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Introduction
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The Old Days…

“Everything is 

unique with its 

own combination 

of strengths and 

weaknesses.”
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1. Obtain an absolute value of exact quantity of 
DNA in the tube?

2. Determine the volume of the DNA extract to 
be used for amplification to produce high 
quality STR genotyping results?

Philosophical Question
Quantification for HID Applications
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“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 
amplification to produce high quality STR genotyping results.”

-- Quantifiler® Duo Manual, p.6-54.

Goal of Quantification for Human 

Identification Applications
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Review the Foundational Principles
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Overview: Quantifiler® DNA 
Quantification Kits

● Quantifiler® Human DNA Quantification Kit

– Autosomal specific, single copy target

– Located in a non-translated region: 

● Quantifiler ® Y Human Male DNA Quantification Kit

– Y chromosome specific, single copy target

– Located in a non-translated region

● Quantifiler ® Duo DNA Quantification Kit

– Multiplexed assay detects autosomal and Y 

chromosome specific, single copy targets
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Detection with Real-Time Instruments

1. Tungsten-halogen lamp or argon ion laser directs light to each well on 
reaction plate 

− Light passes through optical adhesive cover and excites fluorescent 
dyes in each well of plate

2. System of lenses, filters and a dichroic mirror focuses fluorescence 
emission into a charge-coupled device (CCD) camera 

3. Based on wavelength, filters separate the light into a predictably spaced 
pattern across the CCD camera

4. During a run, CCD camera detects fluorescence emission from each well

5. SDS software obtains fluorescence emission data from CCD camera and 
applies data analysis algorithms
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Configuration of Quantifiler® Human and Y Kits

 Validated on the Applied Biosystems® 7000 Sequence 
Detection System using SDS v1.0 and v1.2.3 software and on 
the 7500 Real Time PCR System using SDS v1.2.3 software.

Target Marker Size Dye

Quantifiler®

Human

hTERT

(Human telomerase reverse transcriptase)
62 bp FAM™

Quantifiler®

Male

SRY

(Sex determining Region Y)
64 bp FAM™

IPC Artificial Template 79 bp VIC®
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Configuration of Quantifiler® Duo Kit

 Similar amplicon sizes to avoid preferential PCR.

 Validated on the 7500 Real Time PCR System using SDS 
v1.2.3 software.

Target Marker Size Dye

Human 

DNA

RPPH1

(Ribonuclease P RNA component H1)
140 bp VIC®

Human 

Male DNA

SRY

(Sex determining Region Y)
130 bp FAM™

IPC Artificial Template 130 bp NED™
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Quantifiler® Duo Kit: Sample Assessment

DNA Extract

Autosomal STR Y-Filer® kit

Partial Inhibition

MiniFiler™ kit Identifiler® kit

IPC Ct Value

Mixture Ratio

Quantification

Heavy Inhibition

Re-Purification STR Analysis
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96 Replicates

NormalizedNOT Normalized

Increased Precision:  
Accounts for minor hardware or slight pipetting differences.

Why use a Passive Reference?
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MGB

Reporter
• Provides fluorescent signal (FAM™ or VIC® Dyes)

Non Fluorescent Quencher (NFQ)
• “Dark” quencher
• Acts as energy transfer acceptor that does not emit a detectable fluorescent signal

Minor Groove Binder (MGB)
• Small molecule that fits snugly into the minor groove of duplex DNA

• Stabilizes probe annealing

• Enhances the melting temperature (Tm) of the probe resulting in shorter probes

TaqMan® Probe

QR

5 3

Target sequence
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3’

5’3’

5’
5’

Cleavage

5’

R Q

Q

The 5’-Nuclease Assay
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Threshold = 0.2 

Baseline Start = 3

Baseline Stop = 15

Original 7000 instrument did not have auto 

baselining, and 0.2 wash chosen, a value 

that was carried through to the 7500 for 

consistency with new products and 

platforms.

