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Applied Biosystems (Foster City, CA) has recently developed a new DNA 

quatitation kit, Quantifiler® Duo, which simultaneously quantitates the total amount of 

amplifiable human and male DNA present in a sample. The kit is a multiplex real-time 

PCR system based on the 5' nuclease assay and Taqman probe-based technology. An 

internal validation was performed at the Harris County Medical Examiner's Office using 

Quantifiler® Duo and was comprised of six studies: sensitivity, reproducibility, cross-

. contamination, precision, mixture, and stability. The preliminary results show an 

increased sensitivity from the currently used Quantifiler® Human and Quantifiler® Y 

Human Male DNA Quantification kits. The accuracy and precision of the Quantifiler® 

Duo kit was also comparable or superior to that of the current kits. 
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CHAPTER I 

INTRODUCTION 

Quantification is essential in the analysis of forensic samples. Analysis of 

deoxyribonucleic acid (DNA) recovered from evidentiary samples requires the use of 

Polymerase Chain Reaction (PCR), which amplifies, or copies, specific regions of DNA 

known as Short Tandem Repeats (STRs). The amount of DNA added to the amplification 

reaction is important because PCR yields optimal results within a limited range of input 

DNA. Excess input DNA can result in off-scale data or split peaks, while insufficient 

amounts of DNA result in allele dropout, or the failure to detect an allele in a sample. 

Therefore, in order to ensure an optimum DNA profile, we must accurately determine the 

amount of DNA recovered from evidentiary samples. 

Quantification is not only important for PCR and downstream STR genetic 

analysis, but it is also mandated by standards set forth by the DNA Advisory Board 

(DAB). The DNA Identification Act of 1994led to the formation of the DAB [1]. One of 

their main purposes was to recommend a set of national quality assurance standards for 

forensic DNA laboratories across the country. The DAB established two standards in 

regard to the validation ofnew techniques and the quantification of DNA recovered from 

evidentiary samples within a forensic DNA laboratory. Standard 8.1 states, ''the 

laboratory shall use validated methods and procedures for forensic casework analyses" in 
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particular, "internal validation shall be performed and documented by the laboratory" [2]. 

Internal validation is performed by the laboratory to show that the established methods 

perform as expected and give reliable results. Interpretation guidelines and protocols for 

the analysts to follow are then determined after validation studies are performed. With 

regards to quantification, standard 9.3 states, "the laboratory shall have and follow a 

procedure for evaluating the quantity of the human DNA in the sample where possible" 

[2] . 

Currently, there are two commonly used kits produced by Applied Biosystems for 

use in forensic DNA laboratories: Quantifiler® Human DNA Quantification kit and 

Quantifiler Y Human Male DNA Quantification kit. These kits allow for the 

determination of the relative quantities of total human autosomal and human male DNA 

respectively. More recently, Applied Biosystems has released the Quantifiler® Duo 

Quantification kit, a new multiplex real-time PCR DNA system for the simultaneous 

quantification of total human and male DNA. This technology can aid in choosing 

whether to continue STR analysis with autosomal or Y -STR markers. In addition, this 

assay provides the ability to determine relative quantities of male DNA to female DNA as 

well as detect the presence of PCR inhibitors. 

The Harris County Medical Examiner's Office currently utilizes both the 

Quantifiler® Human DNA Quantification kit and the Quantifilel~ Y Human Male DNA 

Quantification kit. The conversion to an alternate quantification system, the Quantifiler® 

Duo DNA Quantification kit, would require both an internal validation study, and a 

demonstration that the new system is comparable or performs better than the current 
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system. A direct comparison of the Quantifiler® Human DNA Quantification and the 

Quantifiler® Y Human Male DNA Quantification kits with that of the Quantifiler® Duo 

DNA Quantification kit will be conducted in order to determine which quantification 

system is most advantageous for use in the Harris County Medical Examiner's Forensic 

Biology Laboratory. 
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CHAPTER II 

BACKGROUND 

Earlier Methods of Quantification 

Current methods of DNA quantification are highly sensitive and human specific. 

However, earlier approaches were not as sensitive or species specific and therefore 

consumed irreplaceable forensic evidence. These methods utilized Ultraviolet (UV) light 

either through "absorbance at a wavelength of 260nm or fluorescence after staining a 

yield gel with ethidium bromide" [1]. UV Spectrometry measures the absorbance of 

DNA at 260nm and 280nm and has a sensitivity threshold of SOOng [3]. This method can 

also indicate the presence of contaminates such as RNA, protein, and phenol left from the 

DNA extraction process. Due to the low sensitivity, low yields of DNA cannot be reliably 

quantitated with this method which is problematic because most forensic samples yield 

less than SOng of DNA [3]. 

Fluorescence detection following agarose gel electrophoresis and staining with 

the dye ethidium bromide has been utilized for many years. It is based upon the 

fluorescence of the ethidium bromide dye after intercalation within DNA. However, the 

sensitivity of ethidium bromide is determined by various factors such as the: percentage 

of agarose; gel running buffer; volume of sample used; and electrophoretic conditions 

[3]. PicoGreen~~>, a cyanine dye, is another fluorescent molecule used for quantification 
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pwposes. The advantages of this assay are the increased sensitivity at 0.05ng and its 

specificity to bind double-stranded DNA. However, fluorescent dyes are not human 

specific and therefore have limited use with forensic samples. 

The standards regarding quantification set forth by the DAB requires procedure 

for evaluating human DNA specifically. Often, forensic samples are contaminated with 

genetic material from bacteria and other species and may contain very limited amounts of 

human DNA. Therefore, it is paramount to be able to differentiate human from non-

human DNA and attempt to quantify the amount of human DNA present in a sample. 

The slot-blot method addressed this issue by utilizing the hybridization of probes specific 

to human and higher primate DNA. The 40 base pair (bp) probe is complementary to a 

primate specific alpha satellite DNA sequence D17Z1 that is located on chromosome 17 

[1]. Slot blot procedures involve a nylon membrane that captures genomic DNA and then 

the bound DNA is hybridized with a human-specific probe. The DNA is then processed 

through a series of washes and the addition of an enzyme conjugate, HRP-SA 

(horseradish peroxidase-streptavidin). Finally, the DNA is visualized using 

chemiluminescence or colorimetric methods. Slot blot quantification is measured based 

on a comparison of the unknown samples to a set of DNA quantity standards bound to the 

membrane. The intensity of the visualized slot blot is proportional to the amount of DNA 

in the sample [3]. This method takes several hours to perform but has greater sensitivity 

than previous methods and can detect both single-stranded and double-stranded DNA. 

