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CHAPTER I 

INTRODUCTION 

Forensic laboratories all across the nation and the world receive samples 

containing minimal quantities of DNA regularly. Low copy number or trace DNA 

samples have been quantitatively defined as anything containing less than 100 pg of 

DNA (1). A few examples of items containing LCN DNA are perspiration, hairs without 

roots, latent fingerprints, and degraded samples (2). Much of the evidence submitted to 

forensic laboratories contains minute quantities of DNA making analysis and 

interpretation of such samples difficult. The short tandem repeat (STR) assays currently 

used in forensic laboratories require approximately 1-2 ng of starting DNA in order to 

obtain optimal profiles (3,4). Currently, several methods have been developed in 

laboratories to improve the chances of obtaining STR profiles from samples containing 

smaller concentrations of DNA. Some of the more common techniques currently used to 

improve sensitivity of detection methods are decreasing RFU thresholds, using nested 

PCR, increasing PCR cycles, and increasing the starting concentration of DNA put into 

the PCR reaction (1). However, adjusting these factors compromises the quality of DNA 

results obtained, with the addition ofPCR artifacts observed in most samples. Stochastic 

effects commonly observed when trying to increase the sensitivity of amplification 

reactions include increased heterozygote peak imbalance, stutter, contamination, locus 

and allelic dropout. It is essential that samples be run in duplicate to confirm that the 
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profiles identified from the first reaction are in fact correct. Therefore. there must be 

sufficient amount of DNA present in samples to perform reproducibility reactions. Given 

the conditions of most forensic evidence. the possibility of obtaining enough DNA for 

further manipulations is highly unlikely. 

This research study was performed at DNAPrint™ in Sarasota. FL. DNAPrint™ 

is a private laboratory specializing in Single Nucleotide Polymorphism (SNP) 

technology. Through the use of this technology, they have been able to map SNPs 

termed Ancestry Informative Markers. This has allowed them to perform additional 

research with regards to biogeographical ancestry, identification of an individual's 

physical traits, as well as pharmacogenomics research. In addition, DNAPrint™ also 

performs paternity and forensic testing using STR markers. This research study was a 

preliminary investigation of the applicability of Whole genome amplification (WGA) 

using the GenomiPhi™ DNA Amplification assay in conjunction with available STR 

kits. The GenomiPhi™ assay was utilized due to its ease and efficiency. Depending 

upon the outcome of this project, further studies may be conducted to incorporate WGA 

for use with both their SNP and STR technology. 

WGA is a technique that replicates a large percentage of the whole genome. This 

technology was developed over ten years ago. Some of the more common uses ofWGA 

include pharmacological research, genetic disease diagnosis, and genetic diversity 

studies. The practice of whole genome amplification may be promising if optimized in 

the forensic field for use with LCN DNA samples. There are several techniques for 

Amplifying whole genomic DNA. Depending upon the application, whole genome 
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amplification can be accomplished with or without the use of the polymerase chain 

reaction (PCR). Three of the most common methodologies are multiple displacement 

amplification (MD A), degenerate oligonucleotide primed polymerase chain reaction 

(DOP-PCR), and primer-extension preamplification (PEP). 

This research project focused on one commonly used technique, multiple 

displacement amplification (MD A). However, in order to assess the differences between 

MDA and other types of WGA, a brief introduction of the two other commonly used 

methodologies will be discussed, primer-extension preamplification (PEP) and 

degenerate oligonucleotide primed polymerase chain amplification (DOP-PCR). Each of 

these three techniques has shown to amplify different amounts and sizes of original 

template DNA. However, some of these methods ofWGA are specifically applied to 

their own realms of science. 

Primer-extension preamplification is an in vitro method used to obtain multiple 

copies of DNA (5). PEP utilizes Taq DNA polymerase, a recombinant form of the 

thermophilic bacteria Thermus aquaticus BM. expressed in Escheria coli. This enzyme 

replicates DNA at 74°C at an approximate pH of9. Taq catalyzes the polymerization of 

DNA in the 5' to 3' direction in conjunction with Magnesium. The enzyme also contains 

a 5' to 3' exonuclease activity. Taq polymerase has an approximate error rate of 3 in 

every 104 base pairs ( 6). PEP also uses a random mixture of 15-base oligonucleotides as 

primers. These primers produce multiple sequence copies from random areas of the 

DNA strand. Using this technique, approximately 78% of the human genome has been 
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copied at least 30 times from a single haploid cell (5). The average product size 

generated is approximately 335 base pairs. 

Degenerate oligonucleotide primer polymerase chain reaction (DOP-PCR) is 

another method of WGA. This practice also utilizes Taq DNA polymerase and as well as 

a universal primer (7). The differences lie in several different annealing and extension 

temperatures to amplify the whole genome. The universal primer contains a degenerate 

region that represents all possible nucleotide combinations (8). Samples have been 

amplified within the size ranges of 100 to 600 base pairs (9). In fact, the average product 

size is around 500 base pairs. However, one of the disadvantages ofDOP-PCR is the 

amplification of non-specific DNA (7). 

A method currently available for whole genome amplification is the 

GenomiPhi™ DNA Amplification assay developed by Amersham Biosciences, which 

allows microgram quantities of DNA to be generated from nanogram concentrations (10). 

This kit utilizes Multiple Displacement Amplification (MDA), a strand displacement 

process also used with plasmid and bacteriophage DNA, to amplify the whole genome 

(6). The GenomiPhi™ reaction is a simple and efficient method ofWGA, which requires 

only a small volume of DNA to produce a larger quantity for an unlimited amount of 

genetic stUdies. The purpose of this research was to whole genome amplify LCN DNA 

samples with the GenomiPhi™ DNA Amplification assay to determine if reliable 

autosomal and Y -chromosomal STR profiles could be attained. This form of WGA has 

not been used in crime laboratories, but may be a promising technological advancement 

In forensics if optimized. 
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The autosomal STR kit used in this study was the AMPFtSTR® IdentifilerTM (Applied 

Biosystems) assay. This kit amplifies 16 polymorphic loci, which include the 13 CODIS 

loci recognized by the Federal Bureau of Investigation. Television programs such as CSI 

and Forensic Files have made perpetrators more aware of the current technology 

available, which requires only small amounts of DNA to obtain a genetic profile. 

Therefore, those with this sort ofknowledge offenders committing crimes are capable of 

leaving less DNA. Research statistics have shown that males are more likely to commit 

crimes than are females, especially sexual assaults (11). The use ofboth autosomal and 

Y chromosomal STR tests in conjunction is more discriminatory, and therefore increases 

the chances of excluding or including males charged with crimes. 

In this research project, male DNA was the specific target for the low quantity 

DNA studies. A couple ofY-STR assays are currently available, the PowerPlex® Y 

(Applied Biosystems) and the Y-Plex™12 (ReliaGene). Both ofthese ¥-chromosome 

STR kits amplify the 11 'core' loci recognized by the Scientific Working Group on DNA 

Analysis Methods (SWGDAM) for forensic analysis and database entry (4,12). TheY

Plex™12 was the Y-STR assay chosen for this project. 

The optimization of both the Identifiler™ andY -Plex™12 assays for use with the 

GenomiPhi™ DNA Amplification assay is very promising. Cases with evidence 

containing extremely low quantities of DNA may now have the ability to be solved. In 

addition, there may be hope for cold cases in crime laboratories that were never solved 

due to insufficient amounts of DNA, degraded or LCN samples. 
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CHAPTERll 

BACKGROUND 

Low Copy Number DNA Samples 

Low copy number DNA samples have been quantitatively defined as any sample 

containing less than 100 pg ofDNA or trace DNA (1). Analysis ofthese samples makes 

interpretation difficult due to stochastic effects that arise. If too little DNA is added to a 

PCR reaction, issues such as stutter, allelic or locus dropout occur. This may be 

especially troublesome during mixture analysis. Stutter peaks may sometimes resemble 

actual peaks due to the closeness in peak height with its corresponding peak. Loss of an 

allele or complete locus is also troublesome. However, there are also other factors that 

need to be taken into consideration when dealing with LCN DNA samples. Crime 

laboratories and research studies have identified certain parameters to improve the DNA 

results obtained from trace samples. Nested PCR, lowering the RFU threshold, and 

increasing PCR cycle number are some of the more common techniques used. However, 

even though these methods may decrease the chance of observing allelic or locus 

dropout, they tend to impair the quality of DNA product observed during analysis (1). 

Some of the more common issues are: 

1. Stutter is a DNA artifact usually seen in all samples. However, the level of stutter 

differs between samples. It is more apparent in the larger alleles. Many times, 
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the peaks resemble true alleles. The peak height can be as high as 15% the size of 

the true allele peak. Stutter peaks are usually four base pairs larger or smaller 

than the true allele. However, the longer the repeat unit, the more likely the 

stutter peak will occur before the true allele. It is caused by slip in the DNA 

polymerase during the repairing mechanism (Fig. 1 ). 

Stutter can cause problems during interpretation of mixtures. There are 

usually major and minor contributors in mixture samples. A stutter peak may be 

confused for a minor contributor. Most laboratories have set guidelines for 

interpreting mixture data. It usually includes a threshold percentage for the peak 

height ratio of the stutter peak to the subsequent peak. Each locus has a different 

percentage of stutter for each of its alleles (13). 
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Figure 1. The Jour step process of stutter alleles appearing one repeat unit shorter than 
· true alleles (14). 

