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Abstract
In forensic investigations the distinction between expirated bloodstains (blood from the
mouth, nose or lungs) and impact spatter (blood from gunshots, explosives, blunt force
trauma and/or machinery accidents) is often important but difficult to determine due to

their high degree of size similarity, which may result in the patterns being incorrectly
classified. Expirated bloodstains on an accused person’s clothing occur when assisting
an injured person, a finding which would tend to exonerate that individual. Impact
spatter stains on clothing tend to occur due to the proximity of the person to the
bloodshedding event, implying guilt. Therefore this project determined the
characteristics inherent in each bloodstain type by using high speed digital video
analysis and developed a test using PCR analysis to distinguish between the two types
of bloodstain patterns to allow for proper bloodstain classification.
The current study developed a test involving PCR analysis using DNA from humanspecific oral microbes as a biomarker for the presence of saliva and hence oral
expirated bloodstains. This PCR method is very specific to human oral Streptococci,
with no PCR product being made from human DNA or DNA from soil or other
microbes that were tested. It is also very sensitive, detecting as little as 60 fg of target
DNA. The PCR was not inhibited by the presence of blood and could detect target
DNA in expirated blood for at least 92 days after deposit on cardboard or cotton fabric.
In a blind trial, the PCR method was able to distinguish three mock forensic samples
that contained expirated blood from four that did not. These data show that bacteria
present in the oral cavity can be detected in bloodstains that contain saliva, and
therefore can potentially be used as a marker in forensic work to distinguish mouthexpirated bloodstains from other types of bloodstains.
High speed digital video analysis was used to examine the physical characteristics,
droplet sizes and distance travelled of expirated bloodstain patterns generated by
breathing, spitting and coughing. This analysis showed that some physical
characteristics (beaded stains) are unique to expirated bloodstains and can be used to
determine that the stain is expirated in origin. However, the video images also showed
that these physical characteristics are not always present and that the type of expelling
mechanism i.e. coughing, spitting or breathing, the distance the bloodstains travel, and
iii

the type of surface the bloodstains are deposited on all influence the presence of these
physical characteristics.
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Chapter 1
Introduction
1.1 Preface
Bloodstains present at an accident, suicide or crime scene help investigators solve a
crime or determine if a crime was even committed. Bloodstain Pattern Analysis (BPA),
is a forensic term used to describe the examination, identification and interpretation of
bloodstain patterns in relation to the events that gave rise to them. However, there are
limitations to bloodstain pattern analysis as there is difficulty and ambiguity in
determining how a stain was produced. There are also issues with the categorisation of
stains. Some bloodstain patterns do not appear to have sufficient individual
characteristics to enable analysts to reliably distinguish between the various causal
mechanisms (James et al., 2006). Impact, expiration and contact mechanisms can each
produce blood spatter comprising of very small stains and these may be confused with
one another (James et al., 2006). For example, expirated blood will often produce a
discrete mist-like pattern that resembles high velocity impact spatter caused by gunshot
wounds, explosives, and severe beatings with a blunt object or machinery accidents
(Emes and Price, 2004).
This project will develop a method to differentiate between mouth expirated
bloodstains from impact bloodstains, by designing a PCR program using oral microbial
DNA analysis. Impact spatter and expirated blood were chosen due to their high degree
of size similarity, which may result in classifying the patterns incorrectly. Several
texts,(Bevel and Gardener, 2001; Emes and Price, 2004) state that there are differences
between these two patterns but fail to go into sufficient detail to provide a basis for
making a correct determination of the origin. Discovering the characteristics inherent
in each bloodstain type and being able to provide a test which can distinguish between
the two will allow for proper classification, and as a result, more accurate crime scene
reconstructions.
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1.2 Bloodstain Pattern Analysis
Bloodstain Pattern Analysis (BPA), is a forensic term used to describe the
examination, identification and interpretation of bloodstain patterns in relation to the
events that gave rise to them. BPA involves visualizing the pattern; specifically
highlighting individual stains, showing boundaries and the direction of travel of
bloodstains (Bevel & Gardener, 2001).
Photography and videography are subsequently used to record the evidence. Context
shots and detailed close-up shots of the pattern or individual stains are taken.
Additionally, the use of diagrams and sketches may also be used.
BPA makes notes and observations on the following (Taylor, 2009)


The number, location, shape and morphology of bloodstains.



The size of the bloodstains and the energy/force applied that gives rise to the
size.



The spatial relationship between bloodstains. i.e. are the stains overlapping?



The spatial relationship between bloodstains and other objects or surfaces
nearby.



The surface characteristics of the material upon which the stains are deposited.

Moreover, these observations enable the analyst to offer an opinion about how the
pattern was created.

1.3 Bloodstain Pattern Categorisation
At present there is no comprehensive classification of bloodstain patterns used by all
blood pattern analysts. However, the current International Association of Blood Pattern
Analysis (IABPA) nomenclature is most commonly referred to by analysts when
classifying bloodstains, and was based on early research conducted in BPA in the
1970’s by MacDonell and Bialousz (Emes and Price, 2004). This conventional
classification of bloodspatter describes three categories of impact spatter patterns, based
on the velocity of the weapon that is required to produce that type of blood pattern stain
(Emes and Price, 2004).

2

1.4 Impact Spatter
Emes and Price (2004) state that impact spatter is the most common type of bloodstain
pattern encountered at a crime scene. The cause of impact spatter “is an object directly
striking a source of wet blood”(James et al., 2006). This means that the source of the
blood may be previously exposed, as in a beating situation, or exposed at the moment
of impact such as with a gunshot. It can be caused by a wide range of actions such as
kicking, stamping, beating, punching and shooting.
As previously mentioned, the conventional classification of bloodstain patterns is
determined by measuring the stains, and the velocity of the weapon that was required to
produce a stain of that size. Three categories of velocity can be deduced, low, medium
and high (Lyle, 2004).
Low Velocity Impact spatter is described as bloodstains that have been produced by an
external velocity of approximately 5ft/sec or less, they have a stain pattern of 4mm or
greater and are generally caused by dripped, splashed and projected blood (James et al.,
2006).
Medium Velocity Impact Spatter is described as bloodstains that have been produced
by an external velocity range of 5 - 25ft/sec. They have a stain pattern range of 1 – 3
mm and are generally associated with blunt force trauma such as a beating (James et
al., 2006). High Velocity Impact Spatter is described as bloodstains that have been
produced by an external velocity greater than and equal to 100ft/sec. They have a stain
pattern of 1mm or less and are associated with gunshot wounds, power tool injuries,
automobile accidents and other machinery accidents (James et al., 2006).

1.5 Limitations of the Bloodstain Pattern Classification.
Limitations to the conventional classification of bloodstains come from assigning
absolute values (e.g. 100ft/sec) to velocities that would cause such a stain. This is
because overlapping stain sizes between medium velocity and high velocity impact
spatter exist (James et al., 2006); which can result in associating a label to specific
events, to the exclusion of others. This creates a great deal of misinterpretation as well
as disagreement among opinions as to the etiology of a stain pattern. For example,
expirated blood may range from heavy large stains to light mist stains comparable to
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those found in gunshot, impact spatter and fly specks (blood spots that are produced
after flies have regurgitated, after feeding on blood) (Bevel and Gardener, 2008).
Figure 1.1 demonstrates the similarity between impact and expirated bloodstains.

Figure 1-1 Comparison of size range of spatter produced: Gunshot (1), Expiration (2), Beating (3).
Reproduced from (James et al., 2006).

In several high profile homicide trials around the world, bloodstain pattern analysts
have found themselves at the centre of controversial arguments over interpretation of
the mechanisms that produce these small bloodstains. In particular, whether such
bloodstains were impact spatter patterns or expirated blood patterns. Impact spatter
bloodstains on an accused person's clothing can indicate proximity to the source of
blood when a blow was struck implying guilt; whereas expirated bloodstains on
clothing could occur when assisting an injured person, a finding which would tend to
exonerate that individual. Therefore bloodstain pattern interpretation has been pivotal
in deciding the guilt or innocence of the accused. For example, a UK man by the name
of Sion Jenkins had his convection for murdering his daughter quashed in 2006. Mr
Jenkins was convicted of bashing his 13 year old daughter to death, and the case against
him depended largely on 150 microscopic spots of his daughter’s blood found on his
jacket. According to the prosecution, they were high velocity impact spatter caused as
Jenkins beat the girl to death. The defence testified that the droplets were expirated
blood forced out of his daughter’s lungs as he leant over her in an attempt to help her.
The conviction was quashed as there was no scientific forensic method to prove
whether the bloodstains were expirated, or high velocity impact spatter (Gunn, 2006).
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It is for reasons outlined above, that have led to many blood pattern analysts choosing
to discontinue the use of the conventional terminology, in favour of a more descriptive
classification of bloodstain patterns. The descriptive terminology, classifies bloodstains
based on their physical features of size, shape, location, concentration and distribution,
and characterised these into three basic classifications, passive stains, spatter stains and
altered bloodstains (Figure 1.2). These three basic stains are further classified by the
mechanisms that produced them. In the descriptive classification of bloodstains,
expirated blood and impact spatter fit into the “Spatter stain” category, and expirated
blood is further classified as a projection mechanism (Figure 1.3). In New Zealand the
Institute of Environmental Science and Research (ESR) who provide the forensic
science services in New Zealand, use the descriptive method when reporting and
analysing bloodstain evidence.
Nevertheless, even when using the descriptive classification of bloodstains to enable
the bloodstain pattern to potentially be identified, to date there is still no physical test
which can distinguish between spatter and expirated bloodstains to allow for proper,
accurate and scientific identification.

