of sequence data. Certain 

technologies have struggled to provide data over large or complex regions 

in particular, and to do so with high accuracy.

The past several years have shown tremendous progress in both read 

length and accuracy. Platforms such as the PacBio® Sequel II System and 

the Oxford Nanopore Technologies ® Nanopore-based systems offer high 

single-base accuracy as well as read lengths in excess of 2Mb.

The success of these platforms depends greatly on the ability to isolate 

and preserve large DNA fragments, commonly referred to as High 

Molecular Weight (HMW) DNA. Common methods are extremely resource-

intensive, costly, or provide DNA that does not perform well in sequencing. 

In this study we demonstrate a new method that offers improvements in the 

ability to extract DNA that yields high performance in Long Read 

Sequencing (LRS) without unnecessary burdens in workflow or reagent 

cost.

Differences in extraction method performance can be seen not only on PFGE 

gels, but also on more precise instruments such as the Agilent® Femto Pulse 

System. The Wizard® HMW method is compared to a competing method in 

this respect below.
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Existing commercial HMW DNA extraction kits are frequently used by 

researchers, though their relative ease and low cost compared to the 

gold-standard gel plug method may come with excessive trade-offs. In 

comparing the QIAGEN® MagAttract HMW DNA Kit with the Promega 

Wizard ® HMW DNA method, there are differences in not only yield and 

in the recovered fragment size.

The QIAGEN kit employs magnetic beads for separation and may 

therefore be more prone to HMW DNA shearing. The Promega method, 

being based on precipitation and avoiding damaging handling steps, 

yields larger fragments across multiple sample types. 

6. Extraction Technology Comparison

7. Long-Read Sequencing 

8. Summary

Physical analysis methods such as PFGE, CE, and spectroscopy can serve 

as useful in-process checks to assess the quality of an extraction or a 

sample’s potential suitability for molecular analysis. However, these methods 

may also fail to detect DNA damage, impurities, or inhibitors that could reduce 

performance in sequencing. 

DNA extracted from samples of E. coli JM109 cells, fresh human blood, and 

spinach leaf using the Wizard® HMW Kit was prepped for sequencing using 

the standard ligation-based protocol, and subsequently sequenced on Oxford 

Nanopore MinIon® instrument.  

Advances in long-read sequencing, including longer read lengths, higher 

throughputs, and lower costs, are driving the field of genomics to embrace 

this technology area as a tool to solve new and ongoing genetic puzzles. 

This will have lasting and meaningful impact on a variety of fields  

including genetic diseases, oncology, microbiology, and agriculture. 

The new Promega Wizard® HMW DNA extraction kit chemistry and 

method enables researchers to obtain high-mass DNA from a variety of 

samples that will give strong performance in long-read sequencing.  As a 

cost-effective method, it will broaden the reach of long-read sequencing to 

a wider audience, including those with limited resources or less experience 

in extracting HMW DNA. 

In subsequent studies, potential sequencing optimizations and sample 

types will be investigated. Of particular interest is the use of the rapid 

library prep method, which may better preserve large fragments that were 

successfully extracted than the traditional ligation-based method which 

employs bead-based clean-ups that are likely shearing DNA. 

The Promega Wizard® HMW DNA extraction workflow employs a precipitation-

based approach with enhancements and proprietary reagents that contribute to 

maximizing the size of DNA that is obtained. Sample compatibility includes whole 

blood, cultured mammalian cells, Gram-positive bacteria, Gram-negative 

bacteria, and plant leaf tissue. Optimization of early processing and lysis steps, 

followed by a gentle purification procedure yields high-mass DNA that is highly 

pure and performed well in long-read sequencing. Sample processing is 

accomplished in less than 2 hours and recovered DNA is re-hydrated overnight at 

room temperature.
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Series1 Series2

Whole Blood, 
Human

E. coli, 
JM109 Strain

97K

339.5K

48.5K

145.5K

242.5K

291K

388K
436.5K

485K
533.5K

K562 Cells

97K

339.5K

48.5K

145.5K

242.5K

291K

436.5K

Sample GQN 50 GQN 97 GQN 125

A 8.7 7.4 6.1

B 8.7 7.6 6.3

C 8.4 7.4 6.4

A B C

Sample GQN 50 GQN 97 GQN 125

D 8.1 6.4 4.7

E 8.3 6.8 5.2

F 8.5 7.2 5.9
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145.5K

242.5K

291K

436.5K
D E F

PFGE gel images are accompanied by example Femto Pulse 

electropherograms and the calculated GQNs (Genomic Quality Number) for 

each sample. The GQN is a proprietary metric used to assist in quantitating 

the distribution of fragment size. For instance, a GQN-97 of 6.4 indicates that 

64% of the DNA present in the sample is 97kb or larger.