2. Heterozygote peak imbalance is generally defined as two heterozygote peaks that 

vary by 30% or more in peak height from one another (14). It is primarily seen 

in low copy number (LCN) DNA samples. One of the issues concerning 

heterozygote peak imbalance is allelic dropout. If the template DNA samples 

entering PCR amplification are very low, the amount of allelic or complete locus 

dropout significantly increases. Samples may be falsely typed as homozygotes 

during analysis. However, cycle number can be increased to avoid the 

occurrence of dropout, but heterozygote imbalance may result (Fig. 2). Samples 

• are considered to have heterozygote imbalance if the peak height ratio of the 
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smaller peak to the higher peak is greater than 300At. Heterozygote peak 

imbalance can be calculated using the following equation: 

HPh = ((Cilmin I Cllmax) *100)- 100 

Where <lmrin is the peak height of the smaller peak, and Cllmax is the peak height 

of the larger peak. 

Figure 2. Diagram illustrating the presence of heterozygote imbalance (HPI) in one 
individual. The first locus has a HPI of approximately 52%. The second locus 
(right) does not reveal any significant HPI. 

3. Allelic dropout may also occur due to polymorphic changes of the DNA 

sequence in the primer region. Base pair changes can occur and can keep the 

primer from binding to its respective DNA site. There are three separate 

locations on the template strand that can affect primer binding. They include, 

within the repeat region, in the flanking region, or the primer binding region 

(13). Therefore, an allele that would normally be present during analysis may 

fail to amplify (Fig. 3 ). 
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Figure 3. Illustration of allelic dropout at the D7S820 locus (right). The correct 
genotype is 11,12 (left). 

4. Pull up occurs when the analysis software is unable to differentiate between the 

different dye colors ( 15). It is an artifact that resembles a true peak, which can 

be troublesome during analysis (Fig. 4). Too much DNA in the starting PCR 

reaction may also cause pull up. 

Figure 4. lllustration of pull up at the D21S11 from the allele 9.3 at the TH01 
locus. 
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S. After the Taq Polymerase has finished replicating each strand, it adds an extra 

adenosine nucleotide to the 3'-end of the product. Partial adenylation (Minus A) 

is the absence of incorporation of an extra adenine nucleotide to the 3' end of the 

PCR product while the strand is being copied (13). Many of the current 

technologies used to obtain a complete DNA profile require a sufficient amount 

oftemplate, ranging from 1-2 ng. The lack of required sample size can cause 

inconclusive results. 

GenomiPhi™ DNA Amplification Assay 

This research project will focus on multiple displacement amplification (MD A) 

using the GenomiPhi™ DNA Amplification assay for conducting whole genome 

analysis. This mechanism was derived from the rolling circle mechanism used by 

· bacteria to replicate viruses or plasmids (16). However, this method can be utilized with 

linear strands of DNA (Fig. 5). The Bacteriophage Phi29 DNA polymerase and random 

hexamer primers are used in the amplification process. The strands synthesized from the 

template DNA are greater than 10 kilobases long. This is longer than any other whole 

genome amplification method. According to Dean, et. al., as much as 30 #Lg of DNA 

have been generated from starting template concentrations of less than ten copies of 

human genomic DNA (6). In addition, the random hexamer primers are exonuclease

resistant primers. The Phi29 DNA polymerase differs from Taq polymerase in that it is 

isothermal and does not utilize polymerase chain reaction. The amplification process is 
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optimal at 300C, therefore a simple heat bath would work well . 

•• • + -- + dNTP8 + 

Figure 5. GenomiPhi™ whole genome amplification process. The random hexamer 
primers anneal to the template DNA at multiple sites. Phi29 polymerase initiates the 
replication process and allows the primers to bind to the linear DNA strands as the 
remaining newly synthesized strands are replaced (10). 

Phi29 has a high reproducibility rate due to the proofreading capability it 

possesses. The error rate of Phi29 polymerase is I in every I 06- 107 base pairs, whereas 

the error ofTaq DNA polymerase is approximately 3 in every 104 base pairs, as 

previously mentioned (7). 

Multiple displacement amplification with the GenomiPhi™ assay is an efficient 

and reliable method of whole genome amplification. Samples can be left incubating 

overnight. The DNA obtained from the samples can be used for downstream applications 

without the need for purification. This helps to minimize contamination and loss of 

samples because fewer manipulations are required prior to amplification. Whole genome 

• 
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amplification products can be used in single cell analysis, forensics, and comparative 

genomic hybridization (I 0). 

The GenomiPhi™ reaction is a simple procedure that requires only a few 

beginning steps in order to start the highly processive amplification. There are three 

components in the kit. The reaction buffer contains salts and deoxynucleotides, which 

optimize the pH for the Phi29 DNA polymerase. The sample buffer contains random 

hexamer primers that nonspecifically prime the reaction. The enzyme mix contains the 

Phi29 DNA polymerase. This study utilized the same set up protocol for all WGA 

reactions (Fig. 6). The 95·c heat denaturation step at the beginning of sample 

preparation was omitted from all reactions. This step tends to degrade the template, 

therefore, decreasing the amount of DNA generated. It may also result in amplification 

of artifacts due to nonspecific priming ( 6). 

METHOD 

Simple Work Flow 

Figure 6. GenomiPhi™ Whole Genome Amplification protocol (10). 
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DNA. Purification Following WGA. 

One of the objectives of this study was to detennine if purification of whole 

genome amplified DNA was necessary. Two separate purification techniques are 

recommended with the GenomiPhiTM DNA Amplification assay. They include either 

ethanol precipitation or Sephadex G-50 spin columns. Ethanol precipitation is a quick, 

efficient, and commonly used purification method, however there are some problems that 

can arise when using this technique. For example, samples are usually left to dry in order 

to remove any remaining ethanol product. If the samples are not dried well enough, 

ethanol can carry over into the remaining reactions and inhibit any enzymatic activity. 

Primers or other inhibitors may not be removed completely and can carry over causing 

the same downfall. 

Sephadex is a gel filtration device, which utilizes beads to separate DNA 

fragments based on size. There are several bead sizes ranging from approximately G-1 0 

to G-250. The smaller bead sizes are used with smaller molecules. The optimum bead 

size recommended for whole genome amplification products is G-50 (1 0). 

Due to time constraints, the efficacy of purification of DNA samples was achieved by use 

of the Qiagen DyeEx 2.0 Spin Kit. Fragments are separated based on molecular weight 

using a gel-filtration device located on the spin column. The DNA passes through the 

gel filter while any waste remains (17). This rapid technique requires only two 

centrifugation steps (Fig. 7). 
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Figure 7. Qiagen DyeEx 2.0 spin procedure (1 7). 

DNA Quantitation 

The method of quantitation currently used in most forensic laboratories is the 

QuantiBlot® (Applied Biosystems) assay. A new technologically advanced quantitation 

system now available is RT -PCR. However, this study focused on the QuantiBlot® as 

means of quantification. 

QuantiBlot® is a slot blot hybridization technique that utilizes a 40-base pair higher 

primate probe, D 17Z 1, to detect DNA. The probe hybridizes to a known primate specific 

»NA sequence on chromosome 17. Seven known DNA standards are spotted onto a 
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nylon membrane. They range in concentration from 2.0 ng per f.ll to 0.03 ng per pi (13). 

This range is optimal because most DNA amplification kits, such as ldentifiler®, require 

approximately 1-2 ng of input DNA (3). The extracted DNA samples are also spotted 

onto the nylon membrane. A chemical reaction utilizing the enzyme conjugate, 

Horseradish Peroxidase-Streptavidin (HRP-SA), binds to the Dl7Zl probe. 

Chromagen:TMB is added to the reaction and is catalyzed by the HRP-SA. This allows a 

bluish color to form and the results are colorimetrically displayed. They are subjectively 

compared to the known DNA standards (18). To ensure that the kits components are 

working properly, two calibrators are also used. The calibrators are of known 

concentrations and must fall within a certain range in order to validate the test. 

Polymerase Chain Reaction 

Polymerase chain reaction is a molecular replication process that produces 

millions of copies from targeted areas of DNA. PCR can be used in many realms of 

science. Some include, identifying various genetic diseases, forensic analysis, and in 

microbial studies (5). Numerous copies of genetic template are made by adjusting 

various temperatures in a chemical reaction. A master mix is made up of primers, DNA 

polymerase, dNTPs, MgCh, and reaction buffers. The template DNA is added to the 

master mix, and utilizing the primers, the portions of interest are then replicated millions 

oftimes. The DNA is amplified through use of several thermal cycling parameters. 

They include denaturation of the template DNA strand, annealing of primers to the 

flmplate, and extension of primers to produce the new copies of DNA. A variation in 
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temperature is required for different steps in the reaction (13). There are currently 

several amplification kits available which increase the amount of specific polymorphic 

regions of DNA. Samples in this study were amplified using Applied Biosystems 

AMPFfSTR® Identifiler™ reaction kit and ReliaGene's Y -Plex ™ 12 assay. 

