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Introduction
Whilst DNA quantification prior to PCR amplification is routine 
practice, many types of PCR analysis are sufficiently robust to work 
across a range of conditions and accurate, absolute quantification is 
rarely necessary. But for more tricky techniques, crucial experiments 
or in cases where the reactions are expensive, it is often preferable to 
perform sample normalisation and to recognise the out-lying 
samples that are the most likely to fail.

An example where template normalisation can be important is with 
forensic DNA profiling from buccal swabs.The quantity and quality of 
the DNA from buccal swabs is very variable and the multiplex STR 
methods used for DNA profiling perform best within a narrow range 
of template concentrations (typically 0.2 – 1 ng per reaction). Outside 
of this range, artefacts such as inter-loci and allelic imbalance can 
occur. Furthermore, the high cost of each reaction makes normalisa-
tion valuable for minimising failure rates.

Methods for Sample Quantification

The most accurate method for quantifying DNA is qPCR – either by 
using dual-labelled TaqMan® probes, commercial kits such as 
Quantifiler® (Applied Biosystems) or SYBR® Green qPCR. These 
methods are reliable and species-specific and so are not affected by 
the presence of DNA from bacteria. The shortfalls though, are that 
they are time consuming, difficult to automate and add substantially 
to cost.

Easier methods for total DNA quantification use fluorescent interca-
lating dyes or 260/280 nm absorbance measurements. A downside of 
the fluorescence methods is that intercalating dyes are affected by 
other substances in the extracts. Similarly, UV absorbance is changed 
by protein and other material in the sample. A third complication 
occurs with buccal swabs because not all the DNA in the sample is of 
human genomic origin.

Nonetheless, comparative approximations of template yield can be 
determined by these methods when working with extractions made 
by the same method on samples of a similar type. Although the 
results cannot be viewed as absolute quantifications of human gDNA,
the methods provide an excellent indicator of yield and can be used 
to normalise samples to within a required range. Most importantly,
the methods can be used to flag samples that are outside the accept-
able range.

Because ZyGEM DNA extraction methods include a 95°C step, the 
DNA produced is denatured. Single-stranded DNA-intercalating dyes 
are less suitalbe for quantitation than dsDNA dyes because the ratio 
of dsDNA and ssDNA varies from sample to sample and the dyes 
generally have a preference for dsDNA over ssDNA. Furthermore, they 
are sensitive to RNA.

This Application Note describes two simple methods that resolve 
these limitations and which work well for normalising the concentra-
tion of DNA extracted from forensicGEM / prepGEM - extracted buccal 
swabs.

1. Using a measure of the optical density of the cells suspended from 
buccal swabs.

2. Using a minor adaptation of the standard ZyGEM extraction 
procedure that allows the reliable used of PicoGreen® fluorescent 
intercalating dye (Life Technologies).

Methods

1.  Buccal cell extraction

Buccal cells were collected using either standard-sized foam swabs 
(TEX) or cotton swabs (Coban). DNA extraction was carried out using 
a modified ZyGEM forensicGEM Saliva extraction procedure. The 
extraction mixture was incubated at 75°C for 15 min and stored on ice 
(the 95°C heat-kill step was  omitted – see note overleaf ).

2.  Quantification by qPCR

qPCR was performed on an Applied Biosystems 7300 PCR System 
using PerfeCTa™ SYBR® Green FastMix, ROX (Quanta) reagents.
Extracts were diluted 1:10 in water before duplicate qPCRs were 
carried out using primers designed for the human BRCA1 intron 1.

BRCAF TGA ACA CCA CTG AGA AGC GT

BRCAR  GCT GTA ATG AGC TGG CAT GA

3.  Quantification by Pico Green

Pico Green dsDNA reagent was diluted to a 1:200 working solution. In 
a black 96-well plate, 50 µl of this solution was added to 10 µl of 
undiluted extracts (in duplicate). A standard curve ranging from 10 
ng/µl to 0.625 ng/µl was used. Samples were excited at 480 nm and 
the fluorescence measured at 535 nm on a BioTek FLx800 Fluorimeter.
Samples exceeding the standard curve range were diluted 1:1 and 
assayed again.

4.  OD measurement

Swabs were washed in 400 µl of water and diluted 1:2 with water and 
the optical density of the suspension measured at 700 nm.

Results

A reliable quantification of human gDNA was obtained using qPCR.
These values were plotted against: (i) OD

700
of the buccal swab cell 

suspension (Figure 1); (ii) Pico Green fluorescence of the DNA 
extracts (Figure 2).
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Figure 1: Correlation between Optical Density at 700 nm of the swab wash 
suspension and DNA yield as determined by qPCR. The scatter plot shows 
combined data for both foam and cotton swabs.

Figure 2:  A comparison of the DNA concentration in buccal swabs extracted 
using forensicGEM® Saliva, when measured using SYBR Green qPCR 
and PicoGreen. 

Discussion

The results demonstrate that rapid sample normalisation can be 
performed using intercalating dyes on ZyGEM DNA extracts if a 
sample of the DNA is taken before the 95°C heat. Alternatively, the 
optical density of the cell suspensions provide an excellent predictor 
of expected DNA yield. 

As extraction efficiency is unlikely to change from one day to the next, 
a single calibration standard curve can be generated to correlate 
observed ODs or fluorescence with ng quantities.

It is notable that different swab types interfere with Pico Green to 
different extents. We have observed that some swabs release agents 
that fluoresce at the PicoGreen wavelengths (data not shown). 

Figure 3:  Promega PowerPlex 18 profile obtained from DNA extracted from a 
buccal swab using forensicGEM. No 95°C step was used.
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Omitting the heat-kill step from the ZyGEM workflow

The purpose of the 95°C step in ZyGEM extraction methods is to 
heat-inactivate the forensicGEM/prepGEM proteinase. 

For many PCR applications this step can be dropped altogether. 
No detectable proteolytic degradation of the DNA polymerase 
occurs because of the e dilution factor of using only a small 
portion of the extract  and the rapid ramping to 95°C as the first 
step of a PCR. 

As a result, DNA can often be used immediately after the 75°C 
DNA extraction step.  Figure 3 shows an example of a profile 
obtained from a buccal swab where the DNA was extracted 
using forensicGEM but the 95°C step was omitted from the 
method.

If you feel that omitting the 95°C step would improve your 
workflow, we recommend empirically testing whether the 
change is possible with your own procedue.  
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If PicoGreen is your preferred method for estimating human gDNA 
yield from buccal swabs, then we would advise different calibration 
curves for different swab types.
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