Figure 1-2 Bloodstain pattern categories under the descriptive classification. Reproduced from
(James et al., 2006).
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Figure 1-3 Spatter categories under the descriptive classification. Reproduced from (James et al.,
2006).

1.6 Expirated Bloodstain Patterns
The term expirated blood has been defined by the Scientific Working Group on
Bloodstain Pattern Analysis (SWGSTAIN) for several years though it is not universally
accepted, with some preferring the term exhaled blood. However, the New Zealand
ESR service use terms defined by the SWGSTAIN, and for the purpose of this thesis,
the term expirated blood will be used.
Expirated Blood is defined by (SWGSTAIN) as blood forced by airflow out of the
nose, mouth, or a wound (Scientific Working Group on Bloodstain Pattern Analysis,
2009). The source of expirated blood can result from medical conditions such as
cerebral bleeding, that can cause blood to enter the back of the nasal cavity, or any
injuries to the face, mouth, nose and chest, such as stabbing, shooting, crush injuries
and chest compressions by paramedics, in the case of CPR (Emes, 2001). Therefore the
main sources of expirated blood can be divided into three categories: nose, mouth or a
wound. The size of the expirated blood spatter as well as the individual droplets can
range greatly, and is based on the amount of blood introduced to the respiratory system.
The characteristics of the spatter pattern are also affected by the amount of exhalation
force.

Research on expirated blood was first documented in 1895 by Dr Eduard Piotrowski at
the University of Vienna, where he conducted bloodstain pattern experiments on live
6

rabbits using a variety of attack methods to ensure all possibilities and their effects. In
his 1895 book, titled “Ueber Entstehung, Form, Richtung und Ausbeitung der
Blutsperen nach Hiebwunden des Kopfes,” (Concerning origin, shape, direction and
distribution of bloodstains following blow injuries to the head) Piotrowski documented
the bodily reactions of subjects when they were attacked, and he described observing
small stains which radiated out from the rabbits heads. Piotrowski then concluded “As
far as their position is concerned, they spread out in a radiating pattern. The center of
this outward radiating droplet pattern was the nostrils and mouth from which the
accumulated blood was forced out.” (Piotrowski, E.,(1895), Translated and cited in
Bevel & Gardener, 2008). Since that time very little research has been conducted on
expirated bloodstains and even less on being able to distinguish them from impact
spatter bloodstains.

Current literature available about differentiating expirated blood from impact spatter
discusses examining the bloodstain for physical characteristics such as bubble rings due
to blood being mixed with air as it is being expelled, beading which is thought to be
small blood spots being linked by strings of mucus or saliva and dilution due to other
body fluids such as saliva being present (James et al., 2006; Emes & Price, 2004; Bevel
& Gardner, 2008; and Emes, 2001). Conversely, absence of these characteristics does
not necessarily indicate that the pattern is not from expirated blood (Emes & Price,
2004; and Emes, 2001). For example, it has been shown that in expirated bloodstains
on absorbent surfaces such as clothing, bubble rings and dilution are rarely seen, and
that some impact spatter patterns can be diluted in appearance especially if mixed with
other body fluids (Walker, 2006) or with other solutions onto which the bloodstain may
be deposited such as water or juice on a bench. In the later situation, tests for saliva are
applied to the bloodstains to see if traces of amylase are present. Nevertheless, this
technique is not always efficient as will be discussed later in this chapter.
MacDonell (2005) claims that recognition of expirated bloodstain patterns is not
difficult and that if the victim has no blood in their nasal or oral orifices, then it is
impossible for blood to have been expirated from either source. However, there is
significant evidence found in the literature to suggest that the distinction is difficult
(Bevel & Gardener, 2001; Bevel & Gardener 2008; Emes, 2001; Emes & Price, 2004;
James et al, 2006) and that this distinction is made even more difficult by no
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information being available as to how the physical characteristics of expirated
bloodstain patterns, such as beaded stains are produced. In addition, MacDonell’s
opinion fails to take into account cases where the victim is not found, cases where there
is no medical evidence available to an analyst or cases where body decomposition is
beyond a medical examination, as well as cases where only partial patterns of a few
bloodstains on absorbent surfaces such as clothing items is available to an analyst.
Currently the only research on expirated blood has been through expiration
experiments using mock crime scenes and case study observations (Emes, 2001). For
example, Emes, (2001) placed 20ml of his own blood into his mouth then coughed the
blood on to white paper in an attempt to create expiration patterns. He then visually
examined the stains to try to identify the physical characteristics.
Walker (2006) conducted research for her Master’s thesis on expirated blood patterns;
also using mock expirated blood experiments, but most of her research was centred on
chemical and physical methods of detection, such as the presence of amylase or buccal
epithelial cells in expirated stains as well as what the stains visually looked like. More
recently Power et al. (2009) investigated using oral microbes as an identifying marker
in expirated bloodstains. This paper is “proof of concept” that the methodology of using
oral microbes to determine if bloodstains are expirated is a valid one.

1.7 Current methods to determine if bloodstains are expirated
To determine if bloodstains at a crime scene are expirated blood, blood pattern analysts
use chemical tests involving the salivary enzyme amylase (Silenieks, 2006). In New
Zealand, the ESR have forensic laboratories that test for saliva in bloodstains via a
Phadebas Test (O’Brian, 2007; Benjamin et al., 2008; Hedman et al., 2008; Myers and
Adkins, 2008).
The Phadebas Test consists of starch polymer chains that are chemically attached to a
water-soluble blue dye. In the presence of amylase, the starch is hydrolysed releasing
the dye. The intensity of the blue colour produced in the presence of a stain extract, is a
function of the amylase activity in the sample (Li, 2008).
However, there are several problems with this approach, Firstly, amylase is an
inducible enzyme, produced in response to food and salivation (Wonder, 2001). This
means that it is not always present in the same concentrations, and if a person is in fear
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of their life, they may experience a dry mouth due to the sympathetic response of
adrenaline release, leading to reduced or complete absence of amylase. Secondly,
salivary amylase is found not only in saliva, but also in perspiration, and breast milk,
with pancreatic amylase being found in semen, faeces and vaginal fluids (Quarino et
al., 2005) and the traditional amylase testing methods cannot differentiate between
amylases, so the source of amylases cannot be determined (Quarino et al., 2005).
Thirdly, it is known that some people have no or very little amylase in their saliva due
to the amount of starch consumed in their diet or because of genetic differences (Perry
et al., 2007) or if they are a baby under 6 months of age (Sevenhuysen et al., 1984).
Fourthly, the chemical tests involved in the detection of salivary amylase lack
sensitivity when they are used on stains less than 3mm in diameter (Walker, 2006).
These limitations mean the use of the Phadebas test to determine if a bloodstain is
expirated or not, based on the presence of salivary amylase is unreliable. Therefore, it
is necessary to develop a new method that can reliably discriminate between the
presence of saliva from other body fluids. An attractive alternative approach to
determine if streptococci are, or have been, present in expirated bloodstains is to test for
the presence of Streptococcus-specific DNA.

1.8 PCR and DNA analysis in Forensics.
Dioxyribonucleic acid (DNA) analysis is an important aspect of forensic science. This
is because over the years it has proved vital in showing the presence and identity of
offenders, victims, as well as third parties. It was first used in Forensics in 1986 by Dr
Alec Jeffreys after the police asked him to help solve a crime by applying his newly
developed VNTR- RFLP (Variable Number Tandem Repeats-Restriction Fragment
Length Polymorphism) technology. This case, known as the Narborough murder
enquiry was the first murder investigation to be resolved by Human DNA analysis
(Rudin and Inman, 2002).
Modern DNA analysis is based on Polymerase Chain Reaction (PCR). PCR is a
technique in which a DNA polymerase is used to amplify a piece of DNA. The DNA
generated is itself used as a template for replication. This sets in motion a chain
reaction where the DNA template is exponentially amplified. Hence the name
polymerase chain reaction. Using PCR, it is possible to amplify a piece of DNA,
generating millions or more copies of the DNA piece. The technology is now so
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advanced that short tandem repeat (STR) analysis, which is analysis of short repeating
DNA sequences, that are unique to each individual, can now be determined from DNA
amounts under 100pg (Graham, 2008). To facilitate DNA profiling from samples that
contain less than 100pg the number of PCR cycles has been increased from the standard
28 cycles to 35 cycles. This type of DNA analysis is known as “Low copy number
PCR,” and is used to recover DNA profiles from “touched” or miniscule amounts of
DNA (Lowe et al., 2002). However, in low copy number profiling it is not possible to
state the source from which the DNA profile originated, because there is generally less
than one cells worth of DNA, and it is not possible to say when the DNA was deposited
on the item, or if it was deposited via secondary transfer; for example the transfer of
DNA from one person to another and subsequently to an object (Lowe et al., 2002). It
has also been shown that the amount of DNA deposited on an object depends on the
“shedder” status of the individual (the proportion of donor profile, deposited in a
certain amount of time) (Lowe et al., 2002). Therefore, caution is advised when
interpreting such DNA profiles.
DNA analysis has traditionally been used in forensics with regards to human DNA.
However, recently the use of DNA as a method to identify bacteria that may be
implicated in a bioterrorist attack (Atlas, 2004), or to detect oral bacteria in bite mark
investigations (Borgula et al., 2003; Rahimi et al., 2005) has been undertaken. To date
only one study (Power et al., 2009) has used microbes as a way of identifying
expirated bloodstain patterns.

