
The Maximizing Data Quality Series—Part 2: DNA Quantitation

(Editor's Note: This is part of an ongoing series of articles focusing on maximizing data quality throughout the HID workflow. Part 1 
on DNA extraction was published in the July 2008 edition of Forensic News. To view the Part 1 article, click here>)                                                                                                                                    

Introduction

The majority of STR amplification kits, developed for use with forensic samples, perform best when an optimal amount of human 
DNA is added to the reaction. Casework evidence samples, however, can vary dramatically in terms of the quality and quantity of 
DNA yield during extraction. Some forensic specimens may not yield sufficient DNA to meet the optimum input requirement for STR 
amplification; others may contain a mixture of DNA from male and female sources while others contain inhibitors. All of these factors 
may impact the STR amplification. Knowledge of the amount and quality of male and/or female DNA present in the samples helps in 
determining the volume of DNA extract to be added to the reaction. This information also helps in the selection of the appropriate 
STR kit to use to obtain optimum results. In particular, casework evidence samples containing DNA from a mixed source (such as 
sexual assault samples containing male and female DNA) can be complex and difficult to analyze. Knowledge of whether a male/
female mixture is present and at what ratio can have a significant impact on the amount of information retrieved from a sample. 

Traditional quantitation methods are capable of providing an estimate of the amount of DNA present in a sample (the estimate being 
more or less accurate depending on both the nature of the method and the sample), but are unable to provide an indication of the 
different types of DNA contained in the sample. Also, traditional methods are unable to determine whether PCR inhibitors may be 
present that may affect the success of the STR amplification. Quantitation techniques based on real-time PCR methods, however, 
have the capability of providing a qualitative and quantitative assessment of a DNA extract, enabling the analyst to make informed 
decisions regarding the most efficient processing route for each sample. 

The Benefits of the Quantifiler® Kits for Quantitation of Forensic DNA Samples                                                                        

All Applied Biosystems Quantifiler Kits utilize the same TaqMan® probe-based, 5' nuclease assay and benefit from all of the 
advantages afforded by real-time PCR technology: 

Highly specific for desired PCR products •	

Robust and reproducible with a wide dynamic range •	

Highly sensitive with low background noise enabling detection down to single cell levels •	

Provides a reliable and predictive estimate of the amount of amplifiable DNA present for downstream STR analysis •	

Detects the presence of PCR inhibitors with an Internal PCR Control (IPC) •	

Requires minimal hands-on time, accelerating the time-to-result •	

The Quantifiler Assays also use single-copy targets providing a close correlation with the single-copy targets in the AmpFℓSTR® Kits, 
as well as superior accuracy and reproducibility compared to multi-copy targets (which can be affected by variability between 
individuals). 

The Quantifiler Duo DNA Quantification Kit has the added advantage of being able to quantitate total human and human male DNA in 
a single reaction, allowing calculation of the ratio of male to female DNA present in mixed gender samples. Additionally, in order to 
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be more reflective of the STR amplicon lengths amplified downstream and thereby prevent the overestimation of DNA concentration 
in highly degraded samples, the Quantifiler Duo Kit detects longer amplicons than the Quantifiler Human and Quantifiler Y Kits. 

The Quantifiler Kits, and in particular the Quantifiler Duo Kit, provides a comprehensive assessment of the content, quantity, and 
quality of the DNA sample. This information enables the analyst to make an informed decision regarding downstream processing 
options thus maximizing the potential for success for each and every sample (Figure 1), and minimizing the requirement for sample 
reprocessing.
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Figure 1: The Quantifiler® Duo Kit functions as a comprehensive "sample assessment system" which accurately determines the ratio 
of male to female DNA and guides selection of the optimal AmpFℓSTR® PCR Amplification Kit (autosomal, Y-STR or miniSTR) to 
maximize recovery of interpretable STR profiles.

IPC CT value can indicate the presence
of inhibitors; additional purification of
the extract may be necessary.

If the mixture ratio of male to female DNA is high
(i.e., > 1:10*), autosomal STR analysis will regularly
detect both male and female components.

If the mixture ratio of male to female DNA
is low (i.e., < 1:10*), the male component
is unlikely to be detected with autosomal
STRs and analysis with the Yfiler kit would
be the best choice.

*Internal validation studies should be conducted to determine thevalues and thresholds to guide STR kit selection within each laboratory.

