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ABSTRACT
Sexual assault investigations utilize both physical and biological evidence to aid in the
investigation. Physical evidence may include fingerprints, hair, fibers, stains, soil, and glass.
Biological evidence may include semen, saliva, vaginal secretions, menstrual blood, and skin.
Semen, often found in small or trace quantities, is of great importance when trying to identify the
perpetrator. From the semen sample, DNA profiles using autosomal short tandem repeats
(aSTRs) (gold standard in forensic science) or Y-chromosome short tandem repeats (Y-STRs)
can be obtained and can be used to identify a perpetrator through comparison to suspect
reference samples or by searching the profile against a DNA database (CODIS). Obtaining DNA
profiles can be challenging when assaults are reported many days after the incident. The amount
of semen will decrease as the time frame increases due to various factors such as drainage from
the vagina. To potentially overcome this obstacle and improve the recovery of profiles from
extended interval samples, it may be possible to develop novel collection and analysis methods
using individual or few sperm cells. Small quantities of sperm cells may still be present in
extended interval samples that may otherwise fail to provide a DNA profile using conventional
methods. The work presented here focuses on the development of these novel analysis methods
using micromanipulation techniques and enhanced amplification strategies for the analysis of
individual sperm cells to determine if a full DNA profile is present. The developed methods will
be

applied

to

the

analysis

of

extended

iii

interval

post

coital

samples.

This thesis is dedicated to the many victims of sexual assault violence.
This work, and the advancements made from it, will hopefully provide justice to those women
and men who have experienced these crude acts.
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CHAPTER ONE: INTRODUCTION
Trace Male Analysis
“None can act with the intensity induced by criminal activities without leaving multiple
traces of his path”. The “multiple traces” Edmond Locard speaks about is Locard’s Exchange
Principle [1]. The principle refers to trace evidence that is left behind by a suspect at a crime
scene and taken away from a crime scene on that suspect. Trace evidence can be any minute
sample of inorganic or organic particulates that can lead to a positive identification in a criminal
investigation. When investigating a sexual assault case, the main types of trace evidence
associated with the events are usually biological evidence, such as sperm and epithelial cells.
Although some sperm can remain in the vaginal canal up to 6 days after intercourse, and up to 10
days in the cervix, a majority of sperm are lost due to drainage, degradation in the vagina which
is caused by its harsh acidic environment, and menstruation, which includes the breakdown and
loss of blood [2]. To identify the donor of the recovered trace biological evidence, attempts are
made to separate the sperm cells and the epithelial cells in order to obtain single source genetic
profiles. This is typically accomplished by performing a differential extraction to separate the
non-sperm and sperm components of the mixture. A limitation of this is premature lysis of
fragile or degraded sperm cells into the non-sperm fraction which can cause a mixture of
different donors, or masking of the male donor by the female donor, rather than the single-source
male profile [3]. Another technique that is being tested involves the separation of sperm and nonsperm cell DNA in an acoustic differential extraction (ADE) [4]. This technique employs a
microdevice to direct the sperm and non-sperm components to separate outlets, which then
allows for individual amplification and DNA analysis. The problem with ADE is the possible
1

adherence of cells to the trapping component on the microdevice which hinders the cells from
flowing into their respective outlets [4]. The last technique being tested involves the physical
separation of a cell, or cells, of interest by the use of a UV laser within a laser capture
microdissection [5]. The cells are visualized and marked with the use of a computer software
program, removed from the microscope slide via laser ablation, and then captured into a PCR
tube by gravitational forces for DNA analysis. A limitation of this technique is that the reaction
volume must be large in order to collect the cells of interest within a mixture, and it is difficult to
capture individual cells due to the proximity in which cells on the microscope slide are to one
another [5]. If a sexual assault event is unreported for several days, these techniques may be
unsuccessful due to the small number and degraded nature of the sperm that may be present [6].
As a result of these limitations, new methods are needed. One such approach is
micromanipulation.

Micromanipulation
Micromanipulation is the collection of cells from a sample mixture using a
stereomicroscope [7]. This technique, first introduced by Dr. Robert Chambers in 1921 when he
invented the micromanipulator, was initially used to isolate a single bacterium from a mixture of
microbial cells and perform a microdissection of the microbe [8]. Since this invention, many new
interpretations of micromanipulation have been discovered either using microbial cells, epithelial
cells, or even in vitro fertilization [9-11]. Micromanipulation can be used as a removal strategy
to collect cells, which can subsequently be amplified in a direct PCR reaction to obtain STR
profiles of the cell donors [12]. To remove the cells from a sample, a tungsten needle with a
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water-soluble adhesive attached is placed over the cell of interest on the sample slide, and
retrieved by coming into contact with the cell [10, 12]. Once the cell of interest is collected, it
can then be placed into either an autosomal-STR or Y-STR amplification mixture in order to
generate a DNA profile for that sample. These direct STR amplifications typically also include a
brief lysis prior to the start of the amplification. The advantages and disadvantages of autosomalSTR and Y-STR amplification are discussed further in the following section. Figure 1 represents
the micromanipulation process used in this work [12].

Figure 1 Micromanipulation Technique to Collect a Particle of Interest
The micromanipulation process used during this study: a tungsten needle, containing a water-soluble adhesive,
captures the cell of interest and places it within the amplification or lysis mixture. The arrow in the first image points
to the adhesive adhering to the tungsten needle. The arrow in the third image points to a particle of interest.

Autosomal-STRs vs. Y-chromosome STRs
Autosomal-STRs (aSTRs) are short tandemly repeating DNA sequences of around 2-6
base pairs located on autosomal chromosomes [13]. Their high degree of variation between
individuals allows for a DNA-based individual identification [14]. However, when the amount of
sperm is low compared to the number of epithelial cells, autosomal STR analysis isn’t always
possible as the female DNA masks the male DNA resulting in recovery of only the female
3

profile [15]. It is also difficult to obtain an autosomal profile 48 hours after intercourse due to the
degradation and loss of the original semen sample [16]. Y-chromosome STRs (Y-STRs), on the
other hand, are useful when detecting small amounts of male DNA in a female/male mixture
because Y-STRs are only present on the Y chromosome, and therefore it does not matter how
much female DNA is present in the sample [17]. They can also distinguish between multiple
male donors if the males aren’t from the same lineage. The Y-chromosome gets passed down
from generation to generation and therefore all males in that lineage will have the same Y-STR
profiles, with possibly the exception of newly reported rapidly mutating Y-STRs [18]. While YSTRs cannot provide the same level of discrimination as autosomal STRs, in those instances
when recovery of an autosomal STR profile is not possible, Y-STRs should be used as they can
still identify the male contributor [19].

MicroFLOQ Direct™
While the focus of this work was to develop a micromanipulation technique that would isolate
sperm cells and produce an STR profile, alternative methods were explored which also involved
direct lysis/amplification, but did not utilize micromanipulation to produce an STR profile.
MicroFLOQ Direct™ lysis swabs (COPAN, Brescia, Italy) [20] are miniature nylon flocked
swabs that are known to collect and release a large amount of cells [21]. They contain a lysis
agent at the tip of the swab which allows for direct amplification and DNA profiling from a
selected sample in under two hours, which eliminates the need for DNA extraction and DNA
quantification [22]. The lysing agent is already present on the swab, so addition of a lysis
mixture isn’t needed. The small nature of the tip of the lysis swab allows for the sample of
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interest to be small as well. When compared to traditional cotton swabs, these nylon swabs offer
improved DNA recovery, as well as recovery without contamination [21]. MicroFLOQ Direct™
lysis swabs utilized within this study allowed for a rapid way to detect Y-STR profiles from
liquid semen, resulting in a possible upfront screening technique for sexual assault evidence to
determine if male DNA is present.

Project Goals
To overcome the limitations of producing a male DNA profile from a mixture of sperm and
vaginal epithelial cells when sperm are few in number, such as extended interval post coital
samples, this project focused on the individual collection of sperm cells rather than performing
an extraction. Individual collection of sperm cells will overcome the issue of these cells being
masked by female cells that may be present as they will be isolated individually and separated
from female vaginal epithelial cells. The micromanipulation technique used allows for the
collection of different numbers of sperm cells when mixed with epithelial cells and thus making
it possible to obtain DNA profiles of just the male donor while excluding the female donor.

