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DETECTION AND STR PROFIING OF SALIVA REMAINING IN WATER
BOTTLES
BRITTANY K. KRIZ
FORENSIC SCIENCE
ABSTRACT

As instruments for detecting DNA have become more sensitive and reagents for
amplifying DNA become more effective, forensic DNA analysts have obtained short
tandem repeat (STR) profiles from evidence containing a small amount of DNA. Sources,
such as dandruff, sweat, and saliva, which were once thought to be inadequate for STR
profiling, can now be analyzed to effectively establish a profile. These low quantities of
DNA can be recovered from liquid samples, such as saliva, or extracted and concentrated
from large volumes of buffer, then amplified to give a DNA profile. This study focused
on recovering saliva from drinking containers. When drinking from a container, a person
leaves epithelial cells on the top of the container. A person also transfers epithelial cells
to the inside, bottom of the container.

Currently, the method for testing drinking containers, such as a bottled water, is to
swab the top of the bottle and analyze the swabs for DNA. The tops of bottles are
exposed, leading to the possibility that a person may contaminate or destroy any
epithelial cells that remain on the top of a bottle. The bottom of a bottle has more
protection from the outside environment, and there could be more DNA recovered from
the bottom of the bottle than the top. For this study, water bottles collected after
consumption by volunteers were swabbed at the top to collect saliva, and saliva in the

remaining water was collected from inside the bottom. The goal was to compare the



established method of swabbing drinking containers to a new method that was formed in
this study and determine which method is better to use in a forensic crime lab. Different
methods for collecting DNA from the liquid remaining in drinking containers were also

evaluated.

The results of this study indicate that evaporation is a more effective method of
concentrating DNA than pelleting cells. Both evaporation methods yielded higher
amounts of amplified alleles than pelleting cells. Of the two evaporation methods
evaluated, the nitrogen evaporator with a water bath was a better method than the oven.
The nitrogen evaporator dried samples faster than the oven.

The findings of this study also show that collecting DNA with lysis buffer is more
effective than swabbing. Collection with lysis buffer is better when processing plastic
bottles and eliminates a step in extraction. When evaluating the four combinations of
concentrating and collecting DNA, the nitrogen evaporator with lysis buffer is the best
method as the samples dry faster and an extraction step is eliminated.

When evaluating the samples collected from volunteers, the results show that as
the remaining water in the bottles decreased, the DNA left in the liquid also decreased.
The samples with the 40 mL of liquid remaining contain the highest average amount of
DNA and result in the largest amount of alleles amplified. For comparison to the
established method of swabbing the tops of plastic bottles, the findings show that both
methods contain similar amounts of DNA. The established method results in the highest
amount of alleles amplified. These results show that the current method of processing
bottles is better, but targeting the backwash in bottles is viable option for forensic

biologists to consider.
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CHAPTER 1
INTRODUCTION

Advances in the technology of forensic biology and their application in criminal
cases have allowed identifications to be made from once unlikely sources of DNA. These
unlikely sources are pieces of evidence, which are collected at crime scenes and contain
minute amounts of biological material, often hidden to the naked eye. In order to properly
identify items as evidence and obtain DNA profiles from these sources, determining the
location of the biological material on evidence and developing an effective method to
collect all the DNA is necessary.

Drinking containers left at crime scenes may become evidence due to their
potential as a source for fingerprints or DNA. The location of epithelial cells on a
drinking container cannot be seen with the naked eye. Investigators may assume cellular
material is located at the top of the bottle where the mouth makes contact. It is possible
that DNA is also present in the bottom of drinking containers. Developing a method to
recover DNA from the bottom of drinking containers is the purpose of this study.

Small Quantities of DNA on Evidence

Prior to the availability of methods to amplify DNA, forensic labs were able to
analyze restriction fragment polymorphisms from blood, semen, and buccal swab
samples containing DNA of high quality and quantity. Blood and semen samples were
commonly collected by crime scene analysts, especially when the samples were clearly
visible at a crime scene. As amplification of DNA was validated and accepted as an

analysis method, crime scene analysts were able to analyze DNA from blood and semen
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stains that were small, old, or damaged. Other biological samples, such as sweat stains
from clothing [1], bones [2], hair [3], or fingernails [4], became viable sources of DNA.
In additional to biological stains and samples, DNA has been recovered from other pieces
of evidence that made brief contact with a person, such as lipstick [5], cheese [6],
cigarette butts [7], and bottles [8]. These sources contained very small amounts of DNA
that at one time were too small to elicit a DNA profile. With this progression, small
amounts of DNA, which by standard means would not be adequate for testing, yielded
DNA profiles.

The sensitivity of amplification and analysis has improved by modifying the
methods. In 2004, Parys-Proszek studied improving microsatellite analysis in samples
with low copy numbers of DNA [9]. The analysis was adjusted by adding more template
DNA purifying PCR products with cellulose and silica membranes, adding more PCR
product, allowing a longer time duration of injection during capillary electrophoresis, or
increasing the number of PCR reaction cycles. Of these methods that address low copy
number DNA, Parys-Proszek focused on obtaining profiles by adding cycles during
amplification. Although the use of these small amounts is questionable for use in court,
the DNA in these small samples produced profiles.

New methods allowed for analysis of the DNA transferred from a person to an
item through touch. Djuric et al. amplified DNA extracts from touched objects using a
34-cycle PCR [10]. The focus of the study was to determine the effect of time had on the
quality of the DNA recovered from plastic tubes. The DNA in seven samples produced

full profiles despite the low quantities of DNA recovered from the plastic tubes.



Daly et al. also focused on obtaining STR profiles from touch DNA left on
specific objects [11]. This study had 300 participants hold wood, glass, and cloth. The
objects were sterilized before any handling to eliminate any DNA on the objects. One
hundred and fifty men and 150 women touched and held a piece of wood, glass, or fabric
for 60 seconds. The objects were swabbed, and the swabs were extracted. The objects
were all quantified, but only a portion of the samples was profiled. For the glass, one of
the 40 samples picked for profiling produced a full profile. Of the remaining samples, 19
glass objects produced no profiles and 20 glass objects produced partial or mixed
profiles. For the fabric, 14 of the 24 samples picked for profiling produced full profiles.
The remaining eight samples produced mixed or partial profiles. For the wood, 12 of the
59 samples gave full profiles. Of the remaining samples, seven wood objects produced no
profiles and 40 wood objects produced mixed or partial profiles. The average amount of
DNA recovered from the objects was 5.85 ng for the wood, 1.23 ng for the fabric, and
0.52 ng for the glass.