Applied Biosystems AMPFfSTR® ldentifiler™ Assay 

The Identifiler™ assay has the capability of amplifying sixteen short tandem 

repeat (STR) markers. Thirteen of the markers are included in the Combined DNA Index 

System database (COD IS). CODIS is administered through the Federal Bureau of 

Investigation (FBI). It is a database, which serves to aid local, state and federal criminal 

departments to share DNA profile information from convicted offenders as well as 

population data information. There are thirteen short tandem repeat (STR) core loci that 

·have been published by the FBI for utilization in the database. They are CSFlPO, FGA, 

THOl, TPOX, vWA, D3S1358, D5S818, D7S820,D8S1179, Dl3S317, Dl6S539, 

D18S51, and D21Sll. Several studies have shown that each of these loci are highly 

variable between individuals. The chance of obtaining a random match between two 

unrelated people is greater than a trillion. The remaining two loci, D2S1338 and 

D19S433 are recognized by the United Kingdom's Forensic Science Service (FSS) (13). 

When all loci are used in conjunction, the results are highly discriminatory between 

individuals. All 16 loci are co-amplified in a single multiplex reaction. A 5-dye system 

composed of6-F.AMTM, VIC®, NED™, PETTM, and LIZ® are used to label each of the 

fragments and the GeneScan-500 size standard (3) . • 
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ReliaGene s Y-P/ex1MJ2 Assay 

Y -STRs are important for use in several different areas of science, including, 

genealogy, human identity testing, and male infertility studies. Many cases that enter 

forensic laboratories include sexual assaults in which the perpetrator is a male. If 

autosomal and Y -chromosomal STR tests are used in conjunction, the genetic profiles 

obtained from both assays may provide gender information as to the origin of the sample. 

This is beneficial in resolving mixtures of male and female DNA. The Y-Plex™12 is a 

Y -chromosome STR test that types eleven loci including Amelogenin. These eleven loci 

are recognized by the Scientific Working Group on DNA Analysis Methods (SWGDAM) 

for forensic use. They also include the nine 'core' minimal haplotype loci recognized by 

the International Y -STR User Group. These nine loci are DYS 19, DYS3891, DYS3891I, 

DYS390, DYS391, DYS392, DYS393, and DYS385alb. The nine core loci as well as 

DYS438 and DYS439 are all included in the assay. This assay uses a 3-dye system of 

FA.MTM, JOE™, and NED™. All loci are simultaneously amplified in a single reaction 

(4). The Y-Plex™12 kit has many advantages such as, high sensitivity with as little as 

0.1 ng male DNA, high specificity of male DNA in female/male mixtures, and its 

compatibility with different capillary electrophoresis detection systems (19). 

Genetic Analysis 

After amplification ofDNA with either the Identifiler™ or Y-Plex™l2 assays, capillary 

electrophoresis (CE) was performed on the samples using the ABI Prism® 3700 DNA 

u.alyzer. It is a high throughput 96 capillary electrophoresis instrument capable of 
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sequencing up to 384 DNA samples in approximately ten hours. The fragments of DNA 

have fluorescent dyes attached. The fragments are separated by size, and read by a laser 

(20). 

A master mix composed ofHi-Di Fonnamide and GSSOO ROX internal size standard is 

made in a separate reaction tube. After capillary electrophoresis, the samples are 

analyzed using GeneScan® and GenoTyper® (Applied Biosystems) software. It is a two 

part process that first involves GeneScan® reading the different dyes submitted by the 

laser. GenoTyper® labels the data and integrates the information it into an 

electropherogram. Data interpretation guidelines are set up place by laboratories 

according to their individual validation studies. 
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CHAPTERlll 

EXPERIMENTAL DESIGN 

The purpose of this research study was to determine the minimal concentrations 

of input DNA for the GenomiPhi™ reaction that can produce a profile using both the 

autosomal ldentifiler™ and theY-chromosome Y-Plex™12 assays. 

Objective 1: Intra-laboratory Results 

In order to determine baseline results of the GenomiPhi™ reaction, samples must 

first be amplified with the optimum amount of DNA. The GenomiPhi™ assay had never 

been previously used at DNAPrint™. Therefore, to determine any type of results that 

may be obtained, an intra-laboratory test was performed using the recommended 2 ng of 

input DNA into the GenomiPhi™ reaction for 18 hours (1 0). Applied Biosystems 

AMPF£STR® ldentifiler™ assay was used to conduct the analysis. 

Objective 2: Sensitivity of Human Genomic DNA 

The ·primary purpose of this study was to determine the smallest concentration of 

DNA that can enter the GenomiPhi™ whole genome amplification reaction and produce 

a 16-locus autosomal genetic profile with the Identifiler™ assay. DNA from a total of 

five male and female individuals was used. Serial dilutions of2ng, lng, 0.50ng, 0.25 ng, 
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0.125ng, O.IOng, and 0.05ng were made. The allelic designations for the profiles tiom 

each of the individuals were formerly determined using standard amplification 

conditions. 

Objective 3: Time Interval 

Multiple displacement amplification (MD A) is a highly processive DNA 

replication process. After six hours ofMDA amplification at 30"C, a plateau is reached 

in which the amount of DNA yielded is equal for all the amplification reactions 

independent upon the amount of input template DNA (6). In this study, the GenomiPhi™ 

time intervals were adjusted from the recommended 18 hours to 2, 4, 6, and 8 hours. 

Samples containing 0.20ng of DNA as well as negative controls using distilled water 

were whole genome amplified for the altered time periods, and run with the ldentifiler™ 

assay. 

As mentioned previously, the GenomiPhi™ reaction is capable of amplifying 

small quantities of DNA. Contamination is a large concern regarding LCN DNA 

samples. Therefore, negative controls were also whole genome amplified at different 

time intervals to determine whether or not contamination is more likely to occur at the 

higher time periods. The quality of the products generated from all reactions was 

observed. 

Objective 4: Purification 

The GenomiPhi™ assay utilizes random hexamer primers, Phi29 DNA 

polymerase, and dideoxynucletides. Some or all of the components may remain in the 



amplified product after whole genome amplification, which may cause problems during 

downstream applications. The efficacy of purification of DNA samples was determined 

by use of the Qiagen DyeEx 2.0 Spin Kit. Fragments are separated based on molecular 

weight using a gel filtration device located on the spin column. Samples were processed 

with the GenomiPhi™ assay. Immediately after whole genome amplification, the first set 

of samples was left unpurified, whereas the second series were purified with the Qiagen 

DyeEx 2.0 assay. Each set was processed using identical downstream applications. The 

results obtained from each of the samples were compared to their counterparts. 

Objective 5: Optimization of AMPF£STR® Identifiler™ Assay 

An increase in PCR amplification cycles has been shown to decrease the chance 

of observing locus or allelic dropout (20,21 ). To determine if an increase in the number 

· ofPCR cycles produces better results, two separate entities were tested. The number of 

PCR cycles and input concentration of whole genome amplified DNA was adjusted. The 

following starting concentrations of 2ng, 3ng, 4ng, and 5ng were used for the 

Identifiler™ reaction. The cycle numbers were increased in 3 cycle increments to 25, 28, 

and 31 cycles (3). The presence of stochastic effects commonly associated with LCN 

DNA samples, such as stutter, heterozygote imbalance, locus and allelic dropout, were 

examined. 

Objective 6: MDA of LCN DNA 

The applicability of the GenomiPhi™ assay with amplification times of two and 

four hours was determined with initial input DNA concentrations of 0.10 ng and 0.05 ng. 
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The samples were quantitated using the QuantiBiot after a dilution of 1 :250 was made. 

Using the optimized parameters for the ldentifiler™ assay, samples were examined after 

genetic analysis for the presence of a full 16-locus autosomal profile. 

Objective 7: Sensitivity of Male Human Genomic DNA 

Smaller concentrations ofDNA were used to obtain Y-STR profiles from theY

Plex™12 reaction. DNA from two male individuals was used in this series of reactions. 

Serial dilutions of0.05ng, 0.025ng, 0.0125ng, 0.00625, and 0.003125ng were made. The 

allelic designations of the males' profiles were also previously determined under standard 

amplification conditions (4). 
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CHAPTER IV 

MATERIALS AND METHODS 

All autosomal and Y -chromosomal STR assays were provided by DNAPrint™ 

Laboratory in Sarasota, FL. 

DNA Samples 

All samples used in this study were buccal swabs obtained from employees of 

DNAPrint™. A total of five male and female individuals were used for the human 

sensitivity, purification, time interval, and Identifiler™ optimization studies. Two male 

samples were used for the human male sensitivity study. 

DNA Extraction 

All the samples used in this study were previously extracted using the Qiagen 

QIAamp® DNA Blood Mini Kit (Qiagen Inc., Valencia, CA, Cat. no. 51104). This assay 

is a reliable and efficient approach to extracting DNA from a variety of sources. The 

mini spin ~lumns extract DNA from buccal swabs, blood, tissues (liver, heart, and 

brain), body fluids as well as other common evidentiary items. The spin columns contain 

a silica based membrane which traps the DNA and allows the contaminants and inhibitors 

to pass through (22). Extractions were processed as follows: 

I. Place buccal swab in a 2 ml microcentrifuge tube. Add 600 J!l PBS to the sample. 
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2. Add 20 Jll Protease stock solution and 600 Jll Buffer AL to the sample. Mix 

immediately by vortexing for 15 s. 

3. Incubate at 56°C for 10 min. Briefly centrifuge to remove drops from inside the 

lid. 