The slot blot assay was commercially available from Applied-Biosystems (Foster 

City, CA) as ~e Quantiblot® Human Quantification kit. However, Quantiblot was time 

5 



consuming, labor intensive and subjective to the interpretation of the analyst. This can 

lead to inaccuracies of DNA concentration based on an analyst's interpretation of the 

color intensity of the band. An incorrect estimation of the DNA concentration can lead to 

the addition of too much or too little DNA to the PCR reaction which can result in STR 

profiles displaying stochastic affects and increased stutter. Although Quantiblot® showed 

increased sensitivity at 0.03125ng/J..Ll [4], successful STR profiles were often obtained 

when hybridization results were negative. Therefore, this assay showed limited uses on 

the low copy samples that are often encountered with forensic evidence. 

The first major PCR-based quantitaion system used throughout the forensic 

community was the DQ alpha and Polymarker dot blot kits. These kits were relatively 

insensitive to wide ranges of template DNA [3]. With more recent advances in the 

utilization of STR typing systems, the amount of input DNA has became much more 

restricted and the use of slot blot assays was discontinued. The need for quantification 

systems with greater sensitivity became more apparent. 

The AluQuant® Human DNA Quantification system developed by Promega 

Corporation (Madison, WI) is based on the detection of Alu repeats that are abundant 

throughout the human genome [3]. Hybridization initiates a series of enzymatic reactions 

that ends with the oxidation ofluciferin and the production oflight [1]. The intensity of 

this light is proportional to the amount of DNA in the sample and quantities are 

determined by comparing the unknown samples to a standard curve [1]. The sensitivity 

of this assay ranges from OJ- 50 ng [1]. This system has an advantage over slot blot 

methods because it does not require DNA to be bound to a membrane. However, this 
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system requires more duplicate processing which doubles the amount of sample required 

and utilizes additional reagents as well as hands-on time. 

PCR and Quantitative PCR 

The newest technique for the quantification of human DNA utilizes real-time 

PCR or quantitative PCR. PCR was first described by Kary Mullis in 1985 [5] . It is a 

process that mimics what occurs naturally within a cell as billions of copies of specific 

sequences ofDNA are produced from as little as a few copies. During PCR, the sample is 

heated to denature the DNA. As the reaction is cooled, primers anneal to the template 

DNA to initiate replication. The temperature is then raised to about 72°C to initiate 

polymerase activity in which a DNA polymerase such as AmpliTaq® Gold DNA 

Polymerase, will extend the primer by adding complimentary nucleotides to the template 

sequence. The result is an exact compliment to the template strand. This cycle of 

temperatures is repeated using the previously made copy of DNA as a new template for 

the subsequent cycle (Figure 1 ). 
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Figure 1. PCR Amplification. DNA replicated during repeated temperature cycles: 1) 
DNA denatured at 94°C 2) Temperature lowered to 54°C to allow primer annealing 3) 
Temperature increased to 72°C as DNA polymerase extends the primer by adding 
complimentary nucleotides to the template strand [ 6]. 

Real-time PCR monitors the PCR process as it is happening. It monitors the 

change in fluorescence signal that results from the amplification of a target sequence of 

DNA during the PCR process. The amplification of DNA utilizing the PCR process 

consists of three phases: exponential, linear, and plateau (Figure 2). The exponential 

(geometric) phase occurs first, in which the amplification reagents are plentiful and 

readily available, resulting in the doubling of amplicons with each cycle. In the linear 

phase, the reagents are being consumed and therefore are not readily available slowing 

down the rate of reaction. During the plateau phase, amplification has ceased and 

reagents are no longer available as they have been consumed. Research has demonstrated 

that variations in the rate of amplification occur during the linear and plateau phases and 

therefore, data collection and quantification occurs during the exponential phase. 
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Figure 2. Phases of real-time PCR [7]. 

The instrument uses the cycle threshold (Cr) as a detection point to determine 

the quantity of DNA within a sample. The Cr value is the point at which the fluorescent 

signal crosses the threshold determined by the software to be above the baseline noise in 

early stages of PCR [I]. This is determined by the amount of starting template and the 

efficiency of the PCR amplification [8]. Within the exponential phase, at any given cycle, 

the Cr is proportional to the log of the initial amount of DNA. Assuming I 00% 

efficiency, a difference of I in the Cr value corresponds to a two-fold difference in the 

amount of starting template DNA [8]. A standard curve is generated from a series of 

dilutions of known DNA template which are run in duplicate. The change in fluorescence 

is correlated to this standard curve and the quantity of starting DNA is determined. 

The results from the standard curve are plotted on a graph of the Cr of the 

standards vs. the starting quantity of the standards. A regression line is then calculated 

that best fits the data. The accuracy and quality of the results are reported by the R2 value 
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(correlation coefficient), the slope and theY-intercept [8]. TheY-intercept is the Cr value 

at which a lng/J.ll sample would cross the fluorescence threshold. The slope indicates the 

efficiency of the PCR amplification. An efficiency of 100% would give a slope of -3.3. 

The R2 value indicates how well the regression line fits the data of the standard curve. A 

R2 value of 1.00 would indicate a perfect fit, but generally anything greater than 0.99 is 

acceptable. 

Samples quantitated with the Quantifiler® Duo DNA Quantification system are 

assayed on the ABI PRIS~ 7500 Sequence Detection System, a 96-well real-time PCR 

unit (Figure 3). This unit uses a five-dye system: NED™, FAM™, VIC®, TAMRA™, 

and ROX™. The fluorescent dyes within each well are excited by a tungsten-halogen 

lamp, and detected by the charge-coupled device (CCD) camera. The Sequence Detection 

Software (SDS) interprets the data from the CCD and applies algorithms to it for data 

analysis. The software supplied with the ABI 7500 is specific for use with Applied 

Biosystems fluorescent dye technology. 
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7500 Sequence Detection System[9]. 

Current Applied Biosystems Quantification Systems 

The Quantifiler® Human and Quantifiler® Y Human Male DNA Quantification 

systems quantitate the amount of total human and total male DNA in a sample 

respectively. Both kits are duplex assays based on the 5' nuclease assay and Taqman 

probe-based technology. They contain a target specific probe for either human or male 

DNA and an internal PCR control (IPC) [8]. Each target-specific assay contains a 

TaqMan® probe labeled with the fluorescent dye FAM™ for detecting the target 

sequence. For human DNA, the 62 base pair gene target is the human telomerase reverse 

transcriptase gene (hTERT) located on chromosome 5 [8]. The 64 base pair gene target 

for the male DNA is the sex-determining region Y gene (SRY) located on theY 

chromosome [8]. The IPC assay consists of template DNA that is a synthetic sequence 

not found in nature. This provides a positive control by monitoring the reactions and 
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predicting possible failure of genetic analysis due to inhibitors that have co-purified with 

the extracted DNA. The IPC assay also contains primers specific for the synthetic 

template DNA and a VIC labeled TaqMan® probe. 

