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THE EFFECTS OF TREHALOSE AND OTHER SOLUTIONS ON CELLULAR

RECOVERY FROM COTTON SWABS FOR FORENSIC PURPOSES

KRISTEN ANN FRISCO
ABSTRACT

Recovering deoxyribose nucleic acid (DNA) from items of evidence can provide
critical information in criminal cases. Since the development of the polymerase chain
reaction (PCR) and use of short tandem repeats (STR) to create unique profiles from an
individual’s genome', sampling items of evidence for the presence of DNA has become
routine. Biological evidentiary specimens are commonly collected at crime scenes as
well as sampled from collected items of interest by using a cotton swab which can then
be easily stored and tested as needed. However, even with modern advances in
technology and methods, large amounts of DNA can be either lost throughout processing
or remain on the substrate used for collection of the sample, such as a cotton swab®.
While many of the downstream processes of evidence evaluation have been vastly
improved through the use of automated procedures, engineered buffers, and
commercially available extraction Kkits, the front-end procedures are typically more
technician dependent; it is an area in which opportunities to fine-tune techniques remain.

The most recent change to generalized stain recovery occurred after Sweet et al.
achieved an increased efficiency of recovery by using what they referred to as the
“double swab technique”. The classic method of collection before this time used a single,

wet cotton swab. Based on a need to increase the effective collection of DNA from



saliva samples, the double swab method was developed. The classic method was
modified by using a second, dry swab to collect remaining moisture deposited by the
first, wet swab®.

To continue the effort to maximize cellular and DNA recovery from cotton swabs
the use of trehalose in the cotton swab wetting solution was explored. D-(+)-Trehalose
dihydrate is a naturally occurring disaccharide composed of two alpha glucose molecules.
An alpha, alpha-1, 1 bond connects the two molecules which lends high resistance to acid
hydrolysis, giving the molecule unique properties. Specifically, these properties allow
the compound to maintain stability even during exposure to high temperatures and in
acidic conditions*. In nature, trehalose can be found in plants and small organisms
where it is thought to act as a protectant against fluctuations in moisture and temperature.
Synthesis and release of trehalose by lower life forms during stressed states shows
protective properties to cellular integrity by inhibiting protein denaturation®.

The objectives of this study are to investigate the use of trehalose as an additive in
DNA collection processes. The experiments examine the ability of trehalose to increase
efficiency of cellular release from cotton swabs during the elution step and compares
trehalose to other common buffer additives, bovine serum albumin (BSA) and sodium
dodecyl sulfate (SDS), when utilized as a pre-treatment or moistening agent on the cotton
swab.

Two procedures were developed to test the ability of trehalose to increase efficiency
of cellular and DNA release from cotton swabs. The first procedure tested trehalose at

0.2 molar (M) and 1 M concentrations as the incubating solution overl hour and 18 hour
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time periods after which the cotton swab was eluted using a spin-x insert and
centrifugation. Both eluate and cotton swab were then processed using ZyGEM direct
lysis and quantified. Quantification results of the eluate and swabs incubated in trehalose
solution were not significantly different from controls. However, it is apparent that a
large portion of deposited DNA remained on the swabs even after elution and ZyGEM
direct lysis.

The second procedure tested trehalose against BSA and SDS as treatments to cotton
swabs before DNA collection. A pre-treated group (solution was applied to the swab and
dried overnight; DNA was deposited to the dried swab) and a moist group (solution was
applied and DNA deposited immediately) were tested after deposition of a set volume of
saliva cell suspension. Quantification and amplification results of SDS treated samples
indicated significant differences of DNA recovery and average peak height of profiles
compared to water and buffer controls. Trehalose samples did have some significant
improvement in DNA yield; however, the addition of trehalose as a moistening agent for

cotton swabs does not prove to be of forensic value.
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1. Introduction
1.1 Forensic DNA Recovery

Recovering deoxyribose nucleic acid (DNA) from items of evidence can provide
critical information in criminal cases. Since the development of the polymerase chain
reaction (PCR) and use of short tandem repeats (STR) to create unique profiles from an
individual’s genome®, sampling items of evidence for the presence of DNA has become
routine. However, even with modern advances in technology and methods, large
amounts of DNA can be either lost throughout processing or even remain on the substrate
used for collection of the sample, such as a cotton swab®. While many of the downstream
processes of evidence evaluation have been vastly improved through the use of
automated procedures, engineered buffers, and commercially available extraction Kits, the
front-end procedures are typically more technician dependent; it is an area in which
opportunities to fine-tune techniques remain.

The basic course for a biological item of evidence begins at the time of collection
after which preliminary and confirmatory testing takes place. The specimen may then be
processed for DNA recovery which consists of many steps depending on what type of
biological substance is present, the volume or amount of substance, substrate, and the
length of time since collection, etc. Subsequent sampling and DNA extraction, again
depending on said variables, are performed and followed by quantification, amplification,
capillary electrophoresis, and profile analysis. Ultimately, preservation of the specimen,
standardization of techniques, and dependable results are the core reasons for research to

increase efficacy and facilitate overall improvement within all of these processes.
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1.2 Sample Collection

There are a multitude of methods to collect samples and items of interest from
crime scenes ranging from placing a clothing item into a paper bag to removing entire
floor tiles. Biological evidentiary specimens are commonly collected at crime scenes as
well as sampled from collected items of interest by using a swab (cotton, nylon, or foam)
which can then be easily stored and tested as needed. Cotton swabs, being the least
expensive, tend to be used most often by police departments and crime laboratories
although improvement of recovery and/or release of cellular material from swabs made of
nylon or foam has been shown, according to research conducted by Cockrane-Field’.
Nonetheless, convincing large agencies to change their procurement of materials may be
an in-depth process of navigating resource channels. Therefore, exploration of other
options in attempt to increase efficiency of the currently used material in a low-cost and
simple manner is of value.

