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In mass death scenarios, human remains are often fragmented, scattered, and 

commingled. Ascertaining the number of victims and determining the victims' identities 

in such scenarios is a challenging task. A DNA-based screening tool used early in the 

investigation of mass disasters or mass graves would provide a relatively quick way to 

initially assess casualty numbers and separate remains for further analysis. Such a tool 

would promote the most efficient allocation of resources and speed the identification 

process. The multiplex designed here incorporates a few genetic loci that show high 

variability in the human population, giving it sufficient discriminatory power for 

separation of commingled remains. Specifically, the multiplex includes the amelogenin 

sex-determining locus, D3Sl358, and a 3' (CA), dinucleotide repeat in the mitochondrial 

D-loop. Further optimization/validation studies need to be conducted, and a fourth locus 

(DSS818) may need to be considered to increase the tool's power of discrimination. 
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CHAPTER I 

INTRODUCTION 

Mass graves and mass disasters present law enforcement officials and forensic 

scientists with the daunting responsibility of identifying victims and returning the 

remains to their respective families. However, the human remains in such scenarios are 

often severely fragmented, scattered, and/or commingltXL and initially determining the 

number of victims present and separating the remains is an arduous, challenging task. 

Furthermore, although DNA-based identity testing is a powerful tool for victim 

identification, it is costly and labor-intensive. Attempting to obtain complete genetic 

profiles from every single fragment is time-consuming and exceedingly expensive. 

To make the most efficient use of time and resources, a DNA-based screening 

tool could be used early in the investigation in order to separate the 

fragmented/commingled remains and hence determine a minimmn number of victims 

present The screening tool proposed here will incorporate a few genetic loci that show 

high variability in the human population, giving it sufficient discriminatory power for 

separation of the remains. Specifically chosen for the multiplex design are the 

amelogenin sex-detennining locus, D3S 1358, and a 3' CA dinucleotide repeat in the 

mitochondrial D-loop. A multiplex of these three loci would provide investigators with a 
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quick, convenient, and relatively easy way to initially assess casualty numbers and 

separate remains for further DNA testing and positive identification. 

Statement o(Problem: 

When skeletal remains are discovered, the first step in the investigation is to 

determine if the bones are human or animal in origin. Once human origin has been 

established and when the remains unearthed are skeletal, semi-skel~ or too badly 

decomposed for identification by traditional approaches (i.e. fingerprints, dentition, or 

recognition of facial features), an experienced forensic anthropologist may be called upon 

to assist in identification. By virtue of their training in archaeology, osteology, and 

human growth, the forensic anthropologist is uniquely prepared to deal with the 

skeletonized remains of individuals who may have died some time ago. However, in 

some scenarios the skeletal remains may be fragmented, incomplete, and/or commingled, 

which complicates identification efforts and makes it difficult to assess the number of 

victims present Particularly challenging are the chaotic environments of mass graves 

and mass disasters. Although forensic geneticists can assist in the identification of 

victims via mitochondrial and nuclear DNA analysis, obtaining complete genetic profiles 

from every single skeletal fragment at a mass disaster site or in a mass grave is an 

enormous task. An efficient method to separate commingled and fragmented remains 

would permit the most cost-effective allocation of resources and speed the identification 

process. 
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Research Significance: 

Mass death can be precipitated by a variety of scenarios, including explosions, 

aviation accidents, war, acts of terrorism, fires, natural disasters, homicides, and 

violations of human rights. Since the remains in these cases are often scattered, 

commingled, and altered beyond recognition, ascertaining the number of victims and 

determining the victims' identities is not always a straightforward process. Ultimately, in 

such situations, the remains require separation to determine how many bodies are present. 

Since soft tissue is frequently absent or severely degraded in victims from these types of 

scenarios, the assistance of a forensic anthropologist is often required in the identification 

process. The remaining bone and teeth are relatively resilient materials from which non

degraded DNA can be obtained. The DNA-based screening tool proposed here is 

uniquely applicable to the myriad of situations in which fragmented, commingled human 

remains need to be separated and identified. This multiplex design could prove to be an 

invaluable investigative tool for the association of separated remains and in the initial 

assessment of the number of victims present at the scene. 

Background on Multiplex PCR: 

Multiplex polymerase chain reaction (PCR) is the simultaneous amplification of 

two or more regions of DNA. First described in 1988.by Chamberlain et al., this method 

has been successfully applied in various areas of DNA research, ranging from forensic 

identity testing to quantitative assays to analyses of deletions, mutations, and 

polymorpbisms. In 1994, the first commercial STR kit capable of multiplex 
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amplification was made available for use in the forensic community (Butler 2005). 

Today, the kits manufactured by Applied Biosystems and Promega Corporation have 

revolutionized forensic DNA testing by permitting robust multiplex amplification of the 

13 CODIS STR markers. 

Multiplex PCR offers several important advantages over amplification strategies 

involving only one DNA marker at a time (a process known as "singleplexing"). Not only 

does multiplexing reduce the cost of analysis and labor, it improves the amount of 

information obtained per unit time and reduces the amount of template DNA required to 

obtain results (Edwards & Gibbs 1994; Shuber et al. 1995; Kimpton et al. 1996; 

Henegariu et al. 1997; Butler et al. 2001; Markoulatos et al. 2002; Butler 2005). 

Furthermore, although false negatives due to reaction failure or false positives due to 

contamination are potential problems in PCR, multiplex amplifications often reveal false 

negatives because each amplicon in the reaction provides an internal control for the other 

amplified fragment. In other words, amplification of at least some of the fragments in the 

multiplex indicates that the reaction has not failed (Edwards & Gibbs 1994 ). 

After selecting the loci to be included, designing a multiplex first involves 

amplifying each locus individually, a process referred to as single locus PCR. Once each 

individual locus has been successfully amplified, a primer "cocktail" of all the singleplex 

primer pairs can be combined in various mixtures and attempts can be made to amplify 

all of the loci simultaneously in a single reaction. This process requires alteration and 

adjustment of various parameters of the reaction, including relative primer 

concentrations, buffer concentration, thermocycling temperatmes, amount of template 
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DNA, balance between the magnesium chloride and deoxynucleotide (dNTP) 

concentrations, and amount of Taq DNA polymerase. Hence, the development of an 

efficient and robust multiplex PCR requires extensive experimentation and multiple 

attempts in order to optimize reaction conditions. Optimization is useful in overcoming 

the vagaries of environmentally contaminated samples. A larger reaction volume dilutes 

PCR inhibitors, and additives such as bovine serum albumin (BSA) can be included to 

overcome. the effects of some inhibitors that may be present (Budowle et al. 2000, 2005; 

Hocbmeister et a/. 1991 ). 

Various studies have been conducted to establish step-by-step protocols for 

multiplex design and to offer practical solutions to some of the common problems 

encountered. In an effort to devise a simplified procedure for developing multiplex 

PCRs, Shuber et al. (1995) performed PCR amplifications using 1-2 f.18 and 5-50 ng of 

genomic DNA prepared from blood and buccal cells, respectively. Using "chimeric" 

sequence-specific primers, the study examined two of the most important components of 

multiplex development - primer concentration and annealing temperature. Using 

various primer concentrations (serial dilutions of 1.0 JJM, 0.5 j.IM, 0.25 J1M) and with 

variations to the annealing temperatures (50°C, 55°C, 60°C, 65°C), single locus 

amplifications were carried out in 50-f.Ll reactions with 1x PCR buffer (10 mM Tris-HCl 

at pH 8.3, 50 mM KCl, 1.5 mM MgCh), 200 J.LM dNTPs, and 2.5 units of Taq 

polymerase for 28 cycles (94°C (48 sec.); 60°C (36 sec.); 72°C (38 sec.)]. Multiplex 

reactions were performed in a volwne of 100 J.Ll under the same conditions, except that 10 

units ofTaq polymerase was used Ultimately, Shober et a/.(1995) concluded that highly 
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specific and efficient amplification of multiple genomic sequences can be achieved easily 

and reproducibly via simple adjustment to individual primer concentrations, with no 

additional modifications to PCR reaction components or annealing temperatures. 

Wallin et al. (1998, 2002) noted that coamplification of several loci can introduce 

challenges for signal strength and amplification specificity, which are primarily due to 

potential competition for PCR building blocks and undesired complementarity between 

primers (primer-dimer formation) and between primers and genomic DNA template 

(mispriming). In other words, when many specific loci are simultaneously amplified, the 

more efficiently amplified loci will negatively influence the yield of product from the less 

efficient loci. This is due to the fact that PCR has a limited supply of enzymelnucleotides 

and all products compete for the same pool of supplies (Henegariu et al. 1997; Butler 

2005). Consequently, commonly encountered problems in multiplex PCR include 

uneven amplification of loci, lack of amplification of some loci, and difficulties in 

reproducing results. Multiplexing is also frequently complicated by artifacts such as the 

amplification of spurious products due to annealing of the primers to nonspecific 

sequences. Therefore, primers should be designed so that their predicted melting 

temperatures (T,..) are similar to those of the other primers used in the multiplex (e.g. 

primers should have similar reaction kinetics) (Edwards & Gibbs 1994; Shuber et al. 

1995; Markoulatos et al. 2002). 

In a study by Henegariu et al. (1997), over 50 loci were amplified in various 

combinations in multiplex reactions using a common, KCl-containing buffer. The basic 

PCR protocol was carried out in 25 J11 reactions with lx buffer; dNTPs (200 JIM each); 
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primers (0.04-0.6 fJM each); DMSO, glycerol, or BSA (5% - if used); Taq DNA 

polymerase (1-2 units/25 J!l); and genomic DNA template (150 ng/25 Jl}). Due to 

specific problems associated with multiplex PC~ Henegariu and his colleagues 

examined the parameters that influence successful amplification of multiple loci and 

designed a step-by-step multiplex PCR protocol. Primers should be 18-24 bp in length 

or longer, with a GC content of 35o/o-6()0/o (thus giving them an annealing temperature of 

55°-58°C or higher). The Henegariu et al. research showed that longer primers (28-30 

bp) permitted the reaction to be performed at a higher annealing temperature and yielded 

fewer nonspecific products. 

Following primer selection, each individual locus was amplified separately, with a 

reaction mixture of 1x PCR buffer, 0.4 f.1M each primer, 5% DMSO, and 1 unit Taq 

polymerase per 25 J!l reaction volume. The specificity and yield of PCR product 

increased or decreased with changes to the annealing temperature. After all singleplex 

reactions were carried out, attempts were made to amplify several loci in a single 

reaction. Henegariu and his colleagues found that when the multiplex reaction is 

performed for the first time, it is useful to add the primers in equimolar amounts. The 

results will then suggest/dictate how the individual primer concentrations and other 

parameters need to be adjusted. If unequal amplification is observed, the problem can be 

overcome by increasing the amount of primer for "weak" loci and decreasing the amount 

for the "strong" loci. 