TaqMan®probes are comprised of a reporter dye linked to the 5' end and a minor 

groove binder (MGB) and nonfluorescent quencher (NFQ) linked to the 3' end [8). The 

MGB increases the melting temperature without compromising the length of the probe 

[10]. The NFQ helps to measure the reporter dye fluorescence more accurately [10]. 

Figure 4 describes the 5' nuclease assay. The TaqMan® probe anneals to a complimentary 

sequence of template DNA within the amplification target region which insures the 

specificity of the fluorescent detection. While the probe is annealed to the template DNA, 

fluorescence is not emitted because the reporter dye is in close proximity to the quencher 

dye creating Forster-type energy transfer, a fluorescent resonance energy transfer (FRET) 

[8]. As DNA synthesis occurs off the forward amplification primer, the AmpliTaq® Gold 

DNA polymerase then cleaves the reporter dye from the probe which results in the loss of 

FRET and an increase in fluorescence. The probe is completely removed from the 

template DNA and primer extension continues. The amount of fluorescence detected is 

proportional to the number of amplicons, or PCR products, produced. 
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Figure 4. 5' Nuclease Assay [8]. Probe anneals specific sequence on template DNA. 
AmpliTaq Gold DNA polymerase synthesizes the reaction. Cleavage of hybridized 
probes and separation of the reporter dye form quencher dye. Completion of 
polymerization. 

Data is collected by the SDS software from 500nm to 660nm [8). Algorithms are 

used by the software to remove background fluorescence and determine the contributions 

of each dye to a composite spectrum. A normalized reporter (Rn) value is calculated from 

the reporter dye signals based on the passive reference dye present in all wells of the plate 

[8]. An amplification plot is generated from the results (CT cycle vs. Rn) as well as a 

report in an exportable spreadsheet format displaying CT value, CT standard deviations (if 
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duplicates are performed), sample quantity, mean quantity, and quantity standard 

deviations (if duplicates are performed). 

The Quantifiler® Human and Quantifiler® Y Human Male DNA Quantification 

kits contain three components: human male DNA standard, either a human or male 

specific Primer/Probe mix (specific for each kit), and the PCR Reaction Mix. The human 

male DNA standard is provided at a concentration of200ng/J..Ll, which is diluted to obtain 

standards of 50, 16.7, 5.56, 1.85, 0.62, 0.21, 0.068, and 0.023 ng/J..Ll. The primer mix 

contains all the PCR primers, and the FAM- and VIC-labeled TaqMan®probes as 

described earlier. The PCR Reaction Mix contains the reagents necessary for PCR: 

AmpliTaq® Gold DNA polymerase, deoxynucleotide triphosphates (dNTPs), magnesium, 

. buffers, and the passive reference dye ROX. Each kit contains enough reagents to 

perform 400 reactions at a 25J..Ll volume. 

New Applied Biosystems Quatitation System 

Recently, Applied Biosystems has released a new multiplex real-time PCR assay 

known as the Quantifiler® Duo DNA Quantification kit. The Quantifiler® Duo DNA 

Quantification kit in simplistic terms combines the current Quantifiler® Human and 

Quantifiler® Y Human Male DNA Quantification kits into a single system. While 

Quantifiler® Human and Quantifiler® Y are duplex systems, Quantifiler® Duo performs 

three 5' nuclease assays simultaneously: a target-specific human DNA assay, a target-

specific human male DNA assay, and an internal PCR control assay [7]. For human 

DNA, the 140base pair gene target is the ribonuclease P RNA component HI (RPPHl) 
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located on chromosome 14 [7]. For male DNA, the 130 base pair gene target is the sex-

determining region Y (SRY) of theY chromosome [7]. Note that the amplicon sizes have 

been increased from the Quantifiler® Human and Quantifiler® Y kits (from 62 and 64 

respectively). Applied Biosystems increased the size of the template target in order to 

prevent preferential amplification that could occur in highly degraded DNA samples. 

With degraded DNA, the Quantifiler® Duo DNA Quantification kit could over estimate 

the amount of template DNA relative to the STR results generated with the current DNA 

typing systems. The target specific assays for human and male DNA contain TaqMan® 

MGB probes labeled with the fluorescent dyes VIC® and FAM™ respectively. The IPC 

assay contains the 130 base pair template DNA, two primers and a TaqMan® MGB probe 

labeled with the fluorescent dye NED™ [7]. The Quantifiler® Duo 5' nuclease assay and 

data analysis is the same as explained earlier with the Quantifiler® Human and 

Quantifiler® Y systems. 

The Quantifiler® Duo DNA Quantification kit contains four components: human 

male DNA standard, Primer Mix, PCR Reaction Mix, and a DNA Dilution Buffer. The 

human male DNA standard is provided at a concentration of 200ng/J.1l, which is diluted 

with the DNA Dilution Buffer (1 OmM Tris HCl buffer, pH 8.0, containing 0.1 mM 

EDTA) to obtain standards of 50, 16.7, 5.56, 1.85, 0.62, 0.21, 0.068, and 0.023 ng/Jll. 

The Primer Mix contains all the primers and probes for RPPHl, SRY and the IPC. The 

PCR Reaction Mix contains the reagents necessary for PCR: AmpliTaq® Gold DNA 

polymerase, dNTPs, MgCh, bovine serum albumin, and 0.02% w/v sodium azide as a 

preservative. I;ach kit contains enough reagents to perform 400 reactions at 25 Jll. 
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CHAPTER III 

RESEARCH DESIGN 

The objective of this study is to internally validate the Applied Biosystems 

Quantifiler® Duo Human Quantification kit for use in forensic casework. There are six 

objectives to this study. 

Objective 1 

Sensitivity of the Quantifiler® Duo DNA Quantification kit will be performed to 

establish the lowest detection level of the quantification assay. Three NIST standards 

. (A,B, and C) made up of single male, multiple female, and multiple male and female 

DNA will be used in four concentrations: NEAT (undiluted), dilutions of 1110, 11100, and 

111000. If possible, the same lot number for each reaction mix will be used to eliminate 

kit variability. Each dilution will then be tested with Quantifiler® Duo DNA 

Quantification kit and the results will be compared to those obtained from the 

Quantifiler® Human DNA Quantification kit and the Quantifiler® Y Human Male DNA 

Quantification kit. 

Objective 2 

Four different human DNA samples consisting of the NIST standards in four 

concentrations1 NEAT (undiluted), dilutions of 1110, 11100, and 111000, will be tested for 
16 



reproducibility of the quantification results. Two of the four samples are low copy 

(template) samples to mimic degradation in actual forensic casework. All samples will be 

tested using Quantifiler® Duo DNA Quantification kit. Three different quantifications 

will be performed and run on different days to ensure that reproducible results can be 

obtained. The results will then be compared to those obtained from the Quantifiler® 

Human DNA Quantification kit and the Quantifiler® Y Human Male DNA Quantification 

kit. 