If an incomplete profile is obtained due to a
degraded template or the presence of
inhibitors, MiniFiler kit analysis may produce
additional results.

Certain types of samples (e.g., very low quantity and
inhibited) may be best served by direct analysis with
the MiniFiler kit to increase the chance of obtaining a
result before the sample is exhausted.
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Obtaining Optimal Results from the Quantifiler® Kits

Establish Expected Performance Metrics to Aid Interpretation

Each of the Quantifiler Kits have been fully validated by Applied Biosystems. The validation data is published within the User’s 
Manuals to provide a source of reference, but should not be used as a standard measure of data quality alone. It is extremely 
important that each laboratory evaluate their own internal validation data to fully understand the parameters of normal kit and 
instrument performance in their hands. This information will allow the analyst to identify when the assay is not producing expected 
results and assist with the troubleshooting process. While the Quantifiler Kit User’s Manuals provide detailed information regarding 
interpretation of standard curves, understanding real-time PCR data, diagnosing inhibition, and calculating male:female ratios, the 
interpretation and troubleshooting of standard curve metrics and real-time PCR data continue to pose challenges for many forensic 
analysts. Understanding what to expect from a good quality standard curve is the key to maximizing the information produced by the 
Quantifiler Assays and, when necessary, diagnosing sample preparation, chemistry, or instrument performance issues. 
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Definitions

CT

Intersection between an amplification curve and a threshold 
line which provides a relative measure of the concentration of 
target in the PCR reaction.

Standard  
Curve

A graph of the CT of quantification standard reactions plotted 
against the log of the starting quantity of the standards.

Slope
Indicates the PCR amplification efficiency for the assay, and is 
a measure of how well the standard dilutions were prepared. 
A slope of -3.3 indicates 100% amplification efficiency.

Y-intercept Indicates the expected CT value for a sample with Quantity = 
1

R2 value

A measure of the closeness of fit between the standard curve 
regression line and the individual CT data points of each of 
the quantification standard reactions. A value of 1.00 would 
indicate a perfect fit between the regression line and the data 
points.

Determining the Quality of the Standard Curve

The key performance metrics each laboratory should 
evaluate include the Slope, Y-intercept, and R2 
values. Ideally, each laboratory should identify a 
realistic range for each value within which the assay 
performs optimally. Trying to identify an absolute 
value for each metric is not necessary as the 
AmpFℓSTR Kit reactions have a tolerance for slight 
variation in input DNA amount, and the natural 
variation introduced by different operators and 
instruments will render an absolute value impossible 
to attain. 

Additional measures that can be monitored by the 
user include the approximate distance between CT 
points and the CT boundaries within which the 
extreme standard points usually reside. Figure 2 
shows a high quality standard curve and the 
performance metrics that should be established by 
each laboratory.                                                                                            

When using any manufactured kit, some level of lot-to-lot variation is expected. It is therefore good practice to evaluate performance 
metrics across more than one lot of the Quantifiler Kit chemistry in order to identify the expected ranges which result in reproducible 
data. 



Monitor Instrument Performance

The Quantifiler Kits rely upon the Real-Time PCR instrument platform to generate results. Ensuring that all equipment is well 
maintained is a key means of maximizing the performance of the assays. Detailed information regarding calibration and maintenance 
of the 7500 Real-Time PCR platform can be found in the Applied Biosystems 7500 Real-Time PCR System Installation and 
Maintenance Guide (P/N 4347828) and the Instrument Calibration and Maintenance Procedures for Use with Quantifiler DNA 
Quantification Kits User Bulletin (P/N 4374416 Rev.B). If the Quantifiler Assays are being setup using an automated liquid handling 
platform, it is also important to ensure that the platform is calibrated regularly according to the manufacturer’s recommendations, 
and the appropriate consumables are used to minimize potential issues with the automated protocol.

Identify the Optimum Input Amount for STR Amplification Based on Quantifiler® Kit Results

Identifying the optimum input amount required for your chosen amplification kit is crucial to the success of the STR amplification. 
Re-evaluating the optimum input amount is particularly important if you are implementing a new quantitation method or switching 
from the Quantifiler Human and/or Quantifiler Y Kits to the Quantifiler Duo Kit. A simple way to do this is as follows:

Perform a serial dilution study quantifying the same DNA samples using the old and new methods.•	

Analyze the concentration of the prepared sample dilutions using your choice of Quantifiler Kit (expect old and new assays to •	
generate different concentrations as a result of differences in kit chemistry and quantitation technology).