The most recent change to generalized stain recovery occurred after Sweet et al.
achieved an increased efficiency of recovery by using what they referred to as the
“double swab technique™. The classic method of collection before this time used a
single, wet cotton swab. Based on a need to increase the effective collection of DNA
from saliva samples, the double swab method was developed. The classic method was
modified by using a second, dry swab to collect remaining moisture deposited by the
first, wet swab. Both swabs were then processed together using Chelex, a chelating resin,
extraction method which washes the swabs in distilled water containing proteinase K.

Next, the reaction tubes were agitated to release the cells from the cotton and incubated at
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56 degrees Celsius (°C) for 60 minutes then 100 °C for eight minutes. The cotton swabs
were pressed to remove excess solution which was then added to the wash solution. In
order to ensure maximum recovery the solution was centrifuged and the supernatant
concentrated using Microcon-100 columns. The combined concentrated supernatant and
cell pellet were re-suspended and processed through amplification. Results showed a
9.3% increase in DNA recovery between methods. Re-hydrating the dried saliva and
using the swabs to essentially wash the skin proved to increase the percent of DNA

recovered from a controlled deposition®,

1.3 Extraction Techniques

One of the first commonly used extraction techniques was an organic purification
and separation method using phenol and chloroform. As early as the 1950’s scientists
used this method to separate proteins from nucleic acids®. This liquid-liquid extraction
uses a phenol and chloroform mixture to extract proteins from an aqueous phase where
DNA is in solution®. After centrifugation, the organic and aqueous phases can be
separated as the chloroform is miscible in phenol and causes a distinct separation of the
phases. Given the polar property of DNA, due to the negatively charged backbone, it is
most soluble in the aqueous phase; while fats are soluble in the organic phase®.
Unfortunately, this method exposes the scientist to toxic chemicals, is time consuming,
and lacks a high level of efficiency. While it is still used, newer extraction techniques
have been developed which reduced labor, and incorporated safer reagents. These newer

methods utilize technologies such as silica membranes, magnetic silica beads, chelating
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resin, and enzyme extractions'®; each of which have been developed for use with blood,

saliva, and semen stains.

One such method, QlIAamp® DNA Investigator Kit (Qiagen, Hilden, Germany)
is excellent for use with samples containing possible PCR inhibitors and is widely
adopted as protocol in crime laboratories throughout the country. The method is used for
purification and extraction of DNA using a silica-based membrane which allows
impurities to be washed away in a final small volume elution. For stains on material or
swabs a small cutting can be placed in a microcentrifuge tube to which 300 microliters
(uL) Buffer ATL and 20 pL proteinase K is added. The sample is incubated for one hour
at 56 °C. Next, 300 uL Buffer AL is added and the sample vortexed to induce cell lysis.
Another incubation step is then required at 70 °C for 10 minutes. The sample is then
centrifuged for two minutes before adding 150 uL of ethanol. The supernatant is
removed and placed into the QlAamp MinElute column and centrifuged after which the
column is transferred to a new tube. Next, 500 uL. Buffer AW1 is added to the column,
centrifuged for another minute, and the column is transferred to a clean tube. This
process is repeated three more times with 700 uL Buffer AW2, 700 uL of ethanol, and
finally 20-50 uL of Buffer ATE™. Notably, a relatively large volume of various buffers
are necessary for cell lysis and subsequent DNA purification. The process is lengthy and
requires many open-tube steps and transfers. The column is designed to retain DNA
which is then eluted. Loss can occur if efficiency of retentions or efficiency of release is

not good.



However, if a sample contains low levels of DNA a different method may need to
be considered which does not involve washing steps'?. Chelex® 100 Chelating lon
Exchange Resin (Bio-Rad, Hercules, CA) is made of unique copolymers with
zwitterionic forms which allow for specific selectivity for divalent ions based on pH
change'®. The method is carried out in only one microcentrifuge tube, reducing chances
of contamination, is easy to use, and a fast extraction process which makes it excellent
for use with standard samples'?. A basic procedure can be used for samples containing
blood, saliva, tissue, and fingernails. The sample is placed in a microcentrifuge tube with
1 milliliter (mL) TE buffer and allowed to incubate at room temperature for 15 to 30
minutes. After mixing and centrifuging for three minutes the supernatant is removed.
Chelex 5% is added to the remaining pellet to a final volume of 200 uL. The sample is
incubated at 56 °C for 15 to 30 minutes, and then vortexed. An additional incubation in
boiling water for 8 minutes denatures the DNA resulting in single stranded DNA. A final
mix and centrifugation step is performed. The remaining supernatant contains the
extracted DNA and is ready for quantification'. The entire procedure takes about an
hour; a major advantage for busy laboratories.

One of the most recent developments is the ZyGEM (ZyGEM, NZ Ltd.,
Hamilton, New Zealand) direct lysis enzyme product which only requires the use of one
tube, a “closed-tube” method, and is directly prepared for amplification after a short
incubation™. This technique was developed based on the use of the thermally stable
Antarctic Bacillus sp. strain EAL by taking advantage of thermophilic properties. The

enzyme is a highly stable neutral proteinase with a molecular structure containing
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divalent cations. It is activated between 65-80 °C at which point the enzyme can lyse
cells and degrade proteins and nucleases; however, it does not disrupt nucleic acids™.
The ability to hydrolyze nucleases at a high temperature gives this method an advantage
in that the nucleases are kept from causing degradation of the DNA as it is released from
cells. Additionally, the enzyme is inactivated by denaturation above 90 °C, a property
lacked by previously used extraction enzymes™. This method is optimized to use a very
small amount (e.g. 5-10 uL) of extract'’ making it ideal for use with low copy number
DNA or in cases with limited available samples. These properties make this technique
highly valuable for use in the forensic DNA sciences and research.