The Wizard® HMW DNA method was used for samples A-C, whereas a 

competing method was used for samples D-F. Gel images offer a useful 

general perspective of the fragment size distribution, but it remains difficult to 

assess and quantitate how much of the sample is of sufficient size to 

proceed to Long-Read Sequencing. GQN measurements at several 

molecular sizes show that while the two extraction methods may appear to 

produce similar proportions of HMW DNA (>50kb) when looking at a gel only, 

the HMW method results in a significantly higher proportion of DNA that is 

over 125kb.

Predicting success in downstream applications, such as Long-Read 

Sequencing, becomes a more reliable and quantitative process when using 

the capillary-based Femto Pulse system. While this method does not directly 

predict any sequencing performance metric specifically, it offers a tool to 

more precisely assess the quality of DNA prior to costly sequencing or library 

preparation. 

Example Femto Pulse 

trace for Samples A-C 

(above) and calculated 
GQN figures (right)

E. coli, JM109 Strain

Wizard® 
HMW

MagAttract

Extraction Kit Yield, µg 260/230 260/280

Wiz HMW 17.70 2.11 1.91

MagAttract 2.95 1.89 1.90

Whole Blood, 2 weeks at 10°C
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A spectrum of samples (n=8 ea.) were extracted and analyzed by 

spectrophotometry for purity, and by fluorometry (Promega QuantiFluor® dsDNA 

System) for concentration and yield. Purities were consistently very high across 

sample types, with yields varying according to input sample type and amount.
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Sample Marker MagAttract Control
Wizard® 

HMW
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Example Femto Pulse 

trace for Samples D-F 

(above) and calculated 

GQN figures (right)
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Wizard HMW

Competitor

Add lysis buffer, pipet 

to mix. Incubate 
w/RNAse and ProK

Add Protein 

Precipitation Soln., 
Gently mix.

Transfer supernatant 

to new tube with 
Isopropanol
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Supernatant
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EtOH

Invert gently 

to wash

Aspirate 

EtOH, air dry
Add 

Rehydration 
Solution

HMW DNA

Spin

Spin

Spin

Gently mix to 

precipitate DNA

Pelleted or 

pre-processed 
cells

In addition to obtaining good sequencing yields and quality scores, both 

sample types produced very long maximum reads and high N50 scores. This 

indicates that the DNA isolated with the Wizard® HMW kit was not only large 

in size, but also highly functional and pure. 
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Ear PunchSpinach

Sample Source E. coli JM109 Human blood Spinach leaf
Sample No. 1 2 1 2 1 2

QC Metrics

Number of Active Pores 1548 1589 1339 1645 1431 1340

Total Yield (bp) 1.80E+10 1.83E+10 4.69E+09 1.06E+10 4.01E+09 7.55E+09

Total Yield (GB) (17.97GB) (18.3GB) (4.69GB) (10.6GB) (4.01GB) (7.55GB)

Reads Analyzed 930,514 1,204,740 275,955 720,732 550,430 1,493,850
Avg Quality Score 10.2 10.9 11.1 11.2 9.5 9.7

Median Quality Score 10.4 11.2 11.3 11.5 9.3 9.5
Mean Seq Length 19,313 15,227 17,002 14,761 7,289 5,055

Median Read Length 5,285 3,548 4,223 3,531 1,550 1,209

Maximum read Length 524,901 429,464 256,162 467,728 211,034 222,897
N50 read length 57,926 51,367 47,788 54,520 30,649 22,510

Number of reads > 100kb 30,666 22,517 3612 14,556 808 509

Product Version

Device MinION MK1B

Flow cells MinION Flo-MIN106B

Kits Ligation sequencing kit (LSK109)
Substituting Promega ProNex® Size-Selective Purification System for 
AmPure®

Data Analysis MinKNOW 19.12.5 
FastqHuman Alignment GRCHr3.2.2
Fastq Custom Alignment r.3.2.2 (E. coli JM109 & Spinach reference 
genomes)
NanoPlot 1.28.4
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