Evidence with Trace Amounts of Saliva

For saliva, objects that have been touched by the lips or mouth, such as glass or a
piece of food, are inferred to contain cheek cells from saliva. DNA has been recovered
from small amounts of cheek cells in saliva which have been transferred to a variety of
objects collected as evidence. In one case report, Sweet et al. documented a DNA profile
being given from saliva that was swabbed from a cheese bite [6]. The cheese yielded a
DNA profile after proper storage of the cheese and from swabbing the bite marks where

the lips and tongue would have touched the cheese.



Lip cosmetics have also been studied as a source for DNA [5]. Webb et al.
swabbed and tested 38 lip cosmetics, containing 25 different brands and types of lip
cosmetics, from 11 different participants. The used surface of each lip cosmetic was
swabbed to collect as much saliva as possible. The samples were tested by attempting
amplification of 10 STR loci, the standard number of STR loci analyzed in Australia,
where the study was done. The samples yielded 17 profiles with 10 STR loci, 14 partial
profiles, and seven samples that did not give a profile. Some partial profiles contained a
mixture of DNA, which could be attributed to sharing the lip cosmetic or kissing
someone. Despite the small area where saliva is deposited, it was suggested that the
repeated contact with the cosmetic leads to the presence of enough DNA for successful
amplification.

Locating Trace Amounts of Saliva on Evidence

During collection, locating sources of small amounts of DNA is not possible with
the naked eye. For traces of blood or semen, stains not visible in ambient light can be
located on evidence with a chemiluminescent reaction or an alternate light source (ALS).
Dandruff and dead skin may be overlooked because of the small size and fragility. By
brushing items of clothing, analysts can find hidden loose hairs and dead skin cells that
possibly contain DNA. Another common source of DNA is sweat, because somatic cells
are present in sweat. Like blood and semen, sweat can be found using an alternative light
source since sweat also fluoresces with an ALS. Because sweat comes from the pores of
the body, sweat can be found in a variety of places, including clothing, bedding, and

fingerprints. Locating evidence is difficult when sources of DNA are not in plain view.



Often items are collected as possible sources of DNA evidence, but whether the evidence
actually contains DNA was not immediately evident [12].

Determining the location of DNA on a piece of evidence where residual saliva is
present can be resolved by using quick and simple field tests. Two common methods for
locating saliva are the Phadebas test and alternate light source [13]. In the presence of
saliva, the Phadebas test is turned blue. Specifically, the amylase in saliva reacts with
Phadebas paper to turn the paper blue. However, saliva is not always detected by the
Phadebas paper. An ALS is also used to locate saliva. When exposed to alternate light,
saliva is detected by the fluorescence, but, like the Phadebas paper, saliva is not always
discovered by an ALS.

Collecting Saliva from Bottles

A common source of saliva for DNA analysis has been on the top of plastic
bottles. A person takes a sip from his drink and transfers epithelial cells from his mouth
to the top of the plastic bottle. The epithelial cells remain on top of the bottle after use
and persist unless intentionally wiped off the container. When the bottle is collected and
stored properly, cells from the saliva remain on the bottle and can result in a DNA
profile. Hedman et al. replicated bottles collected from crime scenes by distributing 0.5,
2, 8, and 32 microliters of saliva around the top of 12 plastic bottles [14]. Also, one
participant drank from three different bottles of mineral water. Saliva was collected from
the tops of the bottles and tested for a DNA profile. Full profiles were obtained from the
six plastic bottles with 8 and 32 microliters of saliva on their tops. Partial profiles were
attained from two of the three bottles with 2 microliters of saliva on their tops and the

three plastic bottles that the participant consumed. Hedman et al. determined that no



profile was obtained from the three drinking containers with 0.5 microliters of saliva
because the amount of saliva was too low to yield a DNA profile.

A study by Abaz et al. focused on obtaining a DNA profile from saliva collected
from bottles and cans containing different types of liquids, including water, soda, alcohol,
or milk [8]. Abaz et al. observed the variation in saliva production between individuals,
the effect certain types of liquid had on DNA recovery, the time allowed for DNA to dry
on the drinking container, and the effect the type of container had on DNA yield. Six
participants consumed 96 samples of various drinks in bottles and cans, and the saliva
was tested for 10 STR loci and the Amelogenin locus, the standard for New Zealand. In
this study, the 96 samples produced 73 full profiles, 10 partial profiles, and 13 that failed
to give a profile. From these samples, non-alcoholic drinks resulted in more DNA
recovered and had higher peak intensities, and the alcoholic drinks were more likely to
cause a decline in DNA vyield and quality. Both the Hedmen et al. and Abaz et al. studies
targeted drinking containers that yielded DNA profiles. Like cosmetics, the surface area
at the top of the drinking container is small, but enough DNA accumulated on this area to
result in successful amplification.

Although the established method for collecting saliva from drinking containers is
to swab the top of the container with a moistened swab, the bottom of drinking containers
may contain more DNA, under some circumstances [15]. The top area of a drinking
container has a small surface for saliva to adhere. A swab is moistened and rubbed
around the drinking container to collect as much of the saliva as possible. However, some
of the saliva on the top of the drinking container may be transferred to the lid, if the lid is

repeatedly placed on and taken off the container. Additionally, the saliva may be wiped



off accidentally or purposefully when the lid is off, and the outside of the top is exposed
to the environment. When a person is drinking a beverage, saliva is likely to be
transferred to the liquid inside the container. The saliva in the liquid will remain in the
bottom of the drinking container, protected from the outside environment. The cheek
cells within the saliva could contain enough DNA to be extracted and amplified, resulting
in a DNA profile. Also, unlike the top of the container, the saliva in the bottom of the
container cannot be easily removed. Targeting a large volume of liquid containing a small
amount of cheek cells does present a challenge, but previous research suggests recovering
DNA from a liquid sample containing cheek cells is possible.