This technique has many advantages including the closed tube design which
decreases likelihood of contamination while processing. It is quick and easy with very
little actual hands-on time as well as no yield loss due to wash/purification steps.
However, some disadvantages accompany the benefits. No wash or purification step
translates to the retained presence of any PCR inhibitors possibly in the sample.
Recently, the company has developed specific products made to counteract some of these
inhibitors. For example, blood, tissue, hair, and sperm kits have been developed along
with continued expansion through fully-automated systems such as the ZyGEM PDQex

2400 Instrument which is marketed specifically for forensic use™.

1.4 Trehalose
D-(+)-Trehalose dihydrate is a naturally occurring disaccharide composed of two

alpha glucose molecules. An alpha, alpha-1, 1 bond connects the two molecules which
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lends high resistance to acid hydrolysis, giving the molecule unique properties.
Specifically, these properties allow the compound to maintain stability even during
exposure to high temperatures and in acidic conditions*®. In nature, trehalose can be
found in plants and small organisms where it is thought to act as a protectant against
fluctuations in moisture and temperature. Synthesis and release of trehalose by lower life
forms during stressed states shows protective properties to cellular integrity by inhibiting

protein denaturation®.

Figure 1. Molecular structure of D-(+)-Trehalose dihydrate. Drawn with ChemDoodle®.

Extensive research has been performed within the reproduction sciences to
investigate the capabilities of trehalose to improve storage conditions and function of
spermatozoa. Multiple studies show positive effects of DNA integrity of spermatozoa

19,20,21

when manipulated for in vitro processes A study conducted by Igbal et al.

examined the effects of trehalose on bull spermatozoa under frozen conditions. An



antioxidant enzyme profile was analyzed as well as sperm motility and fertility, before
and after freezing. The enzymes in a cryopreservation extending solution (catalase,
superoxide dismutase, and glutathione) were found to remain higher post-thaw as
compared to controls. Also, sperm motility and fertility rates of inseminated buffaloes
were higher for the semen stored in trehalose extender solution than controls®.
Furthermore, Ahmad et al. also found trehalose to protect proteins and membrane
integrity under heat, osmotic, and oxidative conditions when working with ram
spermatozoa exposed to extreme temperature and pH changes similar to that of in-vitro
reproductive practices?.

The exact mechanism of trehalose is unknown, although several models have
been proposed around the compound’s stabilizing ability. Trehalose has been shown to
stabilize proteins and the backbone of DNA®. The molecular structure of trehalose can
take on different crystalline and amorphous forms while maintaining a stable lattice. A
high glass temperature seems to be crucial for this stability and protection of other
molecules as it functions to surround water molecules®, hence facilitation during
cryopreservation.

Effects of the compound within PCR buffers also continue to be a focus of
research. As shown by Samrakoon et al., a PCR reagent with trehalose as an additive
increased PCR amplification in the presence of plant-based inhibitors®®. Additionally,
other inhibitors often found in blood and soil samples were overcome with the use of a
PCR reagent which included a detergent, L-carnitine, trehalose, and heparin. Zhang et al.

demonstrated the additives increased enzyme function and decrease inhibition when
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combined with Taq polymerase resulting in an increased amplification yield®. Storage
conditions and preservatives, as related to amplification yield, have also been evaluated
for any resulting degradation produced over time. Smith and Morin compared the storage
effects of three buffer solutions on DNA. The buffers included 0.1 X Trisaminomethane-
Ethylenediaminetetraacetic Acid (Tris EDTA) (10mM Tris, 0.1 mM EDTA, pH 8.0),
Lambda DNA 10 ng/mL, and trehalose 0.2 M. DNA is commonly stored in solutions
containing EDTA because of the compound’s ability to bind divalent cations, thus
inhibiting DNA nuclease. The study compared DNA stored for a period of six and 12
months at: room temperature, 4° C, -20° C, and -80° C. Gorilla fecal DNA extract
samples which were stored in trehalose at room temperature had significantly higher
concentrations than the other sample conditions. Human DNA samples retained higher
concentrations in all sample conditions when treated with trehalose as opposed to without
the additive. These results were based on the presence of a band on agarose gels after
amplification. The authors attributed the higher amplification of samples containing
trehalose to the physical characteristics of the compound as opposed to an effect as a
PCR enhancer. Therefore, it was recommended as a good buffer additive, especially for
conditions in which freezing would not be possible?*.

Trehalose has been found to be a helpful additive for tissue, cellular, nucleic acid
storage, and PCR amplification. It is thought to be effective as a PCR buffer by action of
lowering the melting temperature of DNA?>. However, some results have been mixed. A
previous study conducted by Yoon experimented with the use of trehalose to increase

amplification peak heights and decrease stochastic effects. However, results did not
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show a significant difference between the samples which included trehalose in the
quantification buffer and controls®. According to conclusions made by Bezrukavnikov
et al., the compound’s effects can vary significantly. Depending on the DNA state
(double or single stranded), length of template, guanine and cytosine content, and other
osmolytes present trehalose can either have a stabilizing or destabilizing effect”?’.

Although a great deal of research has been done, a complete understanding of the many

mechanisms of trehalose has yet to be formed.