4. Add 600 J.Ll ethanol (96-100%) to the sample, and mix again by vortexing. Briefly 

centrifuge to remove drops from inside the lid. 

5. Carefully apply 700 J.Ll of the mixture from step 4 to the QIAamp® Spin Column 

(in a 2 ml collection tube) without wetting the rim, close the cap, and centrifuge at 

6000 x g (8000 rpm) for 1 min. Place the QIAamp Spin Column in a clean 2 ml 

collection tube (provided), and discard the tube containing the filtrate. 

6. Repeat step 5 by applying up to 700 J.Ll of the remaining mixture from step 4 to 

the Spin Column. 

7. Carefully open the QIAamp Spin Column and add 500 J.Ll Buffer AWl without 

wetting the rim. Close the cap and centrifuge at 6000 x g (8000 rpm) fori min. 

8. Place the QIAamp Spin Column in a clean 2 ml collection tube (provided), and 

discard the collection tube containing the filtrate. 

9. Carefully open the QIAamp Spin Column and add 500 J.ll Buffer A W2 without 

wetting the rim. Close the cap and centrifuge at full speed (20,000 x g; 14,000 

rpm) for 3 min. 

10. Place the QIAamp Spin Column in a clean 1.5 ml microcentrifuge tube (not 

provided), and discard the collection tube containing the filtrate. Carefully open 

the QIAamp Spin Column and add 150 J.LI Buffer AE or distilled water. Incubate 
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at room temperature for I min, and then centrifuge at 6000 x g (8000 rpm) for 1 

nun. 

DNA Quantitation 

Samples in this study were quantitated using the higher primate specific 

QuantiBlot® assay (Applied Biosystems, Foster City, CA, PIN N808-0092). 

Quantitation was based on colorimetric detection of research samples compared to 

known human DNA standards (18). 

1. Known human DNA standards were previously prepared according to the 

manufacturer's protocol at concentrations of2, 1, 0.5, 0.25, 0.125, 0.0625, and 

0.03125 ng/JlL. 

2. While wearing clean gloves, cut a piece ofBiodyne B membrane to 11.0 em x 

7.9 em. Cut a notch in the upper right hand comer of the membrane to mark 

orientation. 

3. Place membrane into Hybridization tray containing 50 ml ofPre-Wetting 

solution. Incubate at room temperature for 1 to 30 minutes. 

4. Add 5 JlL of each DNA sample to 150 flL of Spotting Solution. 

5. Using forceps, remove the membrane from the Pre-Wetting solution. Place 

membrane on top of slot blot apparatus. Place top plate ofthe slot blot 

apparatus on the membrane. Turn on the vacuum source. Turn off the sample 

vacuum. Push down on top plate to ensure formation of a tight seal. Pour off 

Pre-Wetting solution and rinse the Hybridization Tray thoroughly with 

DllliO. 
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6. Using a new pipette tip for each sample, pipet each sample (155 f.lL) into a 

different well of the slot blot apparatus. Ensure that pipette tip is 

approximately Smm above the membrane. 

7. After all samples have been pipetted into the wells of the slot blot apparatus, 

slowly tum on the sample vacuum. Leave vacuum on until all of the samples 

have been drawn through the membrane. Inspect each slot for a uniform blue 

band. Turn off sample vacuum. 

8. Turn of the clamp vacuum. Tum off the vacuum source. Disassemble slot 

blot apparatus and remove membrane. Do not allow membrane to dry out. 

9. Transfer membrane to 100 ml of pre-warmed Hybridization Solution in 

Hybridization Tray. Rock in incubator (55°C) for 15 minutes. Pour off 

solution. 

10. Again, add 30 ml ofpre-warmed Hybridization Solution to the Hybridization 

Tray containing the membrane. Tilt the tray to one side and add 20 ~L of 

QuantiBlot® D17Z1 Probe to the Hybridization Solution. Rock in incubator 

(55°C) for 20 minutes. Pour off the solution. 

11. Add 30 ml of pre-warmed Wash Solution to the Hybridization Tray. Tilt the 

tray to one side and add 180 ~~of Enzyme Conjugate:HRP-SA to the 30 ml of 

Wash Solution. Rock in incubator (55°C) for 10 minutes. Pour off the 

solution. 
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12. Rinse the membrane thoroughly for 1 minute in 100 ml of pre-warmed Wash 

Solution by rocking it at room temperature. Pour off the solution. Rinse 

again for 1 minute. Pour off the solution. 

13. Wash the membrane by adding 100 ml ofpre-wanned Wash Solution to the 

tray. Rock at room temperature for 15 minutes. Pour off the solution. 

14. Rinse the membrane briefly in 100 ml of Citrate Buffer by rocking in the tray. 

Pour off the solution. 

15. Add 30 ml of Citrate Buffer to tray. Tilt tray to one side and add 1.5 ml of 

Chromagen:TMB (Applied Biosystems, Foster City, CA, PIN N808-0092) 

and 30 J.LL of 3% H202. 

16. Cover the tray with the lid to protect from strong light. Shake a room 

temperature for 20 to 30 minutes. 

17. Remove tray from shaker, pour offliquid. 

18. Stop color development by washing in DllbO for 5 minutes. Repeat for a 

total of three washes. 

Whole Genome Amplification 

Samples were whole genome amplified using the GenomiPhi™ DNA 

Amplification assay (Amersham Biosciences, Piscataway, NJ, PIN 25-6600-01) 

according to manufacturer's protocol with the exception of the denaturation of template 

step. Modifications were made for some of the studies, such as decreasing the WGA 

time interval of 18 hours. The procedure is outlined here. 

1. Mix 1 J.Ll oftemplate DNA with 9 )11 of sample buffer. 
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2. On ice, combine 9J.l} of reaction buffer with I J.ll of enzyme mix. Add this to 

template DNA/sample buffer mix. 

3. Incubate at 300C on GeneAmp 9700 thennocycler for 16-18 hours, and heat 

deactivated at 65°C for 1 0 minutes. 

DNA Purification 

One of the objectives of this study was to detennine whether or not purification 

affects the quality of product obtained from the GenomiPhi™ reaction. DNA from two 

sample sets were whole genome amplified for 2, 4, 6, and 8 hour time intervals. One set 

of samples was purified with the Qiagen DyeEx 2.0 (Qiagen Inc., Valencia, CA, Cat. no. 

63204) to remove any remaining hexamers or dNTPs from the WGA reaction. Both the 

purified and unpurified samples were STR amplified with the Identifiler™ assay. 

Background noise, stutter, allele and locus dropout were examined. The following 

protocol was used: 

• 

1. Gently vortex spin column to resuspend the resin. 

2. Loosen the cap off the column a quarter of a tum. 

3. Snap off the bottom closure of the spin column and place the spin column in a 2 

ml collection tube. 

4. Centrifuge for 3 minutes using calculated speed from manufacturer's protocol 

(17). 

5. Carefully transfer spin column to a clean centrifuge tube. Slowly apply 20 f.lL of 

GenomiPhi™ DNA to the gel bed . 

6. Centrifuge for 3 minutes at calculated speed. 
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7. Remove the spin column from the microcentrifuge tube. 

8. Proceed with downstream applications. 

ldentifiler™ STR Assay 

Sample concentrations ranging from 2.0 ng to 0.05 ng into the GenomiPhiTM 

assay were analyzed using Applied Biosystems AMPFfSTR® ldentifilerTM assay 

(Applied Biosystems, Foster City, CA, PIN 4322288) according to manufacturer's 

protocol (3). The recommended number of cycles according to the manufacturer's 

protocol is 28 cycles, however, DNAPrint™ has validated their cycling parameters and 

optimized them at 25 cycles. In addition, some variations of the protocol were made 

during the different studies such as an increase in PCR cycle number or input amount of 

DNA. 

Intra-laboratory 

The DNA from two female samples had been previously extracted and quantitated 

from buccal swabs using the Qiagen QIAamp® DNA Blood Mini Kit. A total of 2 ng of 

DNA from each sample was whole genome amplified with the GenomiPhiTM kit. After 

WGA, samples were diluted to 1:10, 1:100, and 1:1000 with Dlll20. The samples were 

then amplified with the Identifiler assay using 1 J.ll from each diluted reaction. Samples 

were electrophoresed with the ABI Prism® 3700 Genetic Analyzer. Heterozygote 

imbalance, allelic dropout, and stutter were examined. 
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Sensitivity of Human Genomic DNA 

All samples were previously extracted and quantitated with the Qiagen QIAamp® 

DNA Mini kit and QuantiBlot®, respectively. Each of the samples had concentrations of 

2 ng/JLI. All samples were diluted with distilled deionized water to concentrations of 1 

ng, 0.5 ng, 0.25 ng, and 0.125 ng for a total of25 samples. One microliter (JLI) of each 

sample was added to the GenomiPhi™ DNA Amplification kit. Following amplification, 

the samples were purified with the Qiagen DyeEx 2.0 spin column kit. The 25 samples 

were diluted to 1:175 using Dlli20. The samples were quantitated using the 

QuantiBlot® kit (18). Based upon the results obtained from the QuantiBlot®, the 

quantity of DNA was adjusted for the amplification with Identifiler™ (3). The samples 

were electrophoresed using the ABI 3700 sequencing platform and analyzed with 

GeneScan® and GenoTyper® software(20). 