Absolute Quantification - Settings
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By the Numbers

Kit Parameter Typical Range Observed Range

Slope -2.9 to -3.3 -3.052 to -3.512

R
2 >0.98 0.991 to 0.9999

Slope -3.0 to -3.6 -3.217 to -3.386

R
2 >0.98 0.984 to 0.991

Quantifiler® 

Human (n=75)

Quantifiler® Y 

(n=40)
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Sources of Variation:
Process of Elimination in 
Troubleshooting
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Given this goal, what factors help determine this:

1. Lot to Lot consistency

1. Minimal effect on the reagent side (primers/Master mix)

2. Very good mixing of master mix important (Robots)

2. Reliable DNA Standard (Cell line vs. PMHG)

1. DNA Binding

3. Accurate pipetting

4. Instrument Maintenance

Controlling Variation in Quantification
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DNA Binding to tubes

 DNA in tube under test (your sample)

 DNA from DNA standard

− More improvements to come with Next Gen Quantification

Controlling Variation in Quantification

Teflon Tubes
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Given this goal, what factors help determine this:

1. Instrument:  

1. Within a plate - since the recovery is estimated within one 
sample plate, this should not be significant if components 
are mixed well (Raji should be in first two columns as 
recommended)

2. Over time across many plates – more but hard to 
estimate, but is instrument dependant and subject to 
instrument repairs, etc.

Controlling Variation in Quantification
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 It depends not only on the condition of your pipettes but 
also on your own pipetting technique.

 Measure your pipetting accuracy

− just pipette the same volume of water ten times onto 
a tared balance, note the weight each time. Calculate 
the standard deviation and expressing it as a 
percentage of the average. This is your pipetting
error.

Pipetting Accuracy

http://bitesizebio.com/articles/how-accurate-are-your-pipettes/

“Modeling the propagation of error during dilution series production showed error 

generated with a single calibrated pipette was not significant and did not account 

for large calibrant discrepancies observed in this laboratory and the literature.

However, the use of two pipettes during dilution series preparation, or the use of 

an uncalibrated one, was shown to significantly impact curve generation.”

GRGICAK ET AL. • INVESTIGATION OF REPRODUCIBILITY AND ERROR , J Forensic Sci, 

September 2010, Vol. 55, No. 5
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Types of Targets – Strengths and Weaknesses

 Philosophy of Single Copy vs. Multi-Copy Targets:

 Traditional thoughts: single copy approach provides better accuracy 
while multi-copy approach can lead to better sensitivity. 

Forensic Science International: Genetics, Volume 5, Issue 3 , Pages 185-193, June 2011, An analysis of single and multi-copy methods for DNA 
quantitation by real-time polymerase chain reaction: Heather E. LaSalle, George Duncan, Bruce McCord

 Below a certain value, user might amplify maximum amount of volume 

for STR regardless

 Risks of multi-copy PCR include copy number variation within 

populations and X and Y chromosomes.

 New Bioinformatics techniques available
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Failure of the IPC to Detect Inhibitors Present

 Scenario

− Quantification reaction generates a normal 
IPC value but STR profile indicates inhibition

− Following dilution of sample, STR profile 
quality is improved and more balanced

 Possible Explanation

− All inhibitors do not affect all targets equally

− All inhibitors do not act in the same manner 
(i.e. DNA binding inhibitors  vs. polymerase 
inhibitors)

− An inhibitor may be present that affects the 
STR reaction but does not affect 
amplification of the IPC

While a number of methods have been 

developed to improve

PCR amplification in the presence of 

inhibition (1–3), little is

known of the underlying causes of 

inhibition in PCR. Three potential

mechanisms include: (i) binding of the 

inhibitor to the polymerase

(4,5); (ii) interaction of the inhibitor with 

the DNA; and (iii)

interaction with the polymerase during 

primer extension.
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False Positive and Negative Results

 False Positive (in RT PCR) Scenario
− Sample produced good or higher than expected quantification results 

but after dilution failed to generate an STR result

 Possible Explanations
− Dilution error
− DNA is compromised 

> Degraded DNA - affect is greater on the larger STR multiplex than 
the smaller quantification multiplex and the IPC would show no 
shift as the effect is not due to a soluble inhibitor

> Presence of a soluble inhibitor - STR reaction requires higher 
volume (up to 10 L) addition than quantification reaction (2 L) 
which may be sufficient to explain the discrepancy between the 
two results
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False Positive and False Negative Results

 False Negative Scenario

− Sample produced a quantification result of ‘undetected’ but generated 
a full or partial STR profile when amplified