1.4.1 Sodium Dodecyl Sulfate
Sodium dodecyl sulfate (SDS) is a strong anionic detergent with a molecular
weight of 288.38 g/mol®®. Composed with a negatively charged sulfate group head and

alkyl hydrocarbon straight-chain tail*®

the compound acts to break-down cellular
membranes and release cells from surfaces which can be a helpful quality for forensic
applications especially when collecting small quantities of DNA.

The addition of SDS solution has been shown to increase DNA yield from touch
samples. Thomasma et al. found the addition of all detergents tested (Tween 20, Simple
Green ®, Formula 409®, SDS, and Triton X-100) to yield higher levels of DNA over
swabs moistened with only water®®. However, detergents are also known inhibitors of
PCR amplification, therefore it may be necessary to perform a purification or
counteraction step to obtain profiles®’. Given that the inhibition issues can be overcome

with multiple methods, the addition of SDS in collection and extraction phases of DNA

processing seems to have excellent potential for increased efficiency of DNA recovery.
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1.4.2 Bovine Serum Albumin

Bovine Serum Albumin (BSA) is a water soluble single polypeptide chain which
forms hydrophobic aggregates at temperatures above 50° C*. BSA in PCR buffers is
known to benefit amplification’; therefore it has long been used as an additive to PCR
solutions. In fact, ZyGEM recommends adding BSA to a PCR solution in order to reduce
inhibition caused by blood proteins, tannins, and certain dyes'’. According to Kreader et
al., BSA has a high lysine content which acts to bind lipids by the action of hydrophobic
forces and negatively charged ions. BSA is also known for the ability to counteract the
action of certain inhibitors, such as tannic and humic acids, by binding to the phenolic
groups which are present in such substances®®**. The addition of BSA to PCR buffers
has been useful to prevent inactivation of Taqg DNA polymerase due to the ability to
scavenge proteases. Such benefits were exploited in order to improve PCR products
when working with plants, which contain phenolic compounds. Combining BSA and
trehalose also worked to overcome inhibition of Taq polymerase in samples containing

residual SDS after extraction®.

1.5 Objectives of this Study
The objectives of this study are to investigate the use of trehalose as an additive in
DNA collection processes. The experiments examine the ability of trehalose to increase

efficiency of cellular release from cotton swabs during the elution step and compares
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trehalose to other common buffer additives, BSA and SDS, when utilized as a pre-

treatment or moistening agent on the cotton swab.
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2. Materials and Methods
2.1 Preparation of Saliva Cell Suspension

A concentrated saliva cell suspension was made for the trehalose incubation
experiment and subsequently used for three separate group extractions. The saliva
sample was contributed by a single female volunteer. Sample collection procedures were
in compliance with the Boston University School of Medicine Institutional Review Board
protocol #H-26187. Approximately 300 uL of fresh neat saliva was collected ina 1.5 mL
microcentrifuge tube (Eppendorf, Hamburg, Germany) and mixed well using a vortex
(Vortex mixer, Fisher Science) at power level eight with 300 uL of Tris EDTA (TE) (10
mM Tris, 0.1 mM EDTA, pH 8.0) buffer. The mixture was centrifuged (Eppendorf
Centrifuge 5424) at 5000 rotations per minute (rpm) for five minutes. The supernatant
was removed with a pipette and discarded. Again, 300 pL of TE buffer was added to the
mixture and vortexed. Centrifugation, supernatant removal, and buffer replacement steps
were repeated for a total of three full cycles in order to wash the cells. Finally, the
cellular pellet was re-suspended in 200 puL of TE buffer and mixed thoroughly using a
pipette to first break-up the pellet, then placed on the vortex for approximately ten
seconds.

The above procedure was followed for the preparation of the concentrated saliva
cell sample for the swab treatment experiment with changes to the buffer and volume in
order to accommodate the experimental variables and produce a larger final volume.
Approximately 2.5 mL of fresh neat saliva was collected in a 5 mL Eppendorf tube and

mixed well with 2.5 mL of fresh deionized (DI) water. The saliva cells were washed with
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three cycles of DI water suspensions as previously described. A final re-suspension using
3 mL of DI water was added to dilute the suspension. For ease of use and storage the
suspension was then aliquoted equally and placed into two 1.5 mL microcentrifuge tubes.

The mixture was stored at -30° C until further use.

2.2 Preparation of Cotton Swab Samples
2.2.1 Preparation of Samples for Trehalose Incubation

Sterile cotton swabs (Fisherbrand®) were cut into approximately fourths and a set
volume, 10 uL, of saliva cells were deposited on each cutting, excluding reagent blanks.
Samples were dried overnight. The one-fourth swab portion served as a typical
representation of laboratory procedure.  According to common crime laboratory
protocols, it is standard practice to not use greater than one-half of a cotton swab in effort
to preserve evidence if further testing is required®. The swabs were separated into two
groups according to which solution was to be tested, TE buffer (n=4) or trehalose
solution (n=4).