Time Interval and Purification 

DNA from one sample (ES) was formerly extracted from a buccal swab and 

quantitated using the Qiagen QIAamp® DNA Mini Kit and QuantiBlot® assays. The 

starting concentration of the sample was 2.0 ng/JLI. The sample was diluted to 0.2 ng 

with Dlli20. Samples were whole genome amplified with GenomiPhi™ for 2, 4, 6, and 

8 hours at 3o·c and heat deactivated at 6s·c for 10 minutes using standard reaction 

protocols (1 0). Following amplification, the samples were diluted down to 1:250, 1:500 

and 1:1000 using Dlli20, and quantitated using the QuantiBlot® assay. The samples 

~ then amplified with the Identifiler kit (3). 
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To determine the effect of purification on the GenomiPbi™ products, the 

remainder of each sample was purified with the Qiagen DyeEx 2.0 kit immediately 

following WGA. After purification, the samples were quantitated with the QuantiBlot® 

assay (18). They were then amplified with the ldentifiler™ assay (3). Both purified and 

unpurified samples were electrophoresed on the ABI Prism® 3700 sequencing platfonn 

and analyzed using the GeneScan® and GenoTyper® software (20). The results obtained 

from both samples were compared and contrasted after DNA analysis. 

Negative Controls 

Five samples containing DIH20 were amplified with the GenomiPhi™ assay for 

2, 4, 6, 8, and 18 hours at 30°C and heat deactivated at 65°C for 10 minutes using 

standard manufacturer's instructions (10). The samples were quantitated using the 

.QuantiBlot® assay (18), amplified with the Identifiler kit (3). All five negative time 

interval samples were electrophoresed by means of the ABI 3700 sequencer and analyzed 

with GeneScan® and GenoTyper® software (20). 

Optimization of Identifi/er™ Assay 

One sample (ES) was previously extracted and quantitated from a buccal swab 

using the Qiagen QIAamp® DNA Mini kit and QuantiBlot® assays. The starting 

concentration was 2.0 ng/tLl. The sample was diluted to 0.20 ng with distilled deionized 

water. The sample was whole genome amplified with GenomiPhi™ DNA Amplification 

assay for 2 hours at 30°C and heat deactivated at 65°C for 10 minutes (10). The sample 

was diluted down to a 1 :250 dilution, and quantitated using the QuantiBlot® assay ( 18). 
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Based on the quantitation results, the concentrations fur each sample were adjusted to 3, 

4, and 5 ng for input into the ldentifilerTM reactions. Each of the DNA concentrations 

were amplified at 25, 28, and 31 cycles. Once the samples were amplified, they were 

electrophoresed on the ABI 3700 sequencing platform, and analyzed using the 

GeneScan® and GenoTyper® software (20). 

MDA ofLCN DNA 

A total of four samples from one individual (E 1) were diluted down to 0.10 ng 

and 0.05 ng. The sample was previously extracted from a buccal swab and quantitated 

using the Qiagen QIAamp® DNA Mini kit and QuantiBlot®. The initial concentration 

obtained from the QuantiBlot was 2 ng/J.d. Each of the samples were whole genome 

amplified with the GenomiPhi™ DNA Amplification assay for two and four hours each 

·at 30°C and heat deactivated at 65°C for 10 minutes (10). Both the two and four hour 

time intervals were utilized in order to determine the quality and reliability of using a 

shorter time period with a smaller quantity of starting DNA than recommended. The 

samples were quantitated using the QuantiBlot® kit. The samples were amplified with 

the Identifiler™ assay using 4 ng of input DNA for 28 cycles on the GeneAmp 9700 

thermocycler. Electrophoresis was carried out using the ABI 3700 sequencing platform 

(20). 

Sensitivity of Male Human Genomic DNA 

The sensitivity of the GenomiPhi™ reaction when used in conjunction with the Y-
• 

Plex™l2 assay was evaluated. Two male samples (Ml and M2) with starting 
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concentrations of 1.0 ng/J.ll and 0.5 ng/J.ll were utilized for this study. Two sets of the 

following serial dilutions were made using DIH20, 0.05, 0.025, 0.0125, 0.00625, and 

0.003125 ng. All samples were whole genome amplified with the GenomiPhi™ assay 

and analyzed using ReliaGene's Y-Plex™12 kit (ReliaGene Tech., New Orleans, LA, 

PIN RG-0012) according to manufacturer's protocols (4). Two sets of samples were 

used. One set was diluted after the GenomiPhi™ reaction to 1:62.5, 1:125, and 1 :250. 

The other set of samples were not diluted after GenomiPhi™. Comparisons were made 

between both sets of samples. Stutter and locus dropout were examined. 
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CHAPTERV 

RESULTS 

Intra-laboratory 

Results obtained from each of the six sample dilutions differed from one another. 

All three dilutions from sample C generated complete 16-locus autosomal profiles, 

whereas, only the 1:10 dilution from sample S produced a complete profile. The 

remaining sampleS dilutions, 1:100 and 1:1000, had complete locus dropout at 2 and 12 

loci, respectively (Table 1). However, the two loci that dropped out in both samples, 

D7S820 and Dl8S51, have shown to dropout in LCN DNA samples (23). These two loci 

are larger loci with fragment sizes ranging from 253-293 for the D7S820 locus, and 264-

344 for the D18S51 locus (24). Therefore, it is not surprising that these loci may not be 

present within the sample profile, especially with dilutions of 1:100 and 1:1000. 
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Profile Genotype Observed at Each Dilution 

Cl C2 C3 

10,13 10,13 10,13 10,13 

29,31 29,31 29,31 29,31 

8,12 8,12 8,12 8,1 

10,11 10,11 10,11 10,11 

13,14 13,14 13,14 13,1 

6,9 6,9 6,9 6, 

9,14 9,14 9,14 9,1 

11,12 11,12 11,12 

19,23 19,23 19,23 

14,14.2 14,14.2 14,14.2 

14,19 14,19 14,19 14,1 

8,12 8,12 8,12 8,12 

16,18 16,18 16,18 16,18 

X ,X x,x X ,X x,x 
10,12 10,12 10,12 10,12 

FGA 22,26 22,26 22,26 22,26 

Table 1 a. Incidence of allelic dropout in sample C after dilutions of whole genome 
·amplified product at 18 hours. The * indicates dropout was observed. CI =I: I 0, 
C2=I:100, C3=1:1000 
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Profile Genotype Observed at Each Dilution 

SJ S2 S3 

13,13 13,13 13,13 • 
31,32 31,32 31,32 • 
11,13 I 1,13 •• • . 
11,12 11,12 11,12 • 
15,15 15,15 15,15 

9,9.3 9,9.3 9,9.3 

12,12 12,12 12,12 12,1 

9,11 9,11 9,11 • 
17,21 17,21 17,21 17,21 

14,14 14,14 14,14 •• ' 
14,16 14,16 14,16 •• ' 
8,8 8,8 8,8 •• ' 
13,15 13,15 •• • • ' ' 
X .X X .X X .X •• ' 
11,12 I 1,12 11 ,12 •• ' 

FGA 22,24 22,24 22,24 •• 
' 

.Table lb. Incidence of allelic dropout in sample S after dilutions of whole genome 
amplified product at 18 hours. The * indicates dropout was observed. S1 = 1:10, 
S2=1:100, S3=1:1000 

Sensitivity of Human Genomic DNA 

Several anomalies were observed for each of the individual samples tested. All 

samples from all individuals at all starting concentrations had high relative fluorescent 

unit values (RFU), ranging from 500 to 13,000 RFUs. Due to the high RFU values, there 

was pull-up observed in almost all reactions. Partial adenylation and stutter were 

observed in the samples with larger concentrations of input DNA, mainly the 2.0 ng and 

1.0 ng samples. Heterozygote imbalance was seen in all samples tested. The amount of 

h~terozygote imbalance at locus D8S1179 and D21Sll in sample El does not follow a 
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consistent pattern of change as the input concentration changed (Fig. 8). An allelic 

imbalance of 48% at D2l S 11 was observed with an input concentration of 2.0 ng into the 

GenomiPhi™ reaction, whereas only 43% was observed at the same locus with an 0.25 

ng input concentration of DNA. A decrease in the amount of DNA added to the 

Identifiler™ reaction would indicate that a larger amount of stochastic effects would be 

seen, such as, heterozygote imbalance, locus dropout, and stutter. However, as seen from 

these results, heterozygote imbalance was not associated with the starting concentration 

of DNA. Locus dropout was more apparent in the samples with less input DNA, such as 

the 0.00125 ng samples. The loci affected by dropout were not the same from sample to 

sample. Stutter was observed in all samples but not significantly (less than 15% ofthe 

peak height) (13). The PCR artifacts observed in this study may effect the interpretation 

of genetic profiles. Extraneous peaks caused by the addition of too much DNA into a 

PCR reaction may be confused as a mixture. However, the same interpretation 

difficulties can arise with too little input DNA. The correct profile may not be obtained 

due to allelic or locus dropout. 