Specific Aims
The following aims will be discussed throughout this study:
Aim 1: Development and optimization of direct amplification methods for the analysis of
sperm collection
Aim 1.1: Evaluation of STR Amplification Kits Using Buccal Cells
Aim 1.2: Micromanipulation of Sperm cells into the Optimized STR Amplification
Aim 2: Validation of the optimized methods using sperm cells
5

Aim 2.1: Collection of Multiple Sperm cells from Different Donors
Aim 2.2: Collection of Individual Sperm Cells from Different Donors
Aim 3: Recovery of male profiles from mock sexual assault evidence using the optimized
method
Aim 3.1: Development of Artificial Mixtures of Liquid Sperm and Vaginal
Epithelial Cells
Aim 3.2: Sperm Micromanipulation from Postcoital Swabs
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CHAPTER TWO: MATERIALS AND METHODS
Body Fluid Preparation
The body fluid samples used in this study were donated by anonymous volunteers using
procedures approved by the University of Central Florida’s Institutional Review Board, and
informed consent was obtained from each donor.

Buccal Cells
Buccal swabs were collected by having the donor swab the inside of their mouth. Buccal
cell Gel-Film slides were created by cutting the Gel-Film to the desired size large enough to
fit on a standard glass microscope slide, and adhering it to the microscope slide using the
adhesive backing. The plastic film layer of the Gel-Film was removed, exposing the sterile top
layer of the film. A buccal swab from an anonymous donor was rolled across the Gel-Film,
covering the entire surface area. Once dry, the Gel-Film slide was stained using the trypan blue
(0.4%, sterile-filtered; SIGMA-ALDRICH, St. Louis, MO) stain for 10 minutes. The stain was
rinsed off with deionized water and left to dry at room temperature before being used for
collections [10].

Sperm Cells
Freshly ejaculated semen was collected into 15mL conical tubes and stored at -20°C.
Other semen samples were commercially purchased (donors from BIOIVT, Nassau, NY and Lee
Biosolutions, Maryland Heights, MO), which were then stored at -20°C. Once thawed, cotton
swabs were soaked directly into the liquid semen, dried overnight at room temperature, and
7

stored at -20°C. Gel-Film slides were initially prepared by taking 1⁄4 of a saturated semen
swab placing it in 100-200µL of water within a 1.5mL microcentrifuge tube, agitating it for 15
minutes, and transferring the water contents to a Gel-Film slide. Once the contents were dry,
the Gel-Film slide was stained with the Christmas tree stain (Serological Research Institute
(SERI), Richmond, CA): nuclear fast red stain was placed over the Gel-Film for 10 minutes
and then rinsed with deionized water, followed by picroindigocarmine stain placed over the GelFilm for 10 seconds and then rinsed with 100% ethanol. In subsequent experiments, an
improved semen slide preparation protocol was developed to help reduce the concentration of
sperm cells on the slide to make collections easier. The swab piece was diluted into 500µL of
water within a 1.5mL microcentrifuge tube and incubated at room temperature for 30 minutes to
remove cells from the cotton. The swab piece was then placed into a spin basket, which was
placed back into the original microcentrifuge tube, and centrifuged at 13,000 rpm for 5 minutes
to form a pellet. The spin basket and swab piece, as well as the supernatant, were then discarded.
The pellet was resuspended in 400µL of fresh nuclease free water, spread out onto the GelFilm slide using a pipet tip, dried overnight at room temperature, and then stained with the
Christmas tree stain.

Vaginal-Semen Mixtures
Vaginal secretions were collected using cotton swabs, dried overnight at room
temperature, and stored at -20°C. Vaginal-semen mixtures were prepared by pipetting 5µL of
liquid semen onto ¼ of an already dried vaginal cotton swab, dried overnight at room
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temperature, and stored at -20°C. The improved semen slide preparation protocol was
implemented for the dried vaginal-semen swab mixture.

Lysis/Direct Amplification: forensicGEM (ZyGEM)
Control DNA Testing
A positive control was used with each amplification to express the known response of
each experiment, whereas a negative control was used with each amplification to determine if
any contamination was present. Since a non-standard amplification (e.g. 34 cycles rather than the
standard 28 or 29 cycles) was used, the optimal input for the positive control needed to be
determined. A serial dilution of the 2ng/µL positive control DNA (007 male DNA) from the
Yfiler Plus amplification kit (Applied Biosystems by ThermoFisher, Foster City, CA) [23]
was prepared in order to determine which input amount would be used for the positive control in
subsequent amplifications. Six different input amounts (0.25ng, 0.125ng, 0.0625ng, 0.03125ng,
0.0156ng, and 0.0078ng) were evaluated. The first three inputs (2ng, 1ng, 0.5ng) weren’t tested
due to their known saturation of DNA. Saturated profiles occur when there is an overabundance
of DNA causing an excessive amount of spectral pull-up peaks. The pull-up peaks are a result of
the software not being able to differentiate the dye colors causing a second peak to form in the
dye above or below the proper place [23]. First, 2µL of the master mix and 1µL of the primer
was added to 1µL of each sample. A 1.5µL aliquot of the prepared lysis solution (prepared as
follows: 1.0µL of nuclease free water, 0.35µL of buffer blue (ZyGEM), and 0.15µL of
forensicGEM enzyme (ZyGEM)) was added to each sample creating a 5.5µL reaction
volume. A one-step combined lysis/amplification STR reaction was performed using the
9

following program: 75°C for 15 minutes, 95°C for 1 minute; 34 cycles of 94°C for 4 seconds and
61.5°C for 1 minute; 60°C for 22 minutes; and a hold at 4°C, and analyzed using capillary
electrophoresis. This procedure was repeated, but an additional 0.2µL of AmpliTaq Gold®
enzyme was added to the amplification mixture, giving a total reaction volume of 5.7µL.
The same concept was used for the 1ng/µL positive control DNA (2800M male DNA) for
Powerplex® Y23 (Promega Corporation, Madison, WI)) [24]. A 1:2 serial dilution of the
positive control DNA was prepared in order to evaluate six different input amounts (0.25ng,
0.125ng, 0.0625ng, 0.03125ng, 0.0156ng, and 0.0078ng). The first two inputs (1ng and 0.5ng)
weren’t tested due to the same reason stated for the Yfiler Plus positive control. First, 2µL of
the master mix and 1µL of the primer was added to 1µL of each sample. The 1.5µL
forensicGEM (ZyGEM) lysis mixture was then added to each sample. To create a 10µL
reaction volume, 4.5µL of nuclease free water was added to each sample. A one-step combined
lysis/amplification STR reaction was performed using the following program: 75°C for 15
minutes, 96°C for 2 minutes; 30 cycles of 94°C of 10 seconds, a 61°C for 1 minute, and 72°C for
30 seconds; 60°C for 20 minutes; and a hold at 4°C, and then analyzed using capillary
electrophoresis. This procedure was repeated, however, the amount of cycles for PCR changed
from 30 to 34.

Powerplex® Y23 Amplification Kit
Buccal cells were collected into an amplification reaction mix consisting of 2µL of PCR
master mix and 1µL of primer mix (provided in the Powerplex® Y23 Amplification Kit). After
all cell collections were complete, a 1.5µL aliquot of the prepared lysis solution was then added
10

to each sample, followed by 5.5µL of nuclease free water added to make a 10µL reaction
volume. The samples were amplified using the following program: 96°C for 2 minutes; 34 cycles
of 94°C of 10 seconds, a 61°C for 1 minute, and 72°C for 30 seconds; 60°C for 20 minutes; and
a hold at 4°C , and then analyzed using capillary electrophoresis. The procedure was repeated,
however, the buccal cells were added to the 1.5µL lysis mixture first. A two-step separated
lysis/amplification STR reaction was used. First, a lysis incubation step at 75°C for 15 minutes
and 95°C for 15 minutes was performed, then the amplification mixture was added, including
nuclease free water to bring the reaction volume up to 10µL. The 34 cycle amplification protocol
was then performed, excluding the lysis step, followed by analysis using capillary
electrophoresis.