1.8.1 Limitations of PCR
PCR based analysis although very important with regards to forensics in particular; it
too is not without a few problems. One issue is related to the PCR amplification
capacity, which can be dramatically reduced or blocked by the presence of PCRinhibitory substances. These PCR inhibitory substances are known to exert their effects
by binding directly to DNA or by interacting with the polymerase to block the enzymes
activity (Bessetti, 2007).

PCR-inhibitory substances are commonly found in the

reagents used for DNA processing or amplification, such as Phenol, Ethanol,
Magnesium, and salts like NaCl and KCl (Bessetti, 2007). They are also found in
certain sample types such as blood, body tissues, hair, fabrics and soil; all the sample
types most commonly analysed by forensic scientists (Bessetti, 2007). PCR inhibitors
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that will be of greatest concern with regards to this project will be the natural inhibitors
present in blood such as haem and immunoglobulin (Al-Soud and Radstrom, 2001), and
the inhibitors present in fabrics, such as the blue dye in denim (Del Rio et al., 1996;
Larkin and Harbison, 1999; Shutler et al., 1999). Therefore, to prevent or eliminate
PCR inhibition throughout this project, the choice of DNA polymerase, the DNA
extraction and purification method chosen was critical to ensure inhibitory substances
were removed. Currently, there are different polymerases and methods which have
been developed to help remove inhibitory substances (Sweet et al., 1996; Larkin and
Harbison, 1999; Shutler et al., 1999; Giraffa et al., 2000; Al-Soud and Radstrom, 2001;
Bessetti, 2007), to ensure that an accurate and reliable PCR analysis can be completed.

1.8.2 DNA extraction methods
Currently in the New Zealand Forensic service system (ESR), two DNA extraction
methods are in use. The first and most predominant method is a DNA extraction
method using magnetic bead technology from a kit called DNA IQ system (Promega).
This method is predominately used for DNA extraction work as the extraction method
is able to be used on a variety of biological items, it is able to remove most inhibitors
during the extraction process and the extraction can be automated. At the ESR in New
Zealand, all samples for DNA analysis are extracted robotically to minimise
contamination, so automation is important. However, another method involving
Phenol:Chloroform and bead beating is used in forensics for difficult and dirty DNA
extraction samples such as soil samples. This method does not remove inhibitors so a
cleanup step involving chelex® is completed after the extraction.

Bead beating is a process to release DNA from the cells of; plants (Haymes et al.,
2004), animals (Harmon et al., 2006), bacteria (de Lipthay et al., 2004), and fungi
(Borneman and Hartin, 2000). Samples are placed in screw-capped tubes containing
beads and are mechanically shaken in a cell disrupter so that the impact of
the beads breaks up the cells. The disruptive effect can be varied according to the size
and density of the beads, and the speed setting of the shaker. Commonly used beads
are 0.1–2.5 mm in diameter and composed of materials of various densities, including
of glass (2.5 g ml-1) and zirconia/silica (3.7 g ml-1).
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It is this phenol:cholorform, bead beating method that will be trialled during this
project. This method was chosen as it has worked previously to extract DNA from
expirated bloodstains (Power et al., 2009), and it does not involve expensive equipment
or reagents.

1.9 Oral Microbes
Human oral microbiota are rarely found in other environments, either on the human
body (Tannock, 1995; Marsh and Martin, 1999; Hoshino et al., 2004; Wilson, 2005;
Schachtele et al., 2007) or on surfaces away from the human body (Tagg and Ragland,
1991) and are one of the most ecologically diverse microbial populations known to man
(Marsh and Martin, 1999). This is because it is the only hard non-shedding surface in
the body, meaning it allows the accumulation of large masses of microflora (Marsh and
Martin, 1999). However, any microbe entering the oral cavity that lacks the ability to
associate or adhere to oral surfaces or microbes, is removed by the flushing action of
the flow of saliva (Tannock, 1995). The oral cavity contains over 700 microbial
species, of which over half cannot yet be cultivated (Pennisi, 2005). However, only
limited information is available on the normal microflora of healthy individuals (Aas et
al., 2005; Nasidze et al., 2009) as most studies of the human oral cavity have focused
on identifying bacteria that might be associated with diseases.
Saliva contains up to 100 million organisms per milliliter (Bagg et al., 2006). The
majority of the bacteria found in the oral cavity are of streptococci species and
comprise almost 50% of the total cultivable flora from the oral cavity (Marsh and
Martin, 1999). The Streptococcal bacteria are facultive anaerobes, catalase-negative,
gram-positive cocci and have been identified as specific oral strains through DNA
homology and 16SrRNA gene sequencing. However, classification of oral streptococci
has traditionally been based upon biochemical and physiological properties as well as
chemotaxonomic data so reclassification of oral streptococci had to occur to reflect the
gradual improvements in the approaches used to distinguish between species and strains
(Schachtele et al., 2007). Presently there are three main streptococcal groups classified
in the human oral cavity, the Mutans group, the Mitis group and the Salivarius group
(Hoshino et al., 2004).

Four streptococcal species S.mutans, S.salivarius, S.gordonii

and S.sanguinis have been chosen as the target bacteria that will be used for DNA
analysis in this project. These four target streptococcal species were chosen because
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they are all found specifically in the human oral cavity and nowhere else on the human
body (Tannock, 1995; Marsh and Martin, 1999; Hoshino et al., 2004; Wilson, 2005;
Schachtele et al., 2007). Previous studies conducted on animals showed that none of
the target streptococci species were found in dog, cat, pig or goat (Scannapieco et al.,
1994; Takada et al., 2006; Nakanishi et al., 2009). However, Scannapieco (1994)
reported that a strain resembling S.salivarius was isolated from two dogs. This is
important to note, because if a animal had the same streptococci species in their mouth
as humans, and they had eaten on or around an area where expirated blood stain
samples had been found and would be collected from, then being able to distinguish
expirated bloodstains from impact bloodstains using oral microbial DNA analysis
would be very difficult, due to potential contamination of oral microbes from the
animal.
The four target streptococcal species were also chosen because they were present in the
human oral cavity in large amounts, they had their genomes sequenced or at least had
their major genes sequenced, and they are all cultivable, which was important as it
ensured that streptococci could be grown and cloned in vitro, so that comparisons
between streptococci strains, both lab strains and from within an individual could be
analysed.
All four of the target bacteria chosen are normally present as microflora in the oral
cavity with the mutans streptococcal group being cariogenic. However, the three other
streptococcal species can all be opportunistic pathogens as they have all been identified
in human infections such as meningitis, infective endocarditis and septicaemia
(Schachtele et al., 2007), S.sanguinis is also thought to be an antagonist of S.mutans, as
shown by (Skilton, 1991) in his Master of Science thesis and therefore is believed to
have an antagonistic role in dental caries (Schachtele et al., 2007).
The location of each streptococci group within the mouth can be seen clearly in Figure
1.4. S.mutans is from the Mutans group and is predominately found in dental plaque.
S.gordonii and S.sanguinis are from the Mitis group. S.gordonii is also commonly
found in dental plaque where as S.sanguinis is found mainly on the teeth, cheek and
tongue. S.salivarius is from the Salivarius group and is predominately found in saliva,
on the tongue and oral mucosal surfaces (Bagg et al., 2006). Saliva itself is not
considered to have a resident microflora as it is produced sterile. The normal rate of
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swallowing ensures that bacteria cannot be maintained in the mouth by multiplication
in saliva, and so organisms found in saliva are derived there from other oral surfaces by
saliva flow, chewing and general oral hygiene practices (Marsh and Martin, 1999).
However, S.salivarius preferentially, as mentioned above, colonises the tongue and
since much of the salivary flora is derived from the tongue, it is thought to be the most
prevalent species in saliva (Schachtele et al., 2007).

Figure 1-4 Colonisation sites for streptococci. The Streptococci found in saliva normally reflect the
species found in high concentrations of the tongue. Reproduced from (Schachtele et al., 2007).

1.10 Diversity of the oral microflora in humans
Currently there is very limited information available about the diversity of the human
oral microflora, with most research being focused on the oral bacteria that cause
disease. To date, one article by Nasidze, et al., (2009) describes the patterns of global
diversity in the human salivary microbiome based on analyses of partial 16S ribosomal
RNA sequences from 120 healthy individuals from diverse locations around the world.
Nasidze, et al., (2009) research showed that there was more variation among bacterial
sequences from different individuals than from the same individual, but that there was
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no significant variation difference between individuals from different locations or from
the same location.

However, this study only looked at sequence variation between

strains of streptococci not sequence variation among strains of the same species. It also
did not look at cultural, and identity factors such as age, gender, ethnicity, diet, or
smoking cigarettes and whether these variables may influence the growth of different
bacteria.
Previous Literature (Alam et al., 1999; Borgula et al., 2003; Rudney et al., 2003) on the
diversity of oral streptococci also has looked at the genomic profiles of different species
of streptococci, rather than strains within that species.

To date all the literature

suggests that oral streptococci from the mouths of most humans are genotypically
diverse and can be matched to an individual, but there is no knowledge on whether the
strains within a species are also just as diverse. Therefore analysing sequence variation
among strains of the same species in streptococci, as well as the cultural and identity
factors that may influence the growth of the streptococci, need to be examined, so that
using the DNA from oral streptococci as a method to distinguish between expirated
bloodstains and impact bloodstains, can be applied to any person regardless of age,
gender, ethnicity, diet, or smoker status.