When targeting DNA located in the bottom of drinking containers, several
variables exist that can affect the yield and quality of DNA. Different container materials
may bind cells or DNA differently, which can affect the quantity of the DNA collected.
The type of drink could also have an effect on the amount of DNA collected. More
important than the type of container or liquid is the amount of saliva and liquid left in the
container, which will likely vary from drink to drink as well as person to person. A
person may consume the drink all at once, which leaves little saliva on the container, or
ingest the drink at a constant rate periodically throughout the day until the drink is gone.
An increase in the number of sips taken from the drink should increase the amount of
saliva left in the container. The way a person drinks would also affect the amount of
saliva left on and in the container. People salivate at different rates, and one person may
put more saliva into the liquid with one sip than another person. Regardless of the amount
of saliva in the container, any remaining liquid will dilute the saliva, making recovery

more difficult. Evaporation can also affect the ratio of liquid to saliva. The liquid could



evaporate and concentrate the saliva at the bottom, resulting in a more concentrated
sample.
Methods of Concentrating Epithelial Cells in Diluted Sources

Although recovering DNA from the liquid in drinking containers has not been
attempted, recovering DNA from saliva diluted in large volumes of liquid has been
successfully demonstrated. In a study by Johnson, diluted semen, diluted blood, and
diluted saliva soaked in buffer were concentrated through the use of a vacuum filtration
system, producing enough DNA for analysis [16]. A vacuum filtration method was
established and compared to an evaporation method. For each method, 30, 10, 5, and 1
microliters of saliva, blood, and semen, each in 250 milliliters of TE, Gill, DI H2O, or
Tween-80 buffers were analyzed. In the evaporation method, the samples were incubated
for three days at 70°C, which reduced the sample to 50 milliliters. Compared to the
evaporation method, the vacuum filtration method yielded significantly higher amounts
of DNA in the diluted samples of saliva, blood, and semen. For saliva samples with the
vacuum filtration method, Johnson reported DI H2O buffered samples giving the highest
concentration of 6 £ 2 ng/pL. The lowest concentrations of DNA for saliva were 0.3 +
0.3 ng/uL in the Tween-80 buffer. This study focused on quantitating small volumes of
DNA from large volumes of liquid. Profiles were not obtained from a STR profile
analysis of the DNA. The quantities resulted from the study were in large enough
amounts to give a STR profile.

Urine is another example of a sample that contained small amounts of DNA from
epithelial cells. A study by Shan et al. focused on concentrating DNA from urine samples

using carboxylated magnetic nanoparticles [17]. The DNA was not quantitated or used to



produce a DNA profile. The authors used gel electrophoresis to determine the amount of
DNA extracted from the urine sample. The brightness of the band on the gel
electrophoresis determined the concentration of the DNA. Higher concentrations of DNA
produced a brighter band on the gel electrophoresis. The DNA was concentrated, and the
amount was likely able to yield a profile. But, the analysts decided to not pursue
quantitation or identification.

Although skeletal remains are not discovered as a liquid sample, skeletal remains
can be soaked in a large volume of lysis buffer to extract DNA from the bones [2].
Skeletal remains contain low quantities and qualities of DNA, and the risk of not getting
a DNA profile from the bones is often the reason for using bones as a last resort DNA
source. When attempted, pulverizing the center of bones into dust results in more DNA
being released. The study by Alonso et al. attempted amplification and identification of
DNA from bone samples found in mass graves and forensic bone and teeth samples
obtained from casework using multiplex STR systems and megaplex STR systems [2].
Samples included 126 blood or bloodstain reference samples, 10 DNA extracts from teeth
samples, and 76 DNA extracts from bone samples. Amplifications of the bone dust and
teeth samples were performed using PowerPlex 16 System, AmpfISTR Profiler PCR
Amplification Kit, AmpfISTR Profiler Plus Amplification Kit, or AmpfISTR COfiler
Amplification Kit. STR profiling showed that DNA in bone samples amplified to give
full and partial profiles although some samples failed to amplify. Alonso et al. noted that
the long human bones gave a higher quality of DNA when compared to DNA extracted

from skulls or ribs.



Rogers et al. reports a median yield of 55 micrograms of DNA from the saliva per
10 milliliters of Scope Original Mint mouthwash [18]. The participants rinsed the
mouthwash vigorously to extract a large amount of cheek cells. While generating a DNA
profile was not part of the study, 55 micrograms of DNA per 10 milliliters of mouthwash
is an adequate amount of DNA to produce a DNA profile. Since the DNA was not
destroyed by the mouthwash, collecting DNA from other types of liquid found in the
bottom of the drinking containers seems possible.
Recovering DNA from the Bottom of Drinking Containers

This study focuses on obtaining a DNA profile from water left in the bottom of
drinking containers. This study will compare the current method of collecting DNA from
the top of drinking containers to the proposed method of collecting DNA from the inside
bottom of drinking containers. The volume of water consumed will be varied, resulting in
different volumes of water left in the bottom of the drinking containers. The goal is to
compare the new method that will be established in this study against the method
currently used in the forensic community and determine which method is better to use in

a forensic crime lab.
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CHAPTER 2
COMPARISON OF METHODS FOR COLLECTING DNA FROM BOTTLED
WATER SPIKED WITH SALIVA
Two DNA concentration methods, pelleting cells and evaporation, were assessed
using a centrifuge, an oven, and a nitrogen evaporator with a water bath in order to
determine the most efficient method for concentrating and collecting any epithelial cells

left in liquid samples.

Methods & Materials
Three methods for concentrating and collecting DNA from the bottom of water
bottles were compared: drying the bottles in an oven, pelleting cells in water removed
from the bottles using a centrifuge, and evaporating water removed from the bottles under

nitrogen.

Sample Preparation

Saliva was collected by having the principal investigator spit into a glass vial. All
samples were prepared by spiking water with collected saliva.

Eighteen bottles of Dasani water (The Coca-Cola Company, Atlanta, GA) were
emptied, and 20 mL of the bottled water was pipetted back into each bottle. To each
bottle, 250 uL of saliva were added. The bottles were shaken and left at room

temperature for an hour. Each bottle was then cut in half for the DNA concentration step.
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Six bottles were dried in a Blue M 11W Single Wall Transite Gravity Convection
Oven at 70°C. The samples in the oven were checked every hour until the bottles were
completely dried, approximately six hours and 30 minutes. The bottom of the dried bottle
was swabbed with one moistened cotton swab, and the swab was placed into a 1.5 mL
tube for extraction.