Objective 3 

To demonstrate if cross-contamination of adjacent wells is possible. In order to do 

this, negative samples (no template DNA) will be placed in between validation samples 

on the same reaction plate in a checkerboard fashion to examine cross-contamination 

during the operation. A comparison of the results will then be conducted. 

Objective 4 

The precision of the Quantifiler® Duo DNA Quantification kit will be assessed to 

determine the variability between samples during Real-Time PCR. A single human male 

sample will be quantitated in replicate using Quantifiler® Duo. The results will then be 
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compared to those obtained from the Quantifiler® Human DNA Quantification kit and the 

Quantifilel~ Y Human Male DNA Quantification kit. 

Objective 5 

To determine the ability of the Quantifiler® Duo DNA Quantification kit to obtain 

results from mixed source samples, male-female mixture samples will be prepared in 

ratios oflOO:O, 50:50, 10:90,5:95,2:98, 1:99, and 1:499. The mixture samples will be 

tested with Quantifiler® Duo DNA Quantification kit to determine the quantity of Y and 

autosomal DNA present in a sample which will be helpful in determining success of 

. downstream analysis. The results will then be compared to the results obtained from the 

Quantifiler® Human DNA Quantification kit and the Quantifiler® Y Human Male DNA 

Quantification kit. Samples will then be amplified using AmpFtSTR® Profiler Plus™ 

and AmpFtSTR® Y-filer™ Amplification kits and run to determine if detected values 

will yield full genetic profiles. 

Objective 6 

To determine how long the Quantifiler® Duo DNA Quantification kit standards 

will remain stable, a stability test will be performed. One set of standards will be used 

and tested weekly until it is determined that they no longer yield reliable results. 
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CHAPTER IV 

MATERIALS AND METHODS 

Quantifiler® Duo Protocol 

Each assay was performed according to the manufacturer's protocol. All 

standards and non-template controls (NTC) were performed in duplicate. For more details 

you may refer to the Quantifiler® Duo DNA Quantification Kit User's Manual (PIN 

4391294 Rev. B). The protocol is as follows: 

1. Prepare the DNA quantification standards dilution series. Label eight 1.5 ml 

tubes standards 1-8. Add 150 Jll DNA Dilution Buffer to the tube labeled 

standard 1, and add 100 Jll DNA Dilution Buffer to tubes labeled standards 2-

8. Thaw and vortex the 200 ng/Jll Quantifiler® Duo DNA standard for 3-5 

seconds. Using a new pipette tip, add 50 Jll of the Quantifiler® Duo DNA 

standard to the tube labeled standard 1. Vortex. This creates the 50 ng/Jll 

standard. Using a new pipette tip, add 50 Jll of the 50 ng/J.Ll standard to the 

tube labeled standard 2 containing 100 Jll DNA Dilution Buffer. Vortex. This 

creates the 16.7 ng/Jll standard. Change pipette tips and continue performing 

serial dilutions until all standards are made. The concentrations of the 

standards are 50, 16.7, 5.56, 1.85, 0.62, 0.21 , 0.068, and 0.023 ng/J.Ll. When 

19 



A 

B 

c 

D 

E 

F 

G 

H 

2. using the Quantifiler® Duo DNA Dilution Buffer, standards can be stored up 

to two weeks at 2 to 8°C. 

3. Create a 96-well plate layout using the SDS software. Plate template layout is 

flexible. Throughout this study, the Quantifiler® Duo standards were in wells 

AI- HI and A12- H12, Quantifiler® Human standards were in wells A2-

H2 and All- H11, and Quantifiler® Y standards were in wells A3- H3 and 

AlO- HIO. See chart below. It is acceptable to run all assays on one plate; 

however, it is recommended that each assay be analyzed with standards run 

under the appropriate assay (Duo, autosomal, or Y -chromosome). Create and 

save this document as a template in the software. 

1 2 3 4 5 6 7 8 9 10 11 12 

50 50 50 NTC 50 50 50 
Duo Hum y Duo y Hum Duo 
16.7 16.7 16.7 NTC 16.7 16.7 16.7 
Duo Hum y Hum y Hum Duo 
5.56 5.56 5.56 NTC 5.56 5.56 5.56 
Duo Hum y y y Hum Duo 
1.85 1.85 1.85 1.85 1.85 1.85 
Duo Hum y y Hum Duo 
0.62 0.62 0.62 0.62 0.62 0.62 
Duo Hum y y Hum Duo 
0.21 0.21 0.21 NTC 0.21 0.21 0.21 
Duo Hum y y y Hum Duo 
0.068 0.068 0.068 NTC 0.068 0.068 0.068 
Duo Hum y Hum y Hum Duo 

0.023 0.023 0.023 NTC 0.023 0.023 0.023 
Duo Hum y Duo y Hum Duo 
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4. Calculate the volumes of Primer Mix and PCR Reaction Mix needed for the 

master mix. Each reaction requires 10.5 f..Ll Primer Mix and 12.5 f..l.l PCR 

Reaction Mix. Make enough master mix for all samples plus two reactions to 

account for loss during pipetting. 

5. Thaw Primer Mix and vortex 3-5 seconds. Gently mix, do not vortex, ihe PCR 

Reaction Mix. Pipette calculated volumes of each component into a new tube. 

Vortex 3-5 seconds. 

6. Aliquot 23 f..Ll of the master mix into appropriate wells of a Micro Amp Optical 

96-well Reaction Plate that will contain standards, controls, or samples. In this 

study, a repeater pipette was used for consistency and accuracy. 

7. Vortex each standard or sample and then pipette 2 f..Ll into the appropriate 

wells, making sure that each sample is well mixed by pipetting up and down. 

8. Seal the plate with an Optical Adhesive Cover using the sealing tool. Make 

sure that all sides and spaces between wells are adhered properly to the plate. 

Check to ensure that there are no air bubbles in the adhesive cover. Centrifuge 

plate briefly at 3000rpm to remove bubbles. 

9. Place plate in the ABI PRIS~ 7500 Sequence Detection System with plate 

oriented so that well AI is in the top left comer. 

10. When running the Duo system with the SDS software for the flrst time, add 

the appropriate detectors for the reporter dyes of Duo Human (VIC), Duo 

Male (F AM), and Duo IPC (NED). Select ROX as the Passive Reference dye. 

For. all runs, add these detectors to the plate document for the appropriate 
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samples. Assign sample name, task, and quantity to the standards, and assign 

sample name and task to the unknown samples and controls. 

11. Run assays under these thermal cycler parameters: 

a. Stage 1 - 50°C for 2 minutes 

b. Stage 2 - 95°C for 10 minutes 

c. Stage 3 - 40 cycles of 95°C for 15 seconds/60°C for 1 minute 

12. Save the document and press start. The assay takes approximately 1 hour and 

45 minutes to complete. 