2/8/2013 | 27

False Positive and False Negative Results

 False Negative (in RT PCR) Scenario – Possible Explanations
− Stochastic variation

> STR reactions require higher volume (up to 10 L) addition than 
quantification reaction (2 L) which may be sufficient to explain 
the discrepancy between the two results

− Increased performance of Next Generation STR Kits

> Real-time PCR quantification does not always provide absolute 
confirmation that a sample contains no amplifiable DNA in an 
alternative PCR format

> Higher levels of sensitivity delivered by the new chemistries will 
make this scenario more likely than with previous STR kits. 

> May see better correlation between Quantification and STR kits in 
the future.
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DNA Standard Variation

 Standard Scenario
− Difference in quantification values generated by two 

different lots of kits

 Poor standard curves are generally from non-homogeneous 
DNA standards which can have multiple root causes (DNA 
binding, DNA agglomeration, pipetting, etc)
− Robotic vs. Manual set up

 Significant knowledge gained about the manufacture, 
packaging, production, and storage of standard DNA since 
the initial development of quanitation chemistries.

 Multiple improvements will be employed with next 
generation of quantification kits
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IPC CT Fluctuations

 IPC Limits indicated in the kit instructions

 IPC should be judged on a sample by sample basis within a run

 Large departures from the average IPC WITHIN a run could be an 
indicator of inhibition in that sample
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Differences in Total Human vs Male Target 
Possible Causes

 Gene duplication of Y-Target
− Rare event but possible

 Presence of an inhibitor 
− Some inhibitors may affect the total human 

target preferentially
− Consider male quant value for amplification 
− Many unknown inhibitors exist and not all can 

ever be tested during a controlled evaluation. 
Some situations will always be difficult to 
diagnose.

http://en.wikipedia.org/wiki/File:Gene-

duplication.png



2/8/2013 | 31

Quantification Accuracy in Degraded Samples

 Different sized amplicons in the human target will, 
for degraded samples, produce different 
estimated quantification results

 The longer amplicons in the Quantifiler® Duo kit 
will tend to more accurately align degraded DNA 
targets with amplification performed in STR kits

 There is a limit to how long the amplicons can be 
in a large multiplex before the reaction efficiency 
is compromised
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Most Common Sources of Error/Failure Modes

 Improper use of pipettes/pipettes out of calibration

 Insufficient vortexing or mixing

 Poor instrument maintenance (lamp, dye calibrations)

 Applied Biosystems’ validation data used as standard of measure 
rather than laboratory’s own validation data

 Overly stringent parameters for expected values (i.e. slope)

 Not running replicates

 Problems with chemistry
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Diagnosing the Problem
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Evaluating “Bad” Quantifiler® Kit Data

1. Check the standard curve parameters

− Slope, R2, Y-intercept

2. Evaluate CT values obtained for standard dilution series

3. Evaluate IPC for standards and samples

4. Check the spectra view for abnormalities

5. Utilize component view to evaluate ROX™ signal

6. Utilize amplification plot view to further evaluate data
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Indicates potential inhibition

Inconsistent IPC Results - Delta Rn vs Cycle
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Indicates potential inhibition

Inconsistent IPC Results - Ct vs Well Position
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Normal Sample
Human Assay

IPC

Partially Inhibited Sample
Human Assay

IPC

Amplification Plot:  Partially Inhibited Sample
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8000

2000
500

200

Stochastic Effects

-A stochastic process is one whose behavior is non-deterministic

8.0

31.25

2.0
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8 copies 

2 copies

0.5 copies

Stochastic Effects
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Quantifiler® Duo and Stochastic Effects 

When 2.0 μL of the lowest DNA standard dilution (23 pg/μL) is loaded in a 
reaction: 

• the well contains approximately 7 diploid human genome equivalents 

• corresponds to ~14 copies of the Human target and ~7 copies of the Duo Male 
target (Y chromosome loci are haploid)



2/8/2013 | 41

Negative Slopes

Slope – Indicates the 

PCR amplification 

efficiency for the

assay. A slope of −3.3 

indicates 100% 

amplification

efficiency.