In multiplex PCR, as more loci are simultaneously amplified, the pool of 

nucleotides and enzyme becomes a limiting factor and hence more time is necessary for 
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the polymerase molecules to complete synthesis of all the products (Edwards & Gibbs 

1994; Henegariu et al. 1997; Markoulatos et al. 2002; Butler 2005). Visibly higher 

yields of PCR products were obtained by Henegariu et al. (1997) when a longer 

extensi<?n time was used. Furthermore, their research demonstrated that modifications to 

annealing times from 20 seconds to 2 minutes did not alter amplification efficiency, but 

revealed that annealing temperatures are one of the most important parameters in 

multiplexing. In their study, although many individual loci were efficiently amplified at 

56°-60°C, it was found that lowering the annealing temperature by 4°-6°C was required 

for the same loci to be co-amplified in multiplex mixtures. The recommended MgCh 

concentration in a standard PCR is 1.5 mM at dNTP concentrations of 200 f.LM each and, 

in terms of cycle number, 28-30 cycles were found to be sufficient for multiplex PCR 

reactions to occur (with little gained by increasing the cycle number up to 60). 

Buffer concentration was also determined to be an important factor in obtaining 

highly specific amplification products in multiplex PCR. Raising the buffer 

concentration to 2x (or increasing the KCl concentration to 100 mM) improved the 

efficiency of the multiplex reaction. Also, primer pairs with longer amplification 

products generally worked better at lower salt concentrations, whereas primer pairs with 

short amplification products worked better at higher salt concentrations. The ~by-step 

protocol for multiplex design formulated by Henegariu et al. (1997) is summarized in 

Appendix Figure 1. 

Research by Markoulatos et al. (2002) concurred with the Henegariu study, 

noting that an optimal combination of annealing temperature and buffer concentration is 
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essential in multiplex PCR to obtain highly specific amplification products. Markoulatos 

and his colleagues reiterated that optimal primer-to-template ratio is one of the most 

important concepts in multiplex PCR to prevent primer-dimer formation. Accordingly, 

primers must usually be in a 107 molar excess with respect to template. Optimization of 

Mi+ is also critical since Taq DNA polymerase is a magnesium-dependent enzyme. 

However, besides the Taq DNA polymerase, the template DNA primers and d.NTPs also 

bind Ml(+. Excessive Mi+ concentration stabilizes the double-stranded structure of 

DNA and prevents denaturation, decreasing the yield of PCR product. Alternatively, 

inadequate Ml(+ concentration will also reduce the amount of product. Hence, the 

balance between d.NTP and MgCh concentration is exceedingly important in order for 

Taq DNA polymerase to work. This is probably why increases in dNTP concentrations 

can rapidly inhibit PCR, whereas increases in magnesium concentration often have 

positive effects on the reaction. 

Research Design Rationale: 

Three loci were selected for incorporation into this multiplex PCR reaction, each 

for separate reasons. The fust and most obvious loc:us to be included in the proposed 

multiplex screening tool is amelogenin. The genes for amelogenin can be used in sex 

determination of samples from unknown human origin and would permit separation of 

commingled/fragmented remains based on gender. Amelogenin is currently the most 

popular method for sex-typing, and both mass grave and mass disaster investigations 

greatly benefit ftom gender identification of the remains. A single primer pair is used for 
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amplification of part of the X-Y homologous genes because it generates different length 

products from the X and Y chromosomes. These primers flank a 6-bp deletion within 

intron 1 of the X homologue, resulting in a 106 bp amplification product (amplicon) for 

the X chromosome and a 112 bp amplicon for the Y chromosome. (Sullivan et al. 1993; 

Butler 2005). 

The second locus chosen for this project is D3S1358 due to its small amplicon 

size (97-151 bp) and its significant variation within the population (Butler 2005). The 

D3S 1358 marker is a compound tetranucleotide repeat found on the short arm of 

chromosome 3, with a specific repeat structure of TCTA[TCTG)2_3[TCTA],. Twenty

five different alleles are observed at this locus (Appendix, Table 1) (Butler 2005, Butler 

2006), and U.S. population data is available for the three major racial groups (Appendix, 

Table 2) (Budowle et al. 1999; Budowle et al. 2001). D3S1358 was selected as one of 

the 13 core CODIS loci at the STR Project meeting in November 1997 (Budowle et al. 

1998) and is common to Promega's PCR amplification kits as well as Applied 

Biosystems' AmpFISTR® multiplexes Blue"", Pro filer"", Pro filer Plus,..., COfiler"", SGM 

Plus"", SEfiler"", and Identifiler"" (Butler 2005). Given that a number of experiments have 

demonstrated the inverse relationship between the size of the locus & successful PCR 

amplification from degraded samples (such as those that may be encountered in mass 

graves or from mass disasters), the D3Sl358 marker is a good choice for incotporation 

into this multiplex design. Studies have shown that STR loci with larger sized amplicons 

in a multiplex amplification are the first to drop out of 1he DNA profile (Whitaker et al. 

1995, Sparkes et al. 1996, Takahashi et al. 1991, Schneider et al. 2004). 
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The third marker to be incorporated into the multiplex design is 8 3' CA 

dinucleotide repeat in the D-loop (control region) of the human mitochondrial genome. 

The importance of mitochondrial DNA analysis lies in the fact that conventional short 

tandem repeat {STR) typing systems often fail to produce results with ancient specimens 

or samples that have been highly degraded. The primary characteristic that permits 

mtDNA recovery from degraded samples is the fact that it is present in cells at 8 much 

higher copy number than the nuclear DNA from which STRs are amplified. 

Mitochondrial DNA analysis is particularly valuable when the amount of extracted DNA 

is very small, as in cases in which bone, teeth, and hair are the only biological sources left 

from which to draw a sample. 

Although analysis of the highly polymorphic control region bas become a 

powerful tool for forensic identity testing, the often severely degraded condition of 

remains from crime scenes leads to poor PCR amplification of the larger-sized complete 

mtDNA control region. Therefore, selective targeting and preferential amplification of 

highly informative variable sites (such as HVIll) is likely to be a more effective and 

alternative method for forensic mtDNA analysis (l.ee et al. 2006). Specifically located at 

positions 514-523 in Hypervariable Region ill (HVIll) (Appendix, Figure 2), the CA 

dinucleotide repeats selected for this project display length polymorphism like STRs in 

nuclear DNA and have been shown to demonstrate relatively high genetic diversity. A 

total of six different alleles [(CAh to (CA)s] have been detected at this locus, with the 

allele name designating the number of dinucleotide repeats it contains. 
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Although more population data needs to be collected regarding the CA repeat 

alleles, several studies have already demonstrated their variation within and among 

populations. Szibor et al. (1997) examined samples from three European populations 

(Germans, Hungarians, and Russians) and one African Bantu population (Cameroon). 

Upon analysis, significant differences were demonstrated not only as to the incidence of 

particular alleles, but also in terms of allele distributions in different populations 

(Appendix, Table 3). Allele 5 was the most frequent allele found in all three Caucasian 

populations, while allele 7 was rare and allele 3 was not seen. A comparison of the 

proportion of allele 4/allele 6 was useful when comparing European populations, as 

differences in the frequencies of these alleles were significant between Hungarians and 

Germans and between Hungarians and Russians. Furthermore, in the African population, 

allele 4 was the most common, alleles 6 and 7 were not detected, and allele 3 was found 

twice in the sample of 105 individuals. Research on the allelic distribution of the CA 

repeat has also been conducted on a group of unrelated Japanese individuals living in 

Gifu Prefecture (a central region of Japan) (Nagai et al. 2004), a population in Korea 

(Chung et al. 2005), and on two separate populations in Bologna, Italy (Bini et al. 2003). 

The CA repeat allele distributions for these four studies are summarized in Appendix 

Table 4. A study conducted by Tang et al. (2003) on two Chinese ethnic groups further 

provides population data for the CA repeat in the mitochondrial D-loop. Appendix Table 

5 is a compilation of the reported frequencies of the eight CA repeat alleles in the various 

population groups studied. 
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The first step in the design of this multiplex screening tool is to amplify each 

locus individually using the appropriate primer pairs. Initial thermocycling parameters 

for the singleplex reactions will correspond to previously published protocols. In 

particular, the recommended PCR cycling conditions for amelogenin and 0381358 with 

Applied Biosystems' AmpF~TR kits are as follows: enzyme activation at 95°C (11 

min.) followed by 28 cycles of denaturation at 94°C for 1 min., annealing at 59°C for 1 

min., and extension at 72°C for 1 min.; and a final extension at 60°C for 45 min. (ex: 

25°C) (Wallin et al. 1998, 2002; Butler 2005). Promega's cycling parameters for the 

same two loci are 95°C (11 min.); [94°C for 30 sec. (cycles 1-10); 90°C for 30 sec. 

(cycles 11-30); 60°C (30 sec.); 70°C (45 sec.)] x 30; 60°C (30 min.) and ex: 4°C (Butler 

2005). These optimized and validated multiplex PCR parameters for both Applied 

Biosystems' AmpFlSTR kits and Promega's GenePrint~ 8TR kits are swnmarized in 

Appendix Table 6 and will be used as a starting point for the amelogenin and 0381358 

singleplex reactions. The cycling parameters differ because reaction components 

(particularly the primer concentrations and sequences) vary between the different 

manufacturers' kits (Butler 2005). 

Furthermore, during initial testing, Applied Biosystems' recommendations for 

final concentrations of PCR reaction mix components will be adhered to, with alterations 

made if necessary as the development of this multiplex screening tool proceeds. Applied 

Biosystems recommends using 1-2.5 ng of genomic DNA in 50-JJ.l reaction volumes, 

with PCR reaction mix final concentrations as follows: 10 mM Tris-HCl (pH 8.3), 50 

mM potassium chloride (KCI), 1.25 mM MgCh, 800 j.iM blended dNTPs, 0.16 J.&g/JJ.l 
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bovine serum albumin (BSA), and 4.5 U of AmpliTaq Gold DNA Polymerase (Wallin et 

al. 2002). Several different protocols have been used successfully in terms of the 

thermocycling parameters for amplification of the CA repeat in Hypervariable Region Ill 

of the mitochondrial D-loop (Szibor eta/. 1997; Bini eta/. 2003; Hoong & Lek 2005). 

The range of experimental PCR cycling conditions for each of these researchers is 

summarized in Appendix Table 7, along with the reaction mix components and 

concentrations. 

After successful singleplex amplifications of each of the three loci, duplex 

reactions will be attempted and, ultimately, experimentation will proceed in an effort to 

amplify all three loci simultaneously in a single reaction. This will require adjustments to 

various PCR parameters (such as relative primer concentrations, buffer concentration, 

thermocycling temperatures, amount of template DNA, balance between the magnesium 

chloride and deoxynucleotide (dNTP) concentrations, and amount of Taq DNA 

polymerase) in order to optimize the multiplex reaction. After electrophoresis of samples 

on ethidium-bromide stained agarose gels, PCR products will be visualized with a UV 

transilluminator and photographed with Doc-It~S Image Acquisition Software (Life 

Science Software from UVP). 
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CHAPTER II 

MATERIALS & METHODS 

Custom unlabeled oligonucleotide primers for each of the three chosen loci were 

purchased through Invitrogen.,... Life Technologies (Carlsbad, CA). The amelogenin and 

D3Sl358 primer pairs for this experiment correspond to the sequences used in Promega's 

PowerPlex® 16 kit (Krenke et a/. 2002). Specifically, the amelogenin primer pair 

sequences are: (forward) 5'-CCCTGGGCTCTGTAAAGAA-3' and (reverse) 5'

ATCAGAGCITAAACTGGGAAGCTG-3'; and the D3Sl358 primer pair sequences 

are: (forward) 5'-ACTGCAGTCCAATCTGGGT-3' and (reverse) 5'

ATGAAATCAACAGAGGCITGC-3'. The primers selected for the mitochondrial D

loop (CA),. repeat were successfully used in previous research in an effort to establish the 

value of this dinucleotide repeat polymorphism in forensics (Bodenteich et al. 1992; 

Szibor et al. 1997). The primer sequences used for amplification of the CA repeat are: 

(L00484) (forward) 5'-CTCCCATACTACTAATCTCA-3' and (H00537) (reverse) 5'

TGGITGGITCGGGGTATG-3'. 