Cells were pelleted for six samples buy pipetting the water and saliva mixture into
16x25 mm glass test tubes, with each 20 mL sample divided into two tubes with 10 mL
each. Samples were placed in the DYNAC Centrifuge (Clay Adams Dickinson &
Company, Parsippany, NJ) and spun for five minutes on full speed to concentrate the
cells at the bottom of the tube. The supernatant was pipetted out of each tube, leaving any
visible cell pellet and approximately 700 pL of water. The residues in the centrifuge
tubes were pipetted into 1.5 mL tubes for extraction. The bottom of the dried bottle and
the dried test tubes were swabbed with one moistened cotton swab, which was also added
to the extraction tube.

The remaining six samples were dried under nitrogen by first transferring the
water and saliva mixture into 16x25 mm glass test tubes, with each 20 mL sample split
into two tubes, each containing 10 mL of liquid. These sample tubes were placed in an
OA-SYS Heating System and N-EVAP™ 112 Nitrogen Evaporator (Organomation
Associates, Inc., Berlin, MA). The heating system of the water bath was set to high, and
the flow rate of the nitrogen gas from the tank to the evaporator was adjusted to keep the
pressure of flow at 20 psi. The samples in the nitrogen water bath were checked every 30
minutes, adjusting the needles that blew nitrogen into each tube, until the samples were

completely dried, approximately two hours and 30 minutes. For each sample, the bottom
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of the dried bottle and the dried test tubes were swabbed with one moistened cotton swab,
and the swab was placed in a 1.5 mL tube for extraction.

For extraction controls, two 250 pL samples of saliva were pipetted into separate
1.5 mL tubes for positive controls, and two 250 pL aliquots of water were pipetted into
separate 1.5 mL tubes for negative controls.
Extraction

DNA was extracted from the samples using the Qiagen DNA Investigator Kit
(Qiagen, Valencia, CA) and a modified protocol. After addition of 300 uL ATL lysis
buffer and 20 L proteinase K to each sample and control, the swabs in the 1.5 mL tubes
were incubated in a water bath overnight at 56°C. Following incubation, 300 uL AL
buffer were added to each tube, which was then vortexed, and incubated for 10 minutes
in the water bath at 70°C. Clean tweezers were used to pull the swabs from the tubes, a
spin basket was inserted into each tube, and the swabs were placed into the spin baskets.
The tubes were spun in a Shelton Scientific VSMC-13 Mini-Centrifuge at full speed for
one minute. After centrifuging, the swabs and spin baskets were discarded. To each
sample, 150 pL of 98% ethanol were added and vortexed before the mixture was pipetted
into a labeled spin column. The mixtures in the spin columns were centrifuged at 3309 x
g (8000 rpm) for one minute. The flow-through was discarded, and the spin columns
were placed back in the collection tubes. To each sample, 500 puL Buffer AW1 were
added, and the spin columns were centrifuged for one minute at 3309 x g (8000 rpm).
The flow-through was discarded, and the spin columns were placed back into the
collection tubes. To each sample, 500 puL Buffer AW2 were added, and the spin columns

were centrifuged for one minute at 3309 x g (8000 rpm). The flow-through was
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discarded, and the spin columns were placed into clean collection tubes. To each sample,
500 pL of 98% ethanol were added, and the spin columns were centrifuged for three
minutes at 10,135 x g (14,000 rpm). The flow-through and collection tubes were
discarded, and the spin columns were placed into labeled 1.5 mL tubes. To each sample,
100 pL Buffer ATE were pipetted directly onto each DNeasy membrane of the DNeasy
Mini spin columns, incubated at room temperature for one minute, and centrifuged for
one minute at full speed to elute. The final elution volume for each sample was 100 pL.
Amplification and Analysis

The extracted DNA was amplified using a customized three loci multiplex
targeting D3S1358, THO1, and D13S317. The locus D3S1358 is located on chromosome
3p21.31. Locus D3S12358 is a STR locus within the intergenic DNA on chromosome 3.
This locus is a single copy in the genome and is the locus number 1358 described on
chromosome 3. The locus THO1 is a STR locus located on chromosome 11p15.5 in the
first intron of tyrosine hydroxylase gene. The locus D13S317 is located on chromosome
13931.1. Locus D13S317 is a STR locus within the intergenic DNA on chromosome 13.
This locus is a single copy in the genome and is the locus number 317 described on
chromosome 13. The three STR loci were targeted using five pmol of each of the
following primers:

D3S1358 forward primer — 5°-dye-ATGAAATCAACAGAGGCTTGC-3,

D3S1358 reverse primer — 5-ACTGCAGTCCAATCTGGGT-3,,

THO1 forward primer — 5'-dye-ATGAAATCAACAGAGGCTTGC-3,

THO1 reverse primer — 5'-ATTCAAAGGGTATCTGGGCTCTGG-3,

D13S317 forward primer — 5'-dye-GGCAGCCCAAAAAGACAGA-3,

14



D13S317 reverse primer — 5-ATTACAGAAGTCTGGGATGTGGAGGA-3..
Nuclease free water was added to bring the reaction to a total volume of 25 pL. DNA was
amplified under the following conditions: denatured for 11 minutes at 95°C, held at 96°C
for 1 minute, followed by 10 cycles of 94°C for 30s, 58°C for 30s, 70°C for 45s, then 20
cycles of 90°C for 30s, 58°C for 30s, 70°C for 45s, then held at 60°C for 30 min.

Amplified product was analyzed using Applied Biosystems 310 Genetic Analyzer
and GeneMapper® ID Software v3.2 (Applied Biosystems). Amplified product was
prepared by combining 1 pL of amplified product with 24.5 puL Fisher BioReagents™
formamide (Fisher Scientific, Pittsburg, PA) and 0.5 pL of GeneScan 500 LIZ Size
Standard (Applied Biosystems). When performing analysis, peaks were recorded with a

threshold exceeding 50 relative fluorescence units (rfus).

Results & Discussion

Given the amplification reaction targets three loci, each sample had the potential
for successful amplification of six alleles, and each group of six samples had the potential
for successful amplification of 36 alleles. In Figure 1, the graph shows the comparison of
alleles amplified by the three methods. Samples that were dried in the oven resulted in the
amplification of 21 of 36 STR alleles (58%), one full profile, two partial profiles with
dropout at D3S1358, and three partial profiles with dropout at D351358 and THO1.

Samples that were centrifuged to collect cells resulted in the amplification of three
of 36 STR alleles (8%). Of the six samples using the centrifuge, there was one partial
profile with dropout at D3S1358 and THO1, one partial profile with dropout at D3S1358,

THO1, and D13S317, and four samples that yielded no DNA profiles.
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Samples that were evaporated under nitrogen resulted in the amplification of 32 of
36 STR alleles (89%). There were three full profiles and three partial profiles with

dropout at D351358.