13. After the run is complete, analyze data. Examine the standard curves 

generated for Duo Human and Duo Male. A PCR with near 100% efficiency 

should have a slope of -3.3 and an R2 value of0.99 or greater. An acceptable 

slope range is -3.0 to -3.6. If any of the parameters are out of the acceptable 

range, refer to the troubleshooting section of the User's Manual. Generally, 

standard 8 may be omitted to increase fit of the standard curves. Also, at 

HCMEO it is acceptable to omit up to one full set of standards. 

14. Use the report tab to view and save the data in spreadsheet format, which can 

be exported for later use. 

Sensitivity Study 

A sensitivity study was performed with Quantifiler® Duo to evaluate the 

sensitivity level of the kit. The National Institute of Standards and Technology (NISI) 

traceable stan4ar'ds A (52.4 ng/~1), B (53.6 ng/~1), and C (54.3 ng/~1) were used in four 
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concentrations: NEAT, 1110, 11100, and 1/1000. The standards are made up of single 

male, multiple female, and multiple male and female for A, B, and C respectively. Each 

sample was run once in Quantifiler® Duo, Quantifiler® Human and Quantifiler® Y on the 

same plate to compare results between the three assays. An average of three separate runs 

was calculated and compared between the three kits. Dilutions were performed as 

follows: 

NISTA 

1. Placed 5 Ill of 52.4 ng/jll NIST A DNA into a 1.5 ml tube containing 45 Ill of 

TE Buffer to create a 5.24 ng/jll concentration or a 1/10 dilution. Tube was 

then vortexed. 

2. Using a new pipette tip, placed 5 Ill of 5.24 ng/jll NIST A DNA into a 1.5 ml 

tube containing 45 Ill ofTE Buffer. To create a 0.524 ng/jll concentration or a 

11100 dilution. Tube was then vortexed. 

3. Changing pipette tips, placed 5 Ill of 0.524 ng/jll NIST A DNA into a 1.5 ml 

tube containing 45 Ill ofTE Buffer to create a 0.0524 ng/jll concentration or a 

111000 dilution. Tube was then vortexed. 

This series of dilutions was performed for each NIST standard creating concentrations of 

52.4, 53.6, 54.3, 5.24, 5.36, 5.43, 0.524, 0.536, 0.543, 0.0524, 0.0536, and 0.0543 ng/jll. 

Samples were then amplified with AmpFtSTR ® Profiler Plus™ and the results were 

analyzed on the ABI PRISM® 3130 Genetic Analyzer. 
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Reproducibility Study 

Using the NIST traceable standards A, B, and C, four concentrations (NEAT, 

1110, 11100, and 111000) were run on three separate days to evaluate the reproducibility 

of quantification results using the Quantifiler® Duo kit. Dilutions were made as stated in 

the sensitivity study. Two of the four samples are low copy to mimic degredation that is 

often seen in forensic casework. All samples were run once on the same plate in 

Quantifiler® Duo, Quantifiler® Human and Quantifiler® Y, then the average of all three 

runs was calculated to compare results between the three assays. 

Cross-Contamination Study 

A cross-contamination study was done to monitor any carry over between 

adjacent cells. This study was combined with the reproducibility study due to time and 

resource constraints. Negative (no template DNA) samples were placed in between each 

sample in a checkerboard fashion. See chart below. 

Std. Std. Std. Std. Std. Std. 

Std. Std. Std. Std. Std. Std. 

Std. Std. Std. Std. Std. Std. 

Std. Std. Std. Std. Std. Std. 

Std. Std. Std. Std. Std. Std. 

Std. Std. Std. Std. Std. Std. 

Std. Std. Std. Std. Std. Std. 

Std. Std. Std. Std. Std. Std. 

Std. Std. Std. Std. Std. 

-sample - negative ( no template DNA) 
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Precision Study 

A precision study was done to evaluate the variability of the Quantifiler® Duo kit 

from sample to sample. Male Quantifiler® Human DNA standard (200 ng/J.Ll stock) from 

Applied Biosystems was diluted to 1.0 ng/J.Ll by placing 1 J.Ll into a 1.5 ml tube containing 

199 J.Ll of TE buffer. The sample was run 57 times on a single plate with Quantifiler® Duo 

standards only. These results were compared to a previous study done using the 

Quantifiler® Human kit. 

Mixture Study 

A mixture study was performed using Quantifiler® Duo. Male:Female DNA 

mixtures were made from the male Quantifiler® Human standard and the female Profiler 

Plus® standard 9947 A (0.1 ng/J.Ll stock). The Quantifiler® Human standard was diluted to 

0.1 ng/J.Ll by placing 10 J.Ll into a 1.5 ml tube containing 990 J.Ll of TE buffer to create a 2 

ng/J.Ll concentration. Then, 10 J.Ll ofthe 2 ng/J.Ll DNA was placed into a 1.5 ml tube 

containing 190 J.Ll ofTE buffer to achieve a final concentration of0.1 ng/J.Ll. Table 1 

shows the manner in which the female and male DNA were mixed to achieve various 

ratios. 

Ratio %Male J.Ll of Male J.Ll ofFemale 
Male:Female DNA DNA 

100:0 100 100 0 
SO: SO so so so 
10:90 10 10 90 
S:95 5 s 95 
2:98 2 2 98 
1:99 1 1 99 

1:499 .002 1 499 . 
Table 1. ¥txture Study; Volumes of male:female DNA to achieve vanous ratios 
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Samples were vortexed multiple times throughout the mixture process. After mixtures 

were made, samples were vortexed once again and quantitated using Quantifiler® Duo. 

Samples were then amplified with AmpFtSTR ® Profiler Plus™ and AmpFtSTR ® Y-

filer® and the results were analyzed on the ABI Prism® 3130 Genetic Analyzer. 

Stability Study 

Stability studies were run on the Quantifiler® Duo DNA Quantification kit 

standards. All eight standards were run once a week until the standard curves criteria fell 

outside of the acceptable ranges. 
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CHAPTERV 

RESULTS AND DISCUSSION 

Sensitivity Study 

A sensitivity study was performed on the Quantifiler® Duo DNA Quantification 

kit to evaluate the sensitivity of each kit. The Quantifiler® Duo manual gives a detectable 

range of0.023 to 50 ng/J.I.l with quantities as low as 0.0115 ng/ J.i.l being reproducibly 

detected. A diploid cell contains approximately 6 pg (0.006 ng) of genomic DNA, so the 

detectable limit is on the order of 2-4 diploid cells or 4-8 sperm cells. Quantifiler® Duo 

was evaluated using the NIST traceable standards at concentrations ranging from 54.3 to 

0.0524 ng/J.I.l. It is important to note that the NIST B component contains only female 

DNA so no results were expected in Quantifiler Duo Male and Quantifiler Y. For this 

study, the DNA concentrations determined are the average of three runs. The average 

concentration of autosomal DNA obtained from the female standard ranged from 96.11 to 

0.06 ng/J.I.l. The Quantifiler® Duo results over estimated the amount of DNA by two fold 

at the highest input amount of DNA. The amount detected was above the upper bound of 

the standard curve utilized for determing the amount of input DNA. Quantifiler® Duo was 

able to detect the lowest concentration (0.0524 ng/J.I.l) however, these results were 

expected as they were within the concentration range of the standard curve. The lowest 

concentration at 111000 dilution, which had an expected value of 0.05 ng/J.I.l also gave a 

27 



full STR profile when analyzed using AmpFf.STR® Profiler Plus® (Figure 5). However, it 

is highly unlikely to see a full profile under standard amplification conditions and only 

500pg of DNA. This suggests that the concentrations may have been inaccurate. It is also 

important to note that Quantifiler® Duo Human was consistently more sensitive when 

compared to Quantifiler® Human (Figure 6). 