A 200 J.1M stock solution was prepared for each of the Invitrogen.,... primers and 

the stock solutions were then subsequently diluted into I 0 J.1M working aliquots. PCR 

reaction components (AmpliTaq Gold,.. DNA polymerase, MgCh, lOX PCR buffer, 
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BSA, dNTPs) were obtained from Applied Biosystems. Gels were prepared with 

Certified Molecular Biology Grade Agarose (810-RAD), tris-borate (TBE) or sodium 

borate (SB) buffer (SIGMA), and ethidium bromide stain. Two different DNA ladders 

[pBR3221Hinfl (JenaBioscience) and DNA Ladder 50631 (Cambrex BioScience)] were 

used as comparison standards for PCR products, with fragment size ranges of75-1632 bp 

and 50-2500 bp, respectively. PCR products on the gels were visualized with Doc-It~S 

Image Acquisition Software (Life Science Software from UVP). 

Phase I: 

Previously extracted DNA was obtained from the UNTHSC DNA Identity Lab in 

Fort Worth. These reference DNA samples were extracted using the TECAN Schweiz 

AG robot (Freedom EVO 100 Base), which yields mean DNA quantities of 1.29 ng/J.LL ± 

1.227 (range 0.0298-4.63 ng/J.IL) [per validation study conducted by a UNTHSC lab 

analyst (results not published)]. 

Three separate protocols were designed for single locus amplification of the CA 

repeat to compare band intensities when primer or DNA concentrations were changed, as 

outlined in Table 1 (below): 

Table 1: Phase I PCR Master Mix Protocols for the mtDNA CA Repeat 
25 total reaction volume 
2 J.1L MgCh (25 mM) 
1 J.IL dNTPs (25 mM) 
2.5 J.1L PCR rxn buffer (lOX) 

Standard Protocol: 2.5 J.1L BSA (1.6 mglml) 

0.5 J.1L AmpliTaq Gold,.. DNA Polymerase (5 U/J.IL) 
0.5 J.IL Forward Primer (L00484) (10 iJM) 
0.5 Reverse Primer 0053 10 
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14.5 J.1L molecular grade H20 
I J,1L DNA 
2 J.1L MgCh (25 mM) 
I J.1L dNTPs (25 mM) 
2.5 J.1L PCR rxn buffer (lOX) 

Protocol #2: 2.5 J.1L BSA (1.6 mglml) 
(addition of 0.5 J.1L AmpliTaq Gold no DNA Polymerase (5 U/J.IL) 

more primer) 1.0 J.1L Forward Primer (L00484) (10 J1M) 
1.0 J.1L Reverse Primer (H00537) (10 ~) 
13.5 J1L molecular grade H20 
I J.1L DNA 
2 J.1L MgCh (25 mM) 
I J1L dNTPs (25 mM) 
2.5 J.1L PCR rxn buffer ( 1 OX) 

Protocol #3: 2.5 J.1L BSA (1.6 mg/ml) 
(addition of 0.5 J.1L AmpliTaq Gold no DNA Polymerase (5 U/J.IL) 
more DNA) 0.5 J.1L Forward Primer (L00484) (10 J1M) 

0.5 J.1L Reverse Primer (H00537) (10 J1M) 
12.5 J.1L molecular grade H20 
3.0 JJLDNA 

Using the Applied Biosystems GeneAmp PCR System 2400, the mtDNA CA 

repeat was amplified with the following thermocycling parameters: enzyme activation 

(hot start) at 94°C (11 min.) followed by 32 cycles of denaturation at 94°C for 45 sec., 

annealing at 56°C for 30 sec., and extension at 72°C for 1 min.; and a final extension at 

60°C for 45 min. (oo at 4°C). 

Standard amplification protocols were also designed individually for the 

amelogenin and D3Sl358 singleplex reactions, as well as for a duplex reaction of the 

two loci (Table 2). Furthermore, the thermocycling parameters for these two nuclear 

DNA loci were as follows: enzyme activation at 95°C (11 min.) followed by 28 cycles 

of denaturation at 94°C for 1 min., annealing at 58°C for 1 min., and extension at 72°C 
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for 1 min.; and a final extension at 60°C for 45 min. (oo at 4°C). 1be amelogenin and 

D3S1358 loci were amplified using the Perkin Elmer GeneAmp PCR System 2400. 

Table 2: Phase IPCR Master Mix Protocols for Amelogenin and D3Sl358 
(25 J.LL total reaction volume) 
2 J.LL MgCh (25 mM) 
1 J.1L dNTPs (25 mM) 
2.5 J.LL PCR rxn buffer (1 OX) 

Standard Protocol: 
2.5 J.LL BSA (1.6 mglml) 

(Ame/ogenin only) 0.5 J.LL AmpliTaq Gold"" DNA Polymerase (5 U/J.LL) 
1.0 J.LL Ame/ogenin Forward Primer (10 J.LM) 
1.0 J.LL Ame/ogenin Reverse Primer (1 0 J.LM) 
12.5 J.LL molecular grade H20 
2 J.LLDNA 
2 J.LL MgCh (25 mM) 
1 J.LL dNTPs (25 mM) 
2.5 J.LL PCR rxn buffer (1 OX) 

Standard Protocol: 
2.5 J.LL BSA (1.6 mg/ml) 

(D3Sl358 only) 0.5 J.LL AmpliTaq Gold,. DNA Polymerase (5 U/J.LL) 
1.0 J.1L D3SJ358 Forward Primer (1 0 J.LM) 
1.0 J.1L D3SJ358 Reverse Primer (1 0 J.LM) 
12.5 J.LL molecular grade H20 
2 J.LLDNA 
2 J.LL MgCh (25 mM) 
1 J.1L dNTPs (25 mM) 
2.5 J.LL PCR rxn buffer (1 OX) 
2.5 J1L BSA (1.6 mglml) 

Standard Protocol: 0.5 J.LL AmpliTaq Gold,. DNA Polymerase (5 U/J.LL) 
(Ame/ogenin & 1.0 J.LL Ame/ogenin Forward Primer (10 J.LM) 

D3Sl358 duplex) 1.0 J1L Ame/ogenin Reverse Primer (1 0 JIM) 
1.0 J1L D3SJ358 Forward Primer (1 0 JLM) 
1.0 J.LL D3SJ358 Reverse Primer (1 0 JIM) 
10.5 J1L molecular grade H20 
2J1LDNA 

Post-amplification, 5 J.LL of each sample (along with 2 J.LL loading dye OO.XC) 

was loaded into the successive wells of a 2o/o agarose (IX TBE) mini-gel (dimensions 9 
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em x 6 em), with the first well containing 10 J1L pBR3221Hinfl DNA ladder. A 

negative control lane was included, and the gel was electrophoresed at 137 volts for 1 

hour using a Hsi Hoefer Transphor/Electrophoresis DC power supply (no photo available 

due to broken camera). A few days later, the mtDNA CA Repeat samples were re-run on 

a mini-gel to duplicate the results that couldn't previously be photographed (Figure 1). 

Additionally, amplified samples from the amelogenin standard protocol, the 

D3Sl358/amelogenin duplex standard protocol, and CA Repeat protocol #2 were further 

analyzed with the Agilent 2100 (Agilent Technologies, Inc.), as shown in Figures 2-5 in 

the results section. 

In a subsequent experiment, the thermocycling parameters for amelogenin and 

D3Sl358 were changed. Specifically, the annealing temperature for these two loci was 

re-adjusted back to 59°C and, in addition, new PCR master mix protocols were designed. 

Amelogenin and D3S 1358 hence were then re-amplified (both individually and as a 

duplex reaction) using new protocols which included use of the AmpFtsTR PCR 

Reaction Mix (rather than individual components), as described in Table 3 (below): 

Table 3: Alternate Phase IPCR Master Mix Protocols for Amelogenin & 
D3Sl358 (50 J1L total reaction volume) 

20 J1L AmpFtsTR PCR reaction mix 

Protocol AI: 
1 J1L AmpliTaq Goldno DNA Polymerase 

(D3Sl358 only) 
2 J1L D3Sl358 Forward Primer (10 J1M) 
2 Jll,D3Sl358 Reverse Primer(lO J1M) 
24 J1l, molecular grade H~ 
1 JLLDNA 
20 J1L AmpFtsTR PCR reaction mix 

Protocol 8 l: 
1 J1L AmpliTaq Gold,.. DNA Polymerase 

(D3SJ358 only) 
5 J1L D3SJ358 Forward Primer (1 0 J1M) 
5 J1L D3SJ358 Reverse Primer (1 0 JJ.MJ 
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18 ~ molecular grade H20 
1 J,1L DNA 
20 ~ AmpFtsTR PCR reaction mix 

Protocol c 1 : 
1 ~ AmpliTaq Goldn. DNA Polymerase 
2 ~ D3Sl358 Forward Primer (1 0 JLM) 

(D3SJ358 only) 
2 J.1L D3SJ358 Reverse Primer (1 0 JLM) 
22 J.LL molecular grade H20 
3~DNA 

20 J.1L AmpFtsTR PCR reaction mix 

Protocol D1: 
1 J.1L AmpliTaq Goldn. DNA Polymerase 
5 ~ D3Sl358 Forward Primer (1 0 JLM) 

(D3Sl358 only) 
5 J.LL D3SJ358 Reverse Primer (10 JLM) 
16 J.1L molecular grade H20 
3 J,lLDNA 
20 J.1L AmpFtsTR PCR reaction mix 

Protocol E1: 
1 J.LL AmpliTaq Goldn. DNA Polymerase 
2 J.1L Amelogenin Forward Primer (1 0 JLM) 

(Amelogenin only) 2 ~ Amelogenin Reverse Primer (1 0 JLM) 
24 J.1L molecular grade H20 
1~DNA 

20 J.1L AmpFtsTR PCR reaction mix 
1 ~ AmpliTaq Goldn. DNA Polymerase 

Protocol F1: 5 ~ Amelogenin Forward Primer (1 0 JLM) 
(Amelogenin only) 5 J.1L Amelogenin Reverse Primer (10 J!M) 

18 J.1L molecular grade H20 
1~DNA 

20 ~ AmpFtsTR PCR reaction mix 

Protocol G 1: 
1 J.LL AmpliTaq Goldn. DNA Polymerase 
2 J.LL Amelogenin Forward Primer (1 0 JLM) 

(Amelogenin only) 2 J.LL Amelogenin Reverse Primer (1 0 JLM) 
22 J.1L molecular grade H20 
3~DNA 