• 

38 



A 
2.0ng B 0.25nt c 0.125ng 

0 2.0ng 
E 

025ng F 0.125ng 

D21S11 

Figure 8. Heterozygote imbalance (HI) does not seem to be correlated to the starting 
concentration of input DNA into the GenomiPhi™ reaction. A) D8S 1179 concentration 
2.0 ng HI= 25% B) D8S 1179 concentration 0.25 ng HI= 63% C) D8S 1179 concentration 
0.125 ng HI= 9.5% D) 021 S 11 concentrations 2.0 ng HI= 48% E) 0.25 ng HI= 43% F) 
0.125 ng HI= 55%. 

Time Interval and Purification 

The results indicate that the purification of whole genome amplified DNA does 

not have a substantial effect on the quality of the STR results produced from the 

GenomiPhi™ reaction. The background noise also decreased minimally. Purification of 

tpe samples did not affect the amount of loci that dropped out. The same loci that 

dropped out in the unpurified samples continued to drop out in the purified samples. 
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There were four loci that had complete locus or allelic dropout continuously in all 

the samples. They includ~ 021 S 11, D7S820, D 18S51, and FGA. These loci are larger 

and are expected to dropout more so than some of the other smaller loci. As for the time 

intervals, the two and four hour time interval samples provided the best results. The six 

and eight hour samples demonstrated an increased amount of locus and allelic dropout 

(Table 2). The increased dilutions affected the results seen in all of the samples. For 

example, the 1:500 and 1:1000 dilutions resulted in more dropout and a decrease in RFU 

values, compared to the 1 :250 dilutions. The varying results between the time interval 

samples regarding dropout could have been caused by the decreased amount of time the 

GenomiPhi™ reaction was performed. There may not be complete representation of the 

genome when samples are whole genome amplified for less than 18 hours. 

LOCUS PROFILE 2HOUR 4HOUR 6HOUR 8HOUR 
08S1179 13,13 13,13 13,13 13,13 13,13 
021Sll 31,32 *,32 *,32 *,32 *,32 

078820 11,13 ** ** 11,13 •• ' ' ' 
CSF1PO 11,12 11,12 *,12 11,12 11,12 

0381358 15,15 15,15 15,15 15,15 15,15 

TH01 9,9.3 9,9.3 9,9.3 9,9.3 *,9.3 

0138317 12,12 12,12 12,12 12,12 12,12 

016S539 9,11 9,11 9,11 9,11 9,11 

02S1338 17,21 17,21 17,21 17,21 17,21 

019S433 14,14 14,14 14,14 14,14 14,14 

VWA 14,16 14,16 14,16 *,16 14,* 

TPOX 8,8 8,8 8,8 8,8 8,8 

018S51 13,15 *,15 13,* * * * * 
' 

, 
AMEL X,X x,x ** X, X ** 

' ' 
05S818 11,12 11,12 11,12 11,* 11,* 

FGA 22,24 *,24 ** ** •• ' ' 
, 

Table 2. Genetic profiles obtained from variations in the GenomiPhi™ time intervals. 
The * indicates dropout was observed. 
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Negative Controls 

No colorimetric signal was observed on the QuantiBJot® assay at the two and 

four time interval periods, however, at the six, eight and eighteen hour periods, there was 

a boost in signal. However, no STR results were obtained when the samples were 

processed on the ABI 3700 sequencer. 

Optimization of ldentifi/er ™ Assay 

The best STR results from 0.20 ng of DNA into the GenomiPhi™ reaction for 2 

hours were obtained using 3 ng, 4 ng, and 5ng DNA at 28 PCR cycles in the ldentifiler™ 

assay (Fig. 9). There was no allelic or locus dropout observed in any of these samples 

(Table 4). Heterozygote imbalance was associated with any peak height ratio of smaller 

peak to higher peak greater than 30%. The amount of heterozygote imbalance at each 

sample was unaffected by the starting concentration. All of the samples amplified at 25 

cycles produced dropout in at least one locus (Table 3). In addition, every sample from 

the 31 PCR cycles had high RFU values ranging from 1000 to 9000, and pull-up artifacts 

(Table 5) . 

• 
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Figure 9. Results obtained from using a 0. 20 ng starting concentration into the 
GenomiPhi™ reaction, and 4ng DNA input at 28 cycles into the ldentifiler™ reaction. 

LOCUS PROFILE 2ng 3ng 4ng 5ng 

D8S1179 13, 13 13,13 13,13 13,13 13,13 

D21S11 31 ,32 • ,32 • ,32 31,32 31,32 

D7S820 11,13 •,13 • ,13 11,13 11 , 13 

CSF1PO 11 ,12 11,12 11 , 12 11 ,12 11 ,12 

D3S1358 15, 15 15, 15 15,15 15, 15 15,15 

TH01 9,9.3 9,9.3 9,9.3 9,9.3 9,9.3 

Dl3S317 12,12 12,12 12,12 12,12 12,12 

D16S539 9, 11 9,11 9,11 9,11 9,11 

D2SI338 17,21 17,21 17,21 17,21 17,21 

D19S433 14,14 14,14 14,14 14,14 14,14 

vWA 14,16 •• • ,16 14,16 14, Hi , 

TPOX 8,8 8,8 8,8 8,8 8,8 

DI8S51 13, 15 • • •• • , 15 13, 15 , , 
AMEL X,X X,X x.x x.x x.x 

D5S818 11 ,12 • , 12 11 ,12 11 ,12 11 ,12 

FGA 22,24 • • •• • ,24 22,24 , . 

F-

F 

Table 3./dentifi/er data using 25 cycles after 0.20 ng input DNA into the GenomiPhi™ 
reaction. The * indicates dropout was observed. 
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LOCUS PROFU..E 2ng 3ng 4ng Sng 
D8Sll79 13,13 13,13 13,13 13,13 13,13 
D21Sll 31,32 31,32 31,32 31,32 31,32 
D7S820 11,13 11,13 11,13 11,13 11,13 

CSFIPO 11,12 11,12 11,12 11,12 11,12 
D3S1358 15,15 15,15 15,15 15,15 15,15 

TII01 9,9.3 9,9.3 9,9.3 9,9.3 9,9.3 
D13S317 12,12 12,12 12,12 12,12 12,12 
D16S539 9,11 9,11 9,11 9,11 9,11 

D2S1338 17,21 17,21 17,21 17,21 17,21 

Dl9S433 14,14 14,14 14,14 14,14 14,14 

vWA 14,16 14,16 14,16 14,16 14,Hi 

TPOX 8,8 8,8 8,8 8,8 8,8 
D18S51 13,15 13,15 13,15 13,15 13,15 

AMEL x,x x,x x,x x,x x,x 
D5S818 11,12 11,12 11,12 11,12 11,12 

FGA 22,24 •,24 22,24 22,24 22,24 

Table 4. Identifiler™data using 28 cycles after 0.20 ng input DNA into the GenomiPhi™ 
reaction. 

PROFILE 2n 

13,13 13,13 

31,32 31,32 31,32 31,32 31,32 

11,13 11,13 11,13 11,13 11,13 

11,12 11,12 11,12 11,12 11,12 

15,15 15,15 15,15 15,15 15,15 

9,9.3 9,9.3 9,9.3 9,9.3 9,9.3 

12,12 12,12 12,12 12,12 12,12 

9,11 9,11 9,11 9,11 9,11 

17,21 17,21 17,21 17,21 17,21 

14,14 14,14 14,14 14,14 14,14 

14,16 14,16 14,16 14,16 14,16 

8,8 8,8 8,8 8,8 8,8 

13,15 13,15 13,15 13,15 13,15 

L x,x X,X X, X X,X x,x 
11,12 11,12 11,12 11,12 11,12 

22,24 22,24 22,24 22,24 22,24 

Table 5. Identifiler™data using 31 cycles after 0.20 ng input DNA into the 
• GenomiPhi™ reaction. 
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MDA of Low Copy Number DNA Samples 

To determine the minimal concentration of input male DNA into the Identifiler 

reaction at a smaller time intervals, one sample {E 1) was tested at 0.10 ng and 0.05 ng for 

two-hour and four-hour WGA time intervals. Many stochastic effects were observed in 

these samples. The data illustrate allelic and locus dropout occurred in the two-hour and 

four-hour time intervals at both 0.05 ng and 0.10 ng samples (Tables 6 and 7). There was 

no obvious relationship between the loci that dropped out from sample to sample. For 

example, the same loci that dropped out in the 0.05 ng 2-hour time interval sample were 

not the same loci that dropped out at the 0.05 ng 4-hour time interval sample (Fig. 10). In 

addition, an increase in the amount of time a sample was whole genome amplified did not 

improve the quality of product obtained. 