During the geometric 

phase, a plot of DNA 

concentration versus

cycle number on a log 

scale should 

approximate a straight 

line with a

slope.

0.023 ng

50 ng

Negative slope caused by low concentration samples 

being too weak or high concentration samples too 

strong.   Consistent replicates more likely chemistry 

related, random occurrences more likely user induced.
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Intercept Shifts

Different from negative 

slopes because 

concentration of all 

samples is increased or 

decreased.  If 

reproducible, likely 

source reagents to 

blame, but if random, 

likely user induced.
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Comparison of Results 
Two Independent Standard Curves

Depending on 

which standard 

curve used, 

results a 

different amount 

of DNA being 

amplified in the 

STR.
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Pipette Calibration Error

 Check if the volume being pipetted is consistently too small or too 
large

 Any calibration error affects all standards and errors are 
propagated through the dilution series.

0

0

5
4.5 l = - 10% error

5.5 l = + 10% error
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Standard reaction,   

Normal inhibition

Inhibition Magnified by Reduced Reaction

Half reaction,

2 µL DNA
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Normal Problematic

Worn Filter Wheel – Spectra View
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•A gradual    

decrease in 

fluorescence 

observed over 

time

•Irregular curve 

observed

1000

<400

Lamp Intensity
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Special Topics
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Special Topics

DNA Calibrators

Inhibition
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DNA Calibrators/Virtual Standard Curves

 Inconsistent qPCR results can originate from a variety of 
sources, including but not limited to, variable calibrant
concentrations (7), inherent PCR inefficiencies (8), and pipette 
errors. ..The SRM is designed to give forensic DNA laboratories 
a method to evaluate each new quantification calibrant lot and 
give forensic analysts the ability to confirm standard DNA 
concentrations (10). Although SRM 2372 aids in proper 
quantification of calibrants, it was not intended for use as a 
routine calibrant or quality control material.
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DNA Calibrators

 “The third method is one where the calibration curve 
generated during validation is utilized as the calibrator, and a 
positive control and IPC are used to measure PCR 
reproducibility and efficiency.”
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DNA Calibrators

 Life Technologies has no official stance on the use of 
calibrators for quantification

 Reminder: any calibrator used is subject to the same inherent 
risks as any other DNA sample (loss over time, agglomeration, 
binding, etc)

 “Using the NIST SRM 2372 standard to determine the accuracy 
of the quantitation results. The NIST SRM 2372 standard 
should be diluted so it falls within the dynamic range of the 
slope. These dilutions should be made periodically to ensure 
that the diluted NIST samples are accurate. NIST SRM 2372 
standards, though accurate, if stored in a diluted state over a 
long period of time may lose accuracy.”

Do You Know How Much DNA You Really Have?

O’Brien, Robert I, Figarelli, Debra A, NFSTC / www.nfstc.org/?dl_id=215
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Inhibition

Customer Observation

Human detector did not show signs of 
inhibition, but did affect STR amplification?

Customer Example (swab from straw and body 
swab), organic extraction

Quantifiler® Human DNA Quantification Kit

AmpFℓSTR® Identifiler® Plus PCR Amplification 
Kit
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Inhibition – Initial Result

Sample Volume (µl) ng/µl Human Volume Amplified (µl)

1 40 0.118 10

2 34 0.153 10
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Inhibition
 Further processed with Chelex

Volume (µl) ng/µl Human Volume Amplified (µl)

VN1970 [25] [0.0343] [10]

VN1974 [25] [0.0477] [10]



2/8/2013 | 56

Inhibition - Discussion

What type of inhibitor most likely?

What are the differences between quantification and 
STR that can account for this?

How does the length of the PCR target affect results?

Would alternate extraction type (magnetic particle or 
membrane column) have removed the inhibitor 
initially?

What are the benefits and negatives of Chelex?
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Final Considerations

 Quantification reactions are not STR reactions and there will 
always be differences in the way the two reactions respond to 
the same conditions, however major  efforts are being made 
to make them align more closely:

− Different DNA volume input
− Different master mix
− Different multiplex complexity
− Real Time vs. End Point PCR
− Different detection instrumentation

 Life Technologies™ is incorporating knowledge gained over 10 
years of quantification products to minimize the commonly 
known causes of quantification variation



Questions?
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