20 J.LL AmpFtsTR PCR reaction mix 

1 J.LL AmpliTaq Gold"" DNA Polymerase 
Protocol HI: 5 J.LLAmelogenin Forward Primer (10 J1M) 

(Amelogenin only) 5 J.LLAmelogenin Reverse Primer (10 J1M) 
16 J.1L molecular grade H20 
3J1LDNA 
20 J.LL AmpFtsTR PCR reaction mix 

1 J.LL ~liT~ Goldn. DNA Pol 
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2 J.1L D3Sl358 Forward Primer (I 0 ~ 
Protocol II: 2 J.1L D3S1358 Reverse Primer (10 J.&M) 

(D3SJ358 & Amelogenin) 2 J.1L Amelogenin Forward Primer (1 0 ~ 
2 J.1L Amelogenin Reverse Primer (1 0 J.&M) 
20 J.1L molecular grade H20 
1 J.LL DNA 
20 J.1L AmpFlSTR PCR reaction mix 
1 J.1L AmpliTaq Gold,.. DNA Polymerase 

ProtocolJ1: 
5 J.1L D3S1358 Forward Primer (10 J.&M) 

(D3SJ358 & Amelogenin) 5 J.1L D3SJ358 Reverse Primer (1 0 J.&M) 
5 J.1L Amelogenin Forward Primer (1 0 J.&M) 
5 J.1L Amelogenin Reverse Primer (1 0 J.&M) 
8 J.1L molecular grade H20 
1 J.LL DNA 
20 J.1L AmpFlSTR PCR reaction mix 
1 J.1L AmpliTaq Gold,.. DNA Polymerase 

Protocol Kl: 
2 J.1L D3S1358 Fotward Primer (1 0 J.&M) 

(D3SJ358 & Amelogenin) 
2 J.1L D3SJ358 Reverse Primer (1 0 J!M) 
2 J..LLAmelogenin Forward Primer (10 J.&M) 
2 J.1L Amelogenin Reverse Primer (1 0 J.&M) 
18 J.1L molecular grade H20 
3 J.LLDNA 
20 J.1L AmpFlSTR PCR reaction mix 

1 J.1L AmpliTaq Gold""' DNA Polymerase 

Protocol L1: 
5 J.1L D3SJ358 Forward Primer (10 J.&M) 

(D3Sl358 & Amelogenin) 
5 J.1L D3S1358 Reverse Primer (10 J.&M) 
5 J.1L Amelogenin Forward Primer (10 J.&M) 
5 J.1L Amelogenin Reverse Primer (1 0 J!M) 
6 J.1L molecular grade H20 
3p.LDNA 

Post-amplification, 5 J.1L of each sample (along with 1 J.1L loading dye OO.XC) 

was loaded into the successive wells of a 2% agarose (IX TBE) mini-gel (dimensions 9 

em x 6 em), with the fifth and tenth wells containing 10 J.1L and 5 p.L Cambrex DNA 

ladder 50631, respectively. 1be gel was electrophoresed at 134 volts for 1 hom with an 
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HSI Hoefer Transphor/Electrophoresis DC power supply and then photographed, as 

shown in Figure 6. 

Phase II: 

As a result of the data generated from Phase I of this study, quality control checks 

on the primers were performed. Primer sequences were rechecked and the primer 

concentr&tions were verified with a Beckman DU-50 spectrophotometer. New DNA 

samples (buccal swabs) were obtained via phenol-chloroform extraction and Microcon 

100,.. concentration. Resulting DNA concentrations were determined using the gel 

quantitation method with 1% agarose in IX TBE. The PCR master mix protocols used 

for each of the three loci were modeled after the Phase I protocols and are described in 

Table 4. Thermocycling parameters for these singleplex reactions were as follows: 

enzyme activation at 94°C (3 min.) followed by 30 cycles of denaturation at 94°C for 1 

min., annealing at 54°C-66°C (gradient) for 30 sec., and extension at 72°C for 30 sec.; 

and a final extension at 72°C for 2 min. (oo at 4°C). The samples were amplified using 

the MJ Research PTC-200 Peltier Thermal Cycler (Gradient Cycler). Post-amplification, 

25 J1L of each sample (along with 5 J1L loading dye OO.XC) {30J1L total) was loaded 

into the successive wells of2% agarose gels in IX TBE (dimensions 14.5 em x 12 em). 

The gels were electrophoresed at 115 volts for 1 hour with an Hsi Hoefer 

Transphor/Electrophoresis DC power supply, stained with ethidium bromide, and then 

visualized with Doc-It~S Image Acquisition Software (Life Science Software from 

UVP) (Figmes 7-8). Subsequently, the same thennocycling parameters used for tbe 
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singleplex reactions were used for a multiplex attempt, with an increase in agarose 

percent from 2% to 2.5% (Figure 9). 

Table 4: Phase II PCR Master Mix Protocols for Singleplex Amplifications of the 
mtDNA CA ~~ Amelogenin, & D3Sl358 (25 J.1L total reaction volume) 

Locus Master MD. Final Cone. 
2 J.1L MgCh (25 mM) 
1 J.1L dNTPs (25 mM) 2mMMgCh 
2.5 J.1L PCR reaction buffer (lOX) 250 J.1M dNTPs 
2.5 J.1L BSA (1.6 mg/ml) IX rxn buffer 

CARepeat: 0.5 J.1L Taq Gold,.,. DNA polymerase (5 U/J.1L) 0.16 J.1g/J.11 BSA 
1.0 J.1L Forward Primer (L00484) (5 J.1M) 2.5 U Taq Gold 
0.5 J.1L Reverse Primer (H00537) (1 0 J.1M) 0.2 J.1M primer 
14 J.1L molecular grade H20 0.2 J.1M primer 
1 J.1L DNA (1 ng/J.1L) 
2 J.1L MgCh (25 mM) 
1 J.1L dNTPs (25 mM) 2mMMgCh 
2.5 J.1L PCR reaction buffer (I OX) 250 J.1M dNTPs 
2.5 J.1L BSA (I.6 mg/ml) IX rxn buffer 

D3Sl358: 0.5 J.1L Taq Gold,.,. DNA polymerase (5 U/J,lL) 0.16 J.1g/J.11 BSA 
1.0 J.1L D3SJ358 Forward Primer (1 0 !JM) 2.5 U Taq Gold 
I.O J.1L D3Sl358 Reverse Primer (10 J.1M) 0.2 J.1M primer 
13.5 J.1L molecular grade H20 0.2 J.1M primer 
1 J.1L DNA (1 ng/J.1L) 

2 J.1L MgCh (25 mM) 
1 J.1L dNTPs (25 mM) 2mMMgCh 
2.5 J.1L PCR reaction buffer (1 OX) 250 J.1M dNTPs 

Amelogenin: 2.5 J.1L BSA (1.6 mg/ml) IX rxn buffer 
0.5 J.1L Taq Gold,.,. DNA polymerase (5 U/J,lL) 0.16 J.1g/J.11 BSA 
1.0 J.1L Amelogenin Forward Primer (1 0 J.1M) 2.5 U Taq Gold 

1.0 J.1L Amelogenin Reverse Primer (1 0 J.1M) 0.2 J.1M primer 
13.5 J.1L molecular grade H20 0.2 J.1M primer 
1 J.1L DNA (I ng/J.1L) 
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After completing amplifications of the singleplex reactions, PCR reaction mix 

protocols were carried out for duplex reactions as described in Table 5 (below): 

Table 5: Phase IIPCR Master Mix Protocols for Duplex Amplifications ofthe 
mtDNA CA It Amelo enin, & D3Sl358 25 total reaction volume 

Amelogenin & 
D3S1358 

Amelogenin & 
CARepeat 

D3Sl358& 
CARepeat 

2 J.1L MgCh (25 mM) 
1 J.1L dNTPs (25 mM) 
2.5 J.1L PCR reaction buffer (1 OX) 
2.5 J.1L BSA (1.6 mg/ml) 
0.5 J.1L Taq GoldnaDNA polymerase (5 U/J.IL) 
1.0 J.1L Amelogenin Forward Primer (1 0 JLM) 
1.0 J.LL Amelogenin Reverse Primer ( 10 J.1M) 
1.0 J.1L D3SJ358 Forward Primer (1 0 J.1M) 
1.0 J.1L D3S1358 Reverse Primer (1 0 J.1M) 
11.5 J.LL molecular grade H20 
1 DNA 1 n L 
2 J.LL MgCh (25 mM) 
1 J.LL dNTPs (25 mM) 
2.5 J.1L PCR reaction buffer (1 OX) 
2.5 J.1L BSA (1.6 mg/ml) 
0.5 J.1L Taq Goldna DNA polymerase (5 U/J.IL) 
1.0 J.LL Amelogenin Forward Primer (1 0 J.1M) 
1.0 J.LL Amelogenin Reverse Primer (10 J.1M) 
1.0 J.1L CA Repeat Forward Primer (L00484) (5 J.1M) 
0.5 J.1L CA Repeat lteverse Primer (H00537) (10 J.LM) 
12.0 J.1L molecular grade H20 
1 DNA 1 n 
2 J.1L MgCh (25 mM) 
1 J.1L dNTPs (25 mM) 
2.5 J.1L PCR reaction buffer (1 OX) 
2.5 J.1L BSA (1.6 mg/ml) 
0.5 J.1L Taq Goldna DNA polymerase {5 U/J.IL) 
1.0 J.1L D3SJ358 Forward Primer (10 J.1M) 
1.0 J.1L D3S1358 lteverse Primer (10 J.1M) 
1.0 J.1L CA Repeat Forward Primer (L00484) (5 J.1M) 
0.5 J.1L CA Repeat lteverse Primer (H00537) (10 J.LM) 
12.0 pL molecular grade H~ 
l DNA 1 n 
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Duplex samples were amplified using the same thennocycliug parameters as the 

singleplex reactions [MJ Research PTC-200 Peltier Thermal Cycler (Gradient Cycler)) 

but with an annealing temperature range of 54°C-62°C . Post-amplification, 7 J1L of each 

sample (along with 3 J.LL loading dye OO.XC) (IOJ.LL total) was loaded into the 

successive wells of2.5% agarose gels in IX sodium borate (SB) (dimensions 14.5 em x 

12 em). Ten J.LL ofpBR322/Hintlladder was added to the first lane of the gel for PCR 

product comparison. The gels were electrophoresed at 226 volts with an Hsi Hoefer 

Transphor/Electrophoresis DC power supply, stained with ethidium bromide, and then 

vi~ with Doc-It~S Image Acquisition Software (Life Science Software from 

UVP). Results of the duplex reactions are illustrated in Figures 10-12. 