Yfiler Plus Amplification Kit
Buccal cells were collected into the same 1.5µL lysis mixture mentioned prior. A twostep separated lysis/amplification STR reaction was used. First, a lysis incubation step at 75°C
for 15 minutes and 95°C for 15 minutes was performed, followed by addition of a 4µL master
mix and a 2µL primer (provided in the Yfiler Plus amplification kit). Then, 2.5µL of nuclease
free water was added to each sample to make a 10µL reaction volume. The samples were then
amplified using the following program: 95°C for 1 minute; 34 cycles of 94°C for 4 seconds and
61.5°C for 1 minute; 60°C for 22 minutes; and a hold at 4°C, followed by analysis using
capillary electrophoresis. This same procedure was repeated, but the reaction volume was halved
to 5µL. Only 2µL of master mix and 1µL of primer was added, along with 0.5µL of nuclease
free water. This was repeated a third time, however, additional 0.2µL AmpliTaq Gold® enzyme
11

was added to the amplification mixture, leaving only 0.3µL of nuclease free water needed to
create the 5µL reaction volume.

AmpFLSTR Identifiler  Plus Amplification Kit
Buccal cells were collected into the same 1.5µL lysis mixture mentioned prior. A twostep separated lysis/amplification STR reaction was used. First, a lysis incubation step at 75°C
for 15 minutes and 95°C for 15 minutes was performed, followed by addition of a 2.2µL master
mix, 1.1µL primer, and 0.2µL AmpliTaq Gold® enzyme (all provided in the AmpFLSTR
Identifiler Plus amplification kit with the exception of the extra AmpliTaq Gold® which is
added separately) (Applied Biosystems by ThermoFisher, Foster City, CA)) [25]. The samples
were then amplified using following PCR program: 95°C for 11 minutes; 34 cycles of 94°C for
20 seconds and 59°C for 3 minutes; 60°C for 10 minutes; and a hold at 4°C, followed by analysis
using capillary electrophoresis.

Lysis/Direct Amplification: forensicGEM (ZyGEM) Sexcrime
Buccal Cells
Moving forward, a new type of lysis kit, the forensicGEM (ZyGEM) sexcrime lysis
kit, was used for the lysis of sperm cells. This kit contains 10x buffer orange plus,
forensicGEM (ZyGEM) reagent, ACROSOLV, and nuclease free water [26]. This sexcrime
lysis was initially tested using the AmpFLSTR Identifiler  Plus amplification kit. The same
5µL reaction volume procedure mentioned previously was used, however, 1.5µL aliquot of the
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prepared sexcrime lysis mixture (prepared as follows: 1.10µL of nuclease free water, 0.15µL of
10x buffer orange plus, 0.15µL of ACROSOLV, and 0.1µL of forensicGEM (ZyGEM)
sexcrime enzyme) was added after the cells were collected into the amplification mixture. A twostep separated lysis/amplification STR reaction was used. First, a lysis incubation step at 52°C
for 5 minutes and 75°C for 3 minutes was performed. The samples were then amplified using the
AmpFLSTR

Identifiler  Plus PCR protocol mentioned previously, and analyzed using

capillary electrophoresis. This protocol was then modified to have the buccal cells collected
directly into the 1.5µL sexcrime lysis mixture, followed by the lysis incubation step at 52°C for 5
minutes, 75°C for 3 minutes, and 95°C for 3 minutes. The same amplification mixture as the
previous step was added, including the same PCR amplification protocol. This was then
repeated, but the additional AmpliTaq Gold® enzyme was replaced by nuclease free water.
The Yfiler Plus amplification kit was then used to test the forensicGEM (ZyGEM)
sexcrime lysis mixture. Buccal cells were collected into 1.5µL sexcrime lysis mixture, followed
by the three-step lysis incubation. The 10µL reaction volume for Yfiler Plus, repeated with and
without additional AmpliTaq Gold® enzyme, was performed, followed by amplification using
the Yfiler Plus amplification kit PCR protocol mentioned previously, and analyzation via
capillary electrophoresis.

Sperm Cells
Using the Yfiler Plus amplification kit, various number of sperm cells were collected
into the 1.5µL forensicGEM (ZyGEM) sexcrime lysis mixture followed by the lysis
incubation step from the two-step separate lysis/amplification reaction: 52°C for 5 minutes, 75°C
13

for 3 minutes, and 95°C for 3 minutes [26]. The amplification mixture was then added which
contained 4µL of master mix, 2µL of primer, and 2.5µL of nuclease free water. A different
amplification mixture was added to another set of collected sperm cells which contained 4µL of
master, 2µL of primer, 0.2µL of AmpliTaq Gold® enzyme, and 2.3µL of nuclease free water.
The samples were amplified using the Yfiler Plus amplification kit PCR protocol and analyzed
using capillary electrophoresis.
Using the AmpFLSTR Identifiler  Plus amplification kit, sperm cells were collected
into the 1.5µL forensicGEM (ZyGEM) sexcrime lysis mixture followed by the lysis
incubation step from the two-step separate lysis/amplification reaction: 52°C for 5 minutes, 75°C
for 3 minutes, and 95°C for 3 minutes [26]. The amplification mixture was then added which
contained 4.4µL of master mix, 2.2µL of primer, and 1.9µL of nuclease free water. A different
amplification mixture was added to another set of collected sperm cells which contained 4.4µLof
master, 2.2µL of primer, 0.2µL of AmpliTaq Gold® enzyme, and 1.7µL of nuclease free water.
The samples were then amplified using the AmpFLSTR Identifiler Plus PCR protocol
mentioned previously, and analyzed using capillary electrophoresis.
The improved semen slide preparation protocol mentioned previously was then
performed in the same manner as the initial semen slide preparation protocol for both Yfiler
Plus and AmpFLSTR Identifiler Plus.
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Vaginal-Semen Mixture
Using the vaginal-semen mixture slide preparation protocol mentioned prior, sperm cells
were collected in the same manner as they were in the previous section. The collection protocols
used for Yfiler Plus and AmpFLSTR Identifiler  Plus were the same.

MicroFLOQ Direct™ Lysis Swabs
DNA Detection
To begin, 1µL of water was placed on the tip of the microFLOQ direct ™ lysis swab and
then it was placed in contact with the donor semen swab for 10 seconds either on the tip of the
swab, the side, or in a random area. The microFLOQ direct ™ lysis swab was also held against
different semen cloth donor samples for 10 seconds, as well. The end of the microFLOQ direct
™ lysis swab, containing the sample of interest, was broken off into the Yfiler Plus PCR
amplification mixture: 4µL of master mix and 2µL of primer. Then 4µL of nuclease free water
was added giving a total reaction volume of 10µL. The samples were then amplified (YfilerTM
Plus) using the following program: 95°C for 1 minute; 34 cycles of 94°C for 4 seconds and
61.5°C for 1 minute; 60°C for 22 minutes; and a hold at 4°C. The amplified samples were then
analyzed using capillary electrophoresis.
The same procedure was used for the AmpFLSTR Identifiler  Plus amplification kit,
however the reaction mixture contained: 4.4µL of master mix, 2.2µL of primer, and 0.2µL of
AmpliTaq Gold® enzyme. Then, 3.2µL of water was added to each sample giving an overall
reaction volume of 10µl. The samples were then amplified (AmpFLSTR Identifiler  Plus)
using the following PCR program: 95°C for 11 minutes; 34 cycles of 94°C for 20 seconds and
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59°C for 3 minutes; 60°C for 10 minutes; and a hold at 4°C, followed by analysis using capillary
electrophoresis.