An additional eight samples were prepared as controls by pipetting 10 pL of
saliva cell suspension directly into microcentrifuge tubes without a cotton swab, allowing
four samples to dry at room temperature (“Dried Control””) and placing four directly into

storage at -30° C (“Frozen Control”).
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2.2.2 Preparation of Samples for Swab Treatments

In effort to produce a more standardized swab cutting, the tips of sterile cotton
swabs were first cut using a sterile scalpel blade. The tip was then cut in half (Figure 2)
and placed in a microcentrifuge tube to prevent loss of any solution or sample. The
swabs were separated into two groups according to treatment type, pre-treated or
moistened, which serves as the group names from herein. Both groups were treated with
one of five solutions: trehalose, BSA, SDS, TE buffer, or DI water. Using each of these
solutions the swabs in the pre-treated group were created by first adding 20 uL of
solution to four swabs, with each different solution (n=20), and dried overnight under a
biohazard hood. Once dry, 10 uL of saliva cell suspension was placed on the swabs,
excluding reagent blanks, and dried. The moistened swab group was treated similarly by
adding 20 pL of solution to four swabs, with each different solution (n=20), then
immediately adding 10 pL of saliva cells to the moistened swabs and dried at room

temperature.
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Figure 2. Cotton swab cuttings for swab treatment groups. The tip of the cotton swab was cut off. Inset:
the cutting was then divided in half to make a standardized cutting of approximately one fourth of the swab.

2.3 Preparation of Experimental Solutions
2.3.1 Preparation of Trehalose Solutions

Three concentrations of trehalose solution were prepared. The first, 0.2 molar
(M), concentration was prepared by adding 1.52 grams (g) trehalose (molecular weight
378.33 g/mol) into 20 mL of TE buffer and swirling the solution until all powder
dissolved. An additional stock solution of concentration 1 M was later made for the
second and third incubations of the trehalose incubation experiment by adding 3.78 g of
trehalose to 10 mL of TE buffer and swirling until all powder fully dissolved. From the 1
M stock solution 120 pL was added to 180 pL of DI water for a final concentration of 0.4
M to be utilized in the swab treatment experiment. All solutions were stored at -30° C

between uses.
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2.3.2 Preparation of BSA and SDS Solutions

BSA and SDS solutions were prepared to serve as variables for the swab
treatments. To prepare the BSA solution 6 pL of the stock solution (50 mg/mL) was
added to 294 pL of DI water for a final concentration of 1 mg/mL. The solution was
stored at -30°C between uses. The 2% solution of SDS (molecular weight 288.38 g/mol)
was prepared by adding 60 uL of SDS 10% stock solution to 240 uL. of DI water. The

solution was stored at room temperature.

Table 1. Solution dilutions. List of solution components and volumes used for desired concentration.

Solution Stock Solution DI water Final
concentration Added (nL)  Added (uL) concentration
Trehalose 1M 120 180 04 M
BSA 50 mg/mL 6 294 1 mg/mL
SDS 10% 60 240 2%

2.4 Incubation and Elution
2.4.1 Trehalose Incubation and Elution

The trehalose incubation experiment was performed with three incubation
procedures, “T1-3”, each having one variable parameter (Table 2). The dry swabs with
cells were placed in 1.5 mL microcentrifuge tubes to which either 200 mL of TE buffer
or trehalose solution was added. All tubes in the first incubation (T1) and second
incubation (T2) were then placed in a water bath at 37° C for one hour and vortexed for

ten seconds every ten minutes. Incubation time was extended to 18 hours for the third
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incubation (T3) in effort to simulate a ‘business hour’ overnight setting. Tubes were
vortexed for ten seconds directly before and after the incubation. After the incubation
period each swab was removed from the tube and placed into a spin-x insert (Corning
Inc., Corning, NY) in a new 1.5 mL microcentrifuge tube using clean forceps (soaked in
10% bleach, followed by 70% ethanol between each sample). Next, the samples were
centrifuged at 14,000 rpm for three minutes. Spin-x inserts were then removed and the
swabs placed into labeled 0.2 mL microcentrifuge tubes (Fisherbrand). The remaining

eluate was saved and set aside for extraction.

Table 2. Trehalose incubation experimental parameters. The varied parameter for each incubation
procedure.

Procedure Trehalose Incubation Time Temperature

Concentration

T1 0.2M 1 hour 37° C
T2 1M 1 hour 37°C
T3 1M 18 hours 37°C
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Figure 3. Incubation and elution procedure. Diagram depicting the process from sample deposition
through elution.

2.4.2 Swab Treatment Elution

Each treatment group, moistened or pre-treated, was eluted using the same
procedure as above. After the saliva cells were placed onto swabs, all swabs were air-
dried at room temperature in a biohazard hood. Once dried, 200 uL DI water was added
to each tube and vortexed for 10 seconds. Swabs were placed in spin-x inserts and eluted

as previously described.

2.5 ZyGEM Direct Lysis

All samples in both experiments were prepared for quantification and
amplification using the enzyme-based digestion, ZyGEM prepGEM™ Saliva kit, in 0.2
mL PCR tubes with a total volume of 100 uL. The volume of DI water was adjusted for

the different substrates: 20 uL of eluate, the centrifuged cotton swab, 10 uL of Frozen
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Control, or Dried Control (Table 3). Digestion reagents included DI water, Buffer Blue,
and prepGEM™ enzyme solution. Following manufacturer protocol, the tubes were
incubated in a thermal cycler (SimpliAmp, Thermofisher) at 75° C for 15 minutes in
order to activate the proteinase enzyme, lyse cells, inactivate nucleases, and remove any
proteins bound to the nucleic acids. This step was followed by five minutes at 95° C to
inactivate the proteinase; the samples remained at 4° C until removed. After completion
of the extraction phase, the swabs were placed back into spin-x inserts in 1.5 mL tubes,
centrifuged at 14,000 rpm for three minutes, and the extract collected. The approximate
200 pL of extract was then added back into the tube from which the swab was removed.
All samples were stored at -30° C. Samples in the swab treatment experiment were

digested and subsequently quantified in two separate sets.

Table 3. Enzyme digestion reagents. Reagent volumes of enzymes digestion reactions based on sample
substrate.