After completion of the duplex attempts, an amplification master mix was made 

for the multiplex reaction, as described in Table 6 (below): 

Table 6: Phase II PCR Master Mix Protocol for 
Multiplex Amplification of the mtDNA CA Repeat, 

Amelogenin, & D3S 1358 (25 J.LL total reaction volum~ 

2 J1L MgCh (25 mM) 
1 J.LL dNTPs (25 mM) 
2.5 J1L PCR reaction buffer (1 OX) 
2.5 J1L BSA (1.6 mglml) 
0.5 J1L Taq Gold"" DNA polymerase (5 U/J.LL) 
1.0 J1L Amelogenin Forward Primer (1 0 J1M) 
1.0 J.LL Amelogenin Reverse Primer (10 J1M) 
1.0 J1L D3SI358 Forward Primer (10 JIM) 
1.0 J1L D3Sl358 Reverse Primer (10 J1M) 
1.0 J1L CA Repeat Forward Primer (L00484) (5 J1M) 
0.5 J1L CA Repeat Reverse Primer (H00537) (10 J1M) 
10 J1L molecular grade H20 
1 J1L DNA (1 ng/J.LL) 
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The multiplex samples were amplified using the same thennocycling parameters 

as the duplex reactions [MJ Research PTC-200 Peltier Thermal Cycler (Gradient Cycler)] 

with an annealing temperature range of 54°C-62°C . Post-amplification, 7 J.LL of each 

sample (along with 3 J.LL loading dye OO.XC) (lOJ.LL total) was loaded into the 

successive wells of a 2.5% agarose gel in IX sodium borate (SB) (dimensions 14.5 em x 

12 em). Ten J.LL of pBR3221Hinfl ladder was added to the first lane of the gel for PCR 

product comparison. The gel was electrophoresed at 226 volts with an Hsi Hoefer 

Transphor!Electrophoresis DC power supply, stained with ethidium bromide, and then 

visualized with Doc-It~S Image Acquisition Software (Life Science Software from 

UVP). Results of this multiplex amplification are shown in Figure 13. 
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CHAPTERITI 

RESULTS 

Phase I: · 

In the Phase I thermocycling parameters for the amplification of the mtDNA CA 

repeat, the total number of cycles was decreased from the standard 35 cycles used to 

amplify mtDNA to 32 cycles. Since amelogenin and D3S1358 have both previously been 

successfully amplified using 28-30 cycles, the decrease in cycle number for the CA 

repeat was a forethought to the upcoming multiplex attempts. In addition, the annealing 

temperature for the amplification of the two nuclear DNA loci was decreased from 59°C 

to 58°C in order to see if these loci would amplify at a temperatw'e closer to the standard 

annealing temperature used for mtDNA samples. The first Phase I gel ran with the 

various single locus amplification protocols and the amelogenin/D3S1358 duplex could 

not be photographed due to broken equipment. All negative controls performed as 

expected (clear lanes), but the ladder only faintly appeared on the gel. Smears were seen 

in lanes l-3 (D3Sl358 standard protocol) and lanes 5-7 (amelogenin standard protocol), 

but bright bands were seen in lanes 1()..12 (amelogenin/D3Sl358 duplex standard 

protocol) and lanes 14-16 (CA repeat standard protocol). Lanes 19-21 (CA repeat 

protocol #2) and lanes 23-25 (CA repeat protocol #3) also produced bright dense bands in 

27 



the ladder region that corresponds with the expected amplicon sizes of interest. Figure 1 

is a 2% agarose (IX TBE) gel that represents the results of the mtDNA CA repeat 

amplifications. 

Figure 1: Phase I PCR Amplification of the D-loop 3' (CA),. Dinucleotide Repeat 

Lane 1 
Lane2 
Lane3 
Lane4 
LaneS 
Lane6 
Lane7 
LaneS 
Lane9 
Lane 10 
Lane 11 
Lane 12 
Lane 13 
Lane 14 

Standard Protocol- DNA Sample A2 
Standard Protocol- DNA Sample D1 
Standard Protocol- DNA Sample E 1 
Negative Control 
Cambrex DNA Ladder #50631 
Protocol #2 -DNA Sample A2 
Protocol #2- DNA Sample Dl 
Protocol #2 -DNA Sample E 1 
Negative Control 
Cambrex DNA Ladder #50631 
Protocol #3 -DNA Sample A2 
Protocol #3 -DNA Sample D1 
Protocol #3 -DNA Sample E1 
Negative Control 

Lanes 5 and 10 both contained Cambrex 50631 DNA ladder, which only faintly appeared 

after ethidium bromide staining. Lanes 4, 9, and 14 were negative controls and produced 

no bands. Faint bands were distinguishable in lanes 1-3 (CA repeat standard protocol), 

lanes 6-8 (CA repeat protocol #2), and lanes 11-13 (CA repeat protocol #3). 

To finther investigate the natme of these bands, the mtDNA CA repeat samples 

were analyzed with the Agilent 2100, as shown in Figure 2. 
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Fiore l: Agilent 2100 Analysis of CA repeat (Protocol #2) 
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As shown in Figure 2, peak 2 in the Agilent electropherogram corresponds to a 10 l bp 

PCR product, which conflicts with the expected 86-94 bp amplicon size range for the 

mtDNA CA repeat. Agilent analysis was also performed on the 0381358/amelogenin 

duplex (Figure 3) and the amelogenin singleplex standard protocol samples (Figure 4). 

Figure 3: Agilent 2100 Analysis ofD3S1358/Amelogenin Duplex 
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None of the peaks in Figure 3 correspond to the expected amplicon sizes of 97-151 bp 

and 106/112 bp for D3S 1358 and amelogenin, respectively. Considering the length of 

the primers chosen for this study, it is likely that peaks 3 and 4 represent primer-dimers 

generated during the PCR amplification reaction. 

Figure 4: Agilent 2100 Analysis of Amelogenin (Standard Protocol) 
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Similarly, none of the peaks in Figure 4 correspond to the 106 bp and 112 bp 

expected PCR product sizes for amelogenin. Peak 2 in the electropherogram is likely a 

primer-dimer formed during the amplification of this sample. Figure 5 represents a gel 

image tbat summarizes the Agilent 2100 analysis of these samples. Lane 11 in the figure 

represents the results from the amelogenin standard protocol, while lanes 12 and 13 

correspond to the D3S1358/amelogenin duplex reaction and protocol #2 for the mtDNA 

CA repeat, respectively. 
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Figure 5: Agilent 2100 Analysis of the mtDNA CA Repeat (Protocol #2), 
D3S 1358/ Amelogenin Duplex, and Amelogenin (Standard Protocol) 
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Figure 6 represents the results of PCR after changing the thennocycling 

parameters for amelogenin and D3Sl358 (specifically, re-adjusting the annealing 

temperature back to 5~C) and utilizing the AmpF~TR PCR Reaction Mix (instead of 

individual components). As can be seen in the ge~ the ladder (Cambrex DNA ladder 

50631) performed as expected, but most of the lanes contained no visible PCR product. 
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Figure 6: Phase I Amplification of Amelogenin and D3S 1358 with 
AmpHSTR PCR Reaction Mix (2% Agarose in 1 X TBE) 

Lane 1 Protocol AI (D3S1358) 
Lane2 Protocol Bl (D3S1358) 
Lane3 Protocol C 1 (D3S 1358) 
Lane4 Protocol Dl (D3Sl358) 
Lane 5 Cambrex Ladder 50631 
Lane6 Protocol El (Amelogenin) 
Lane7 Protocol F1 (Amelogenin) 
LaneS Protocol G 1 (Amelogenin) 
Lane9 Protocol H1 (Amelogenin) 
Lane 10 Cambrex Ladder 50631 
Lane 11 Protocol 11 (Both) 
Lane 12 Protocol J1 (Both) 
Lane 13 Protocol K1 (Both) 
Lane 14 Protocol L1 (Both) 

A faint ban~ however, is seen in Lane 6 (amelogenin standard protocol E1) and a 

brighter band appeared in Lane 11 (0381358/amelogenin duplex protocol 11). Primer-

dimer bands appear to be present in lanes 6-9 and lanes 11-13. 

Phase II: 

Due to indeterminate results from the Phase I protocols, new DNA samples were 

extracted from buccal swabs, primer sequences were double-check~ and primer 

concentrations were verified via spectrophotometry. During these quality control checks, 

primer sequences were determined to be correct, but verification of primer concentrations 

revealed that the mtDNA CA repeat forward primer (L00484) was approximately 100 

J.1M (only half of the previously indicated concentration of 200 JIM). Appropriate 

adjustments were made to the Phase H amplification protocols. As depicted in Figures 
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7-8, singleplex reactions for each of the three loci were carried out on an annealing 

temperature gradient of 54°-66°C. This range was programmed into the MJ Research 

PTC-200 Peltier Thermal Cycler, and the instnunent automatically (and seemingly 

arbitrarily) determined the temperature increments for each well. The range of 54°-66°C 

was chosen because it spans the successful annealing temperatures used for these three 

loci in previous research (as indicated in the literature). 

Figure 7: Phase II Amelogenin Singleplex in 2% Agarose (IX TBE) 
With Annealing Temperature Gradient 54°-66°C 

Lane"L" 
Lane 1 
Lane2 
Lane3 
Lane4 
Lane5 
Lane6 
Lane7 
LaneS 
Lane9 
Lane 10 
Lane 11 
Lane 12 

Amelogenin 

pBR322/Hintl DNA Ladder 

Annealing Temp. 54°C 
Annealing Temp. 54.3°C 
Annealing Temp. 55.1°C 
Annealing Temp. 56°C 
Annealing Temp. 57.4°C 
Annealing Temp. 59.2°C 
Annealing Temp. 61.2°C 
Annealing Temp. 62.9°C 
Annealing Temp. 64.2°C 
Annealing Temp. 65.1°C 
Annealing Temp. 65.8°C 
Annealing Temp. 66°C 

PCR product was observed in all lanes throughout the range of annealing temperatmes, 

with the exception of lane 9 and lane 12. The bands in lane 10 and lane 11 are very 
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faint, indicating that the annealing temperatures in these lanes (6S.8°C and 66°C, 

respectively) are not optimum for this locus. 

Figure 8: Phase II CA Repeat and D3S 1358 Singleplexes 
in 2% Agarose (IX TBE) w/Annealing Temperature Gradient S4°-66°C 

Lane "L" pBR322/Hinfl DNA Ladder 
Lane 1 Annealing Temp. S4°C 
Lane2 Annealing Temp. S4.3°C 
Lane3 Annealing Temp. 55.1 oc 
Lane4 Annealing Temp. 56°C 
LaneS Annealing Temp. 57 .4°C 
Lane6 Annealing Temp. 59.2°C 
Lane7 Annealing Temp. 61.2°C 
LaneS Annealing Temp. 62.9°C 
Lane9 Annealing Temp. 64.2°C 
Lane 10 Annealing Temp. 65.1°C 
Lane 11 Annealing Temp. 65.8°C 
Lane 12 Annealing Temp. 66°C 

PCR product was observed in lanes 1-9 for the mtDNA CA repeat, although the bands in 

lanes 8 and 9 are faint. No PCR product was observed in lanes 10-12. Since lane 7 
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corresponds to an annealing temperature of 6l.2°C, the faintness or lack of band 

presence in the lanes past this point indicate that annealing temperatures above 62°C are 

not optimum for this mtDNA CA repeat. 