Capillary Electrophoresis and Data Analysis
Capillary electrophoresis was performed on all the amplified samples according to their
amplification kit protocol. For the Yfiler Plus PCR amplification kit, a MicroAmp™ optical
96-well reaction plate was prepared with 9.6µL of Hi-Di™ Formamide and 0.4µL of
GeneScan™ –600 LIZ™ Size Standard v2.0 per well. Then, 1µL of the amplified samples,
including an allelic ladder, were added to the corresponding wells, and the 96-well plate was
covered with a plate septa. Capillary electrophoresis was then performed and the signals were
detected by the 3130 Genetic Analyzer Data Collection Software v3.0 and analyzed using the
GeneMapper™ ID-X software. For the AmpFLSTR Identifiler  Plus PCR amplification kit, a
MicroAmp™ optical 96-well reaction plate was prepared with 9.7µL of Hi-Di™ Formamide and
0.3µL of GeneScan™ –500 LIZ™ Size Standard v2.0 per well. 1µL of the amplified samples,
including an allelic ladder, were then added to the corresponding wells, and the 96-well plate
was covered with a plate septa. Capillary electrophoresis was then performed and the signals
were detected by the 3130 Genetic Analyzer Data Collection Software v3.0 and analyzed using
the GeneMapper™ ID software. For the Powerplex® Y23 amplification kit, a MicroAmp™
optical 96-well reaction plate was prepared with 9.5µL of Hi-Di™ Formamide and 0.5µL of
WEN ILS 500 Y23 size standard per well. 1µL of the amplified samples, including an allelic
ladder, were then added to the corresponding wells, and the 96-well plate was covered with a
plate septa. Capillary electrophoresis was then performed and the signals were detected by the
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3130 Genetic Analyzer Data Collection Software v3.0 and analyzed using the GeneMapper™
ID-X software. Alleles were only called at or above 50 relative fluorescence units (RFU).
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CHAPTER THREE: MICROMANIPULATION RESULTS
Validation of the Micromanipulation Technique
Overview
Prior to determining if the micromanipulation technique, in conjunction with the
optimized lysis/direct amplification reaction mixture, would be able to produce full male DNA
profiles from sperm cells, several parameters needed to be evaluated including the STR kit used
(both autosomal and Y-STR amplification kits tested), the proper amplification controls to use,
and which lysis kit to use. First, the optimal input for the amplification positive control needed to
be determined since a non-standard PCR program would be implemented (i.e. increased cycle
number). Positive control DNA from both the Yfiler Plus PCR amplification kit and
Powerplex® Y23 PCR amplification kit were tested to see which input DNA amount would be
used in subsequent steps. This had already been determined for the AmpFLSTR Identifiler
Plus PCR amplification kit as that had been used in previous studies in the lab. Then, these kits
were used in micromanipulation collections of male buccal cells. Additionally, two different
lysis kits, forensicGEM (ZyGEM) and forensicGEM (ZyGEM) Sexcrime, were
evaluated. Initial experiments were performed using buccal cells as the micromanipulation
technique had never been used for sperm cells previously in our lab. Therefore, to eliminate an
additional variable in initial experiments buccal cells were used. After evaluating the different
STR kits with the two lysis kits, it was decided that the forensicGEM (ZyGEM) Sexcrime
lysis kit and both the Yfiler Plus PCR amplification kit and the AmpFLSTR Identifiler Plus
PCR amplification kit worked best. With the successful demonstration of this technique using
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buccal cells, we then proceeded to work on sperm cells. We evaluated ranges of sperm cell
numbers to determine if micromanipulated sperm cells produced a DNA profile and how many
sperm cells were needed to obtain reliable and full DNA profiles. We also wanted to determine if
the analysis of single sperm would be possible and reliable. Sperm cells contain only ~3pg of
DNA. The typical DNA input for STR amplifications is 0.5 – 1.0ng (~167 – 333 sperm cells) and
therefore we were working far below the optimal or ideal DNA input level throughout the study.
Once it was determined that male profiles could be obtained from sperm cells even with this
significantly lower input amount, we then evaluated the ability to collect sperm cells from
vaginal-semen mixtures as this would be more representative of the types of samples
encountered in forensic casework. These mixtures would also present additional challenges for
the micromanipulation approach as there can be a significant amount of vaginal epithelial cells
present in sexual assault swabs making it more difficult to identify and isolate sperm cells.

Buccal Cell Collection
As described previously, a range of input DNA was tested in order to determine the
optimal input for the amplification positive control using 34 cycles for both the Yfiler Plus
PCR amplification kit and Powerplex® Y23 PCR amplification kit. It was decided that the
optimal input was 0.25ng and that input amount was then used throughout the study for the
positive control in the collection of buccal cells. This input was chosen because saturated profiles
were obtained with higher DNA input amounts (in previous work) and incomplete profiles were
obtained with lower DNA input amounts.

Saturated profiles occur when there is an

overabundance of DNA causing an excessive amount of spectral pull-up peaks. The pull-up
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peaks are a result of the software not being able to differentiate the dye colors causing a second
peak to form in the dye above or below the proper place. A comparison of the profiles obtained
using 0.25ng and 0.125ng of DNA with the Yfiler Plus PCR amplification kit is provided in
Figure 2 and Figure 3. As can be seen from these electropherograms, a full profile was obtained
for the 0.25ng (some technical artifacts such as elevated baselines and spectral pull-up peaks but
manageable) whereas allele drop out was observed with the lower 0.125ng input.
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Figure 2.Yfiler Plus Profile Obtained With 0.25ng of 007 Male DNA
A complete 27 loci Yfiler Plus profile was obtained when 0.25ng of the positive control (007 male DNA) was
amplified using the Yfiler Plus amplification kit . Loci separated by dye color: Blue Channel (6-FAM), Green
Channel (VIC), Yellow Channel (NED-shown in black), Red Channel (TAZ), Purple Channel (SID), Orange
Channel (LIZ-not shown). Below each peak is the allele call, and the RFU value. X-axis: base pair size; Y-axis:
relative fluorescence units (RFUs). Pink lines below the channels represent technical artifacts such as elevated
baselines or spectral pull-up peaks.
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Figure 3. Yfiler Plus Profile Obtained With 0.125ng of 007 Male DNA
A partial 27 loci Yfiler Plus profile was obtained when 0.125ng of the positive control (007 male DNA) was
amplified using the Yfiler Plus amplification kit. Loci separated by dye color: Blue Channel (6-FAM), Green
Channel (VIC), Yellow Channel (NED-shown in black), Red Channel (TAZ), Purple Channel (SID), Orange
Channel (LIZ-not shown). Below each peak is the allele call, and the RFU value. X-axis: base pair size; Y-axis:
relative fluorescence units (RFUs). Red loci heading labels represent loci in which allele drop-out is observed.
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To begin testing buccal cells with each amplification kit, various numbers of cells were
collected, including 20, 10, 5, 2, and 1 cell. Figure 4a and Figure 4b shows a representative
microscopic image of a stained buccal cell before and after it was collected.

a)

b)

Figure 4. Microscopic Image of a Single Buccal Cell
a) Individual buccal cell before collection. Bars indicate length and width in microns. b) Image of the same area of
Gel-film® after the buccal cell was collected to show capture and removal of the target cell.

For the Powerplex® Y23 PCR amplification kit, neither collection straight into the
amplification mixture nor collection into the forensicGEM enzyme (ZyGEM) lysis mixture
produced consistent results. The collection directly into the amplification mixture, which was a
part of the one-step combined lysis/amplification reaction, resulted in partial DNA profiles for
the various cell number samples (20-cell 9/23 alleles, 10-cell 16/23 alleles, 5-cell 16/23 alleles,
2-cell 6/23 alleles and 1-cell 8/23 alleles). The collection directly into the lysis mixture, which
was a part of the two-step separate lysis/amplification reaction, resulted in allele recovery mainly
for the 20-cell sample with very few alleles recovered for all other cell numbers (20-cell 19/23
alleles, 10-cell 1/23 alleles, 5-cell 0/23 alleles, 2-cell 1/23 alleles and 1-cell 3/23 alleles). Due to
the poor amplification efficiency and allele recovery, the Powerplex® Y23 PCR amplification kit
was excluded from the rest of the study. For the Yfiler Plus PCR amplification kit, the 10µL
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reaction using the forensicGEM (ZyGEM) lysis mixture resulted in greater allele recovery
than the 5µL reaction , with the exception of the 2-cell samples. Due to the increase in alleles for
most cell numbers, the 10µL reaction was selected. These results are depicted in Table 1.
Table 1. Yfiler Plus Allele Recovery From Buccal Cells Using the forensicGEM enzyme (ZyGEM) lysis
mixture
The number of alleles detected out of the total alleles possible (27 alleles) using the Yfiler Plus PCR amplification
kit and the forensicGEM enzyme (ZyGEM) lysis mixture with both the 10µL and 5µL reaction.