1.11 Streptococci genomes and genes.
The genome of most Streptococcal species is a circular DNA molecule with a G+C
content of between 34mol% and 46mol% containing 61-65 tRNAs and five rRNAs
with, on average, approximately 2000 proteins.

In particular, streptococci possess

surface proteins, which permit them to be primary colonizers of the oral cavity. One of
these proteins, the glucosyltransferase (gtf) gene, produces large extracellular enzymes
that hydrolyse sucrose to synthesize extracellular polysaccharides. The polysaccharides
can be both soluble and insoluble, depending on the degree of branching and type of
glucosidic linkage of the glucan product. The insoluble polysaccharides are what
contributes to the structural integrity of dental plaque (Marsh and Martin, 1999) and
facilitate the adhesion of biofilm formation on tooth surfaces as they are not degraded
by dextranases produced by other oral microbes (Hoshino et al., 2004). The bacteria do
not adhere directly to the enamel of the teeth, they adhere and interact with receptors
including α-amylase of salivary glycoproteins which adsorb to the enamel surface
(Tannock, 1995). The polysaccharides produced by the gtf gene are unique to oral
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streptococci only (Schachtele, et al., 2007). All four of the chosen streptococcal species
possess this enzyme, some posses more than one enzyme. S.mutans contains three
glucosyltransferase enzymes, S.salivarius possesses four, S.gordonii and S.sanguinis
possess only a single glucosyltransferase enzyme (Marsh and Martin, 1999).
Glucosyltransferases (gtf) are large enzymes that consist of four domains. The primary
amino acid sequences of the enzymes are highly homologous, with secondary structural
predictions suggesting that gtf’s are members of the alpha-amylase superfamily and
contain a circularly permuted (alpha/beta)
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barrel motif (MacGregor et al., 1996;

Devulapalle et al., 1997; Banas and Vickerman, 2003). They have a conserved signal
peptide of 32 amino acids, a non-conserved region of approximately 200 amino acids, a
catalytic conserved N-terminal domain which is necessary for sucrose hydrolysis and a
conserved C-terminal domain which functions in glucan binding. (Monchois et al.,
1999; Banas and Vickerman, 2003). The non-conserved region of gtf genes has no
known role in the enzyme’s activity and is thought to be streptococci species specific
and therefore useful for their genera classification (Hoshino et al., 2004).

It is the

non-conserved region that will be amplified by PCR in this project to detect the
presence of different oral streptococci species in saliva and eventually bloodstains.
The gtf gene was chosen as the target gene over the universally selected 16Sr gene for
two reasons; the first because the gtf gene is specific to oral streptococci and, second
because all bacteria are differentiated into their precise genera by genotyping the 16Sr
gene.

Therefore, if I used the universally selected 16Sr gene, it would not be very

specific, as all streptococci including soil, animal and, non-oral human streptococci
would be able to be detected in PCR analyses.

1.12 Oral Microbial DNA analyses.
Oral microbial DNA analysis has been reported in forensic bite mark investigations,
and showed that live bacteria could be recovered from the bite mark site, if undisturbed,
for at least 24 hours as well as from fabrics (Borgula et al., 2003; Rahimi et al., 2005).
Recent research, using either gtf primers or primers for genes encoding ribosomal
RNA, has shown that PCR can be used to detect streptococcal DNA in saliva and in
blood-saliva mixtures (Nakanishi et al., 2009; Power et al., 2009). Oral microbial DNA
analysis was chosen for this project for three reasons: 1) oral microbes are present in
saliva and would identify that the bloodstain had come into contact with the mouth. 2)
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Microbial DNA is protected from human salivary nucleases due to their cell walls
(Rahimi et al., 2005) and 3) amylase, (the current method used to determine if the
blood stain had made contact with the mouth) is an inducible enzyme, meaning it is not
always present in the same concentrations, if present at all. Also amylase is present in
other body fluids such as urine and semen, and the traditional amylase testing methods
cannot differentiate between amylases, so the source of amylases cannot be determined
(Quarino et al., 2005), so is not a very efficient method. Therefore, oral microbial
DNA which can be extracted and analysed would identify that the bloodstain had come
into contact with the mouth.

1.13 High speed digital video analysis
High speed video analysis of bloodstains has recently been undertaken (Raymond et al.,
1996; Laber et al., 2008) to try to understand and give knowledge into the indicators of
blood transfer events which lead to the formation of bloodstain patterns. To date, most of
the high speed video footage that has been studied has been on common bloodletting
mechanisms such as impact spatter from shooting, kicking and stomping, passive blood
drops on different surfaces and on different angles, and swing and cessation cast off
bloodstain patterns. Currently the only video footage available on expirated bloodstains is
from Laber et al. (2008) and shows a person in the standing position gently breathexpelling blood from the mouth. This footage, while informative about the breathing
mechanism of blood, it provides no information about other expirated blood producing
mechanisms such as coughing or spitting, it provides no information about what these
bloodstains look like on different surfaces, the distance or height that expirated bloodstains
can travel especially if a person is prone when the expelling of blood occurs. Therefore the
following study will examine these mechanisms using high speed digital footage, so that
insight into the dynamics of expirated bloodstains will be known, making a significant
contribution to the scientific underpinning of expirated bloodstain formation.

1.14 Aims of this study
This project’s overall aim is to develop a method to differentiate between expirated
bloodstains and impact bloodstains, by designing a PCR program using oral microbial
DNA analysis. To enable this aim to be achieved establishing and optimising a PCR
protocol for microbial DNA analysis will be priority with exclusively designed oral
specific, sensitive streptococcal species primer sets from a collection of Laboratory
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stains of S. mutans, S. salivarius, S. gordonii and S. sanguinis bacteria. This study will
also determine the diversity of the four target streptococcal species in the human
population by analysing saliva samples from 100 different individuals and whether
variables such as mouthwash, oral antibiotics, age, ethnic group, smoking, and mouth
prosthetics have any effect on these species. This study will also clone streptococcal
bacteria from saliva, to establish if streptococcal strains are similar or between different
individuals and how many strains of the same species are present in an individual’s
saliva. Different body fluids, such as nasal and sweat, will also be analysed to establish
if oral microbes are indeed specific to the oral cavity.
The study will also determine if oral microbial DNA can be extracted from expirated
blood and detected in PCR without inhibitors being present. The study will also
analysis the sensitivity of the PCR technique by trialling different dilutions of blood
and saliva mixes, as well as determining if oral microbes can be extracted from a
variety of different materials, such as washed and unwashed clothes, carpet, cardboard
and paper etc. Determining how long oral microbial DNA can survive in expirated
blood will also be examined, as expirated blood samples will be analysed routinely
throughout the duration of this study.
The study will also determine if both oral microbes and human DNA can be extracted
from an expirated bloodstain, for the purpose of identifying the individual who
generated the bloodstain.
To validate the results of the research, a blind trial involving expirated blood and other
bloodstains will be analysed to see if my method can distinguish between the two
bloodstains.
The final aim of my research is to investigate expirated blood droplet production, size
and distance travelled with coughing, breathing and spitting mechanisms and to analyse
if different surfaces such as cardboard and fabric appear to alter the appearance of the
expirated bloodstains. This aim will be achieved by using High speed video camera
footage so that the insight into the formation of expirated bloodstains will be known.
The results from Chapter 3 of this thesis have been accepted and published in the
International Journal of Legal Medicine (Appendix 6). The results from Chapter 4 of
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this thesis are currently being submitted for publication in the Canadian Journal of
Forensic Science.
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Chapter Two
Methods and Materials
2.1 Chemicals and materials
All chemicals used were of analytical grade and obtained from BDH Laboratory
supplies unless otherwise stated. DNA molecular markers were obtained from
BIOLAB.

2.2 Oligonucleotide Primers
All four sets of gtf primers were originally taken from Hoshino et al. (2004) however, 2
gtf primer sets (S. salivarius and S. sanguinis) were designed in this study. All
Oligonucleotides were synthesized by Invitogen except for the Amelogenin
Oligonucleotides which were synthesized by Sigma.
Table 1 Oligonucleotide primers used in this study
Target

Primer sequence (5’- 3’)

Reference

S. mutans gtfD for
S. mutans gtfD rev

ggcaccacaacattgggaagctcagtt
ggaatggccgctaagtcaacaggat

Hoshino et al. (2004)
Hoshino et al. (2004)

S. sanguinis gtfP for
S. sanguinis gtfP rev
S. sanguinis for
S. sanguinis rev
S. gordonii gtfG for
S. gordonii gtfG rev
S. salivarius gtfK for
S. salivarius gtfK rev
S. salivarius rev
Streptococcal 16Sr RNA for
Streptococcal 16Sr RNA rev
Universal 16Sr RNA for
Universal 16Sr RNA rev
Amelogenin for
Amelogenin rev
M13 for
M13 rev

gatgttaagcaggtggcagttcaag
catcatgctcagtattaacaggcg
ggatagtggctcagggcagccagtt *
gaacagttgctggacttgcttgtc *
ctatgcggatgatgcttaatcaagtg
ggagtcgctataatcttgtcagaaa
gtgttgccacatcttcactcgcttcgg
atgaatacttgatgtgcttgaaaggg
ggatagtggctcagggcagccagtt *
ggaggttgatcatggctcag
acaacgcaggtccatct
aaagaattcagagtttgatcctggctcag
aaaggatccacggctaccttgttacgactt
ctgatggttggcctcaagcctgtg
taaagagattcattaacttgactg
cccagtcacgacgttgtaaaacg
agcggataacaatttcacacagg

This study
This study
Hoshino et al. (2004)
Hoshino et al. (2004)
Hoshino et al. (2004)
Hoshino et al. (2004)
Hoshino et al. (2004)
This study
Hoshino et al. (2004)
Rudney et al. (2003)
Rudney et al. (2003)
Weisburg et al. (1991)
Weisburg et al. (1991)
Nakahori et al, (1991)
Nakahori et al, (1991)
Promega
Promega

* Represents the Hoshino et al. (2004) primers that did not work.