Percentage of Alleles Amplified for Different
Methods of DNA Concentration

100

60 -
40 -
20 -

% of Alleles

Nitrogen Oven Centrifuge
Method of DNA Concentration

Figure 1. The graph depicts the percentages of alleles amplified using different methods
for concentrating DNA from 20 mL water samples spiked with 250 pL of saliva. Samples
evaporated under nitrogen (89%) resulted in more alleles being amplified than samples
dried in an oven (58%) and samples centrifuged to form a cell pellet (8%).

Drying the samples with a nitrogen evaporator and drying samples in an oven are
the preferred methods when compared to centrifuging samples to collect cells. The
centrifuge may not have been strong enough to accumulate all the epithelial cells into a
pellet. Some of the cells may have remained suspended in the supernatant that was
pipetted off and discarded. Also, cells in the sample may have lysed, releasing DNA into
the supernatant, resulting in some loss of DNA. The Rogers [18] study centrifuge saliva
samples to concentrate epithelial cells, but the DNA from the 10 mL oral rinse samples

yielded a much higher amount of DNA, about 55 pg, which would have contained more

than enough DNA for a full STR profile. The Rogers study also had volunteers
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vigorously swish the oral-rinse solution in their mouths, which could have led to more
cells in their samples than were contained in the 250 pL of saliva used in this study. The
vigorous swishing of mouthwash may have caused more saliva to shed into the oral-rinse
solution as opposed to sipping of water.

The water bath with a nitrogen evaporator and the oven drying methods were the
preferred methods for DNA concentration as they produced results similar in quality to
the two positive controls of 250 pL saliva (Figures 2 and 3). The amplified alleles from
the spiked samples evaporated with nitrogen evaporator had peak heights similar to the
positive controls. The results for the oven were also similar quality to the
electropherograms of the respective positive controls. The analysis of the two negative
controls of 250 pL water showed no alleles.

Between the two drying methods, the nitrogen evaporator produced better results
than the oven method. For the oven, the water was not transferred into test tubes, instead
opting for a greater surface area for drying. This greater surface area may have indirectly
resulted in a loss of DNA. The plastic bottles have small crevices that the liquid dried in
but were too small for collection by the swab or the large area was more difficult to
completely be swabbed. The test tubes used for the nitrogen evaporator have a smaller,
smoother surface. This smaller area may have reduced DNA loss and concentrated the

epithelial cells in a much smaller area.
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Figure 2. Electropherogram of sample dried with the nitrogen evaporator. The sample
was 20 mL of water spiked with 250 pL of saliva, which was removed from the original
bottle, separated into glass test tubes, and evaporated under nitrogen. This is one of the
three nitrogen-dried samples that resulted in a full profile of six alleles.
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Figure 3. Electropherogram of positive control for extraction. The positive control was
250 pL of saliva pipetted into a 1.5 mL tube. This is one of the two positive controls used
for extraction.
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CHAPTER 3
METHOD DEVELOPMENT: EVAPORATING WATER AND 100 pL OF
SALIVA IN BOTTLES

In the second step of method development, samples were collected by two
different methods: swabbing and pipetting ATL lysis buffer into the bottles and test
tubes. Only the oven and the nitrogen evaporator were used for concentrating the
samples. A total of four methods were compared: drying in the oven with collection by
swabs, drying in oven with collection by ATL lysis buffer, drying in the nitrogen
evaporator with collection by swabs, and drying in the nitrogen evaporator with
collection by ATL lysis buffer. This step in the method development evaluated effect of
the swabs with the dry-down methods, as their elimination would result in a faster and

easier extraction.

Methods & Materials

Sample Preparation

Sample preparation was the same as in the first step of method development. The
only change was in the in the DNA collection step.

Six bottles were dried in a Blue M 11W Single Wall Transite Gravity Convection
Oven. For three of the samples, 350 uL ATL lysis buffer from the Qiagen DNA
Investigator Kit (Valencia, CA) was pipetted into the bottom of the dried bottle. Using

the pipette, the buffer solution was swished around the bottom of the container. After
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swishing, the solution was pipetted into a 1.5 mL tube. For the remaining three oven-
dried samples, the bottom of the dried bottle was swabbed with one moistened cotton
swab, and the swab was placed into a 1.5 mL tube for extraction.

The remaining six samples were dried under nitrogen. For three of the samples,
350 pL ATL lysis buffer from the Qiagen DNA Investigator Kit were pipetted into the
bottom of the dried bottle. Using the pipette, the buffer solution was swished around the
bottom of the dried bottle and transferred from the dried bottle to each of the dried test
tubes. After swishing the buffer in the bottle and test tubes, the solution was pipetted into
a 1.5 mL tube for extraction. For each of the remaining three nitrogen-dried samples, the
bottoms of the dried test tubes were swabbed with one moistened cotton swab, and the
swab was placed into a 1.5 mL tube for extraction.

For extraction controls, one 100 pL samples of saliva was pipetted into a 1.5 mL
tube for a positive control, and one 100 pL aliquot of water was pipetted into a 1.5 mL
tube for a negative control.
Extraction

DNA was extracted from the samples and controls using the Qiagen DNA
Investigator Kit (Qiagen, Valencia, CA) and a modified protocol. For samples collected
using ATL lysis buffer, no additional volume of ATL lysis buffer was added. For swabs
and controls, 300 pL of ATL lysis buffer were added to each sample. After addition of 20
ML proteinase K, the samples in the 1.5 mL tubes were incubated in a water bath
overnight at 56°C. Following incubation, 300 pL AL buffer was added to each tube,
vortexed, and incubated for 10 minutes in the water bath at 70°C. For the samples

containing a swab, clean tweezers were used to pull the swabs from the tubes, a spin
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basket was inserted into each tube, and the swabs were placed into the spin baskets. The
tubes were centrifuged at full speed for one minute. After centrifuging, the swabs and
spin baskets were discarded. To each sample, 150 pL of 98% ethanol were added and
vortexed before the mixture was pipetted into a labeled spin column. The mixtures in the
spin columns were centrifuged at 3309 x g (8000 rpm) for one minute. The flow-through
was discarded, and the spin columns were placed back in the collection tubes. To each
sample, 500 pL Buffer AW1 were added, and the spin columns were centrifuged for one
minute at 3309 x g (8000 rpm). The flow-through was discarded, and the spin columns
were placed back into the collection tubes. To each sample, 500 pL Buffer AW2 were
added, and the spin columns were centrifuged for one minute at 3309 x g (8000 rpm).
The flow-through was discarded, and the spin columns were placed into clean collection
tubes. To each sample, 500 pL of 98% ethanol were added, and the spin columns were
centrifuged for three minutes at 10,135 x g (14,000 rpm). The flow-through and
collection tubes were discarded, and the spin columns were placed into labeled 1.5 mL
tubes. To each sample, 100 pL Buffer ATE were pipetted directly onto each DNeasy
membrane of the DNeasy Mini spin columns, incubated at room temperature for one
minute, and centrifuged for one minute at full speed to elute. The final elution volume for
each sample was 100 pL.
Amplification and Analysis