The concentration of male DNA detected by Quantifiler® Duo ranged from 

101.61 to 0.03 ng/J..Ll. Quantifiler® Duo Male did not show consistency when compared to 

the expected concentrations but did over-estimate compared to Quantifiler® Y (Figure 7). 

In this study, the single male DNA (NIST A) was consistently overestimated for both 

autosomal and Y by the Quantifiler® Duo assay (Figure 8). There is no mention of this 

. overestimation in the Applied Biosystems' literature, however since it is consistently 

overestimating, a correction factor may be employed to determine the final concentration 

of a male DNA sample. 

28 



~--· ·· 

.. 
u 

X 
1$44 
103 . f9 i 

•A 
667 
ICMI,.24i 
v 
:~., · 

" 3'7$4 

·'~·w.•:t .. 
~007 
•• ,. .o • 

u 
~1.;1 
.:z .. .,. 
214.~ 

·A 
76 

~·(":'4 

' ~~~ : 
' 2~.53 1 

ll .. 
2021 
Ht .ap 

16 
191]1 
299.4'7 

... 

:~c----- --·~-:~-R 
II 

' 2303 

~:!·~-, 
l ::z:t21 
~ 

Figure 5. AmpF tSTR ® Pro filer Plus® STR data from sample NIST A 111000 dilution 
containing 500pg of DNA. A full profile was obtained at all loci. 
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!i2A 53.0 54.3 5.214 5.38 5A3 0..524 0.5311 0.543 0 .0524 O.o530 0.11543 
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Figure 6. Quantifiler Duo sensitivity study - Duo Human vs. Quantiftler Human. 
Comparing human autosomal DNA concentrations between Quantifiler® Duo Human and 
Quantifiler® Human using NIST standards A, B, and C. Expected quantities ranged from 
54.3 to 0.0524 ng/J.ll. Avenige measured quantities ranged from 96.11 to 0.06 ng/J.ll. 
Arrow indicates greatest concentration threshold of the standard curve (50 ng/J.ll). 
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Figure 7. Quantifiler® Duo sensitivity study- Duo Male vs. Quantifiler® Y. Comparing 
human male DNA concentrations between Quantifiler® Duo Male and Quantifiler® Y 
using NIST standards A, B, and C. Expected quantities ranged from 54.3 to 0.024 ng/J.I.l. 
Average measured quantities ranged from 101.61 to 0.02 ng/J.I.l. Arrow indicates greatest 
concentration threshold of the standard curve (50 ng/J.I.l). 
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Figure 8. Quantifiler® Duo sensitivity study- Duo Human vs. Duo Male. Comparing 
autosomal and male DNA concentrations between Quantifiler® Duo Male and 
Quantifiler® Duo Human uSing NIST standards A, B, and C. Expected quantities ranged 
from 54.3 to 0.024 ng/J.I.l. Averaged measured quantities ranged from 101.61 to 0.03 
ng/Jll. Arrow if:ldicates greatest concentration threshold of the standard curve (50 ng/J.I.l). 
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Reproducibility and Cross-Contamination Studies 

Three different human DNA samples were used to evaluate the reproducibility of 

the Quantifiler® Duo DNA Quantification kit. Components A, B, and C of the NIST 

traceable standards were used in four concentrations: NEAT, 1/10, 11100, and 111000. 

Three different runs were performed on all samples on three different days. This study 

was combined with the cross-contamination study to assess whether cross contamination 

occurs between adjacent wells. No cross-contamination was observed during any of the 

three runs. For each sample, the mean quantity and standard deviation of the three runs 

were calculated. Furthermore, a 95% confidence interval was calculated as the average 

mean ± two standard deviation units for each sample and expressed as a percentage of the 

. mean quantification result. These calculations were performed on both the human (Table 

2) and male (Table 3) targets within the Quantifiler® Duo assay. The 95% confidence 

interval gives the expected range of results when using the Quantifiler00 Duo DNA 

Quantification kit. The average 95% interval is± 29.0% for the human target and± 

31.2% for the male target. The data shows that as the concentration of DNA decreases, 

the variability in the quantification results increases. This is expected and is due to 

stochastic effects and human error when pipetting DNA samples with low concentrations. 

When compared to Quantifiler® Human and Quantifiler® Y Human Male DNA 

Quantification kits, Quantifiler® Duo has greater variability. Quantifiler® Human has a 

published mean variability of± 18.5% and Quantifiler® Y has a published mean 

variability of± 26.9% [8]. However, when comparing the average 95% confidence 

intervals, Q~tifiler® Duo human target is not statistically different from Quantifiler® 
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Human (t=.88, df=20, p>.05), and the Quantifiler® Duo male target is not significantly 

different from Quantifiler® Y (t=.62, df=20, p>.05). 

Human DNA Standard 
95% 

Sample 
Deviation 

Confidence 
Run 1 Run2 Run 3 
96.87 88.43 103.04 96.11 7.334 15 
84.70 74.76 76.64 78.70 5.280 13.419 
46.58 44.21 44.84 45.21 1.228 5.430 

5.24 7.980 6.570 7.460 7.337 0.713 19.438 
5.36 6.680 6.170 6.420 6.423 0.255 7.940 
5.43 3.410 3.550 3.520 3.493 0.074 4.220 
0.524 0.830 0.770 0.844 0.815 0.039 9.651 
0.536 0.475 0.508 0.488 0.490 0.017 6.780 
0.543 0.357 0.306 0.356 0.340 0.029 17.170 

0.0524 0.054 0.055 0.109 0.073 0.031 86.606 
0.0536 0.098 0.063 0.088 0.083 0.018 43.825 
0.0543 0.040 0.107 0.045 0.064 0.038 117.825 

. Table 2. DNA quantity of each sample for each run with calculated mean, standard 
deviations and 95% confidence intervals for the Quantifiler® Duo human target. 