Each primer (30-50 nmoles) was resuspended in 150 µl of TE buffer to an approximate
concentration between 100-200 pmoles.µl-1. The concentration was determined using a
Nano-drop ND-100 Spectrophotometer. Further dilutions of the oligonucleotide stock
to working concentrations of 100 pg, were made in sterile mQH2O.
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2.3 Bacterial strains and plasmids
2.3.1 Bacterial strains
All of the Streptococcal strains used in this study were obtained from the private
collection of Professor John Tagg Laboratory of the Microbiology and Immunology
Department at University of Otago Dunedin, unless stated otherwise.
Table 2 Bacterial strains used in this study
Bacterial species
Enterococcus faecalis

Strain Number
JH2

Escherichia coli
Escherichia coli

DH5
JM83

Pseudomonas aeruginosa
Streptococcus gordonii 1

PAO1
Challis DL1

Streptococcus gordonii
Streptococcus mutans 2

D105
10449

Streptococcus mutans *

FW75

Streptococcus mutans

MT8148

Streptococcus mutans

NY266 (formerly T2)

Streptococcus mutans

OMZ175

Streptococcus mutans

UA159

Streptococcus pyogenes

FF22

Streptococcus salivarius
Streptococcus salivarius
Streptococcus salivarius 1
Streptococcus salivarius

DC156A
G32
JIM8777
K12

Streptococcus salivarius

MIN5

Streptococcus salivarius

MP5

Streptococcus salivarius *
Streptococcus salivarius
Streptococcus salivarius

NR
PIRIEStR
2OP3

Streptococcus salivarius

#5

Streptococcus salivarius

#9

Streptococcus sanguinis 1

10556 aka SK59

Source/Reference
G.Tannock, University of Otago (Giard
et al., 1996)
Laboratory stock (Hanahan, 1983)
Laboratory stock (Yanisch-Perron et al.,
1985)
Laboratory stock (Vasil, 1986)
A.Holmes Otago Dental School
(Holmes et al., 1998)
J. Tagg, University of Otago
J. Tagg, University of Otago
(Coykendall, 1977)
J.Tagg, University of Otago (Walker,
2004)
J. Tagg, University of Otago (Walker,
2004)
J. Tagg, University of Otago (Rogers,
1974)
J. Tagg, University of Otago (Hamada
and Slade, 1980)
J. Novak, University of Alabama
(Ajadic et al., 2002 )
J. Tagg ,University of Otago (Jack et al.,
1994)
J. Tagg, University of Otago
J. Tagg, University of Otago
J. Tagg, University of Otago
J.Tagg University of Otago (Burton et
al., 2006)
J. Tagg, University of Otago (Tagg and
Ragland, 1991)
J. Tagg, University of Otago (Dempster
and Tagg, 1982)
J. Tagg, University of Otago
J. Tagg, University of Otago
J. Tagg, University of Otago (Dempster
and Tagg, 1982)
J. Tagg, University of Otago (Dempster
and Tagg, 1982)
J. Tagg, University of Otago (Dempster
and Tagg, 1982)
J. Tagg University of Otago (Kilian et
al., 1989)
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Streptococcus sanguinis *

H7

Streptococcus sanguinis

H15

Streptococcus sanguinis

H18

Streptococcus sanguinis

H25

Streptococcus sanguinis

K4

Streptococcus sanguinis

K11

Streptococcus sanguinis

K16

Streptococcus sanguinis

K18

Streptococcus sanguinis

K23

Streptococcus sanguinis

K28A

J. Tagg, University of Otago (Skilton and
Tagg, 1992)
J. Tagg, University of Otago (Skilton
and Tagg, 1992)
J. Tagg, University of Otago (Skilton
and Tagg, 1992)
J. Tagg, University of Otago (Skilton
and Tagg, 1992)
J. Tagg, University of Otago (Skilton
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ATCC = American Tissue Cell Culture
NCTC = National collection of Type Cultures.
* Represents misidentified species.
S. mutans FW75 was identified in DNA sequencing as S. parasanguinis.
S. sanguinis H7 was identified through DNA sequencing as S. mitis.
S. salivarius NR was unable to be identified in DNA sequencing but was not S. salivarius.
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Human DNA from White Blood Cells used in this study was obtained courtesy of
Marilyn Merriman in the Biochemistry and Genetics department at the University of
Otago, Dunedin.
The soil microbial DNA used in this study was obtained courtesy of the Institute of
Environmental Science and Research (ESR) Ltd in Porirua (MacDonald et al., 2009).
The DNA was extracted using a fast prep® soil kit (BIO 101).

2.3.2 Plasmids
The plasmids used in this project, were obtained from laboratory stocks.
Plasmid

Relevent Genotype/Phenotype

Reference

pGEM-T Easy

lacIq lacZ(α-fragment) ColiE1 ori, ApR

Promega

2.4 Media
All the following media were prepared in mQH2O according to the Manufacturer’s
instructions unless, stated otherwise. All media was sterilized by autoclaving at 121°C
for 15 minutes.
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Streptococci were routinely grown in Todd Hewitt Broth and on Trypticase Soy blood
agar plates, except when needing to isolate streptococci specifically from saliva, in
which case, saliva microbes were grown on Mitis-Salivarius agar plates. E.coli was
routinely grown in Luria Broth, and Luria Broth agar plates.

2.4.1 Liquid Media
Todd Hewitt Broth (BD Difco)
Heart, infusion from 500 g……………………3.1g
Neopeptone………………………………….20.0g
Dextrose……………………………………....2.0g
Sodium Chloride……………………………...2.0g
Disodium Phosphate………………………….0.4g
Sodium Carbonate……………………………2.5g
30 g of powder (above mixture) was used to make 1 L of broth.
Luria Broth (LB)
5 g.L Bacto-yeast extract (Gibco BRL)
10 g.L casein hydrolysate (Gibco BRL)
10 g.L NaCl adjusted to pH 7.5
LB broth was made up to 1L each time for use.

2.4.2 Solid Media
Tryptic Soy Agar with 5% sheep blood (Fort Richard Laboratories)
Plates were ordered premade in a pack of 20 from Fort Richard Laboratories
and stored at 4°C until use.

Luria Broth (LB) Agar.
Plates were made in the laboratory by mixing 7.5 g.500 mL agar (Gibco BRL)
with LB broth and then stored at 4°C until use.

Mitis-Salivarius Agar (Difco, Becton Dickinson Co)
Plates were obtained from Professor John Tagg Laboratory of the Microbiology
and Immunology Department at University of Otago Dunedin and stored at 4°C until
use.
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2.4.3 Media Supplements
All media supplements were prepared with mQH2O, unless otherwise stated, and filter
sterilized with 0.45 µm Millipore filter.
Supplements included Ampicillin (25 mg.ml) which was prepared as stock solutions in
mQH2O.
For blue/white selection, 35 µl of 30 mg.mL of 5-bromo-4-chloro-3-indlyl-β-Dgalactopyranoside (BCIG) and 25 µl of 24 mg/ml of isopropyl-thio-galactopyranoside
(IPTG) were spread onto the LB plates before transformed cells were applied.

2.5 Growth and Maintenance of Bacteria
Streptococcal strains were grown on Trypticase soy agar with 5% sheep’s blood
overnight at 37°c, in a 5% CO2 incubator. For liquid cultures one colony from the
plates was then grown in 10mL Todd Hewitt broth overnight at 37°c in a 5% CO2
incubator.
For medium storage, plates were kept at 4°C.
For long term storage, liquid cultures of streptococcal species were grown in sterilized
pure Trim Milk, overnight at 37°C in a 5% CO2 incubator. The cultures were then put
into microcentrifuge tubes and flash frozen with liquid nitrogen to be stored at -80°c.

E.Coli was grown on LB agar plates overnight at 37°C, in a shaking bath. For liquid
cultures one colony from the plates or from -80°C laboratory glycerol stocks was grown
in 5 mL of Luria broth, or 50 mL of Luria broth if competent cells were needed.
For medium storage, plates were kept at 4°C.
For long term storage, liquid cultures of E.coli were grown overnight at 37°C in a
shaking bath. The bacteria were then put into microcentrifuge tubes and mixed
thoroughly with an equal volume of 80% (v/v) glycerol and stored at -80°C.