The extracted DNA was amplified using a customized three loci multiplex
(D3S1358, THO1, and D13S317) and Promega Go Tag® Hot Start Colorless Master Mix

(Madison, WI). The reaction was composed of 12.5 pL Promega Go Tag® Hot Start
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Colorless Master Mix, 2 pL of extracted DNA, and 5 pmol of each of the following
primers:

D3S1358 forward primer — 5’-dye-ATGAAATCAACAGAGGCTTGC-3,,

D3S1358 reverse primer — 5-ACTGCAGTCCAATCTGGGT-3,

THO1 forward primer — 5'-dye-ATGAAATCAACAGAGGCTTGC-3,,

THO1 reverse primer — 5-ATTCAAAGGGTATCTGGGCTCTGG-3',

D13S317 forward primer — 5'-dye-GGCAGCCCAAAAAGACAGA-3',

D13S317 reverse primer — 5'-ATTACAGAAGTCTGGGATGTGGAGGA-3..
Nuclease free water was added to bring the reaction to a total volume of 25 pL. DNA was
amplified under the following conditions: denatured for 11 minutes at 95°C, held at 96°C
for 1 minute, followed by 10 cycles of 94°C for 30s, 58°C for 30s, 70°C for 45s, then 20
cycles of 90°C for 30s, 58°C for 30s, 70°C for 45s, then held at 60°C for 30 min.

Amplified product was analyzed using Applied Biosystems 310 Genetic Analyzer
and GeneMapper® ID Software v3.2 (Applied Biosystems). Amplified product was
prepared by combining 1 pL of amplified product with 24.5 uL Fisher BioReagents™
formamide (Fisher Scientific, Pittsburg, PA) and 0.5 pL of GeneScan 500 LIZ Size
Standard (Applied Biosystems). When performing analysis, peaks were recorded with a

threshold exceeding 50 rfus.

Results & Discussion

All samples resulted in full profiles (Figure 4). There were no differences in the

percentage of alleles amplified between the water and saliva samples that were dried in
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an oven then swabbed, dried in an oven then rinsed with lysis buffer, dried under nitrogen

then swabbed, or dried under nitrogen then rinsed with lysis buffer.

Percentage of Alleles Amplified for Different Methods of
Concentration and Collection of DNA
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% of Alleles

Oven Lysis Nitrogen Lysis Oven Swab Nitrogen Swab
Methods for Concentration and Collection of DNA

Figure 4. The graph depicts the percentages of alleles amplified using the different
methods of concentration and collection of DNA. All methods had 100 percent
amplification of alleles.

When time and method simplicity are taken into consideration, drying the samples
with the nitrogen evaporator and collecting the residue with lysis buffer was the best
combination for concentrating and collecting the samples. Both oven and nitrogen
concentration methods yielded results of similar quality (Figure 5), but the nitrogen
evaporator required less than half the time to dry, when compared to the oven. Also, as
mention in the previous Chapter, DNA collection from the bottles was more difficult,
unlike the smaller glass test tubes. Both swab and buffer collection methods provided

results with similar peak heights, but collection with the lysis buffer eliminated the spin

baskets from the extraction process.
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Figure 5. Electropherogram of sample dried with the nitrogen evaporator and collected
with lysis buffer. The profile of the saliva donor was 14 and 17 at D3S1358, 8 and 9.3 at
THO1, and 9 and 14 at D13S317.

When compared to the results from Chapter 2, a higher percentage of alleles were
reported for the swabbed samples in this step. There are several possible reasons for the
improved results. First, the current swabbed samples were amplified using Promega Go
Tag® Hot Start Colorless Master Mix, compared to Promega PCR Master Mix in the
previous Chapter. The use of a hot-start polymerase could have made the amplification
more sensitive by reducing polymerase activity until 95°C and could have allowed for
better replication of the DNA. The saliva used for these samples could have contained

more DNA than the saliva used in Chapter 2, even though a smaller volume was used.

Finally, the measured amount of distilled water used to moisten the swabs may have
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allowed more DNA to stick to the swab, whereas in Chapter 2 no specific amount was

used.
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CHAPTER 4

EVAPORATING WATER AND SALIVA IN RESEARCH SAMPLES

The previous chapters discussed the method development to concentrate and
collect any epithelial cells from the liquid remaining in drink bottles. The samples used
for research were dried with the nitrogen evaporator in a water bath and collected with
ATL lysis buffer. For these samples, volunteers were asked to drink from water bottles
leaving different volumes of water remaining as the variable being tested. Samples were
collected from the bottoms of the bottles to determine the amounts of DNA at each
volume of liquid. Samples were also collected from the tops of the bottles for the

comparison of the experimental method to the established method.

Methods & Materials

Sample Preparation

Ten volunteers were asked to consume bottled water from three separate 16.9
fluid ounce (500 mL) bottles (Dasani, The Coca-Cola Company, Atlanta, GA), leaving a
different amount of liquid in each bottle, 0 mL, 20 mL, and 40 mL remained. Each bottle
was marked at the level for amount of water to be left in the container. The volunteers
drank normally from each bottle and were advised to take between 20 and 30 sips from
the bottles. All of the bottles were capped and stored under a hood in the lab until

analyzed.
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The remaining water was collected from the bottom of each bottle using the
evaporation process described in Chapter 3. For bottles with 40 mL of liquid remaining,
an additional swab moistened with 30 pL of distilled water was rubbed around the top of
the bottle and inside the cap of the bottle. A buccal swab was also collected from each
volunteer to be used a reference profile.