Furthermore, PCR product was observed in all lanes for the D3Sl358 locus, 

spanning the entire 54°-66°C annealing temperature range. Due the fact that each 

individual loci amplified successfully in the singleplex reactions, a multiplex was 

attempted. Since the amplicon sizes for each of these three loci are close in range, the 

agarose percentage was increased from 2% to 2.5% in an effort to better resolve and 

separate the bands. Figure 9 (next page) shows the results of this multiplex attempt. The 

gel depicted in Figure 9 was left in destaining solution for too long and, as a result, the 

bands had dissipated/diffused before it could be photographed. Nonetheless, more than 

one PCR product band appears to be present in all of the lanes (most notably in lanes 2-8, 

which correspond to annealing temperatures of54°-6l.2°C). 
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Figure 9: Phase II Multiplex Attempt in 2.5% Agarose (IX TBE) 
w/Annealing Temperature Gradient 54°-66°C 

Lane 1 
Lane2 
Lane3 
Lane4 
LaneS 
Lane6 
Lane7 
LaneS 
Lane9 
Lane 10 
Lane 11 
Lane 12 
Lane 13 

pBR322/Hinfl DNA Ladder 

Annealing Temp. 54°C 
Annealing Temp. 54.3°C 
Annealing Temp. 55.1 oc 
Annealing Temp. 56°C 
Annealing Temp. 57 .4°C 
Annealing Temp. 59.2°C 
Annealing Temp. 61.2°C 
Annealing Temp. 62.9°C 
Annealing Temp. 64.2°C 
Annealing Temp. 65.1°C 
Annealing Temp. 65.8°C 
Annealing Temp. 66°C 

Based on the results of the singleplex reactions and the latter mentioned multiplex 

attempt, the annealing temperature range for the duplex reactions was adjusted to 54°-

62°C to accommodate a temperature range that is optimum for all three loci. The 2.5% 

agarose gels for the duplex reactions were run in IX sodium borate (SB) buffer instead of 

1X TBE because sodium borate has a lower conductivity, produces sharper bands, and 

can be run at higher speeds than gels made with TBE buffer. Results from the duplex 

amplification reactions are shown in Figures 10-I2. 
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Figure 10: Phase II Amelogenin & D3S1358 Duplex in 2.5% Agarose 
(IX SB) w/Annealing Temperature Gradient 54°-62°C 

Amelogenin/D3Sl358 Duplex 

Lane 1 pBR322/Hinfl DNA Ladder 

Lane 2 Annealing Temp. 54°C 
Lane 3 Annealing Temp. 54.2°C 
Lane 4 Annealing Temp. 54. 7°C 
Lane 5 Annealing Temp. 55.3°C 
Lane 6 Annealing Temp. 56.3°C 
Lane 7 Annealing Temp. 57.5°C 
Lane 8 Annealing Temp. 58.8°C 
Lane 9 Annealing Temp. 60°C 
Lane 1 o Annealing Temp. 60.8°C 
Lane 11 Annealing Temp. 61.4°C 
Lane 12 Annealing Temp. 61.9°C 
Lane 13 Annealing Temp. 62°C 

Both amelogenin and D3S1358 amplified successfully throughout the entire selected 

annealing temperature range. However, the darkest bands {and hence the most DNA) 

were found in lanes 9 and 10 (annealing temperatures 60°C and 60.8°C, respectively). 

The two bands seen in lanes 2-13 on this gel fall between the 154 bp and 75 bp bands in 

the ladder, an appropriate location for loci with expected amplicon sizes of 97-151 bp 

{0381358) and 106/112 bp (amelogenin). The top band in the row represents the 

37 



D3Sl358locus, while the bottom band represents PCR product from amplification of the 

amelogenin sex -determining locus. 

Figure 11: Phase II Amelogenin & CA Repeat Duplex in 2.5% Agarose 
(IX SB) w/Annealing Temperature Gradient 54°-62°C 

Amelogenin/CA Repeat Duplex 

Lane 1 pBR322/Hinfl DNA Ladder 

Lane 2 Annealing Temp. 54°C 
Lane 3 Annealing Temp. 54.2°C 
Lane 4 Annealing Temp. 54. 7°C 
Lane 5 Annealing Temp. 55.3°C 
Lane 6 Annealing Temp. 56.3°C 
Lane 7 Annealing Temp. 57.5°C 
Lane 8 Annealing Temp. 58.8°C 
Lane 9 Annealing Temp. 60°C 
Lane 10 Annealing Temp. 60.8°C 
Lane 11 Annealing Temp. 61.4°C 
Lane 12 Annealing Temp. 61.9°C 
Lane 13 Annealing Temp. 62°C 

Again, both amelogenin and the CA repeat amplified successfully throughout the entire 

selected annealing temperature range. However, preferential amplification of the CA 

repeat (bottom band) occmred through lane 9 (annealing temperature 60°C). The two 

bands seen in lanes 2-13 on this gel again fall between the 154 bp and 75 bp bands on the 

ladder, which is consistent with the expected amplicon sizes for amelogenin (106/112 

bp) and the mtDNA CA repeat (86-94 bp ). The top band in the row represents the 
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amelogenin locus and the bottom band represents PCR product from the amplification of 

the mtDNA CA repeat. 

In Figure 12, preferential amplification of the mtDNA CA repeat is again seen in 

lanes 2-9 (which corresponds to annealing temperatures of S4°-60°C), but both loci 

amplified across the entire annealing temperatme range. The best results here are seen in 

lanes 10-13, where the two bands are relatively equal in intensity (and hence one locus is 

not outoompeting the other for components in the master mix). 

Figure 12: Phase IID3Sl358 & CA Repeat Duplex in 2.5% Agarose 
(IX SB) w/Annealing Temperature Gradient 54°-62°C 
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D3Sl 358/CA Repeat Duplex 

Lane 1 
Lane2 
Lane3 
Lane4 
LaneS 
Lane6 
Lane7 
Lane8 
Lane9 
Lane 10 
Lane II 
Lane 12 
Lane 13 

pBR3221Hinfl DNA Ladder 

Annealing Temp. 54°C 
Annealing Temp. 54.2°C 
Anne.aling Temp. 54.7°C 
Annealing Temp. 553°C 
Annealing Temp. 56.3°C 
Annealing Temp. 57.5°C 
Annealing Temp. 58.8°C 
Annealing Temp. 60°C 
Annealing Temp. 60.8°C 
Annealing Temp. 61.4°C 
Annealing Temp. 6I.gc>C 
Annealing Temp. 62°C 



The top band in each row in Figure 12 represents the 0381358 locus, while the bottom 

band is PCR product from amplification of the mtDNA CA repeat. These two bands 

again fall between the 154 bp and 75 bp bands on the ladder, an appropriate location for 

loci with expected amplicon sizes of97-151 bp (0381358) and 86-94 bp (CA repeat). 

After successful amplification of the three different duplex combinations, a 

multiplex was attempted with the same gel conditions and same annealing temperature 

gradient(54°-62°C). Preferential amplification of the mtDNA CA repeat was again seen 

in several lanes (lanes 2-8), with the competition for components of the master mix 

balancing out at 60°C (lane 9). Figure 13 depicts the multiplex results. 

Figure 13: Phase //Multiplex in 2.5% Agarose (IX SB) 
w/Annealing Temperature Gradient 54°-62°C 
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Lane 1 
Lane2 
Lane3 
Lane4 
LaneS 
Lane6 
Lane7 
LaneS 
Lane9 
Lane 10 
Lane 11 
Lane 12 
Lane 13 

Multiplex 

pBR3221Hinfl DNA Ladder 

AnneaHng Temp. 54°C 
Annealing Temp. 54.2°C 
Annealing Temp. 54. 7°C 
Annealing Temp. 55.3°C 
Annealing Temp. 56.3°C 
Annealing Temp. 57.5°C 
Annealing Temp. 58.8°C 
Annealing Temp. 60°C 
Annealing Temp. 60.8°C 
Annealing Temp. 61.4°C 
Annealing Temp. 6l.~C 
Annealing Temp. 62°C 



All three loci amplified successfully throughout the entire annealing temperature 

range. The darkest bands (and hence the most DNA) were found in lane 9 (annealing 

temperature 60°C). However, the bands in lanes 10-13 are also close in intensity and 

hence indicate a more optimum protocol. After completion of this multiplex the d.NTP 

supplies were exhausted, so new d.NTPs (New England BioLabsfJ Inc.) were ordered so 

that the protocol and results could be replicated. Figure 14 represents the first attempt to 

replicate the multiplex results with other DNA samples and with the new d.NTPs. The 

DNA used for the previous multiplex attempts was the investigator's female buccal swab 

DNA. The DNA used for the gel in Figure 14 includes male buccal swab DNA and 

female DNA from known cell line K562 (GenePrint'', Madison, WI). 

Figure 14: Phase //Multiplex Replication Attempt with 
Annealing Temperatures 60°C, 60.8°C, and 61.4°C 
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Lane 1 pBR3221Hinfl DNA Ladder 
Lane 2 Negative Control 
Lane 3 Annealing Temp. 60°C 

(Male DNA) 
Lane 4 Annealing Temp. 60.8°C 

(Male DNA) 
LaneS Annealing Temp. 61.4°C 

(Male DNA) 
Lane 6 Annealing Temp. 60°C 

(K562 Female DNA) 
Lane 7 Annealing Temp. 60.8°C 

(K562 Female DNA) 
Lane 8 Annealing Temp. 61.4°C 

(K562 Female DNA) 



The ladder in lane 1 and negative control in lane 2 perfonned as expected. The 

bands in lanes 3-5 represent male buccal swab DNA amplified at annealing temperatures 

of 60°C, 60.8°C, and 6l.4°C, respectively. Lanes 6-8 represent PCR product from 

amplification of K562 (female) DNA at annealing temperatures of 60°C, 60.8°C, and 

6l.4°C, respectively. ·The mtDNA CA repeat amplified successfully across all lanes and 

preferentially to the other two loci. The three bands present in lanes 3-5 are weaker and 

not as bright as the bands in Figure 13. The bands for D3S1358 and amelogenin in lanes 

6-8 are only faintly visible, possibly due to inadequate amounts of BSA in the 

amplification master mix. For the K562 DNA master mix, only half the required amount 

of BSA was left to add to the PCR tube (1.25 J1L per reaction as opposed to 2.5 J1L per 

reaction). Also, since new dNTPs (from a different manufacturer) were being used for 

this replication, concentrations needed to be checked for accuracy. More BSA was 

ordered (New England BioLabs .... Inc.) and a test gel was run as a quality control test for 

both the new BSA and new dNTPs (as shown in Figure 15 on next page). 

In Figure 15, the DNA in Lanes 2-3 was amplified using the newly ordered New 

England BioLabs dNTPs and BSA. Specifically, 1 J1L dNTPs (25 mM each)/0.25 f.lL 

BSA (10 mglml) and 0.25 J1L dNTPs (25mM each)/0.25 J1L BSA (10 mg/ml) were used, 

respectively. Lanes 4-5 tested the previously used dNTPs, using 1 J1L dNTPs (25 

mM)/0.25 J1L BSA (1.6 mglml) and 1 f.lL dNTPs (25 mM)/2.5 f.lL BSA (1.6 mglml), 

respectively. Lanes 6-7 tested use of the newly ordered New England BioLabs .... dNTPs 

with the previously used BSA concentration [1 f.lL new dNTPs (25 mM each)/2.5 J1L 

42 



BSA (1.6 mglml) and 0.25 fJL new dNTPs (25 mM each)/2.5 fJL BSA (1.6 mglml)). 