PROFILE 2HOUR 4HOUR 

11,12 11,12 •• , 
29,32.2 29,32.2 29,32.2 

11,12 11,12 •• ' 
10,11 10,11 •• ' 
15,15 15,15 15,15 

9.3,9.3 9.3,9.3 9.3,9.3 

8,13 8,13 8,13 

12,13 *,13 12,1 

18,24 18,24 *,24 

13,16 *,16 13,16 

17,19 17,* •• , 
9,11 9* , 9,11 

12,16 12,16 12,1 

EL X,Y X,Y X, 

12,12 12,12 12,12 

22,23 *,23 •• , 

Table 6. Results of two-hour and four-hour time interval study using 0.05 ng input 
template DNA into the GenomiPhi™ reaction. 
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PROFILE 2HOUR 4HOUR 

11.12 11.12 11.1 
29,32.2 •.32.2 • 

11,12 11,12 II, I 
10,11 10,11 10, 

15.15 15.15 15,15 

9.3,9.3 9.3,9.3 9.3,9.3 
8,13 8,13 8,13 

12,13 12.13 12,13 

18,24 18,24 •,24 

13,16 •,16 13,16 
17,19 17,• 17,• 

9,11 9,• 9,11 

12,16 12,16 12,16 

X,Y X,Y X, 
12,12 12,12 12,12 

22,23 22,23 22.23 

Table 7. Results of two-hour and four-hour time interval study using 0.05 ng input 
template DNA into the GenomiPhi™ reaction. 
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Figure I 0. A) 0. 05 ng sample in the GenomiPhi™ reaction for a two-hour time period. 
B) 0.05 ng sample in the GenomiPhi™ reaction for a four-hour time period. Locus and 
allelic dropout differ from each sample . 
• 
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Sensitivity of Male Human Genomic DNA. 

Locus dropout was observed in both male samples at all dilutions, excluding the 

1 :62.5 dilutions in all starting concentrations. This indicates that post-WGA dilutions 

may indeed affect the quality of DNA product observed after STR analysis, increasing 

the amount of stochastic effects. These results are consistent with those obtained 

previously from the Identifiler™ studies. In the second part of this study, dilutions of 

0.05, 0.025, 0.0125, 0.00625, and 0.003125 ng were whole genome amplified. However, 

instead of diluting post-WGA, the samples were input into the Y-Plex™l2 directly. Full 

Y -STR profiles were obtained down to 0.00625 ng for one sample (M2), however, the 

second sample (M 1) demonstrated incomplete results (Fig. 11 ). All but two loci revealed 

drop out. Both samples produced extraneous peaks, which could be confused in mixture 

samples. Stutter was also present in all samples. Stutter is usually observed 30% of the 

time in heterozygotes, and 70% of the time in homozygotes (4). This is the reason stutter 

was more likely to appear in the Y-Plex™12 samples than in the Identifiler™ samples. 

Based on QuantiBlot®, the samples were believed to have I ng of DNA from the whole 

genome reaction. Therefore, both samples should have produced full 12-locus profiles, 

instead of only one sample. 
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Figure 11. A) An incomplete Y-STR profile was obtained for sample M1 at 0.00625 ng 
starting concentration into the GenomiPhi™ reaction. B) A complete reliable Y-STR 
profile was obtained for sample M2 at 0.00625 ng using the same reaction conditions as 
thatofM1. 

Y-STR Reproducibility 

The results from the previous Y-Plex™l2 study were tested using the same DNA 

from the 0.00625 sample from both individuals. The samples were amplified and 

electrophoresed in the same manner as the previous samples. The results obtained for 

both Ml and M2 were consistent with those in Figure 13. 

Controls 

P<?sitive and negative controls were used in all studies. The negative controls 

utilized distilled deionized water, whereas the positive controls were the same as their 

respective kits. All controls produced expected results, therefore, none of the reactions 

were retested. 
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CHAPTER VI 

DISCUSSION 

Various studies were performed on samples to evaluate the GenomiPhiTM DNA 

Amplification assay. Low copy number (LCN) DNA samples are commonly found as 

sources of evidence at many crime scenes (2). This often poses a problem as it usually . 

takes approximately 1 ng of DNA to produce a full reliable profile (3,4). The 

GenomiPhiTM DNA Amplification assay produces up to microgram quantities of DNA 

from nanogram quantities using Multiple Displacement Amplification (MD A) 

technology. Theoretically, large amounts of DNA can be produced from minimal 

amounts if applying this technique prior to amplification with an STR kit. 

In this study, WGA was performed with the GenomiPhiTM assay on samples 

ranging in starting concentration from 2.0 ng to 0.003125 ng. The Y-Plex™12 assay has 

been determined to be more sensitive to LCN DNA samples than that of the autosomal 

Identifiler™ kit. Therefore, to determine the results of the Identifiler™ assay on WGA 

samples, 2.0 ng samples down to 0.100 ng were subject to the GenomiPhi™ assay, then 

tested with Identifiler™. A second set with lower starting concentrations of0.05 ng to 

0.003125 ng were treated with the GenomiPhi™ assay, and analyzed for Y -STRs using 

the Y-Plex™12 kit. Several other factors were also considered during this research 

study. Contamination, whole genome amplification time periods, PCR cycle number 
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variables, and dilutions of post-WGA product were optimized for the reactions. The 

GenomiPhiTM DNA Amplification assay produces DNA regardless of the amount of 

input (7). Since the quantity of DNA produced is typically microgram quantities, the 

samples must be diluted before quantitating and amplifying. Two individual samples 

(samples C and S) with a starting concentration of2 ng/~tl were added to the 

GenomiPhi™ reaction. After amplification the samples were diluted down to 1:10, 1:100 

and 1:1000. The samples were amplified with the ldentifiler assay. They demonstrated 

variability between individual samples. Sample C had more artifacts associated with too 

much input DNA into the Identifiler™ reaction. For example, pull up, stutter and partial 

adenylation were more apparent within these samples at the 1 : 10 dilution than with the S 

sample at the same dilution. In another instance, the C 1: 1000 sample produced a full 16-

locus profile, whereas the S 1: 1000 dilution produced a 3-locus profile. One of the major 

downfalls of this reaction was the absence of quantitation material. In order to avoid 

losing time, the samples were diluted and run with the assumption that the same amount 

of DNA was generated during the WGA reaction. The inconsistent results obtained in 

this study could be due to not quantitating the DNA. The samples had varying and 

inconsistent concentrations of DNA. For example, the C sample may have had more 

DNA thm the S sample. Pipetting errors may have also contributed to the lack of 

uniform results. They could have either occurred during dilutions, or during mixing of 

WGA components. 

One set of five different samples that had starting concentrations of 2 ngl ~tl were 

'diluted down to 1 ng/~tl. 0.5 ng/~tl, 0.25 ng/~tl, and 0.125 ng/~tl. Each of these sample 
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were whole genome amplifi~ quantitat~ and STR amplified using the same 

parameters. The results obtained indicate that the outcome of WGA varies between 

samples. The concentration of DNA was adjusted for each sample according to the 

results obtained on the QuantiBlot®. All RFU values were high, within the range of 300 

to 14000. The RFU values did not decrease as the starting concentration of the 

GenomiPhi™ WGA reaction decreased. This indicates that the GenomiPhi reaction may 

be generating the same amount of DNA independent of the small concentrations input 

into the reaction. Additionally, the amount of heterozygote imbalance seen in samples 

was independent ofthe amount of starting concentration. All samples were assumed to 

have the same amount of DNA prior to autosomal STR amplification. However, the 

results attained from the ldentifiler™ assay were not consistent from sample to sample. 

Locus dropout occurred in the smaller starting concentrations in four out of the five 

samples tested. The dropout occurred when the starting concentrations began to decrease 

below 0.25 ng, and was observed at random loci in each sample. This may signify that 

the least amount feasible for the GenomiPhi™ reaction is 0.25 ng when used in 

conjunction with the ldentifiler™ assay. 

Forensic laboratories around the nation have minimal time and a large number of 

evidentiary samples to process. Reducing the amount of time that whole genome 

amplification takes place would further increase the quantity of samples processed during 

one workday. Currently, the amount of time required for the GenomiPhi DNA 

Amplification assay is 16 to 18 hours. The amount of DNA generated from the 

'GenomiPhi reaction has been determined to plateau at approximately 6 hours (6). To test 

50 



this theory, however, four time periods ofWGA were performed. They included two, 

four, six, and eight hours. These samples bad equal starting concentrations of 0.20 ng. 

The samples were diluted down to l :250, 1 :500, and 1:1000 after WGA. All samples had 

either allelic or locus dropout at all dilutions for all time intervals. Complete locus 

dropout appeared in the samples with higher time intervals. The higher the dilutions, the 

more likely locus dropout occurred. In addition to assessing the effect of decreasing the 

time intervals, purification of samples was also tested. The same samples used in the 

time interval study were purified using the Qiagen DyeEx 2.0 Spin column assay. The 

purification did not affect the quality of DNA produced from WGA. The RFU values 

slightly increased in the purification samples, however this fmding was insignificant. 

Purification is not necessary since these samples were later amplified using STR primers. 

The purpose of the purification procedure is to remove leftover random hexamers. The 

random hexamers from the GenomiPhi reaction require an annealing temperature of 

30°C. Therefore, these hexamers should not interfere with downstream genotyping (H. 

Butler, personal communication, July 8, 2004). Since these samples were not whole 

genome amplified for the recommended period of time, there may be some hexamers or 

dNTPs left over producing an increase in the amount of background noise. 