Evaporating Samples

Refer to Chapter 3 evaporating procedures of nitrogen evaporator and lysis buffer.
Extraction

Refer to Chapter 3 for extraction procedures.

Quantification

The DNA extracted from the bottom and top samples was quantified using an
Applied Biosystems Quantifiler® Human DNA Quantification Kit (Foster City, CA)
using the manufacturer’s recommended protocol for a 25 pL reaction. Analysis was
performed on a 7500 Real-Time PCR instrument (Applied Biosystems).

Amplification and Analysis

The extracted DNA was amplified using a customized three loci multiplex
(D3S1358, THO1, and D13S317) and Promega Go Tag® Hot Start Colorless Master Mix
(Madison, WI). The reaction was composed of 12.5 pL Promega Go Tag® Hot Start
Colorless Master Mix, 6.5 pL of extracted DNA, and 5 pmol of each of the following
primers:

D3S1358 forward primer — 5°-dye-ATGAAATCAACAGAGGCTTGC-3,

D3S1358 reverse primer — 5-ACTGCAGTCCAATCTGGGT-3,

THO1 forward primer — 5'-dye-ATGAAATCAACAGAGGCTTGC-3,,
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THO1 reverse primer — 5-ATTCAAAGGGTATCTGGGCTCTGG-3,,

D13S317 forward primer — 5'-dye-GGCAGCCCAAAAAGACAGA-3',

D13S317 reverse primer — 5'-ATTACAGAAGTCTGGGATGTGGAGGA-3..
Nuclease free water was added to bring the reaction to a total volume of 25 pL. DNA was
amplified under the following conditions: denatured for 11 minutes at 95°C, held at 96°C
for 1 minute, followed by 10 cycles of 94°C for 30s, 58°C for 30s, 70°C for 45s, then 22
cycles of 90°C for 30s, 58°C for 30s, 70°C for 45s, then held at 60°C for 30 min. The
thermal cycler parameters were changed from those describe in previous chapters to
increase the number of cycles from 30 to 32.

Amplified product was analyzed using Applied Biosystems 310 Genetic Analyzer
and GeneMapper® ID Software v3.2 (Applied Biosystems). Amplified product was
prepared by combining 1 pL of amplified product with 24.5 pL Fisher BioReagents™
formamide (Fisher Scientific, Pittsburg, PA) and 0.5 pL of GeneScan 500 LIZ Size
Standard (Applied Biosystems). When performing analysis, peaks were recorded with a
threshold exceeding 50 rfus.

Any amplification set with amplified alleles in the negative amplification control,
or negative extraction control was re-amplified. The data from these amplification sets
was not used. Any individual water bottle samples that contained alleles that did not
originate from the volunteer were re-amplified. In these samples, alleles amplified from

the donor were reported, and the additional alleles were noted.
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Results & Discussion

Effect of Water Volume Remaining in Bottle

The average quantities show the amount of DNA collected decreased
proportionately with the water remaining in the bottle decreased (Table 1). The samples
collected from the bottles with 40 mL of water remaining averaged 0.34 ng/pL,

decreasing to 0.25 ng/pL for 20 mL samples and 0.04 ng/pL for 0 mL samples.

Table 1.
Liquid Remaining in Bottles

Volunteers 0 mL 20 mL 40 mL Top
A 0.00 0.37 0.04 0.23

B 0.00 0.08 0.06 0.17

C 0.07 0.00 0.22 0.10

D 0.03 0.05 0.33 0.35

E 0.00 0.21 1.21 1.17

F 0.11 0.24 0.28 0.32

G 0.03 0.20 0.38 0.44

H 0.00 0.18 0.37 0.21

[ 0.00 1.13 0.48 0.28

J 0.18 0.00 0.00 0.12
Average 0.04 0.25 0.34 0.34
Std. Dev. 0.06 0.33 0.35 0.31

When evaluating the STR profiles, the same trend was observed for the 40 mL, 20
mL, and 0 mL samples. Combined, the 40 mL samples resulted in an average 4.2 of 6
alleles amplified (70%), with 5 of 10 samples resulting in full profiles. The 20 mL
samples resulted in an average of 3.4 of 6 alleles amplified (57%), with 3 of 10 samples
resulting in full profiles. The 0 mL samples resulted in an average of 1.8 of 6 alleles

being amplified (30%), with only 1 of 10 samples resulting in a full profile.
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Figure 6. The graph depicts the percentages of alleles amplified using the three different
volumes of liquid left in the bottles and the tops of bottles. For volume, samples with 40
mL of liquid (70%) resulted in more alleles being amplified than samples with 20 mL
(57%) and 0 mL of liquid (30%). With comparison of 40 mL tops to 40 mL bottoms, the
tops of bottles (92%) resulted in more alleles being amplified than the bottoms.

The 40 mL samples contained the highest average of DNA and resulted in the
largest amount of alleles amplified. More DNA was present in the 40 mL and 20 mL
samples than the 0 mL samples. Between the 40 mL and 20 mL samples, similarities
were seen in the average amounts of DNA, but when comparing alleles amplified, the 40
mL samples resulted in a higher amount of alleles amplified. As more water is consumed
the drinker starts to consume the DNA left in the bottle.
Comparing Collection from Inside Bottle to Collection from Top

Analysis performed on the DNA collected from the tops of the bottles showed a
level of success similar to the analysis of the collections from bottles with 40 mL of water

remaining. Using swabs to collect DNA from the tops of bottles submitted as evidence is

the current procedure used in many labs. This comparison was performed to determine if
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sampling from the bottom of the 40 mL bottles produced similar or better profiles than
sampling the tops of bottles. The average quantity from samples collected from the tops
of bottles (0.34 ng/pL) was similar to the 0.34 ng/uL average from the remaining 40 mL
of water (Figure 5). The number of amplified alleles from bottle tops was higher (92%)
than from 40 mL samples (70%) and the bottle tops resulted in 7 of 10 full profiles
(Figure 6).