Standard 
95% 

Sample 
Deviation 

Confidence 
Run2 Mean 
83.39 101.61 16.821 

37.66 30.91 30.95 33.17 3.886 
NIST A 1/10 5.24 8.400 6.250 7.560 7.403 1.084 
NIST B 1/10 
NIST C 1/10 5.43 2.410 2.930 2.590 2.643 0.264 
NIST A 1/100 0.524 0.869 0.806 0.870 0.848 0.037 
NIST B 1/100 
NIST C 1/100 0.543 0.218 0.197 0.253 0.223 0.028 
NIST A 1/1000 0.0524 0.070 0.085 0.109 0.088 0.020 
NIST B 1/1000 
NIST C 1/1000 0.0543 0.020 0.034 0.039 0.031 0.010 

Table 3. DNA quantity of each sample for each run with calculated mean, standard 
deviation and 95% confidence intervals for the Quantifiler® Duo male target. Empty cells 
represent female DNA and therefore did not show results in the male target as expected. 
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Precision Study 

A study was performed on Quantifiler® Duo DNA Quantification kit to determine 

the variability of the quatitation results from sample to sample. A system that is precise 

should give accurate and reproducible values when processing the same given sample 

several times. For example, a 1 ng sample should give a 1 ng quantification value every 

time. For this study, the male Quantifiler® Human standard was diluted to 1 ng/J..ll and run 

fifty-seven times on the same plate. The mean quantity and standard deviation was 

calculated for Duo Human. Furthermore, a % variance was calculated to normalize the 

data. These values were then compared to a previous study done at Harris County 

Medical Examiner's Office using a 0.5 ng/J..ll sample with Quantifiler® Human (Table 4). 

Figures 9 - 1 0 show the individual quantification values for each of the samples using 

Quantifiler® Duo and Quantifiler® Human respectively. 

Duo Human shows greater precision when compared to Quantifiler® Human as 

indicated by a smaller% variance. However, there is no statistically significant difference 

between the variances of each assay. The overall results of this study show that 

Quantifiler® Duo provides precise and reproducible results. 

Duo Human Quantifiler1111 Human 

Mean 1.09 0.05 

Standard Deviation 0.24 0.01 

%Variance 22.1 27.77 

Table 4. Calculated mean, standard deviation and% vanance for a 1 ng/J.ll sample using 
Duo Human compared to the results of a previous study using a 0.05 ng/J..ll sample with 
Quantifiler® H.uman. 
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Figure 9. Quantifiler® Duo precision study. Duo human results from the Quantifiler® Duo 
using a 1 ng/111 sample. 
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Figure 10. Quantifiler® H~an precision study. Previously done at Harris County 
Medical Examiner's Office using a 0.05 ng/IJl sample. 
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Mixture Study 

Mixture samples containing male and female DNA from Quantifiler® Human and 

Profiler Plus, respectively, were prepared. The ratio of male to female DNA in these 

samples were 100:0,50:50, 10:90,5:95,2:98, 1:99, and 1:499. Each mixture was then 

quantitated using the Quantifiler® Duo DNA Quantification kit. Figure 11 shows that the 

male DNA was detected down to the 2:98 mixture. No male DNA was detected in 1 :99 or 

1:499 samples. At the 2:98 sample, the concentration of the male DNA was determined to 

be 10.8 pg/IJ.l which is the equivalent of approximately three sperm heads per IlL The 

inability of the assay to quantitate male DNA in the presence of increasing female DNA 

was not due to the quantity of female DNA in the mixture but by the inability of the assay 

. to detect quantities of male DNA below 10 pg/IJ.l. 

Upon the evaluation of the data generated, the amount of DNA quantitated for 

each sample was about five times more than it should have been based upon the dilutions 

made. For example, at the 100:0 mixture, the sample had a value of0.5 ng/IJ.l of total 

DNA when the expected value was 0.1 ng/IJ.l. The Quantifiler® standard was not 

quantitated before use and was assumed to be 200 ng/IJ.l. Therefore, the discrepancy in 

the observed value from the expected value could be the result of an error in the initial 

concentration of the Quantifiler standard. Another possibility is that an error was made in 

the dilution of the Quantifiler® standard resulting in a sample that had five times more 

total DNA than was expected. 

Based on the quantities of human and male DNA using the Quantifiler® Duo 

assay, the ratiq of male to female DNA can be calculated with the following equation: 
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Male DNA : Female DNA = 

Male DNA/Male DNA : (Human DNA - Male DNA)/Male DNA 

The concentration of male DNA is decreasing as the female DNA is increasing (Figure 

11). Actual male to female ratios ranged from 74:26 to 4:96 at the lowest detection ratio. 

The ratio of male to female DNA helps aid in determination of downstream STR 

amplification. A mixture ratio will need to be established to designate when Y -STR 

analysis should be performed to obtain a male DNA profile. 

In this study, the limitations mentioned earlier on the amount of DNA present at 

the lower ratios posed a problem when amplifying and analyzing the mixture samples in 

Profiler Plus andY-Filer. For autosomal STR analysis, full male profiles were seen at the 

100:0 (0.2ng expected male DNA) and 50:50 (0.1ng expected male DNA) mixture ratios 

(Figure 12). For the 10:90 (0.02ng expected male DNA) and 5:95 (lOpg expected male 

DNA) mixture samples, allele dropout occurred resulting in partial profiles (Figure 13). 

Only the female DNA produced a profile at the 1 :99 (2pg expected male DNA) and 1 :499 

(0.4pg expected male DNA) ratios. Again, this is due to the amount of male DNA falling 

below the optimal amount of input DNA for STR analysis. For Y -STR analysis, full male 

profiles were detected down to the 2:98 mixture sample (Figure 14). Mixture samples at 

the 1 :99 and 1 :499 ratio had allele dropout therefore producing partial profiles (Figure 

15). This raises an issue because the male DNA quantities using the Quantifiler® Duo kit 

were reported as undetermined but when amplified withY-Filer partial profiles were 

detected. These results suggest that the kit is not sensitive enough to pick up male DNA 

at such low concentrations or the concentrations of the dilutions were not accurate. This 
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is especially important in sexual assault cases where low concentrations of male DNA are 

present in a large amount of female DNA. 
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Figure 11. Quantifiler® Duo mixture study. Expected male:female ratios ranged from 
100:0 to 1:499. Actual male:female ratios ranged from 74:26 to 4:96 at the lowest 
detection ratio. 
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Figure 12. AmpF.tSTR® Profiler Plus® STR data from mixture ratio sample 50:50. Full 
profiles for both male and female were detected. 