Amplify a series of input DNA amounts based on the Quantifiler Kit results using your choice of STR chemistry and evaluate the •	
peak heights obtained at various DNA input amounts.

Select an input range which produces capillary electrophoresis peak heights of approximately 1000-3000 rfu. This peak height •	
range produces reliable peak detection while allowing for slight variations in quantitation results.
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Figure 2: Example of a high quality standard curve illustrating the performance metrics that 
should be established by each laboratory as part of an internal validation study.
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Follow the Recommended Protocols

One of the simplest ways to promote optimum performance of the Quantifiler Kits is to use the recommended amplification protocol 
together with the recommended equipment, ancillary reagents, and consumables. The assay is highly optimized and deviations from 
the protocol may be detrimental to the performance. As an example, Figure 3 shows the impact of reducing the reaction volume of 
the DNA standards by 50%.

Figure 3a: An example of amplification curve results obtained when 
following the recommended protocols for the Quantifiler Human and/
or Quantifiler Y Kits.

Figure 3b: An example of amplification curve results obtained when 
the reaction volume is changed from the recommended 25μL to a half 
reaction volume of 12.5 µL. 

Figure 3a shows the results obtained when following the recommended protocols for the Quantifiler Human and/or Quantifiler Y Kits. 
In this case, 2 µL of DNA standard is added to a 25 µL reaction. A small degree of inhibition is visible in the Internal PCR Control (IPC) 
for the 50 ng/µL standard (which is expected due to the high concentration of DNA being amplified). Figure 3b shows the effect on 
the same standard when a change is made to the recommended protocol and 2 µL is added to a 12.5 µL reaction. The shift in the 
position of the amplification curve for the IPC for the 50 ng/µL standard is much greater as the assay is not optimized for this reaction 
volume. The Quantifiler Kits are carefully balanced to contain the optimum ratio of reaction components. This example is an 
illustration of how changing just one aspect of the protocol can upset the balance of the reaction and directly affect the performance 
of the assay and the quality of the final result.

Important Considerations when Using the Quantifiler® Kits

Stochastic Variation

Stochastic variation in a forensic context refers to a lack of predictability of DNA content in each aliquot when sampling an extract. As 
the concentration of target drops below a certain level in the source tube, reproducible sampling becomes impossible and therefore a 
drop in the precision of the results is to be expected. Figures 4a–c are examples of stochastic variation and show the precision of a 
dilution series of an RNaseP assay performed in replicates of 48. At high starting concentrations of template, the replicates show a 
very high degree of reproducibility and precision. As the concentration begins to approach low levels, the reproducibility of the assay 
suffers as a result of the innate error associated with sampling from very low concentration samples.                                                     
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Figure 4a: Real-Time PCR amplification curves for 48 replicates 
of  8000–125 copies of template in an RNaseP assay.

Figure 4b: Real-Time PCR amplification curves for 48 replicates 
of 8 copies of template in an RNaseP assay. 

Although the lack of reproducibility for replicate amplifications using low input DNA amounts is a biological effect for which there is 
no current solution, understanding this effect and its impact on all amplification-based assays including quantitation will facilitate the 
development of appropriate interpretation guidelines and maximize the results of the assay.

Figure 4c: Real-Time PCR amplification curves for 48 replicates 
of 2 copies of template in an RNaseP assay.
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Effect of Stochastic Variation on the Quantitation Standard

When 2.0 μL of the lowest concentration standard (23 pg/μL) is added to a reaction, the well will contain approximately 7 diploid 
human genome equivalents (one diploid human genome equivalent is approximately 6.6 pg). This corresponds to approximately 
14 copies of the human target locus and approximately 7 copies of the male target locus (Y chromosome loci are haploid). This 
concentration falls within the stochastic range, and the precision of the two data points for this standard is expected to be less than 
that for the higher concentration standards. In some circumstances, omitting a standard point from the standard curve may improve 
the concentration determination for the unknown samples. Each laboratory should determine, through their internal validation 
studies, the level of precision expected in their environment and consequently, when it is appropriate to omit a standard point.