Saliva was plated onto Mitis-salivarius agar plates overnight at 37°C, in a 5% CO2
incubator to allow oral streptococcal species from the saliva to grow. One colony from
the plate was then grown in 3 mL Todd Hewitt broth or Trypticase soy agar with 5%
sheep’s blood overnight at 37°C in a 5% CO2 incubator.
For medium storage, plates were kept at 4°C.
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2.6 Isolation of bacterial DNA
Microbial Genomic DNA extraction method
Genomic DNA from liquid culture was obtained by using a Microbial genomic DNA
isolation Kit (MoBio) and following the manufacturer’s instructions.
The DNA extraction procedure involved putting 1.8 mL of liquid culture into an
microcentrifuge tube and centrifuging at 10000 x g for 30 seconds. This step was
repeated twice. The supernatant was removed and the pellet was resuspended in 300 µl
of microbead solution and vortexed. The solution was transferred into a microbead
tube and 50 µl of MD1 solution was added. At this point a deviation was made to the
manufacturer’s protocol, where the sample was votexed for 5 minutes, then heated for
10 minutes before vortexing the sample again for a further 5 minutes. This was done to
ensure the cell walls were completely lysed since Streptococci have hard cell walls due
to being gram positive bacteria. The tubes were then centrifuged for 10000 x g for 30
seconds, with the supernatant transferred into a clean microcentrifuge tube. 100 µl of
MD2 solution was then added to the supernatant and vortex for 5 seconds before being
incubated at 4°C for 5 minutes. The tube was centrifuged at 10000 x g for 1 minute
with the supernatant being transferred into a new microcentrifuge tube and 900 µl of
MD3 solution being added. The solution was then loaded into a spin filter and tube and
centrifuged at 10000 x g for 30 seconds. All flow through liquid was discarded.
300 µl of MD4 solution was added to the spin filter and centrifuged at 10000 x g for 30
seconds. Again the flow through was discarded. 50 µl of MD5 solution was added to
the filter membrane and centrifuged for a further 1 minute. The DNA was then
collected in the tube. The spin filter was disposed of and the DNA was stored at -20°C
until required.

The Instagene Matrix Extraction Method.
The extraction was preformed following the manufacturer’s instructions under “Whole
Blood Protocol”, with the exception of using 10 µl of saliva, the swab tip or the fabric
swatch instead of 3 µl of whole blood. The sample (saliva, saliva: blood mix, cotton
swab or fabric swatch) was added to 1 ml of sterile water in a 1.5 ml microcentrifuge
tube, vortexed for 10 seconds at maximum and allowed to sit at room temperature for
30 minutes. After resting for 30 minutes the tubes were vortexed again for 10 seconds
and then the fabric swatch or swab tip if used, were removed and disposed of. The
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sample was then centrifuged for 3 minutes at 11000 x g. All but 20 µl of supernatant
was removed. 200 µl of Instagene matrix (BioRad, Laboratories, USA) was then added
to the 20 µl supernatant and pellet. The sample was then incubated at 56°C for 30
minutes in a shaking heating block, then vortexed at maximum for 10 seconds before
being boiled at 100°C for 8 minutes in a shaking heating block. The sample was again
vortexed at maximum for 10 seconds and then centrifuged at 10000 x g for 3 minutes.
The DNA which is present in the supernatant resin of the Instagene matrix, as well as
the matrix pellet was then stored at -20°C until required.
The Instagene matrix is a 6% (w/v) chelex resin which absorbs cell lysis products that
interfer with PCR, leaving genomic DNA template in the supernatant. The chelex is
composed of paired iminodiacetate ions coupled to a styrene divinylbenzene matrix.

Bacterial DNA was obtained from bloodstains swabbed onto DNA-Free cotton swabs
and deposited on fabric, by using Instagene Matrix, for most of the study.
Phenol:Chloroform DNA Extraction method
This DNA extraction method was modified from (Griffiths et al., 2000).
Reagents:
Ringers Buffer
165 mM Sodium Chloride
2.3 mM Potassium Chloride
2 mM Calcuim Chloride
1.5 mM Potassium Phosphate
The buffer was made up to 100 ml at a time.
Phenol:Chloroform: isoamyl alcohol (25:24:1) (v/v/v) (pH 8.0) (SigmaAldrich.com)
Cholorform : isoamyl alcohol (24 :1) (v/v) (Sigma-Aldrich.com)
Isopropanol
Sodium acetate (pH 4.6)
70% ethanol
10mM Tris-HCl (pH 8.0)
Equipment:
Lysing Matrix E tubes (MP-Biomedicals, Australia)
Mini Bead beater machine (Biospec products)
Fabric and swab tips were cut off and placed into a Lysing matrix E tube (Q-biogene,
MP-Biomedical, Australia) with 500 µl Ringers Buffer and 500 µl Phenol:Chloroform:
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isoamyl alcohol (25:24:1) (v/v/v) (pH 8.0) (Sigma-Aldrich.com). The tube was
processed on a mini-beadbeater (Biospec products) for 20 seconds at 5000 rpm. This
was repeated a further time prior to centrifugation at 16000 x g at 4°C for 5 minutes.
The top layer was then transferred to a fresh microcentrifuge tube before adding 500 µl
of cholorform:isoamyl alcohol (24:1) (v/v) (Sigma-Aldrich.com) and vortexing to mix.
The sample was then centrifuged at 14000 X g for five minutes and the top layer was
again transferred into a fresh microcentrifuge tube before adding 500 µl of isopropanol
and 50 µl of sodium acetate (pH 4.6) and mixing by inversion. The precipitated DNA
was then collected by centrifugation at 14000 x G for 45 minutes at 4ºC before being
washed with 500 µl of 70% ethanol, dried and resuspended in 100 µl 10 mM Tris-HCl
(pH 8.0). DNA was stored at -20°C until required.

2.7 Saliva, Nasal and Sweat Secretion collection.
100 participants’ saliva samples and, 12 participant’s nasal and sweat secretions were
collected. The saliva participants, were asked to expectorate about 50 µl of saliva into
a 1.5 ml microfuge tube and to complete a questionnaire asking details about
themselves such as sex, age, their use of mouthwash, whether they were taking oral
antibiotics, have any mouth prosthesis, and whether or not they smoked cigarettes.
The nasal and sweat participants, were asked to swab the inside of their nose and under
their arms with sterile cotton swabs (NZ Medical & Scientific LTD) and to complete a
questionnaire about themselves such as age, sex, ethnic group and whether they were
wearing deodorant or taking oral antibiotics.

Both the saliva samples and the nasal and sweat swabs were processed by the Instagene
matrix extraction method outlined in section 2.6 after collection.

2.8 Expirated bloodstain production and collection
Human blood was collected from one individual by a trained phlebotomist. The
expirated bloodstains were produced in two ways. The participant transferred 2 ml of
their own blood into their mouth and then coughed it out approximately 300 mm onto
the target surface. Alternatively 5 ml of blood was mixed with 1 ml of human saliva in
a spray-bottle and the mixed blood/ saliva was sprayed from approximately 150 mm
onto the target. The target surfaces were non-sterile cloth fabrics (cotton, wool, denim,
carpet, polyester and elastane) from clean, worn clothing or used carpets and white
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glossy cardboard. The cardboard samples were dried and the expirated bloodstains
were swabbed with sterile cotton swabs (NZ Medical & Scientific LTD) that had been
moistened with sterile milliQ water. The cloth samples were dried and 1 cm x 1 cm
square fabric swatches were excised. These samples were kept in sealed plastic bags at
room temperature throughout the duration of the study.

The blood and saliva dilutions were combined in 1:1, 1:4, 1:10, 1:20, 1:50, 1:100,
1:200, 1:500 and 1:1000 ratio’s with saliva being the minor component and blood being
the major component, in 100 µl dilution volumes in 0.6 ml microcentrifuge tubes.

The coughing of blood occurred at Christchurch ESR service centre and was conducted
in a laboratory that was modified for this purpose. It consisted of two Lab walls and
part of the floor below these walls being lined with 2 layers of white paper (Bleach
Kraft, MJ Shardlow, Pak Link, 80 gsm, and 900 mm width).
The spraybottle method of generation was performed in a Biological Safety Cabinet
Class II (AES Environmental, Australia). The swabs and the fabric swatch were
processed by the Instagene extraction method outlined in section 2.6.

2.9 Unmixed bloodstain production and collection.
Human blood was collected from one individual by a trained phlebotomist. The
bloodstains were produced in two ways. The blood was placed into a plastic spraybottle
and the blood was then sprayed on the target surface from approximately 150 mm.
Alternatively, 1 ml of blood was pipetted directly from approximately 300 mm onto the
target surface. The target surfaces were non-sterile cloth fabrics and white glossy
cardboard. Samples were stored and swabs prepared as described in section 2.6.

2.10 Collection of oral microbes from everyday objects and materials.
Everyday objects and materials that were not known to be contaminated with saliva,
were swabbed with sterile cotton swabs (NZ Medical & Scientific LTD) that had been
moistened with sterile milliQ water. The objects and materials that were swabbed were
as follows; laboratory computer screen, Front of a fridge door, side of a stainless steel
toaster, vertical blinds, a painted wall, linoleum, thermal curtains, carpet, a vinyl chair,
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and a clean drinking cup, the front of five shirts which were being worn at the time.
All swabs were prepared as described in section 2.6.