No. Cells
20
10
5
2
1

Allele Recovery (out of 27)
10µl reaction
24
19
9
3
3

Allele Recovery (out of 27)
5µl reaction
15
10
6
10
2

The forensicGEM (ZyGEM) Sexcrime lysis kit was then tested with the Yfiler Plus
10µL reaction mixture as well. We evaluated both without and with additional AmpliTaq Gold®
enzyme. In previous work it was determined that addition of AmpliTaq Gold® enzyme was
necessary to improve non-template addition efficiency. Both of the amplifications using the
forensicGEM (ZyGEM) Sexcrime kit worked better than the forensicGEM (ZyGEM) kit,
with full profiles obtained for 20-, 10- and 5-cell samples and significant partial profiles for the
2- and 1-cell samples. This is represented in Table 2.
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Table 2. Yfiler Plus Allele Recovery From Buccal Cells Using the forensicGEM (ZyGEM) Sexcrime
Lysis Kit
The number of alleles detected out of the total alleles possible (27 alleles) using the Yfiler Plus PCR amplification
kit and the forensicGEM (ZyGEM) Sexcrime lysis kit without and with additional AmpliTaq Gold® enzyme.

No. Cells
20
10
5
2
1

Allele Recovery (out of 27)
w/o extra Taq
27
27
27
18
11

Allele Recovery (out of 27)
w/ extra Taq
27
27
27
23
15

Similarly, using the AmpFLSTR Identifiler Plus PCR amplification kit, buccal cells
produced better results when collected into the forensicGEM (ZyGEM) Sexcrime lysis
mixture, both without and with additional AmpliTaq Gold® enzyme, shown in Table 3. Due to
the forensicGEM (ZyGEM) Sexcrime lysis mixture working best with both the Yfiler Plus
PCR amplification kit and the AmpFLSTR Identifiler Plus PCR amplification kit, it was used
in subsequent collections for sperm cells.

Table 3. AmpFLSTR Identifiler Plus Allele Recovery Comparison Between the forensicGEM
(ZyGEM) Lysis Kit and the forensicGEM (ZyGEM) Sexcrime Lysis Kit
The number of alleles detected out of the total alleles possible (30 alleles) using the and the AmpFLSTR
Identifiler Plus PCR amplification kit with both the forensicGEM (ZyGEM) Lysis Kit (column 1) and the
forensicGEM (ZyGEM) Sexcrime lysis kit, without (column 2) and with (column 3) additional AmpliTaq
Gold® enzyme.

No. Cells

forensicGEM
Allele Recovery
5µL reaction

20
10
5
2
1

28
24
20
15
10

forensicGEM
Sexcrime
Allele Recovery
w/o extra Taq
30
28
23
23
16
25

forensicGEM
Sexcrime
Allele Recovery
w/ extra Taq
30
28
27
27
20

Sperm Cell Collection
The initial semen slide preparation protocol was used to prepare slides from three
different semen donors (SE5, SE25, and SE26). Various numbers of sperm cells (20, 10, 5, 2,
and 1) were collected from each donor. The forensicGEM (ZyGEM) Sexcrime lysis was
used with the 10µL Yfiler Plus PCR amplification reaction mixture (with and without
additional AmpliTaq Gold® enzyme) and the 10µL AmpFLSTR

Identifiler Plus PCR

amplification reaction mixture (with and without additional AmpliTaq Gold® enzyme).
AmpliTaq Gold® enzyme is already found within both of these amplification kits, but the
addition of extra AmpliTaq Gold® enzyme was tested to see if it would produce a higher yield of
DNA profiles from each donor when compared to the minimal amount of enzyme found within
the kits, and to determine if it could reduce artifacts such as non-template addition. Overall for
this experiment, complete DNA profiles were not recovered, most likely due to the clustering of
sperm cells on the Gel-Film slide which made it difficult to collect the cells. Additionally, the
magnification of the microscope was lower than would ideally be needed to accurately and easily
identify sperm cells. A representative image of sperm cells at the highest magnification possible
is shown in Figure 5 (Figure 5a before collection; Figure 5b after collection). As can be seen
from this image, the sperm cells are extremely small and hard to definitively identify in some
cases. As a result of the magnification issue, some of the “cells” collected may not have been
actual sperm cells, but possibly other non-cellular material or cellular debris, resulting in the
recovery of incomplete profiles.
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a)

b)

Figure 5. Microscopic Image of Stained Sperm Cells on Gel-Film®
a) Christmas tree stained sperm cells on Gel-film® at 320x magnification (maximum possible). Arrows are
indicating the location of some of the sperm present in the field of view. b) Same image of Gel-film® after sperm
cell collection.

An improved semen slide preparation protocol was then implemented in order for the sperm
cells to disperse across the slide and allow for easier collection of individual or few cells. There
was no change to the direct lysis/amplification mixture or procedure. This new preparation
protocol allowed for more efficient sperm cell collection as it did result in better dispersing of the
sperm cells. Figure 6a and Figure 6b shows an example of the difference between the sample
preparations with less clustering using the improved sample preparation procedure.
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a)

b)

Figure 6. Comparison of a Clustered Semen Gel-Film Slide to a Dispersed Semen Gel-Film Slide
a) Original sample preparation method with a significant amount of cells and cell clusters making collection of few
or single sperm difficult. b) Improved sample preparation method in which cell dispersal is improved and collection
of individual or few sperm cells was easier. The arrows in image b point to individual sperm cells.

A range of sperm cells (20, 10, 5, 2, and 1) from the improved sample preparation slides
were then collected as previously described. Each cell number, except 1 cell, was collected in
duplicate. The 1-cell samples were collected in triplicate to test the consistency of the cell
numbers as more variability would be expected with 1-cell samples. Collections were performed
using five different semen donors (SE25, SE26, SE462, SE463 and SE464).
The results from sperm cell amplification using the Yfiler Plus PCR amplification kit with
and without additional AmpliTaq Gold® enzyme are provided in Table 4. An alternative
graphical representation of this data is provided in Figure 7a and Figure 7b. For both Yfiler
Plus with and without additional AmpliTaq Gold® enzyme, only the 20-cell collection from all
five of the donors produced a full male DNA profile. For all other cell numbers, partial profiles
(5-26 alleles; 57/110 collections or ~52%), inconclusive or non-probative profiles (1-4 alleles;
19/110 collections or ~17%) or no profiles were obtained (0 alleles; 26/110 collections or ~24%).
The results were improved when extra AmpliTaq Gold® enzyme was added as compared to
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without. The extra enzyme resulted in an increase in the number of alleles obtained as the
number of cells increased (which is what we would expect to see as more DNA is present) but
also resulted an increase in the number of full profiles recovered: 3/55 full profiles without
additional AmpliTaq Gold® enzyme and 6/55 full profiles with additional AmpliTaq Gold®
enzyme. Although the cell numbers were duplicated to evaluate reproducibility, each collection
is separate with different sperm cells each time which could account for some of the variation in
results. Some of the one-cell collections (6/30 or 20%) produced a partial profile (5-26 alleles)
which proved that individual sperm cells can in fact produce a DNA profile. An almost full
profile (26/27 alleles) was obtained for one of the 1-cell collections from donor SE26 without
additional AmpliTaq Gold® enzyme being added Figure 8). Although the addition of extra
AmpliTaq Gold® enzyme improved the results for multiple cell collections, this was not the case
for 1-cell collections. For several 1-cell collections, more alleles were obtained without the
addition of extra AmpliTaq Gold® enzyme. Therefore, for laboratories evaluating this type of
approach for analysis of sperm cells, the decision on adding additional enzyme or not may
depend on the specific application and whether single or multiple sperm cell samples are of
interest. Since only a small number of collections were performed here, more work is needed to
make a final determination on whether extra AmpliTaq Gold® enzyme is needed.
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Table 4. Yfiler Plus Allele Recovery From Sperm Cells Collected Using Micromanipulation
The number of alleles detected out of the total alleles possible (27 alleles) using the Yfiler Plus PCR amplification
kit without and with the addition of extra AmpliTaq Gold® enzyme is shown. Duplicate collections were performed
for each cell number except for the 1 cell samples which were collected in triplicate.