Sample Sample DI water (pL) 10X Buffer prepGEM®
Volume (pL) Blue (pL) (nL)
Eluate 20 69 10 1
Frozen control 10 79 10 1
Swab - 89 10 1
Dried control - 89 10 1

2.6 Quantification
The DNA concentration of all samples was quantified in real time (QPCR) on a

7500 Real Time PCR System (Applied Biosystems, ABI, Foster City, CA) in accordance
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with the single standard curve method created by Grgicak et al**. The procedure utilized
the Quantifiler® Duo Kit (ABI) following manufacturer protocols'*. Kit components
included Duo Primer Mix and Duo Reaction Mix which were combined in the necessary
volumes for the number of reactions to prepare a master mix. All internal positive
control (IPC) values of the extracted experimental samples were compared to the IPC
values of the known standards to ensure no inhibition was present. Standard DNA, the
provided positive control, and negative controls were included with each run. Quantified
DNA yields were used to determine volume needed for amplification of select samples.

All samples were stored at -30° C until further use.

2.7 Amplification and Capillary Electrophoresis

Select samples from the swab treatment experiment were amplified in order to
assess the quality of DNA and any trends attributed to the buffer additives. The samples
nearest the individual group average, which varied, were chosen from each solution
group. The procedure utilized AmpFISTR® Identifiler® Plus Kit (ABI) following
manufacturer protocol®®. Kit components included Identifiler® Plus Master Mix and
Identifiler® Plus Primer Set which were combined in the necessary volumes for the
number of reactions to prepare a master mix. The final reaction volume was 25 uL for all
samples. Protocol was modified by targeting 0.7 ng of DNA rather than 1.0 ng due to the
high levels of DNA present in most samples in effort to avoid over load and increased

stochastic effects. Cycling was performed using the GeneAmp® PCR 9700 System

(ABI) with a 96-well gold-plated silver sample block. Parameters for each run were set
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in the following sequence: initial incubation at 95° C for 11 minutes; 28 cycles of
denaturation at 94° C for 20 seconds and the annealing step at 59° C for 3 minutes; for
final extension, 60° C for 10 minutes; hold at 4° C for up to 24 hours.

Samples were removed from the thermal cycler and prepared for capillary
electrophoresis using ABI® 3130 series Genetic Analyzer following manufacturer
protocol®. The master mix was prepared using Hi-Di™ Formamide and GeneScan™
600 Liz® Internal Size Standard v2.0 (ABI) in the necessary volumes. For each sample,
a final volume of 11 pL was pipetted into the MicroAmp® Optical 96-Well Reaction
Plate which was processed using a 5 second injection time. Two allelic ladders were run
with the samples to ensure accurate genotyping. POP-4™ Performance Optimized
Polymer (ABI) was used as the polymer matrix. After completion of electrophoresis the

sample data was analyzed and edited using GeneMapper® ID-X Software, Microsoft

Excel 2016, and JMP Pro 13.

22



3. Results and Discussion
3.1 Trehalose Incubation Experiment

The trehalose incubation experiment examined the ability of trehalose to increase
efficiency of cellular release from cotton compared to a control, TE buffer, which served
as a representative of standard technique. Previous studies have shown that over 50% of
DNA from buccal and blood cotton swabs can remain on the cotton after extraction®.
Finding simple and inexpensive techniques to increase yield could be highly valuable for
the forensic field. The ZyGEM prepGEM® protocol for a buccal swab suggests an
elution step in order to obtain eluate containing cellular material from which a small
volume is used for extraction of DNA. An alternative option is given for extraction
directly from the swab by placing a portion of the swab directly into a PCR tube and
proceeding with the cell lysis as normal®™. This study took advantage of both methods in
order to further examine the quantity of DNA remaining on a cotton swab after
extraction. The experiment was carried out in three separate, varied conditions.

Control samples containing only saliva cell suspension in the same volume as was
deposited onto the cotton swabs were treated with ZyGEM and quantified. The four
Dried Control samples from T1 and four 10 pL aliquots of the Frozen Control samples
from T2 yielded similar quantification values. The average values were comparable at
concentrations of 1176.74 + 445.45 ng and 886.08 + 147.00 ng, respectively. When these
values were compared to yields from treated samples, average totals from combined
eluate and swab values reflect that a quantifiable amount of DNA remained on the swab.

The T1 average total DNA values from trehalose samples recovered 44.32% and the TE
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buffer samples recovered 39.12% when compared to the average control values. Again,
comparable results were obtained from T2 of 33.85% and 32.60%, respectively. While
the trehalose recovery was not significantly different from the TE buffer samples it is
apparent that a large portion of deposited DNA remained on the swabs even after elution
and ZyGEM direct lysis.

Quantification results of T1 (trehalose at 0.2 M concentration) showed a slightly
higher recovery from the trehalose samples. Mean percent recovery of the trehalose
eluate was 47.13% compared to 28.91% from the control. Comparison of total (eluate
and swab recovery combined) DNA recovery differed even less, 521 ng and 460 ng,
respectively. An almost equal yet opposite result was observed for percent recovery of
T2, although total DNA recovery of each sample group showed nearly no difference.
The conditions of T2 had a higher concentration of trehalose (1 M), which may seem to
have a different effect on the recovery of DNA. However, due to the large variance
within both sample groups no definitive conclusion can be made. In contrast, the
ZyGEM extraction method performed well on either eluate or swab. Therefore, it seems
valuable to extract both the entire swab and an eluate to increase final DNA yield.