Contamination is more likely to occur when dealing with LCN DNA samples. These 

types of samples cannot be amplified under the same conditions as those used for 1 to 2 

ng samples. One of the characteristics commonly encountered in the GenomiPhiTM 

reaction, is the possible presence of DNA during quantitation (1 0). However, unless 

there is contamination, further processing of samples reveals the absence of DNA. One 
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of the downfalls ofWGA is its extreme sensitivity. None of the negative samples tested 

in this study at the different time intervals displayed DNA contamination. As the time 

interval increased after four hours, the QuantiBlot® assay indicated the presence of DNA 

in the range between 1 to 2 ng. The eighteen hour negative time period reaction had 

greater than 2 ng DNA. However, when all samples were amplified with the ldentifilerTM 

assay, no profiles were produced. Non-specific quantitation techniques used to quantify 

negative control products generated from the GenomiPhiTM assay may produce a positive 

result (H~ Butler, personal communication, July 8, 2004). The QuantiBlot® assay is a 

colorimetric higher primate detection system. The random hexamers cause the samples 

to produce a positive colorimetric result. The GenomiPhiTM random hexamers are 

designed to contain every six-base sequence. There are large amounts of random 

hexamers that bind to each other and cause the material to amplify, therefore, producing 

background noise. The background material that is amplified may contain a sequence 

complementary to that of the oligonucleotide in the QuantiBlot® assay. Almost all 

quantitation techniques will display positive results. The primers used in an STR assay 

are specific for certain sequences. Human specific PCR assays require two primers to 

bind. The sequences generated must also be of a certain sequence repeat. The material 

generated· from the GenomiPhi reaction will not allow the STR primers to bind therefore, 

no results should be obtained unless there is contamination. 

In order to further optimize the results obtained from the two hour time interval, 

the cycle number and starting concentration of DNA into the ldentifilerTM reaction were 

Mjusted. Additional PCR cycles are commonly added to increase the amount of DNA 
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created by the STR reaction (11,16). The best results were obtained when the cycle 

number was increased to 28 cycles with an input DNA concentration between 3 and 5 ng 

after WGA. A full 16-locus profile was observed for all three samples. The validation 

studies performed at DNAPrinfN indicated that 25 cycles is optimum due to the 

sensitivity of the ABI Prism® 3700 platform. However, the number of cycles 

recommended by Applied Biosystems for the Identifiler™ reaction is 28. Increasing the 

number of cycles did not decrease the amount of heterozygote imbalance seen before 

optimization ofldentifiler™. Some of the samples from the 3 to 5 ng at 28 cycles had 

low RFU values. All the samples used in this study had starting concentrations of 0.20 

ng going into the WGA reaction. Since a full profile was obtained using 4 ng at 28 

cycles from 0.20 ng starting DNA into the whole genome, smaller concentrations at a two 

hour time interval may be amplified with the Identifiler™ assay and produce accurate 

results. The same WGA and STR amplification conditions were used for 0.10 ng and 

0.05 ng. All samples had either allelic or complete locus dropout. When dealing with 

samples with less than 0.20 ng, dilutions smaller than 1 :250 may be needed. In addition, 

the GenomiPhi™ reaction was only allowed to amplify the template DNA for two hours. 

Given the minute amount of starting concentration, a longer time period may be needed 

for WGA. Even though a plateau is reached at approximately 6 hours, additional hours 

may be required for complete genome representation. Another factor to consider is the 

temperature of the thermocycler which could be off somewhat and affect the kinetics of 

the reaction. Any incubation period less than 16 hours may increase the chance of 

~bserving allele dropout (H. Butler, personal communication, July 8, 2004). 
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Two different STR assays were used in conjunction with the GenomiPhi product. 

ldentifiler and Y -Plex 12. The Y -Plex ™ 12 assay has been deemed to be particularly 

sensitive to small concentrations of DNA. Due to the cost of kit materials, only samples 

under 0.05 ng were tested with the Y -Plex™l2. The first trial consisted of five different 

concentrations ranging ofO.OS ng, 0.025 ng, 0.0125 ng, 0.00625 ng, and 0.003125 ng. 

These samples were whole genome amplified with the GenomiPhi™ reaction. The 

amount of dilution affects the quality of product observed after STR amplification. These 

samples were made into dilutions of l :62.5, l: 125, and 1 :250 due to the minute starting 

concentration of DNA. The quality of product obtained from the Y-Plex™12 assay had 

many stochastic effects associated with LCN DNA samples. Locus dropout occurred in 

all samples. The RFU values were high, therefore, pull up was observed in many of the 

samples. Stutter was more apparent in these samples as well. There are a couple of 

reasons as to why the loci dropped out. Samples tested at such low starting template 

concentrations may not need any dilutions. The RFU values of the other loci may 

increase, causing a great deal of pull up, however, a complete profile may be obtained. 

Another factor may be the whole genome is not being equally amplified, therefore, the Y 

chromosome loci that have dropped out are only being produced in smaller quantities. 

The Y-Plex™12 has not previously been validated on the ABI Prism 3700 

sequencer neither at DNAPrint nor by ReliaGene Technology, the manufacturer. The 

optimal concentration ofDNA required for the Y-PlexTMl2 using the ABI 3700 is 

unknown. Approximately 1 to 2 ng is required for other platforms such as, ABI 377, 310, 

ud 3100. It was assumed that the optimum concentration ofDNA would also be 
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between 1 to 2 ng. Given the results obtained previously from the contamination study, 

the QuantiBlot® produces a colorimetric result during negative controls. These samples, 

as well as, all other samples tested in this study, used the same distilled deionized water 

as the negative controls. The QuantiBlot® assay may be overestimating the actual 

concentration of DNA produced from the GenomiPhi™ reaction. 

To determine whether dilutions were needed with small starting concentrations, 

samples of0.05 ng, 0.0125 ng, 0.00625 ng, and 0.003125 ng were amplified with theY

Plex™l2 without diluting with distilled deionized water. The results indicate that as 

little as 0.00625 ng of input DNA into the WGA reaction can produce a full Y -STR 

profile. Two individual samples were amplified. The results obtained from M2 sample 

produced a full12-locus profile whereas, the M1 sample only generated a 2-locus profile. 

Stochastic effects were also seen. The QuantiBlot® is a semi-quantitative system 

generating a range instead of an exact quantity, the samples used may not have had the 

exact concentrations they were presumed to have. Both samples were diluted prior to 

WGA. The samples may not have been diluted down to the exact concentrations. 

Therefore, either more or less of each starting concentration may have been put into the 

GenomiPhi™ reaction. The DNA generated from the WGA reaction was quantitated 

with the QuantiBlot® which has proven to be inaccurate with the GenomiPhi™ reaction. 

The concentration of input DNA into the Y-Plex™12 reaction may not have been 1 ng 

per 5 111. Since the 0.00625 ng sample generated a full profile for M2, the reproducibility 

was tested for samples M1 and M2. The outcome for each of the samples was identical 

\o that shown previously. 
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CHAPTERVD 

CONCLUSION 

The results obtained in this study using the GenomiPhiTM assay along with 

IdentifilerTM andY -PlexTM12 were inconclusive for many of the tests. Stochastic effects, 

such as allele bias, locus and allelic dropout observed with LCN DNA samples, were also 

seen in these research samples. In addition, the QuantiBlot® produced inaccurate 

colorimetric results. A more accurate and precise quantitation technique, such as RT

PCR, must be used with this assay. There are many issues that must be resolved prior to 

utilizing the GenomiPhiTM DNA Amplification assay for forensic use. Due to the 

limiting quantity and cost of reagents, only a small number of samples could be tested 

using all the assays. Had there been more samples tested, more conclusive results may 

have been attained. The purpose of this research was to obtain a complete Y -STR profile 

from as little as one haploid cell (0.003125 ng). These results were not obtained. 

Instead, results were obtained with 0.00625 ng in only one sample (M2), but were 

reproducible. Ifthe Y-PlexTMl2 were optimized for use with the GenomiPhiTM assay, it 

would be promising for many forensic laboratories across the nation. The following 

conclusions can be drawn from this research study. 

1. The GenomiPhiTM DNA Amplification assay must be allowed to amplify for 

a minimum of 18 hours to minimize the occurrence of allelic and locus dropout. 
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2. Most DNA from evidentiary samples contain inhibitors (ex. heme, cell debris), 

therefore the MDA reaction takes longer to amplify the template DNA. 

3. To obtain a full profile, at least 2 ng starting concentration of DNA must be used. 

However, stochastic effects associated with LCN DNA samples were also 

observed in the GenomiPhi reaction even in samples with 2 ng input DNA. 

4. QuantiBlot® produces colorimetric results in negative samples at six, eight, and 

eighteen hours ofWGA, even if there is no contamination. A more accurate 

quantitation technique, such as RT -PCR, should be used with the GenomiPhiTM 

assay. 

Some factors that may be considered in future studies are: 

1. Use ofRT-PCR instead of the QuantiBlot® for quantitation. 

2. Validation ofthe Y-Plex™l2 with the ABI Prism 3700 sequencing platform. 

3. Nested PCR using primers designed for use with the loci that produced the most 

dropout. 

4. Experimentation with the dilutions. Determine if there is an optimum dilution for 

each WGA starting concentration. 

5. Other common methods of whole genome amplification such as DOP-PCR and 

PEP may generate improved results using either the same autosomal and Y

chromosomal assays used in this study, or other assays. 

6. The type of extraction technique may have an effect on the GenomiPhiTM 

reaction. For example, phenol-chloroform may not remove all inhibitors in the 

DNA extraction. This may affect the results obtained from WGA. 
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7. Comparison of other purification techniques, such as the Sephadex G-SO and 

ethanol precipitation with non-purified DNA. 

8. Mixture studies may be applicable for the GenomiPhi™ reaction when used in 

conjunction with theY -Plex™l2 assay, since sexual assaults usually contain a 

large portion of female DNA. 
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