Semen
Donor

No.
Cells

SE25

20
10
5
2
1
20
10
5
2
1
20
10
5
2
1
20
10
5
2
1
20
10
5
2
1

SE26

SE462

SE463

SE464

Allele Recovery
(out of 27)
w/o extra Taq
25
10
3
12
8
27
16
0
20
26
27
19
11
2
6
27
23
0
0
0
23
15
5
0
0

26
15
7
0
1
26
11
1
0
0
26
24
19
8
0
21
2
13
3
0
25
15
12
0
18

30

Allele Recovery
(out of 27)
W/ extra Taq

1

16

0

2

21

13
9
11
0
3
27
26
3
3
2
27
16
17
18
0
25
14
0
0
0
27
12
22
3
2

23
22
6
20
1
26
2
26
0
0
27
25
18
2
3
27
15
17
3
0
27
25
15
16
2

0

0

0

0

0

a)

b)
Figure 7. Box Plots Depicting Yfiler Plus Allele Recovery From Sperm Cells Collected Using
Micromanipulation
The X-axis shows the donor and the number of cells being collected, while the Y-axis shows the number of alleles
recovered after collection (27 alleles possible). The red lines are for separation between cell numbers. a) Allele
recovery without addition of extra AmpliTaq Gold® enzyme, b) Allele recovery with addition of extra AmpliTaq
Gold® enzyme.
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Figure 8. Yfiler Plus Profile From a Single Sperm Collected Using Micromanipulation
A partial Yfiler Plus profile (26/27 alleles) was obtained from a single sperm using the Yfiler Plus kit without
addition of extra AmpliTaq Gold® enzyme. Loci separated by dye color: Blue Channel (6-FAM), Green Channel
(VIC), Yellow Channel (NED-shown in black), Red Channel (TAZ), Purple Channel (SID), Orange Channel (LIZnot shown). Below each peak is the allele call, and the RFU value. X-axis: base pair size; Y-axis: relative
fluorescence units (RFUs). Red loci heading labels represent loci in which allele drop-out is observed.
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The results for sperm cells using the AmpFLSTR Identifiler Plus PCR amplification
kit with and without additional AmpliTaq Gold® enzyme are provided in Table 5, Figure 9, and
Figure 10. The 1-cell collections are represented separately from the multiple cell collections in
these figures because an individual sperm cell in an autosomal-STR amplification kit will only
produce half of the alleles (15 instead of 30) due to its haploid nature. This is not an issue for YSTR amplification kits because these kits only look at the Y chromosome (only one copy). For
AmpFLSTR Identifiler Plus with additional AmpliTaq Gold® enzyme, only the 20-cell
collection from all five of the donors produced a full male DNA profile. When no additional
AmpliTaq Gold® enzyme was added, full male DNA profiles were obtained for the 20-, 5-, and
2-cell collections. In some cases, higher allele numbers were obtained when extra AmpliTaq
Gold® enzyme was added, but similarly to the Yfiler Plus PCR amplification kit, one-cell
collections might work better without this addition. Even though a full profile was not achieved
for any of the 1-cell collections, some resulted in the recovery of 8 out of 15 alleles which is still
a significant partial profile especially considering only 3 pg of DNA is being amplified. This
occurred both with and without the addition of AmpliTaq Gold® enzyme.
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Table 5. AmpFLSTR Identifiler Plus Allele Recovery From Sperm Cells Collected Using
Micromanipulation
The number of alleles detected out of the total alleles possible, 30 alleles for multiple cell collections and 15 alleles
for individual cell collections, using the AmpFLSTR Identifiler Plus PCR amplification kit without and with the
addition of AmpliTaq Gold® enzyme is shown. Duplicate collections were performed for each cell number except
for the 1 cell samples which were collected in triplicate.

Semen
Donor

No.
Cells

SE25

20
10
5
2
1
20
10
5
2
1
20
10
5
2
1
20
10
5
2
1
20
10
5
2
1

SE26

SE462

SE463

SE464

Allele Recovery
(out of 27)
w/o extra Taq
16
11
10
2
1
26
25
2
0
3
28
27
15
18
2
30
14
15
10
1
24
26
19
18
8

24
17
30
0
0
24
23
7
6
4
30
21
26
8
4
30
28
1
6
0
12
23
15
30
0
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Allele Recovery
(out of 27)
W/ extra Taq

0

4

1

6

0

20
15
7
11
0
30
26
4
4
4
30
28
18
2
4
30
26
26
8
1
30
13
14
14
2

27
20
12
0
0
25
11
11
4
0
30
26
9
9
2
30
18
7
4
1
30
28
18
12
6

0

1

1

0

8

a)

b)

Figure 9. Box Plots Depicting AmpFLSTR Identifiler Plus Allele Recovery From Multiple Sperm Cells
Collected Using Micromanipulation
The X-axis shows the donor and the number of cells being collected, while the Y-axis shows the number of alleles
recovered after collection (30 alleles possible). The red lines are for separation between cell numbers. a) Allele
recovery without addition of extra AmpliTaq Gold® enzyme. b) Allele recovery with addition of extra AmpliTaq
Gold® enzyme.
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a)

b)

Figure 10. Box Plots Depicting AmpFLSTR Identifiler Plus Allele Recovery From Individual Sperm Cells
Collected Using Micromanipulation
The X-axis shows the donor and the number of cells being collected, while the Y-axis shows the number of alleles
recovered after collection (15 alleles possible). The red lines are for separation between cell numbers. a) Allele
recovery without addition of extra AmpliTaq Gold® enzyme. b) Allele recovery with addition of extra AmpliTaq
Gold® enzyme.

Vaginal-Semen Mixture
The ability to obtain STR profiles (both aSTR and Y-STR) from single and few sperm
cells was successfully demonstrated. However, all previous samples tested were single source
semen samples and do not represent the types of samples that would be encountered in the
analysis of forensic sexual assault samples. These samples would largely consist of male-female
mixtures (e.g. vaginal swabs taken from the victim which would have a large amount of female
epithelial cells and a much smaller number of sperm cells). Therefore, vaginal-semen admixed
samples needed to be tested. The presence of a large amount of female vaginal epithelial cells
could significantly increase the difficulty in identifying and isolating individual sperm. Sperm
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cells will often be found adhering to epithelial cells and can sometimes be masked completely. If
a sperm cell is adhering to an epithelial cell, it may be difficult or impossible to remove just the
sperm cell using this approach.
Vaginal-semen mixtures were prepared as described previously (5µL of liquid semen
placed on an already dried ¼ piece of a vaginal swab). Examples of the admixed sample viewed
under the microscope are provided in Figure 11, with different fields of views shown to indicate
the varying number of epithelial cells that were encountered within the sample. Again, varying
numbers of sperm cells from the admixed samples were collected, including 10, 5, 2, and 1 cell.
Twenty-cell samples were not used in this study as sperm were not present in higher numbers
and could not always be isolated from epithelial cells. The same direct lysis/amplification
mixture from the sperm cell protocol was used for the vaginal-semen mixture. For Yfiler Plus,
female DNA would not be detected because, as previously mentioned, this kit targets the Ychromosome which is only found in males. For the AmpFLSTR Identifiler Plus PCR
amplification kit, both male and female DNA could be detected . Since we are targeting only
sperm cells in these collections, we are attempting to eliminate the recovery of female DNA.
However, during the sample preparation procedures it will be possible that female epithelial cells
will lyse or be partially degraded and therefore cell-free DNA may be present that is not visible
during these collections.
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a)

b)

c)
Figure 11. Fields of View On a Vaginal-Semen Mixture Gel-Film Slide
a) An abundance of vaginal epithelial cells surrounding the sperm cells. b) A smaller amount of vaginal epithelial
cells surrounding the sperm cells. c) No vaginal epithelial cells surrounding the sperm cells
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The results from the Yfiler Plus PCR amplification with and without additional
AmpliTaq Gold® enzyme are provided in Table 6. Only the 10-cell collection with additional
AmpliTaq Gold® enzyme produced a full male DNA profile (Table 6, Figure 12). Also, the use
of the additional AmpliTaq Gold® enzyme for the 1-cell collection resulted in a partial profile.
No alleles were observed when extra AmpliTaq Gold® was not added. Overall for this
experiment, the addition of extra AmpliTaq Gold® enzyme resulted in better allele recovery for
most cell numbers tested.
Table 6. Yfiler Plus Allele Recovery From Sperm Cells Collected Within a Mixture Using
Micromanipulation
The number of alleles for a vaginal (VS) – semen (SE) mixture (VS44 – SE462) detected out of the total alleles
possible (27 alleles) using the Yfiler Plus PCR amplification kit without and with the addition of extra AmpliTaq
Gold® enzyme is shown. Duplicate collections were performed for each cell number except for the 1 cell samples
which were collected in triplicate.