For T3, the trehalose concentration remained at 1 M but incubation time was
increased to 18 hours. Both solutions yielded higher DNA recovery of approximately
equal amounts (Table 4). Overall, the increase in incubation time reflected the largest
increase in DNA recovery. This technique was confirmed with optimization suggested

on the ZyGEM troubleshooting form which advises to soak substrate in the Buffer Blue
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solution overnight for particularly difficult samples or dry specimens in need of
rehydration'’.

No significant difference existed between any of the three elutions; therefore, the
null hypothesis is accepted. Trehalose does not increase efficiency of cellular release or
DNA recovery from cotton swabs under the tested conditions. A large variance was
apparent from the standard deviation calculations in several samples. This variation may
be accountable due to a lack of homogeneity within the saliva cell suspension itself or
general experimental variation. However, it is clear that DNA remains on the swab with
or without the addition of trehalose to buffer. This study shows a range of approximately
35% to 66% of DNA deposited on a cotton swab may still remain even after incubation
and centrifugation elution using a spin-x insert. It may be helpful to retain swabs after

elution for purposes of obtaining additional DNA if needed.
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Figure 4. Trehalose incubation experiment results. Trehalose solution sample recovery compared to
control (TE buffer) for each of three incubation procedures. Eluate and swab recoveries as a percent of the
combined, eluate and swab, total. Group means shown (n=4)
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Table 3. Trehalose incubation experiment quantification results. Quantitative values of DNA

recovered from eluates and remaining DNA on swabs in varied conditions.

Percent recoveries were

evaluated for each eluate and swab as compared to the corresponding sample total (column 5) and also for
each sample’s combined eluate and swab total compared to mean control recovery total (column 7). Mean
results shown for each group (n=4).

Incubation Solution Eluate Average Percent of Sum of Percent of
Time Or DNA DNA Total Total DNA
Swab Recovered Recovered Recovered Recovered:
+/- Standard from DNA Combined
Deviation Combined (ng) Eluate/Swab
(ng) Eluate and Compared to
Swab Control
1 hour TE buffer Eluate 13;1;1020”- 28.91% 460.33 ng 39.12%
Swab 327.24 +/- 71.09%
90.04
0.2M Eluate 245.78 +/- 47.13% 521.49 ng 44.32%
Trehalose 274.30
Swab 275.71 +/- 52.87%
82.11
1 hour TE buffer  Eluate 14114-322;/- 51.24% 302.08 ng 34.92%
Swab 147.31 +/- 48.76%
41.23
1M Eluate 89.17 +/- 29.73% 299.94 ng 33.85%
Trehalose 97.36
Swab 210.76 +/- 70.27%
74.19
18 hours  TE buffer  Eluate 44219-171;/- 76.57% 490.53 ng 55.36%
Swab 133.01 +/- 23.43%
32.76
1M Eluate 375.61 +/- 76.85% 574.78 ng 64.87%
Trehalose 34.16
Swab 114.92 +/- 23.14%
15.39

3.2 Swab Treatment Experiment

The swab treatment experiment was designed to study the effects of several

solutions on the release of cellular material from cotton swabs during the DNA collection

phase when the solution is applied as a liquid to the swab just prior to sample deposition

(i.e. swab is wet when sample is deposited) or when the solution is applied as liquid and
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allowed to dry prior to sample deposition (i.e. pre-treated and dried swabs). Three
variable solutions were chosen based on their common use in research and crime
laboratories. DI water served as a baseline to reflect the effects of the moisture without
any other additives. TE buffer also served as a baseline given that it is a common buffer
associated with DNA processing. The use of a SDS solution to moisten swabs when
collecting DNA samples has been proven to increase DNA yield®, yet, it is also a known
PCR inhibitor™. Inhibition may be counteracted by using a diluted concentration, but
DNA concentration would subsequently be diluted as well which is not ideal if beginning
with low concentrations of DNA®. One other suggested method to overcome the
inhibition of SDS adds BSA to the PCR buffer. It is thought that BSA in PCR buffers
binds to phenolic compounds due to a high lysine content of BSA, which then prevents

the inactivation of Taq polymerase?®*.

Finally, the protective properties of trehalose
make it an excellent candidate for use with nucleic acids?’. Smith et al. found trehalose
to act as preservative for DNA samples when stored at room temperature?.

The average quantification values and percent recovery of DNA measured in
sample eluates for each treatment group are given in Table 5. A large difference in DNA
recovery was observed among multiple samples, but varied inconsistently within samples
between sample groups. Control group yields showed high variability (data not shown)
which is likely due to difficulty in maintaining a homogenous saliva cell suspension as
aggregate clumping occurs quickly. Therefore, it was not possible to make an accurate

conclusion based DNA recovered measured by mass. Rather, comparisons were made

based upon percent recoveries of DNA from the eluate.
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Male DNA was detected in the second set of quantification results indicating the
presence of a low level contamination. The negative control was not contaminated. Two
samples and the original master mix were re-quantified. Results from the second
quantification traced the male DNA to a single sample; the second sample and the master
mix did not contain male DNA. Both of the samples were then amplified to obtain
genotype profiles, neither of which resulted with a called peak for male DNA at the
amelogenin allele. All profiles were consistent with for a single contributor; therefore,
data from the original quantification and the re-quantified samples was determined
suitable for analysis.

Percent recoveries of DNA were not significantly different between the pre-
treated and moistened groups overall. Conversely, a comparison of treatment group
quantification values for each type of solution did show some significant differences.
One value from the pre-treated water group was excluded as an outlier, as well as the
moistened TE buffer group. Combined pre-treated and moistened SDS groups showed
significantly different percent recovery from pre-treated TE buffer and water based on t-
test values (p=0.0058; p=0.0008) at a=0.05. Additionally, BSA yielded a higher percent
recovery from water (p=0.012) as well as trehalose compared to water (p=0.042).
Therefore, the addition of SDS to cotton swabs prior to DNA collection showed the
largest increase in percent yield overall. The detergent property of this compound likely
benefit cellular and/or DNA release from cotton swabs. The ability of SDS to lyse cells

may also play a role in this benefit. The action of BSA during the elution and ZyGEM
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direct lysis remains unknown at this time but may somehow have a beneficial interaction

during the lysis process.