2.11 High speed digital video camera set up and filming
All expirated blood high speed video footage was performed at the Christchurch ESR
service centre and was conducted in a laboratory that was modified for this purpose.
(Section 2.8) Lighting was achieved with three quartz Halogen lamps, two 2000 watts,
and one 1000 watt lamps. A fast cam SA1 photron camera was used to film the
experiments (Laber et al., 2008), and two different sized regular Nikon camera lenses
were used; either a 28 mm or a 55 mm lens. The 55 mm lens was used when the subject
was standing and the 28 mm lens was used when the subject was prone. Apertures
between f4 and f11 were used depending on the available light at the shutter speed
chosen to minimise motion blur.
The participants’ own blood was used for the expirated bloodstain experiments and was
mixed with an anticoagulant and used within 48 hours of collection. The blood was
kept in a fridge and warmed to 37°C before use. The expirated bloodstains were
produced by the participants transferring between 2-4 ml of their own blood into their
mouth and then projecting it out onto a target surface.
Two target surfaces were used; white glossy cardboard or the front of Tyvex® white
overalls (DuPont™, China) which were being worn at the time.

2.12 DNA cloning procedures for E.coli
The method for Competent cells and transformation of E.coli was taken from (Dagert
and Ehrlich, 1979) and were prepared using the CaCl2 method.

2.12.1 Competent cells
E.coli cells were taken from the laboratory glycerol stock and grown in 5 mL of LBroth overnight at 37°C in a shaking incubator (New Brunswick Scientific). The cells
were diluted to an OD600 of 0.01 and then grown in 50 mL of L-broth for approximately
another 2.5 hours in the shaking incubator at 37°C until an OD600 of 0.3 was reached.
The cells were then chilled on ice for 20 minutes. The cells were then pelleted by
centrifuge at 7000 rpm for 5 minutes in the JA17 rotor. The supernatant was removed
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and the pellet was then resuspended in 20 mL of cold 0.1 M CaCl2. The resuspended
pellet was left on ice for 20 minutes. The sample was then pelleted again by centrifuge
at 7000 rpm for 5 minutes in the JA17 rotor. The cell pellet was again resuspended in 1
mL of cold CaCl2. The cells were then left on ice overnight until needed for ligation
and transformation.

2.12.2 DNA Ligation reactions
A 10 µl ligation reaction containing 1 µl of pGEM-T-easy plasmid vector (Promega), 5
µl of ligase buffer, 1 µl T4 ligase, 1.5 µl of sterile mQH2O and 1.5 µl of 32 ng/µl DNA
PCR insert, was thoroughly mixed and left at room temperature for 1 hour.
Positive control Ligation reaction mixtures were also made up to 10 µl exactly as above
but with 1.5 µl of pGEM-T-easy control insert instead of PCR DNA insert.
Negative control ligation reaction mixtures were also made up to a 10 µl volume but
without DNA inserts, instead 3 µl of sterile mQH2O was added, so that only the
plasmid vector would be grown on the agar plate.

2.12.3 Cloning into pGEM-T Easy
Approximately 30 ng of PCR product, which had been purified, was ligated with
pGEM-T easy vector (Promega) as per the manufactures instructions. The pGEM-T
easy vector system contains a 3’terminal thymidine overhang at the insertion site that
improves the efficiency of the ligation of the PCR product. The multiple cloning region
is located in the α-peptide region of the β-galactosidase gene (lacZα) (Figure 2.1). This
permits the identification of recombinants directly through insertional activation of the
lacZα by colour differentiation on selective media.
Ligations were incubated for 1 hour at room temperature before being transformed into
competent E.coli JM83 cells.
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Figure 2-1 Circle map of pGEM-T Easy Vector (Promega)
The circle Map of the vector demonstrates restriction sites, as well as the lacZα gene required for
blue/white selection. The 3’terminal thymidines are also shown at the insertion site.

2.12.4 Transformation
Chilled DNA was added to pGEM-T-easy Ligation mix per 2 µl of Plasmid DNA and
left at room temperature for 1 hour. After 1 hour the DNA-Ligation mix was added to
0.1 mL of competent cells. This was then left to stand on ice for 10 minutes. The cells
were then heat shocked in a 37°C water bath for 5 minutes and then placed back on ice
for a further 10 minutes. 1 mL of L-broth was then added to the cells and the cells were
then placed in the shaking incubator at 37°C for 2 hours. After 2 hours, 0.1 mL of cells
was spread on to LB agar plates, which were supplemented with Ampicillin, BCIG and
IPTG as described in section 2.4.3. The only bacteria capable of growth on this media
are those that express the pGEM-T easy encoded Ampicillin resistance marker. White
colonies, thought to contain an interruption in their lacZα gene were selected for
analysis by plasmid purification, digestion and sequencing.

2.13 Plasmid purification, digestion and sequencing of insert.
2.13.1 Purification of plasmid DNA
Purification of Plasmid DNA was obtained by using a High pure Plasmid DNA
isolation Kit (Roche) and following the manufactures instructions.
3 mL of E.Coli transformed cell culture were placed in a microfuge tube and pelleted
by centrifuged at 13000 rpm for 1 minute. The pellet was resuspended in 250 µl of
Suspension buffer and RNase, while the supernatant was discarded.
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After the pellet was resuspended, 250 µl of lysis buffer was added and the microfuge
tube inverted 3 to 6 times to mix the solutions, and then incubated at room temperature
for 5 minutes. After 5 minutes 350 µl of chilled binding buffer was added and the
microfuge tube was again inverted 3-6 times to mix the solutions. The microfuge tube
was then incubated on ice for 5 minutes. After incubation the sample is centrifuged for
10 minutes at 13000 rpm in a table top microcentrifuge. After centrifugation, the
supernatant is transferred into a filter tube attached to a collection tube. The sample is
then centrifuged at 13000 rpm for 1 minute. After centrifugation, the flow through
liquid is discarded and 500 µl of Wash buffer I is added to the filter tube, with the
sample being centrifuged again for 1 minute at 13000 rpm.
The flow though is again discarded and 700 µl of wash buffer II is added to the filter
tube, with the sample being centrifuged for 1 minute at 13000 rpm.
All flow through liquid is discarded; with the sample being centrifuged again at 13000
rpm for 1 minute to ensure all residual wash buffer was removed.
Once residual wash buffer is removed, the filter tube is placed into a clean 1.5 mL
microfuge tube with 100 µl of elution buffer added. The sample was then centrifuged
for 1 minute at 13000 rpm to elute the DNA directly into the bottom of the microfuge
tube. The filter tube is then discarded and the eluted DNA was stored at -20°C until
required.

2.13.2 Restriction digestion
A 10µl digestion reaction was made up containing 0.5 µl of EcoR1 enzyme, 1 µl of
EcoR1 buffer, 3 µl of plasmid DNA and 5.5 µl of sterile mQH2O, the reaction was
mixed thoroughly and left for 1 hour in a 37°C water bath. After this time, 2 µl of
digestion reaction was run out on 0.85% agarose gel to check that digestion had
worked.

2.13.3 DNA sequencing
Plasmid DNA and PCR products (at a concentration of 300 ng.15 µl-1 and 100 ng.µl-1
respectively) were sequenced at the Allan Wilson Centre Genome Service (AWCGS,
Palmerston North) using a capillary ABI3730 Genetic analyzer (Applied Biosystems),
or else the Plasmid DNA and PCR products (at a concentration of 100 ng.µl-1 and
20ng.µl-1 respectively) were sequenced at the 1st base Laboratories, (Malaysia) using a
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capillary ABI3730 Genetic analyser (Applied Biosystems). The plasmid DNA was
sequenced using vector based M13 forward and reverse primers that were supplied with
the template. The PCR product DNA was sequenced using internal primers
(glucosyltransferase primers) that were supplied with the template. DNA sequence data
was downloaded via the AWCGS website (http://awcmee.massey.ac.nz/genomeservice.htm) or the 1st base website (sequencing@base-asia.com).

2.14 Polymerase Chain Reaction (PCR)
Reagents:
HotStarTag Master Mix (Qiagen Corporation, USA)
2.5 units HotStarTag DNA polymerase
200 µM of each dNTP
1 x PCR Buffer which contains 15 mM MgCl2,TrisCl, KCl and
(NH4)2SO4 at 10 x concentrated at a pH of 8.7
Each 20 µl reaction mix contained the following;
10 µl HotStarTag Master Mix,
8.6 µl ddH2O,
0.2 µl of each primer (forward and reverse) working stock at 100 pmol.µl conc,
and 1µl genomic or salivary bacterial DNA.
PCR was performed in sterile 0.2 µl microcentrifuge tubes or in 96-well plates.
A PCR program was developed by using and subsequently altering the PCR parameters
outlined in (Hoshino et al., 2004) and was optimized for the detection of the oral
streptococci. PCR was carried out in a 20 µl reaction mixture with HotStarTag Master
Mix polymerase following the Manufacturer’s instructions. To keep contamination to a
minimum all PCR reaction mixtures were made up in the Aura PCR cabinet (BioAir 
Euroclone , Italy) with RNase, DNase and pyrogen free filter pipette tips (Axygen,
USA).

Amplification was preformed with a Bio-Rad thermocycler using the following
parameters;
95°C for 15 minutes to activate the polymerase,
An initial denaturation step of 94°C for 5 minutes
Denaturation at 94°C for 10 seconds
Annealing at 56°C for 15 seconds
X 30 cycles
Extension at 72°C for 1 minute
Followed by a final step of 72°C for 5 minutes.
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PCR products were analysed via electrophoresis in a 0.85% Sodium Borate agarose gel
containing ethidium bromide to a final concentration of 0.001% (Brody and Kern,
2004). The DNA was visualized using UV light and a BioRad Gel Doc illuminator. To
all samples 2µl of loading dye (0.25% Bromophenol Blue, 0.25% Xylene Cyanol, 30%
Glycerol) was added and a molecular 1Kb plus DNA marker (Invitrogen) was included
on all gels.