38 



... ta •• --

---·~=~~--~ .. ~~~~ .. ----~~~~~~~~~--------~~~~~~~-w~--------J 

- ,... - ----

Figure 13. AmpF.tSTR® Profiler Plus® STR data from mixture ratio sample 10:90. Allele 
dropout occurs at FGA, amelogenin, and D5S818loci for the male component of the 
mixture, resulting in a partial profile. 
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Figure 14. AmpF.tSTR® Yfiler™ STR data from mixture ratio sample 50:50. A full male 
. profile was detected. 
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Figure15. AmpF.tSTR® Yfiler™ STR data from mixture ratio sample 1:99. Allele 
dropout occurred at DYS390, DYS38911, DYS635, and DYS392 resulting in a partial 
profile. 

40 

J 



Stability Study 

The Quantifiler® Duo standards were tested to determine how long they remain 

stable after dilution to their working concentrations. A quantitative PCR run was 

performed each week on the standards until evaluation of the standard curve fell outside 

of the acceptable ranges. Acceptable ranges published by Applied Biosystems include a 

standard curve with a slope between -3.0 and -3.6. A slope with -3.3 as the average slope 

would indicate a PCR reaction with a 100% amplification efficiency. Also, the R2 Value 

should be~ 0.99, indicating a closeness of fit to between the standard curve regression 

line and the individual CT data points of quantification standard reactions. Applied 

Biosystems suggests that the diluted standards should only be used within two weeks of 

being aliquotted. After three weeks the slope of the standard curve for the Quantifiler® 

Duo standards fell within the accepted ranges; however, they were on the lower end of 

the established range with an R2 value around 0.98. Due to time constraints, no further 

testing of the standards were performed to determine exactly how long they produced 

reliable results. The analysts at Harris County Medical Examiner's Office agree that the 

diluted standards should not be used after the recommended two weeks to ensure 

consistent results. 

Software Analysis 

Incorporating Quantifiler® Duo for use in forensic casework requires minimal 

additional software setup . . Quantifiler® Duo utilizes the same ABI 7500 system SDS 

Software as t:Qe currently used Quantifiler® Human and Quantifiler® Y. However, an 
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additional calibration for the NED dye is required before the initial use of the kit, which 

takes approximately ten minutes. After a run is complete, the only additional analysis 

step is to analyze both the Duo human and Duo male standards curves. There are a 

number of ways to review the analyzed data. The plate tab displays the layout of the 

plate, which assays were run on each well and the quantities of the individual samples 

(Figure 16). The amplification plot tab shows the raw data for the samples as they are run 

through the real-time PCR assay (Figure 17). This data shows the change in fluorescence 

as the concentration of PCR product increases allowing for visualization of which 

samples cross the detection threshold and their individual Cr values. The standard curve 

tab displays the standard curves for Duo human, Duo male or both in addition to the 

slope, intercept, and correlation coefficient (R2
) values for the individual standard curves 

(Figures 18). The reports tab shows the results of each well selected in a spreadsheet 

format that is easily exportable (Figure 19). The report displays well position, sample 

name, detector (human, male, IPC), task (unknown or standard), Cr value, standard 

deviation of Cr values (if performed in duplicate), quantity of the sample, mean quantity 

(if performed in duplicate), and quantity standard deviation (if performed in duplicate). 

Harris County Medical Examiner's Office does not include filtered, and Tm in analysis 

Quantifiler® kits. 
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Figure 16. Analyzed sample sheet using the 7500 System SDS Software. Plate layout 
shows sample names, dye designation (unknown or standard), and measured quantities of 
autosomal, Y, and IPC detection. 

Figure 17. Amplification plot of (Jlumti1ti1er 

System SDS Software. 
Duo standards and samples using the 7500 

43 



'; 

.···· ·, 

. . . ' ba'cil· ' ' - ' 
....., .,.., . ..... >-~. -~ .tt :~· ··~·~ .... ~. <.-> ·< • ..: •• .,__'t"._.:,._·~ ... .t:u-': J.~-~-· . .;..~~~~,...,-; 1~ _.,._.. '" ... ~ .. . ;:" .. '~ }•~-~ ._." .: ~.;~ .. :~IE=or.-, . - . ~n;;:J-

Figure 18. Standard curves ofDuo human, Duo male, Quantifiler human, and 
Quantifiler® Y using the 7500 System SDS Software 

Figure 19. Report tab displaying well position, sample name, detector, task, Cr value, Cr 
standard deviation, quantity, mean quantity, and quantity standard deviation using the 
7500 System SDS software. 
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CHAPTER VI 

CONCLUSIONS 

Further Studies 

Quantifiler® Duo DNA Quantification kit is one of Applied Biosystems' newly 

released RT-PCR quantification assays. The use of this kit would allow in a single 

reaction, a determination of male:female DNA ratios and would provide an indication of 

PCR inhibition which is important in assessing the potential success of downstream STR 

amplification. Before implementation of this kit, a few more studies need to be 

· performed. A sensitivity study with DNA in the lower ranges of detection needs to be 

done. This would allow confirmation of published thresholds with data obtained in the 

Harris County Medical Examiner's laboratory. With samples containing high amounts of 

DNA that fall outside the higher range of the standard curve, quantification results are not 

reproducible. Samples may be re-diluted and re-run so that their concentrations fall 

within the range of the standard curve. Also, another mixture study should be performed 

in which the smallest dilution contains sufficient DNA to produce a reliable STR profile 

with either Y-Filer or Profiler Plus® STR. It is also necessary to perform an inhibition 

study to assess the impact of inhibitors on the Quantifiler® Duo reactions as well as 

downstream STR analysis. 
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In addition to these studies, a qualifying test needs to be performed by an analyst 

to ensure that Quantifiler® Duo can be implemented into casework and that the analyst 

can obtain reliable results with the kit. 

End Result 

The end result of this study was to evaluate whether Quantifiler® Duo is as 

sensitive as the currently used kits, Quantifiler® Human and Quantifiler® Y. Based upon 

the initial studies, Quantifiler® Duo shows promising results. However, there are 

advantages and disadvantages to using this assay. Implementing this kit at Harris County 

Medical Examiner's Office would increase efficiency by utilizing one reaction to 

. determine the quantity of human and male DNA within a sample as opposed to two 

separate reactions. This data helps determine a course of action for downstream analysis 

based on the amount of male DNA present in a sample while minimizing excess 

consumption of the sample. The ease of use with Quantifiler® Duo is also beneficial as 

there would be minimal software setup and wouldn't require additional analyst training. 

One current disadvantage is that the Harris County Medical Examiner's DNA lab has 

only one ABI 7500 and therefore will not have any backup in the event of the instrument 

is not operable. In addition, with the number of analysts performing DNA quantification, 

having only one instrument may cause a backlog in obtaining DNA results. With the 

current setup, the ABI 7000 and the ABI 7500 are both utilized to run quantifications 

with either Quantifiler® Htiman or Quantifiler® Y. Also, before applying Quantifiler® 

Duo to casew~rk, an upper limit CT value would need to be determined as well as a 
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mixture ratio for male:female DNA to determine further course of action for STR 

amplification. 
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