No. Cells

10
5
2
1

Allele Recovery
(out of 27)
w/o extra Taq
10
14
7
0

26
4
0
0

Allele Recovery
(out of 27)
W/ extra Taq

0
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11
16
1
0

27
22
10
0

6

Figure 12. Yfiler Plus Profile From Sperm Cells Collected Within a Mixture Using Micromanipulation
A complete 27 loci Yfiler Plus profile was recovered from a mixture using the Yfiler Plus amplification kit
protocol. Loci separated by dye color: Blue Channel (6-FAM), Green Channel (VIC), Yellow Channel (NED-shown
in black), Red Channel (TAZ), Purple Channel (SID), Orange Channel (LIZ-not shown). Below each peak is the
allele call, and the RFU value. X-axis: base pair size; Y-axis: relative fluorescence units (RFUs).
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The results using the AmpFLSTR Identifiler Plus PCR amplification kit without and
with additional AmpliTaq Gold® enzyme are provided in Table 7. Even though there were
overlapping alleles from the female and the male donor, the female and male alleles were able to
be distinguished from one another especially as a result of the presence of major/minor profiles,
as evidenced by differences in peak heights (RFUs) on the electropherograms. In some cases, a
very small number of female alleles were present and thus a single source male profile could
easily be discerned (Figure 13). Even though a full male DNA profile was not obtained, many
partial profiles were obtained (Figure 14). For the 10-cell collection without additional
AmpliTaq Gold® enzyme, 28/30 alleles were obtained which is a significant probative profile
and almost a full profile. Also, for the 1-cell sample with no additional AmpliTaq Gold®
enzyme a partial profile for all three replicates was obtained, whereas no profiles were obtained
for the 1-cell samples when additional AmpliTaq Gold® was added.

Table 7. AmpFLSTR Identifiler Plus Allele Recovery From Sperm Cells Collected Within a Mixture
Using Micromanipulation
The number of alleles detected out of the total alleles possible, 30 alleles for multiple cell collections, 30 alleles for
individual cell collections for female DNA, and 15 alleles for individual cell collections for male DNA, using the
AmpFLSTR Identifiler Plus PCR amplification kit without and with the addition of AmpliTaq Gold® enzyme
is shown. Duplicate collections were performed for each cell number except for the 1 cell samples which were
collected in triplicate.

Vaginal
(VS)Semen
(SE)
Donor
VS44SE462

No.
Cells

10
5
2
1

Male Allele
Recovery
(out of 30)
w/o extra Taq
28
17
Amel
6

16
6
0
6

1

Female Allele
Recovery
(out of 30)
w/o extra Taq
1
0
Amel
0

21
0
0
10
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0

Male Allele
Recovery
(out of 30)
w/ extra Taq
18
4
2
0

23
13
20
0

N/A

Female Allele
Recovery
(out of 30)
w extra Taq
1
0
0
2

20
12
0
0

N/A

Female
DNA

Figure 13. AmpFLSTR Identifiler Plus Profile Detecting Male and Female DNA From Sperm Cells
Collected Within a Mixture Using Micromanipulation
A partial AmpFLSTR Identifiler Plus profile (out of a possible 30 alleles) was obtained from a 10-cell collection
of both a male and female cell mixture using the AmpFLSTR Identifiler Plus amplification kit. Loci separated
by dye color: Blue Channel (6-FAM), Green Channel (VIC), Yellow Channel (NED-shown in black), Red Channel
(TAZ), Orange Channel (LIZ-not shown). Below each peak is the allele call, and the RFU value. X-axis: base pair
size; Y-axis: relative fluorescence units (RFUs).
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Figure 14. AmpFLSTR Identifiler Plus Profile From Sperm Cells Collected Within a Mixture Using
Micromanipulation
A partial AmpFLSTR Identifiler Plus profile (out of a possible 30 alleles) was obtained from five sperm cells
using the AmpFLSTR Identifiler Plus amplification kit. Loci separated by dye color: Blue Channel (6-FAM),
Green Channel (VIC), Yellow Channel (NED-shown in black), Red Channel (TAZ), Orange Channel (LIZ-not
shown). Below each peak is the allele call, and the RFU value. X-axis: base pair size; Y-axis: relative fluorescence
units (RFUs).
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CHAPTER FOUR: microFLOQ DIRECT™ LYSIS SWABS RESULTS
An alternative method was explored, which also involved direct lysis/amplification, but
did not utilize micromanipulation to produce an STR profile. MicroFLOQ direct™ lysis swabs
also use a lysis/direct amplification protocol, however, micromanipulation is not needed. The
direct amplifications involving these swabs require the swab tip to be broken off into the
amplification tube and they will stay in the tube throughout the PCR process. We first needed to
ensure that the presence of these swabs, with their embedded lysis reagents, would not inhibit or
interfere with the PCR process. Therefore, we amplified 0.25ng of DNA (as described previously
with the dilutions of the Yfiler Plus positive control DNA) with a microFLOQ direct ™ lysis
swab added. The swab did not come into contact with a sample before being placed in the
reaction mix. The result of this experiment was a full DNA profile, same as the one seen in
Figure 2.
Since the initial experiment indicated that there was no inhibition of the PCR process, we
next wanted to use the swabs to collect male DNA from a swab. We needed to determine if the
short contact with the semen swab would 1) transfer a sufficient amount of DNA and 2)
efficiently lyse sperm cells in order to access the DNA as an extra reducing agent such as DTT is
needed to lyse these cells efficiently. As a note, the swabs are proprietary and therefore we do
not know the composition of the lysis reagents on the swab. One semen swab donor was used for
amplification with the Yfiler Plus PCR kit. In this initial experiment we also looked at how
long the lysis swab needed to be in contact with the sample in order to obtain a result. To
determine the contact time required, the lysis swabs were placed in contact with semen samples
for 10 and 20 seconds (the same donor was tested for two different time points to reduce
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variability between different donors). Figure 15 and Figure 16 show the results of the time
validation tests. The 10 second test using resulted in the recovery of more alleles (26/27) than the
20 second test (23/27 alleles). Since significant profiles were obtained for both time points, we
decided to proceed with the 10 second contact. This was used for initial studies because a longer
contact time is not sufficient if it resulted in less allele recovery, and it would keep the semen
samples in contact with the lysis reagents for longer than needed.
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Figure 15. Yfiler Plus Profile From From a MicroFLOQ Direct™ Lysis Swab Placed In Contact With a
Semen Swab for 10 Seconds
A partial Yfiler Plus profile (26/27 alleles) was recovered from microFLOQ direct™ lysis swab in contact with a
semen swab for 10 seconds. Loci separated by dye color: Blue Channel (6-FAM), Green Channel (VIC), Yellow
Channel (NED-shown in black), Red Channel (TAZ), Purple Channel (SID), Orange Channel (LIZ-not shown).
Below each peak is the allele call, and the RFU value. X-axis: base pair size; Y-axis: relative fluorescence units
(RFUs). Red loci heading labels represent loci in which allele drop-out is observed.