Figure 15: Quality Control Permutations of dNTPs and BSA in the Phase II 
Multiplex at Annealing Temperature 60°C 

Lane 1: pBR3221Hinfl DNA Ladder 
Lane 2: 1 fJL dNTPs (25 mM each) (NEB) 

0.25 J.1L BSA (10 mglml) 
Lane 3: 0.25 fJL dNTPs (25mM each) (NEB) 

0.25 J1L BSA (10 mglml) 
Lane 4: 1 J.1L dNTPs (25 mM) (ABI) 

0.25 J1L BSA (1.6 mglml) 
Lane 5: 1 fJL dNTPs (25 mM) (ABI) 

2.5 J.1L BSA (1.6 mglml) 
Lane 6: 1 f.1L dNTPs (25 mM each) (NEB) 

2.5 J1L BSA (1.6 mglml) 
Lane 7: 0.25 J.1L dNTPs (25 mM each) (NEB) 

2.5 J.1L BSA (1.6 mglml) 

It was determined from these permutations that the reactions run on the gel in 

Figure 14 used a four-fold excess of dNTPs due to a mistake in preparing the working 

dNTP dilution from the newly ordered tube from New England BioLabs ..... The four-

fold excess of dNTPs was exceeding the capacity of the PCR buffer and dropping the pH 

of the reaction mixture to 1mareeptable levels. The 1 OX PCR buffer is made with the 

expectation that 200 J.1M will be the final concentration of the dNTPs. Extra BSA used 

in some of these permutations helped overcome the excess of d.NTPs (hence the 

appearance of three bands in some of the lanes). All of the reactions with 250 J.1M final 
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concentration of dNTPs worked, although the New England BioLabs"' dNTPs performed 

better with more BSA. 

New reaction mixtures were prepared using 0.2 JLL dNTPs (25 mM each)(final 

concentration 200 J.1M) and 2.5 J1L of 1.6 mglml BSA per 25 JLL reaction volume. The 

results of the first successful replication of the multiplex are shown in Figure 16 (below). 

Figure 16: First Successful Phase //Replication ofMultiplex in 
2.5% Agarose (IX SB) w/Annealing Temperature Gradient 54°-62°C 

Lane 1 pBR322/Hintl DNA Ladder 
Lane2 Negative Control 
Lane3 Annealing Temp. 54°C 
Lane4 Annealing Temp. 54.2°C 
LaneS Annealing Temp. 54.7°C 
Lane6 Annealing Temp. 55.3°C 
Lane7 Annealing Temp. 56.3°C 
LaneS Annealing Temp. 57.5°C 
Lane9 Annealing Temp. 58.8°C 
Lane 10 Annealing Temp. 60°C 
Lane 11 Annealing Temp. 60.8°C 
Lane 12 Annealing Temp. 61.4°C 
Lane 13 Annealing Temp. 61.9°C 
Lane 14 Annealing Temp. 62°C 

The ladder in lane 1 and negative control in lane 2 performed as expected. The 

bands in lanes 3-14 represent PCR products from female buccal swab DNA. All three 

loci amplified successfully throughout the entire annealing temperature range. The 
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darkest bands (and hence the most DNA) were found in lane 11 (annealing temperature 

60.8°C). However, the bands in lanes 12-14 are also close in intensity and therefore 

represent an optimized protocol. Figure 17 (below) depicts the second successful 

replication of the Phase II multiplex and is identical in protocol to that depicted in Figure 

16, except that the source of the DNA in this replication is a male buccal swab. 

Figure 17: Second Successful Phase //Replication of Multiplex in 
2.5% Agarose (IX SB) w/Annealing Temperature Gradient 54°-62°C 

45 

Lane 1 
Lane2 
Lane3 
Lane4 
LaneS 
Lane6 
Lane7 
LaneS 
Lane9 
Lane 10 
Lane 11 
Lane 12 
Lane 13 
Lane 14 

pBR3221Hinfl DNA Ladder 
Negative Control 
Annealing Temp. 54°C 
Annealing Temp. 54.2°C 
Annealing Temp. 54.7°C 
Annealing Temp. 55.3°C 
Annealing Temp. 56.3°C 
Annealing Temp. 57.5°C 
Annealing Temp. 58.8°C 
Annealing Temp. 60°C 
Annealing Temp. 60.8°C 
Annealing Temp. 61.4°C 
Annealing Temp. 61.9°C 
Annealing Temp. 62°C 



CHAPTER III 

DISCUSSION & CONCLUSIONS 

Although the multiplex results in this study were replicated with various buccal 

swab DNA samples (male and female), the fact that the original design of this screening 

tool was intended for use on fragmented and commingled skeletal remains dictates that 

the same PCR reaction protocols be performed on DNA that has been extracted from 

human bone. Attempts to replicate this multiplex on skeletal remains will pose 

additional challenges since DNA obtained from bone is likely to be much more degraded 

than the fresh buccal swab DNA used in this research. 

Additional analyses need to be conducted on the PCR amplification products 

generated during this study to verify that the bands visualized on the agarose gels actually 

represent alleles from the three target loci (amelogenin, D3Sl358, and CA repeat). 

Although the agarose gel electrophoresis used in this research was useful for initial post

amplification confirmation of PCR product, further development of this screening tool 

would greatly benefit from the high-resolution capabilities of polyacrylamide gel 

electrophoresis (PAGE). Due to their smaller pore size, polyacrylamide gels resolve 

smaller DNA fragments better than agarose gels and can even separate fragments 

differing by a single base pair. The high-resolution capability of PAGE is important in 

regards to the design of this multiplex, since the amplicon sizes of the three loci chosen 
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are very similar and may even overlap in some samples. In addition to tnmsitioning to a 

different separation technique (i.e. a higher-resolution gel), detection methods could be 

modified as well. Aside from the hazards of using radioactive detection methods, 

research has shown that sensitivity is approximately 100 times higher with silver staining 

than with ethidium bromide staining (Merril et al. 1998). 

Capillary electrophoresis (CE) is yet another separation method that would prove 

useful in· the further development of this multiplex. Since the remains to be analyzed 

with this screening tool will frequently be limited in both quantity and quality, capillary 

electrophoresis offers an important advantage in that it consumes only minute quantities 

of sample dming injection and samples can be retested if necessary. Aside from being 

rapid and automated, fluorescent labeling offers an advantage over other detection 

methods in its ability to record two or more fluorophores separately using optical filters 

and a matrix. This multi-color capability enables the components of complex mixtures to 

be labeled individually and identified separately in the same sample. Hence, due to the 

similar amplicon sizes of the three loci in this multiplex, primers for each locus should 

be labeled with a different fluorescent dye so that the alleles for each locus can be 

correctly distinguished and genotyped. Although the Agilent 2100 BioaDalyzer provides 

another option for analysis, capillary electrophoresis is a more appropriate choice since it 

is the more widely used technology in forensic laboratories today. 

Another important factor to consider in the development of this screening tool is 

stutter, which impacts interpletation of DNA profiles (especially in cases where two or 

more individuals have contributed to a DNA sample). Considering the fact that this 
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screening tool is designed to be used with remains that are fragmented and commingled, 

mixtures will be prevalent and accurate interpretation of results is critical to ensure 

proper separation of remains. The mtDNA locus incorporated into this multiplex design 

is a dinucleotide repeat. Stutter percentage is high (300!0 or more) for dinucleotide 

repeats, which will complicate the interpretation of mixtures (Butler 2005). 

In addition to the challenges introduced by stutter, interpretation could be further 

complicated by length heteroplasmy in the 0-loop 3' CA dinucleotide repeat. 

Heteroplasmy is the presence of more than one mtDNA type in an individual. In 2005, 

Chung et al. reported on the presence of length heteroplasmy in the Hypervariable Region 

ill CA repeats in Koreans. Interpretation guidelines associated with this screening tool 

will need to take these two factors into account. Although heteroplasmy can sometimes 

certainly complicate the interpretation of mtDNA results, its presence at identical sites 

can improve the probability of a match, as occwred in the positive identification of the 

Romanov family (Ivanov eta/. 1996). 

Although 0381358 was originally selected as the STR locus for this multiplex 

screening tool, it may be prudent to consider incorporating the 058818 locus into the 

design (either in combination with the D3S135 marker or in place of it). D5S818 is a 

smaller marker (amplicon size range 119-178) with a relatively high diversity in the 

population (15 observed alleles) and, like 0381358, is more likely to amplify in 

degraded samples than larger STR loci. Incorporating both of these loci into the 

multiplex would certainly increase the tool's discriminating power. Tbe power of 

discrimination (a measure of how powerful a locus is at individualizing) for both of these 
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loci bas been calculated. The reported power of discrimination (PD) of the D3S 1358 

locus is 0.903 for African-Americans, 0.920 for Caucasians. and 0.880 for Hispanics. 

Using the 058818 marker, the powers of discrimination for African-Americans, 

Caucasians, and Hispanics are 0.879, 0.834, and 0.880, respectively (Budowle et al. 

1999). 

Ultimately, there are limitations to the application and use of this screening tool. 

Due to the environmental conditions to which mass grave and mass disaster victims are 

often exposed, many samples may be limited in quantity or quality. Since positive 

identification of the remains is the ultimate goal - and given that the success of DNA 

typing relies on isolation of DNA of sufficient quality, quantity, and purity --- the 

condition of the remains upon discovery must be considered and it may not be prudent to 

utilize this screening tool with all samples. 

Additionally, if many of the victims found in mass graves or mass disasters are 

relatives, the usefulness of this screening tool will be limited and such considerations 

should be taken into account when assessing number of victims. Most notably, maternal 

inheritance of the mitochondrial genome is important here, as children will have the same 

mitochondrial DNA sequence as their mother, grandmother, and so on (and hence would 

carry the same 3' CA dinucleotide repeat in the D-loop ). Similarly, screened samples 

could potentially contain the same allele at the D3S1358 locus if the remains of parents 

and their biological children are commingled at the site. 