Table 4. Swab treatment experiment, pre-treated and moistened groups. Quantitative values of DNA
recovered from eluates and remaining DNA on swabs in varied conditions. All samples were prepared with
the same volume (10 uL) of saliva cell suspension. *One outlier was removed from the DI Water-Pre-
treated group. TE buffer-Moistened group was removed as an outlier. Mean results shown for each group.

Sample Solution Sum of Total Percent of DNA
Recovered DNA Recovered from
(ng) Combined Eluate
PRE-TREATED and Swab
GROUP Eluate Swab Eluate Swab
Trehalose 245.64 48.76 83.44% 16.56%
BSA 561.73 51.87 91.55% 8.45%
SDS 800.59 28.12 96.61% 3.39%
TE buffer 296.92 75.30 79.78% 20.23%
DI water 168.78 111.10 *86.38% 13.62%
MOISTENED
GROUP
Trehalose 1071.27 101.79 91.32% 8.68%
BSA 1815.66 101.65 94.86% 5.30%
SDS 1020.82 7.49 99.27% 0.007%
*TE buffer 22.55 39.29 36.50% 63.54%
DI water 618.32 119.31 83.82% 16.18%
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Figure 5. DNA recovery of eluates compared between groups. Quantified values of recovered DNA
present in sample eluates as a percent of combined eluate and swab totals. *TE-Moistened results are
outliers.

3.2.1 DNA Profiles

The median sample from each solution was chosen for amplification. A five
second injection time and 0.7 ng of DNA was used for each sample, with the exception of
the moistened TE buffer sample, which was maximized at 0.3 ng. The DNA profiles
were analyzed with GeneMapper® ID-X Software and compared for differences in peak
height and signs of degradation. Full profiles were obtained for all samples except the
pre-treated BSA. No conclusion as to the failure of this sample to produce a profile can
be made. Average peak heights were analyzed with an ANOVA one-way analysis. Once

again, the results show SDS was significantly difference from all other solutions with
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p<0.0001. Although the detergent has been shown to be a PCR inhibitor up to a 0.01%
concentration®, no evidence of inhibition was noted in this sample. The original solution
placed on the swab was a 2% concentration; after the addition of elution and ZyGEM
buffers the final SDS concentration was 0.04%. The moist BSA also had a significant
difference compared to both pre-treated and moist water (p=0.0066) and pre-treated
trehalose (p=0.0023). Additionally, moist trehalose had significantly higher average peak
heights over pre-treated trehalose, TE buffer, and water samples (p=0.0168). Overall, no
significant difference between the pre-treated and moist groups as a whole was present.
The full profiles were all similar in that no evidence of degradation was apparent
and while some profiles were higher in average peak height the quality was fairly
comparable. The profile from the moistened water sample showed a low signal with two
loci having a lower peak height ratio than normal for a single contributor. Stochastic
effects were minimal in most profiles with only a few showing areas of pull-up.

Examples from the blue and green dye channels are given.
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Figure 7. Blue and green dye channels of moist trehalose profile.
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Figure 9. Blue and green dye channels of moist SDS profile.
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4. Conclusions

The addition of trehalose solution to cotton swabs for DNA collection did not
significantly increase the efficiency of cellular release from cotton swabs during the
elution step prior to ZyGEM direct lysis as compared to TE buffer. At a concentration of
0.2 M trehalose and an incubation period of one hour the quantified DNA vyield of
trehalose and TE buffer samples were comparable. Control samples of saliva cell
suspension confirmed that an approximate range from 35% to 66% of DNA deposited on
the cotton swabs remained on the cotton even after incubation and elution via
centrifugation.  These results are similar to those in the 2014 study conducted by
Adamowicz et al. which found that more than 50% of buccal cells were retained on
cotton swabs after extraction with QIAmp®. After re-suspension and incubation at 56°
C, a two-fold increase in yield was obtained®>. Therefore, although trehalose did not
increase efficiency of cellular release, it may be beneficial to conduct further studies on
the re-extraction of cotton swabs when low yield is a concern.

The comparison of trehalose, BSA, and SDS solutions as a swab treatment in
either a pre-treatment or moistening manner did show significant differences in DNA
yield measured by quantification and as average peak height in DNA profiles. BSA and
trehalose treated samples yielded a higher percent recovery than water samples; however,
the significance from trehalose is not high enough to warrant a recommendation for use
as a moistening agent to cotton swabs in the forensic setting.

SDS can be inhibiting to both gPCR and amplification, both the pre-treated and

moistened cotton swab samples treated with a 2% solution had the most significant
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increase in yield with a 99% recovery in eluate when compared to the total eluate and
swab DNA recovered. The samples also had significantly higher average peak heights
compared TE buffer and water. The ZyGEM direct lysis method used in this study does
not include a purification step; however, according to these results the SDS did not have
any negative effect. The addition of SDS as a moistening agent to cotton swabs prior to

DNA recovery shows favorable results.
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CURRICULUM VITAE







Medical Laboratory
Highly proficiency in preparation and analysis of urinalyses, manual complete blood count

differentials, manual cross-matches, manual hematocrits, and staining basic slides for pathology.
Very experienced using various automated laboratory equipment for diagnostic purposes.
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