46

Figure 16. Yfiler Plus Profile From a MicroFLOQ Direct™ Lysis Swab Placed In Contact With a Semen
Swab for 20 Seconds
A partial Yfiler Plus profile (23/27 alleles) was recovered from microFLOQ direct™ lysis swab in contact with a
semen swab for 20 seconds. Loci separated by dye color: Blue Channel (6-FAM), Green Channel (VIC), Yellow
Channel (NED-shown in black), Red Channel (TAZ), Purple Channel (SID), Orange Channel (LIZ-not shown).
Below each peak is the allele call, and the RFU value. X-axis: base pair size; Y-axis: relative fluorescence units
(RFUs). Red loci heading labels represent loci in which allele drop-out is observed.
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After deciding to proceed with the 10 second contact time, the microFLOQ direct ™ lysis
swabs were tested, using both the Yfiler Plus PCR amplification kit and the AmpFLSTR
Identifiler Plus PCR amplification kit, with single-source semen swabs and semen cloths to
determine whether this might be a rapid way to produce full male DNA profiles. We tested six
different donors: four semen swab donors (SE5, SE14, SE25, and SE26) and three semen cloth
donors (SE4, SE5, and SE22). For swab samples, we evaluated contact with both the tip and a
non-tip portion of the swab to determine if differences in allele recovery would be observed. The
microFLOQ direct™ lysis swab was placed in three different areas of the semen swab to
determine if there are differences in sample distribution around the swab. Table 8 shows the
results using the Yfiler Plus PCR amplification kit, and Table 9 shows the results using the
AmpFLSTR Identifiler Plus PCR amplification kit. For the Yfiler Plus PCR amplification
kit, 6/15 of the overall samples resulted in recovery of a full profile, while partial profiles were
recovered from the other 9 samples. The SE25 donor had the most consistent findings with both
the tip and the random area of the swab producing 27/27 alleles, while the side of the swab
produced 26/27 alleles. Unlike the swabs, none of the saturated semen cloth samples resulted in a
full DNA profile. This could be due to the amount of saturation of the semen cloth, where the
microFLOQ direct ™ lysis swab was placed onto the cloth or that a longer contact time is needed
to remove the dried semen stain from this material (cotton cloth vs cotton swab). For the
AmpFLSTR Identifiler Plus PCR amplification kit, 10/15 of the overall samples tested
resulted in recovery of a full profile, while partial profiles were obtained for the other 5 samples.
Full DNA profiles were obtained for all of the SE25 and SE26 samples, regardless of sampling
location, as well as the SE5 and SE22 semen cloths.
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Table 8. Yfiler Plus Allele Recovery When Placing MicroFLOQ Direct™ Lysis Swabs In Contact With
Semen Swabs/Cloths
The number of alleles detected out of the total possible alleles (27 alleles) using the Yfiler Plus PCR amplification
kit.

Semen

Location of Semen

Allele Recovery

Donor (SE)

Collection

(out of 27)

SE4

Cloth

18

Tip

16

Side

27

Random

27

Cloth

23

Tip

26

Side

21

Random

12

Cloth

25

Tip

27

Side

26

Random

27

Tip

20

Side

27

Random

27

SE5

SE14

SE22

SE25

SE26
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Table 9. AmpFLSTR Identifiler Plus Allele Recovery When Placing MicroFLOQ Direct™ Lysis Swabs In
Contact With Semen Swabs/Cloths
The number of alleles detected out of the total possible alleles (30 alleles) using the AmpFLSTR Identifiler Plus
PCR amplification kit.

Semen

Location of Semen

Allele Recovery

Donor (SE)

Collection

(out of 30)

SE4

Cloth

6

Tip

30

Side

30

Random

29

Cloth

30

Tip

28

Side

28

Random

28

Cloth

30

Tip

30

Side

30

Random

30

Tip

30

Side

30

Random

30

SE5

SE14

SE22

SE25

SE26
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Overall, there was not much of a difference in full profile recovery between the tip of the
donor swab and the side of the donor swab. Only one more full profile was recovered for the side
of the semen swab using the Yfiler Plus PCR amplification kit, whereas both the tip and the
side of the semen swab produced the same number of full profiles when using the AmpFLSTR
Identifiler Plus PCR amplification kit. The donor semen swabs used were saturated semen
swabs, meaning the sample was spread out throughout the swab. In forensic casework, this might
not be the case. Usually, the tip of the swab would be used more frequently for sample recovery.
As a result, the experiment would need to be replicated using mock casework samples to make a
final determination on the best location to place the microFLOQ direct ™ lysis swab.
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CHAPTER FIVE: CONCLUSION
The main goal of this study was to determine if a full male DNA profile could be
achieved through the micromanipulation of various numbers of sperm cells. Three techniques to
identify the donor of trace evidence, mentioned previously, are currently, however these
techniques come with limitations. A differential extraction separates sperm from non-sperm
components within a mixture, however, if premature lysis of fragile or degraded sperm cells find
their way into the non-sperm fraction, a mixture of different donors, or masking of the male
donor by the female donor, can occur rather than the single-source male profile. An acoustic
differential extraction (ADE) uses a microdevice to separate the sperm from the non-sperm
components, however, if the sperm cells adhere to the trapping component on the microdevice,
only the non-sperm cells would be collected, causing the male DNA profile to not be recovered.
A laser capture microdissection ablates cells from a mixture using a UV laser, however,
individual cells are difficult to collect due to their adherence to other cells within the mixture,
and because of the large sample size needed to select the cells of interest. Due to the limitations
of these three techniques, the micromanipulation technique was explored.
The first aim of this study was to develop and optimize direct amplification methods for
the analysis of sperm collection. To begin, STR amplification kits were evaluated using buccal
cells. Many different variations of reaction volumes as well as amplification protocols were
tested to see which would work best with buccal cells. The Powerplex® Y23 PCR Amplification
Kit was eventually excluded from the study due to its inconsistencies in producing DNA profiles.
The Yfiler Plus PCR amplification kit and the AmpFLSTR Identifiler Plus PCR
amplification kit, along with the forensicGEM (ZyGEM) Sexcrime lysis mixture provided
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the most consistent DNA profiles. Next, sperm cells were micromanipulated into the optimized
STR amplification mixture using the initial semen slide protocol. This was a preliminary
experiment to see if the sperm cells would work well in the optimized direct amplification
method that was used for buccal cells. Full male DNA profiles were not produced using this
method, but this wasn’t due to the amplification kits or the lysis mixtures, it was due to the
clustering of the sperm cells on the Gel-Film slide, making them difficult to collect.
The second aim of this study was to validate the optimized methods using sperm cells.
After the initial semen slide protocol failed to produce sufficient results, an improved semen
slide protocol was developed to disperse the sperm cells onto the Gel-Film slide more
efficiently, allowing for better collection. Various cell numbers from multiple semen donors,
plus replicates, were collected using the optimized method. Fortunately, this did produce full
male DNA profiles using both amplification kits, with and without additional AmpliTaq Gold®
enzyme. Individual sperm cells were also collected to determine if they too can produce full male
DNA profiles. Unfortunately, full profiles were not determined, however, many partial profiles
were produced. With further optimization and micromanipulation of these individual cells, it is
quite likely that full profiles will eventually be produced.
The third aim of this study was to recover male profiles from mock sexual assault
evidence using the optimized method. Initially, the development of an artificial mixture of liquid
sperm and vaginal epithelial cells was produced. Sperm cells were collected within this mixture
using the optimized method developed for sperm cells in aim two. Full male DNA profiles were
recovered from these collections, proving that it is possible to get a full profile within a mixture.
The AmpFLSTR Identifiler Plus PCR amplification kit unfortunately detected female alleles
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within some of the DNA profiles, however the majority recovered was male DNA that was able
to be distinguished from the female DNA. None of the individual sperm cells produced full
profiles, but some of them recovered partial profiles. As with the second aim, further
optimization might lead to more complete profiles. The ultimate goal of this aim was to use the
optimized method with actual postcoital swabs to determine if a male DNA profile can be
recovered after 1-9 days. Even though this still needs to be determined, the preliminary tests
show that a full male profile can be seen from pooling various numbers of individual cells, even
within mixtures containing female DNA.
In addition to the three aims mentioned, an alternative approach that also used direct
lysis/amplification to produce an STR profile, without the need for micromanipulation, was
explored. MicroFLOQ direct ™ lysis swabs were first validated through a time test to determine
how long they needed to be held against the semen swab to produce a full profile. After testing
both 10 seconds and 20 seconds, the 10 second hold recovered more alleles than the 20 second
hold. We decided to proceed with the 10 second contact time because we always try to maximize
time efficiency in forensic assays. Using different semen swabs, the tip, the side, and a random
area of the swab was placed against the wet tip of the microFLOQ direct ™ lysis swab for 10
seconds to determine if a full DNA profile could be produced. Semen cloths were also used
during this experiment. Each donor recovered a full DNA profile, except for the SE14 semen
swab and the SE4 semen cloth; they did, however, both produce partial profiles.
Although this study proved that full male DNA profiles can be recovered through the
micromanipulation of sperm cells, the methods need to be further optimized to allow individual
sperm cells to produce a full profile. Once this can be optimized, studies with actual postcoital
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samples can be performed to mimic a sexual assault event. Even though work still needs to be
done, the results of this study prove beneficial for sexual assault casework and provide
alternative methods to recover male DNA profiles.
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