Lastly, if sufficient published population data for the D3Sl358 locus and the 3' 

CA repeat in the mitochondrial D-loop is not available for the region in which the 
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remains are located, the discriminatory power of the screening tool could not be 

determined. 
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FIGURE 1: 

Multiplex PCR: ~ Plotocol 

mr.I: Cllowe priller ~~~~-
• GC CC11111111t = 3~ 
• 20 bp Cll' loupr 
• pl-lcplrlble amplifiallion procb:ls 
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• amplify all loci indlviclually, - coaditions 
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C. 1-a produds are weak 
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d)...__, buftl::r Wdillioa lo 0. 7~.9x but 
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a). u.c.- bufli:r -lllioo hal lx 1o 1.4-h 
b). ~-u.s mdlor--..tall!» 
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d). ........ Bio,Bb,llldBc 

D. u..pedfk pnlll1lets appear 
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b).lrsbort ~ ~ bufli:r COliC. lo 0.7~.9x 
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cl). c:t.F 1111 ---~~~~~"""flab cWI'Ps 

SOURCE: Henegariu et al. (1997) Multiplex PCR: Critical parameters and 
step-by-step protocol. BioTechniques23:504-S II 
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TABLE 1: Size & sequence of reported D3S 1358 alleles 

ADele Promega A8l Profiler RepHt structure Referenat 
(Repeat I) Pow9rPiex 2.1 Plus(wlo+A) TCTA[TCI'G]w[TCTA], 

8 99bp 97bp Not published STRBase 
9 103 bp 101 bp Not published STRBase 

10 107 bp 105 bp Not published STRBase 
11 111 bp 109 bp Not published STRBase 
12 115 bp 113 bp Not published SGM Plus 
13 119 bp 117 bp TCTA[TCTG)z[TCTA),0 Momhinweg et al. (1998) 
14 123 bp 121 bp TCTA[TCTGh[TCTA),. Szibor eta/. (1998) 
15 127 bp 125 bp TCTA[TCTGJt[TCTA), Szibor et al. (1998) 
1s· 127 bp 125bp TCTA(TCTG)1[TCTA]u Szibor et al. (1998) 
15.1 128 bp 126 bp Not published STRBase 
15.2 129 bp 127 bp Not published STRBase 
15.3 130 bp 128bp Not published STRBase 
16 131 bp 129 bp TCTA(TCTG},[TCTA]12 Szibor et al. (1998) 
16. 131 bp 129bp TCTA{TCTG]z[TCTA]13 Momhinweg eta/. (1998) 
16.2 133 bp 131 bp Not published Budowle et al. (1997) 
17 135 bp 133 bp TCTA(TCTGJ.(TCTA)13 Szibor et al. (1998) 
17• 135 bp 133 bp TCTA[TCTG).JTCTA}14 Morrihinweg et al. (1998) 
17.1 136 bp 134bp Not published STRBase 
17.2 137 bp 135bp Not published STR8ase 
18 139 bp 137 bp TCTA[TCTG]JTCTA),.. Szibor eta/. (1998) 
18.2 141 bp 139bp Not published STRBase 
18.3 142 bp 140 bp Not published STRBase 
19 143 bp 141 bp TCTA[TCTG].JTCTAJIS Mornhinweg eta/. (1998) 
20 147 bp 145 bp TCTA(TCTGJJTCTA]" Momhinweg et al. (1998) 
21 151 bp 149bp Not published Ayres et al. (2002) 

25 observed alleles. 

SOURCE: Butler, J.M. (2005). Forensic DNA Typing: Biology, Technology, and Genetics of 
STR Markers (2"" Edition). Burlington, MA: Elsevier Academic Press. 
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TABLE2: 
U.S. allele frequency distributions for D3Sl358 

Allele CaueasiaD Hispanie Afriean-AIIleriean 

<12 0.0000 0.0000 0.0048 
12 0.0000 0.0000 0.0024 
13 0.0025 0.0024 0.0119 
14 0.1404 0.0789 0.1214 
15 0.2463 0.4258 0.2905 

15.2 0.0000 0.0000 0.0000 
16 0.2315 0.2656 0.3071 
17 0.2118 0.1268 0.2000 
18 0.1626 0.0837 0.0548 
19 0.0049 0.0144 0.0048 

>19 0.0000 0.0024 0.0024 

SOURCES: Budowle et al. (2001) COOlS STR loci :from 41 sample 
populations. Journal of Forensic Science 46(3):453-489. 
Budowle eta/. (1999) Population data on the thirteen COOlS core short 
tandem repeat loci in African Americans, U.S.Caucasians, Hispanics, 
Bahamians, Jamaicans, and Trinidadians. Journal of Forensic Science 
44(6):t2n-I286. 
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FIGURE2: 
Schematic showing the location of the 3' CA dinucleotide repeat 
in Hypervariable Region ill of the D-loop in the mitochondrial 

DNA genome 
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SOURCE: Butler, J.M. (2005). Forensic DNA Typing: Biology, Technology, 
and Genetics ofSTR Marirers rr Edition) (p. 243). Burlington, MA: Elsevier 
Academic Press. 
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TABLEJ: 
Frequency ± standard error of the various alleles of the D-loop 

3' (CA),. dinucleotide repeat polymorphism in three European and 
one African population 

Allele German Hungarian Russian Cameroon 

3 0 0 0 2 {0.019 ± 0.009) 
4 42 (0.106 ± O.Oll) 19 (0.190 ± 0.028) 19 (0.099 ± 0.015) 57 (0.543 ± 0.034) 
5 312 (0.788 ± 0.014) 75 (0.750 ± 0.03 I) 154 (0.806 ± 0.020) 46 (0.438 ± 0.034) 
6 33 (0.083 ± 0.010) 5 {0.050 ± 0.015) 16 (0.084 ± 0.014) 0 
7 9 (0.023 ± 0.036) I (0.010 ± 0.007) 2 (0.010 ± 0.005) 0 
Total 396 100 191 105 
GD 0.36 0.40 0.34 0.52 

SOURCE: Szibor et al. (1997) Mitochondrial D-loop 3' (CA)n repeat polymorphism: 
Optimization of analysis and population data. Electrophoresis 18:2857-2860 

TABLE4: 
Allelic distribution of the D-loop 3' (CA), dinucleotide repeat in unrelated 

individuals from populations in the Oifu Prefecture (Japan), Korea, and Bologua (Italy) 

ADele Gifu Prefecture Korea:~ Bologna (ltalyt Bologna (ltalyt 
(Japaa)• 

3 0 0 0 0 
4 53 186 8 14 
5 92 303 87 126 
6 3 7 4 8 
7 2 4 1 2 

Total 150 500 100 150 

SOURCES: 
1 Nagai et aJ. (April2004) Scquc:oce analysis of mitod1ondriaJ DNA HVIll Rgioo in a Japanese 

population. Progru11 ill Foren.ric Geltetio 10, Vol. 1261 :410-412 
2 Chung et aJ. (200S) Mitodloodrial DNA CA dinuclcoCide repealS in Kon:ans: 1be prc:sc:oce of length 

hdcroplasmy. lntemational JOfll'?ltll of Legal Medicine 119:50-53. 
3 Bini et aJ. (2003) l>iffi:mJt informativeness of1be d:trce bypervariablc mitocbondrial DNA regions 

in the popu1atiou of Bologna (Italy). Forervic Science Intemationall3S(I):48--S2 
4 Bini et aJ. (2003) Population daaa of mitocboodrial DNA region HVIll in I SO individuals ftom 

Bologna (l1aly). lnlematiortal Corrgru/1 &riD 1239:525-528 
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ALLELE 

3 
4 
5 
6 
7 
8 

SOURCES: 

TABLES: 
Allele frequencies for the D-loop 3' (CA),. dinucleotide repeat 

in Hypervariable Region ID of the human mitochondrial genome 

(N=lOS) (N=lOO) (N=lOO) (N=IOO) 
(N=396) (N=IOO) (N=I91) Ca1III'OIIII (N=500) llyglr lllhni: !JI"'IIIIIian ethnic !JI"'IIP ~Wop 

Germany HUDgary Russia Africa Korea China Cltiaa Italy 

• • • 0.019 • 0.010 • • 
0.106 0.190 0.099 0.543 0.372 0.200 0.330 0.080 
0.788 0.750 0.806 0.438 0.606 0.690 0.670 0.870 
0.083 0.050 0.084 • 0.014 0.010 • 0.040 
0.023 0.010 0.010 • 0.008 • • 0.010 

* • • • • 0.090 • * 
• = allele not seen in smnp/e population 

(N=l50) 

llcJiop 
Italy 

• 
0.093 
0.840 
0.053 
0.013 

• 

Bini et al. (2003) Population dam ofmitocbondrial DNA region HVBI in ISO individuals from Bologna (Italy). 
International Congreu Series 1239:525-528. 

Bini et al. (2003) Different infunnativencss oftbe three hypervariable mitochondrial DNA regions in the population 
of Bologna (Italy). Foremic Science Jnternatiortall3S(l):48-52. 

Chung et al. (2005) Mitocbondrial DNA CA dinucleotide repeats in Kon:ans: the presence ofleoglh bcteroplasmy. 
lntenrolional JOII17Wl of Legal Medicine 119:~53. 

Szibor et al. (1997) Mitoc:boodrial J)..Joop 3' (CA), repeat polymolpbism: Optimization oflll8lysis and population 
data. Electropltoruis 18:2857-2860. 

Tang et al. (2003) Allele fu:quencies ofmitoclloodrial DNA STR locus in two Chinese ctbnic groups. Joumal of 
Forensic Science 48(2):445-446. 
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TABLE6: 
Thermal cycling parameters used to amplify STR DNA markers 

with commercially available PCR amplification kits 

Step In Protocol AmpFIST'Reklts 
(Appliacl Biosystems) 

Initial Incubation 95°C for 11 minutes 9s•c for 11 minutes 

Thermal Cycling 28 cycles 30 cydes• 

Denature 94•c for 1 minute 94°C for 30 seconds (cycle 1-10) 
90"C for 30 seconds (cyde 11-30) 

Anneal 59°C for 1 minute 60"C for 30 seconds 

Extend 72°C for 1 minute 7o•c for 45 seconds 

Final Extension 60•c for 45 minutes 60°C for 30 minutes 

Final Soak 2s•c (until samples removed) 4•c (until samples removed) 

•The first 10 cycles are run with a denaturation temperature of 94°C and the last 
20 cycles are run at 90•C instead. The Promega PowerPiex 1.1, 2.1, and 16 kits also 
use specific ramp times between the different temperature steps that differ from the 
conventional 1•CJsecond. 

SOURCE: Butler, J.M. (2005) Forensic DNA Typing: Biology, Technology, 
and Genetics ofSTR Markers (J:IIi Edition) (p.70). Burlington. MA: Elsevier 
Academic: Press 
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TABLE?: 
Comparison of successfully used thennocycling parameters for 

amplification of the 3' (CA),. dinucleotide repeat in Hypervariable 
Region III of the mitochondrial D-loop 

. Cyclin~ condition ProtocoJA1 Protoeollr Protocol~ 
Initial denaturation 94°C (5 min.) 94°C{3 min.) 94°C (1 min.) 

35 cycles 35 cycles 30 cycles 
Denaturation 94°C (45 sec.) 94°C (45 sec.) 94°C (1 min.) 

Annealing 66°C (1 min.) 56°C (30 sec.) 54°C (30 sec.) 
Extension 72°C (1 min.) 72°C (1 min.) 72°C (1 min.) 

Final extension 72°C (5 min.l 72°C(2 min.) 72°C (7 min.) 

(25 Jll na volame) (25 Jllna volume) 
IX rxn buffer 50mMKCI 

l.SmMMgCI2 I 0 mM Tris/HCI 
PCR Reaction M.ii (Not specified) 200 JiM each dNTP 1.5 JiM MgCl2 

0.4 JiM each primer 50 JiM each dNTP 
0.5 U Goldstar 0.25 JiM each primer 

polymerase 1.25 U Taq 

SOURCES: 
1 Hoong & Lek (2005) Genetic polymorphisms in mitochondrial DNA hypervariable regions I, II, and ill 

of the Malaysian population . .Asia Pacific Journal of Molecular Biology and Biotechnology 13(2):79-85. 
2 Szibor et al. (1997) Mitochondrial D-loop 3' (CA),. repeat polymorphism: Optimization of analysis 

and population data. Electrophoresis 18:2857-2860. 
3 Bini eta/. (2003) Population data of mitochondrial DNA region HVlli in 150 individuals from Bologna 

(Italy). International Congress Series 1239:525-528. 
4 Bini et aJ. (2003) Different informativeness of the 1hree hypervariable mitochondrial DNA regions in the 

population of Bologna (Italy). Forensic Science lntemationol 135(1):48-52. 
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