Effect of Stochastic Variation on the Quantitation Result and Downstream STR Amplification 

When assessing real-time PCR and STR data, it is important to consider that the Quantifiler Kits amplify 2 µL of extract whereas a 
25 µL AmpFℓSTR® Kit reaction requires 10 µL of extract. As a result, the stochastic effects will be greater in the quantitation reaction 
than in the STR amplification. Considering that the quantitation value is designed to indicate the volume of DNA extract to be added 
to the STR amplification reaction, any sample that quantitates below 100 pg/µL will require the maximum 10 µL volume of DNA 
extract to be added to the amplification reaction (where the reaction has a recommended input of 1 ng). Therefore, fluctuations 
in quantitation results below this level will not have a negative effect on the decision of how much of the sample to amplify. For 
extracts containing very low amounts of template DNA, variability between both quantitation and amplification results will be 
expected due to the stochastic effects associated with sampling from very low concentration samples. This variability may manifest 
as negative STR amplifications for samples that produce a quantitation value, or conversely, positive STR amplifications for samples 
that do not produce a quantitation value. Real-time PCR quantitation cannot provide absolute confirmation that a sample contains 
no amplifiable DNA. Hence, it is impossible to state that a sample with an undetermined quantitation value will not produce an STR 
profile.

The Use of Alternative DNA Standards

The DNA standards contained within the Quantifiler Kits are optimized specifically to support the Quantifiler Assays. However, some 
users have elected to use alternative DNA standards, either as a replacement for, or for comparison to the Quantifiler Kit standard. It 
is important to consider that quantitation based on different DNA standards may result in different quantitation values for the same 
sample for a number of reasons:

There are many methods used to determine the starting concentration of DNA standards. For standards where concentrations •	
are established using non-real-time PCR methods, results may differ when used in a real-time PCR assay.

Real-time PCR assays measure amplifiable DNA. Standards quantified using other methods may result in labelled concentrations •	
which do not reflect the amount of amplifiable DNA in the sample. 

Quality Control (QC) tests may vary for different standards and may not be stringent enough to minimize lot-to-lot variation •	
and deliver the consistency required for use in a real-time PCR assay. Lot-to-lot variability may result in difficulty maintaining 
reproducibility of the assay over time.

To demonstrate the different concentration values that may be obtained when comparing two or more DNA standards, Applied 
Biosystems evaluated the NIST 2372 SRM Standard A (single source male genomic) using the Quantifiler Duo Kit. When the 
Quantifiler Duo Kit standard was quantitated using the NIST Standard A as a reference, the determined concentration for the 
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Quantifiler Duo Kit standard was about 30% lower than expected. As mentioned previously, such differences are not unexpected 
due to variations in standard preparation and quantitation method. The ultimate goal of the DNA quantification step in the 
STR analysis workflow is not to obtain an absolute value, but to determine the volume of the DNA extract to be used for STR 
amplification. Therefore, the main consideration when evaluating a DNA standard is consistency. Employing a single standard, 
demonstrated to remain consistent over successive lots, will ensure long term reproducibility of the quantitation assessment made 
by the assay.

Troubleshooting Quantifiler® Kit Results

Following the guidance offered above will maximize the efficiency of the Quantifiler Assay workflow and data analysis. However, if 
issues are encountered, knowledge of some effective troubleshooting methods for the most commonly encountered situations will 
help minimize disruption to the laboratory workflow.

Troubleshooting the Standard Curve

It is common for a standard curve to generate a slope value that falls out of the expected range by being more negative (steeper 
gradient) than expected (Figure 5).

Figure 5: Example comparing an acceptable standard curve (green line) and a simulated 
standard curve (orange line) that produces a slope value which is more negative than expected 
and exhibits a slightly higher than normal Y-intercept.

In this example, the green line represents an acceptable standard curve with the slope, Y-intercept, and R2 values falling within the 
expected ranges established by the laboratory. The orange line simulates a standard curve that produces a slope value which is more 
negative than expected and exhibits a slightly higher than normal Y-intercept. The shift depicted by the orange line, in this example, 
is often caused by the low concentration standards producing higher than expected CT values. The high concentration standards fall 
within the expected range, thus rotating the curve upwards as the DNA concentration decreases. This result suggests that the high
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concentration DNA standard is of the correct concentration, but something has occurred to affect the lower concentration standards. 
Possible explanations for this effect are as follows:

Malfunctioning pipettes or automated liquid handler out of calibration, affecting preparation of the dilution series.•	

Operator pipetting technique – poor technique can lead to poor pipetting precision.•	

Using incorrect pipette tips – mismatched or poor quality tips can result in an inadequate seal between the tip and the pipette •	
leading to inaccurate liquid transfer.