From the results, both the tops and the bottoms showed similarities in the average
quantities of DNA, but when comparing the amounts of alleles amplified, the tops
resulted in a higher count than the bottoms. Although the bottle tops had the highest
number of alleles amplified, the results of the bottle bottoms showed that a significant
amount of DNA can be found in the liquid which can result in partial or full profiles.
While the Abaz [8] study also collected epithelial cells on the tops of water bottles, the
DNA quantities in the Abaz study were lower than the averages of the top samples in this
study. The Abaz study swabbed only the tops of bottles, which resulted in a smaller
concentration of DNA. The combination of smaller surface and more exposure to
environment could have affected any epithelial cells adhering to the tops of the bottles. A
lab should consider targeting the bottoms of bottles because DNA may be present in the
bottom when not found at the top. Saliva transfers to the bottle lid, and the lid may not be
swabbed with the top of the bottle. The DNA on the bottle tops could be destroyed by
accidental or intentional means, such as wiping off the top. The top of the bottle has more
exposure to the environment than the bottom, and the environment could destroy any

epithelial cells left on the top. Because the bottle bottoms had a significant amount of
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DNA and can result in STR profiles, the bottle bottoms are a viable option to consider for
analysis.
Additional Alleles in Collected Samples

During the analysis, additional alleles that did not originate from the volunteer
were detected in several instances. For some amplification sets, alleles were amplified
from extraction negative controls and amplification negative controls. When alleles were
amplified in negative controls, the data from samples in that amplification set were not
used. All samples were re-amplified after reagents were replaced and equipment was
cleaned. In all instances, the additional alleles no longer appeared in the negative controls
after re-amplification.

For other amplification sets, additional alleles that did not originate from the
volunteer were detected in mock evidence samples. When additional alleles were
detected in samples, the samples were re-amplified. On some occasions, the additional
alleles were not re-amplified (Figure 7). In other instances, the additional alleles
remained (Figure 8) or other additional alleles appeared (Figure 9). In all instances, the

alleles amplified from the volunteer remained and were included in the reported data.
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Figure 7. Electropherograms of sample with additional alleles not re-amplified. Each
electropherogram represents an amplification of the same extraction. This extraction is
from the sample with 40 mL left in a bottle consumed by Volunteer I.
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Figure 8. Electropherograms of sample with additional alleles re-amplified and remained
the same. Each electropherogram represents an amplification of the same extraction. This

extraction is from the sample with 40 mL left in a bottle consumed by Volunteer D.
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Figure 9. Electropherograms of sample with additional alleles re-amplified and differed
from first analysis. Each electropherogram represents an amplification of the same

extraction. This extraction is from the sample with 20 mL left in a bottle consumed by
Volunteer 1.
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The additional alleles could have originated from several sources. One possibility
would be during extraction. The cleanliness of the lab may not have been to the highest
possible standards, and any cells on the table or in the air could have permeated the
sample tubes. Additional alleles could have also appeared during amplification. Any
lysed cells, previously amplified DNA, or previously extracted DNA could have seeped
into one of the components needed for amplification. The water itself could have been
contaminated by lax supervision during production or negligence of workers at the
company. A likely source could have been from the volunteer. Any sharing of drinks or
food prior to volunteering or Kissing could have resulted in a mixed profile. Any of these

possibilities could be the cause of the additional alleles.
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CHAPTER 5
CONCLUSIONS

The water bath with a nitrogen evaporator was the best of the three methods of
DNA concentration tested in the first round of method development. The centrifuge had
the lowest number of alleles called. The low count could have resulted from incomplete
deposition of the epithelial cells into a pellet or from cells lysing in the supernatant. The
evaporation in the oven yielded better results than the centrifuge, but the larger surface
area of the bottles compared to the glass test tubes may have attributed to the lower
results than the nitrogen evaporator. There is better access to the dried residue in the glass
test tubes used for the nitrogen evaporator than in the bottle.

In the second round of method development, the combination of the water bath
with the nitrogen evaporator and the lysis buffer was the best method for DNA
concentration and collection. The nitrogen evaporator and the oven produced results
similar in quality, but the nitrogen evaporator took less than half the time of the oven to
dry samples, allowing for faster analysis of samples. For the collection, the lysis buffer
and swab methods yielded similar results, but the lysis buffer eliminated the spin baskets
from the extraction process.

The results show that more DNA can be collected from greater volumes of
residue, within the tested range of 0-40 mL. The 40 mL and 20 mL bottom samples had
more full and partial profiles than the 0 mL bottom samples, and higher peak height

values than the 0 mL bottom samples. Quantitation also showed that as the volume of the
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sample increased from 0 mL to 40 mL the amount of DNA left in the water also
increased, and a majority of the 40 mL bottom samples had the greatest amounts of DNA.
When comparing the 40 mL top samples to the 40 mL bottom samples, both the top and
bottom samples had similar quality for the electropherograms and average quantities of
DNA, but the top and bottom samples had differing numbers of alleles called and profile
intensities.

Forensic biologists should consider targeting the bottoms of bottles submitted as
evidence, as a significant amount of DNA could be present in the liquid. Saliva does
transfer to the top of the bottle and the bottle lid, but the bottle lid may not be swabbed in
addition to the top of the bottle. Unlike the bottom, the top of the bottle has more
exposure to the environment, which could destroy any epithelial cells remaining on the
top. Because this research has shown that a substantial amount of DNA is present in the
bottoms of bottles and can result in STR profiles, targeting the bottle bottom should be an
option for consideration during analysis.

Future Directions

Although collecting and analyzing the backwash remaining in bottles has not been
considered before, the results of this research indicate that further experimentation should
be done to fully evaluate the utility of this method. To further explore the research in this
paper, an experiment using the Identifiler Kit would corroborate the usefulness of
targeting bottle bottoms in a crime lab by possibly obtaining profiles with all 16 STR
loci. Experiments with the type of drink as a variable would determine if the type of drink
affects the recovery of DNA in the liquid, and varying the type of container may suggest

that different containers affect the DNA left in the liquid differently. With the drinker as
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the variable, the number of sips a person takes can cause the amount of DNA left in the
liquid to increase or decrease. A certain number of sips would maximize the amount of
DNA in the liquid whereas any higher or lower than that number of sips would decrease
the amount of DNA left. Also, one drink could have multiple drinkers, and the liquid left
in the bottle could contain different amounts of DNA left from the drinkers. When left
outside, backwash in the bottle could be affected by environmental conditions. In
addition to the evaluation done for this paper, more diverse experimentation, such as
using the Identifiler Kit to amplify all 16 loci, the type of drink, type of container,
number of sips influencing amount of saliva left, affect environmental evaporation on
backwash, multiple drinkers from one bottle, or amount of time affecting backwash if
bottle is left out to dry, would further the validity and significance of this area of DNA

collection.
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