Using pre-prepared standards that have been stored for long periods – over time DNA may adhere to the tube wall, and affect •	
the standard concentration in the solution. 

Insufficient vortexing and centrifugation of the DNA standard during preparation of the dilution series or of the individual •	
standards during plate preparation.

Stochastic effects.•	

The above factors will have the greatest effect on standards with low concentrations. Therefore, standard curves with a more 
negative slope most often result from issues surrounding the lowest concentration standards, and can often be corrected by careful 
attention to DNA standard preparation and pipetting technique.

Another common troubleshooting situation arises when the standard curve is parallel to the expected curve, but the Y-intercept value 
is shifted either up or down. A shift of this nature can have an impact on the determined concentration of the unknown samples 
(Figure 6).                                                                                                                                                                                                                 

Figure 6: Example showing an acceptable standard curve (green line) and simulated 
standard curves (orange lines) that are parallel to the expected curve, but the Y-intercept 
value is shifted either up or down. 
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In this example all the standards are affected similarly, such that the curve is shifted either up or down. Shifting the curve in this 
manner changes the concentration measurement for the unknown samples, and will result in either too much or too little DNA being 
added to the STR amplification reaction. The most likely explanation for this type of shift is a problem with the initial standard dilution 
(50 ng/µL standard), which is then perpetuated along the dilution series. Possible explanations for this type of shift are:

Incomplete thawing of the concentrated DNA standard prior to preparing the first dilution. Failure to defrost the standard fully •	
will permanently disrupt the concentration of the standard stock and affect all future dilution series.

Insufficient vortexing of the stock DNA standard during preparation of the initial standard in the dilution series. •	

Variation in the stock DNA concentration – standards included in the Quantifiler Kits undergo stringent QC testing to ensure a •	
consistent starting concentration while other standards may be more variable.

Incorrect reagent preparation – for example, if the Tris EDTA (TE) buffer used to dilute the standards is not prepared correctly, •	
then the performance of the assay and the standard curve can be affected. For this reason, a dilution buffer has been included in 
the Quantifiler Duo Kit to minimize the errors caused by incorrect buffer formulation. 

Operator pipetting technique or malfunctioning pipettes. •	

Once again, these situations are often easily rectified by following the recommended protocols for standard preparation and utilizing 
good laboratory techniques.

Enhancing the Analysis of Quantifiler® Kit Data

The Quantifiler Kits provide an abundance of data that help determine the most appropriate analysis route for each sample. However, 
analysis and interpretation of the data does require analyst time. To further streamline the quantitation workflow and take full 
advantage of the automated nature of the Quantifiler Assays, software is now available to analyze and interpret data from each of the 
Quantifiler Kits. The HID Real-Time PCR Analysis Software v1.0 has been developed for the 7500 Real-Time PCR System to support 
the Quantifiler Kits specifically. The software contains pre-defined protocol templates for each of the Quantifiler Kits, simplifying 
reaction and run setup. A Quality Control Flag system assists the analyst with the analysis and evaluation of critical information 
including the detection of PCR inhibition, reagent contamination, and mixtures of male and female DNA. Quality flags also evaluate 
the slope, Y-intercept, R2 values of the standard curve, the Internal PCR Control, and high or low quantity samples. Performance 
metrics identified by each laboratory as part of their internal validation can now be programmed directly into the software, which will 
automatically assess the data and identify poorly performing assays. The software also highlights samples that need additional 
processing or amplification using specific STR Kits designed to address particular challenges within the sample (for example, the 
AmpFℓSTR Yfiler® PCR Amplification Kit for male DNA in a high background of female DNA or the AmpFℓSTR MiniFiler™ PCR 
Amplification Kit for highly degraded and compromised samples). This reduces the amount of time required to analyze large volumes 
of data and helps to ensure successful sample processing. 

The Impact of Quantitation on the Forensic Analysis Workflow 

Data obtained at the quantitation step in the workflow, along with the knowledge and experience of the analyst, can ensure that the 
optimal analysis method is chosen for each evidence sample. Without the ability to evaluate a sample prior to amplification, poor 
recovery of probative information is often not revealed until the profile is reviewed, resulting in the need to re-process a significant 
percentage of samples. By maximizing the performance of the Quantifiler Kits, forensic analysts can streamline their forensic 
casework workflow and significantly enhance the efficiency of their laboratory operations. 