2.15 Quantative Polymerase Chain Reaction (QPCR)
Reagents:
LC480 2x Master Mix (Roche Applied Science, Germany)
FastStart Tag DNA polymerase
DNA double-strand-specific SYBR Green I dye
X 2 conc
dNTP’s, MgCl2 , and Buffer
Each reaction mix contained the following;
1.8 µl LC PCR water,
0.1 µl of each primer (forward and reverse) working stock at 100 pmol/µl conc,
and 5.0 µl of LC480 2x Master mix.
QPCR was performed in a sterile 96-well plate. 7 µl of the above reaction mix was
aliquoted into each well of the 96-well plate, along with 3 µl of DNA template. The
concentration of DNA template was recommended by the manufacturer to be between
2-30ng/20µl reaction to produce crossing points of no more than 30 cycles.
To keep contamination to a minimum all QPCR reaction mixtures were made up in the
Aura PCR cabinet (BioAir  Euroclone , Italy) with RNase, DNase and pyrogen free
filter pipette tips (Axygen, USA) Each QPCR reaction was carried out in duplicate.
The plate was then sealed with optical adhesive film (Applied Biosystems, Australia &
New Zealand) and centrifuged briefly to collect liquid at the bottom of each well in an
Eppendorf centrifuge 5810R (Biolab Scientific Ltd, New Zealand). All QPCR
reactions were carried out on a Light cycler  480 thermo cycler (Roche Applied
Science,Germany). The QPCR parameters were developed by using the Roche LC480
manufacturer’s suggested parameters, including the annealing temperature, which was
based on the melting temperature of the primers minus two degrees, as recommended in
the Roche Light cycler  480 thermo cycler manual.

The QPCR Program was performed using the following Parameters;
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Denaturation of 95°C for 10 minutes at 4.4°C/s ramp rate for 1 cycle
Amplication at 45 cycles which consisted of
Denaturation at 95°C for 10 seconds at 4.4°C/s ramp rate
Annealing at 60°C for 10 seconds at 2.2°C/s ramp rate
Extension at 72°C for 20 seconds at 4.4°C/s ramp rate in single acquisition
mode.
Melt Curves at 1 cycle which consisted of
95°C for 30 seconds at 4.4°C/s ramp rate
65°C for 5 seconds at 2.2°C/s ramp rate
95°C on continuous acquisition mode at 0.11°C/s with 5 acquisitions / °C
Followed by a single cycle cool down step of 40°C for 10 seconds at 2.2°C/s ramp
rates.
QPCR results were also analysed using the Absolute Quantification software program
Melting curve analysis was carried out using the software provided with the Light
Cycler to confirm that the intended products had been amplified as well as 0.85%
agarose electrophoresis gel onto which the QPCR products were loaded to confirm
results with the 480 thermo cycler (Roche Applied Science, Germany). This analysis
works by comparing the amplification of target nucleic acids in an unknown sample
against a standard curve with known concentrations of the same target, thereby
enabling the concentration of the target samples to be known.

2.16 PCR Product purification
Small-scale PCR product purifications were carried out using the High Pure PCR
product Purification Kit (Roche Boehringer Mannheim). Product purifications were
prepared from PCR reaction samples, using the manufacturer’s protocol on PCR
reactions.

2.17 Template Quantification
Isolated genomic DNA, Plasmid DNA and purified PCR products were quantified
using the Nano-Drop-1000 Spectophotometer (Thermo Scientific) or the Qubit®
fluorometer and Quant-iT™ dsDNA BR Assay Kit (Invitrogen).

2.18 Phadebas Blue paper press test
The Phadebas blue paper press test (Phadebas®) was used to detect the presence of
amylase in stains (Silenieks, 2006; O’Brian, 2007; Li, 2008). The blue paper consists
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of starch polymer chains that are chemically attached to a water-soluble blue dye. In
the presence of amylase, the starch is hydrolysed releasing the dye. The intensity of the
blue colour is indicative of the amylase activity in the stain. Phadebas® press test
sheets were placed onto each object of interest and moistened with water. Test sheets
were held down with weights and left at room temperature for 30-60 minutes. After,
this time the sheets were removed and examined for hydrolysis of the dye.

2.19 Gel Electrophoresis
Reagents:

Sodium Borate Buffer at 20 x concentrated to a pH of 8.0
14 g Sodium Borate, 2 g NaOH (stock Solution)

To prepare SB electrophoresis buffer the stock solution was diluted with ddH2O and
Ethidium Bromide was added to a final concentration of 0.001%, as stated in (Brody
and Kern, 2004).
6X Loading Dye (Tracking Dye)
Glycerol
1.5 mL
Bromophenol Blue 12.5 mg
Xylene Cyanol
12.5 mg
ddH20
3.5 mL
The 6x Loading dye is aliquoted into microcentrifuge tubes at 400 µl
volumes and stored at -20°C.
1Kb Plus DNA Ladder at concentration of 1µg.mL (Invitrogen)
Kb ladder
100 µl
6x loading buffer
150 µl
ddH20
750 µl
The 1 Kb plus ladder is aliquoted into microcentrifuge tubes at 6x 166 µl
volumes and stored at -20°C.
SB Agarose gels were prepared in SB buffer to a concentration of 0.85% (w/v)
agarose, unless otherwise stated. The agarose was completely dissolved by heating the
solution in a microwave oven and then poured into gel-forming apparatus. Once the gel
had set, SB buffer was poured into a Gibco BRL Horizontal gel electrophoresis tank
(Life Technologies Inc). The samples, with 6x-loading dye added, were loaded into the
wells. The 1Kb plus DNA ladder (Invitrogen) was also loaded onto the gel. Gels were
electrophoresed at 120 mA for 30-40 minutes. The gel was exposed to UV light and
photographed using a BioRad gel Doc illuminator and the bands visualized due to the
Ethidium Bromide in the SB agarose gel.
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2.20 Phylogenetic analysis
DNA sequences were aligned by using Clustal W software in Geneious
(www.geneious.com). These alignments were used to infer Phylogenetic relationships
among streptococcal strains and were analysed by the Maximum likelihood method
listed in the PHYML plugin in Geneious. For the Maximum likelihood analysis, the
distance was calculated by using General Time Reversible (GTR) model with invariant
sites estimated and with rate variation across sites estimated from a gamma distribution.
Bootstrap values were obtained for 500 randomly generated trees.

2.21 Computer programs
Primers were generated using the AmplifyX program, through the University of Otago
Network and the NCBI Primer design website (www.ncbi.nlm.nih.gov/tools/primerblast/index.cgi). The AmplifyX program predicts the likelihood of primer-dimer
formation, that may occur with each primer and it calculates the melting temperature of
the primer with the template DNA. This program also enables you to see exactly where
in your sequence you are amplifying, as it gives you the length and size of your PCR
product and its location within the DNA template.
Most computer analyses of DNA sequences were performed on the NCBI website.
Alignments of two or more sequences were produced using the BLAST program
(www.ncbi.nlm.nih.gov/blast). Multiple alignments were generated using ClustalW in
BioManager (www.angis.org.au) or ClustalW in Geneious (www.geneious.com).
Maximum likelihood Phylogenic trees were generated using PHYML plugin in
Geneious (www.geneious.com).
Sequence data for Streptococci and other microbes was obtained from the National
Centre for Biological Information’s (NCBI) database of microbial genomes.
(www.ncbi.nlm.nih.gov/sutils/genom_table.cgi).
Statistical analysis was performed using the SPSS Statistics 17.0 program, through the
University of Otago Network.

The type of Statistical analysis performed was Binary

Logistic regression which examines the relationship between a dependent variable and
a set of independent variables by calculating a Chi-Square statistic which is a measure
of the number of observed variables compared to the expected variables. If a
relationship does exist between the variables then a significant P or probability value of
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less than 0.05 will be generated, which indicates that the result was unlikely to have
occurred by chance.
Viewing of the high speed video footage was visualized on the computer using the
Photon fastcam version 3 software, which came with the camera.
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Chapter Three
Methodology for detecting expirated bloodstains using PCR
microbial DNA analysis
3.0 Introduction
Recent research, using either glucosyltransferase (gtf) primers or primers for genes
encoding ribosomal RNA, has shown that PCR can be used to detect streptococcal
DNA in saliva and in blood-saliva mixtures (Nakanishi et al., 2009; Power et al., 2009).
The overall purpose of this study was to investigate whether detection of the nonconserved region of the gtf genes could provide a sensitive and specific test for the
presence of DNA from oral streptococci in saliva and consequently a potential tool to
distinguish mouth-expirated bloodstains from other bloodstains. To achieve this aim, it
was necessary to design species-specific PCR primers and optimise a PCR program, as
the approaches used were largely PCR and electrophoresis. Before designing the PCR
primers, a comprehensive literature search to identify characteristics from oral bacterial
species that could be possible targets had to be undertaken. Genbank searches for DNA
sequences from oral microbial genomes were examined so designing of the primers
could be undertaken.

3.1 Establishment of DNA analysis
3.1.1 Selection of the microbial species and target genes
Four streptococcal species were identified as candidates for this project. They were S.
mutans, S. salivarius, S. sanguinis, and S. gordonii. These four candidate streptococcal
species were chosen primarily because they were all found specifically in the oral
cavity of humans and nowhere else on the human body or in the wider environment
(Tagg and Ragland, 1991; Marsh and Martin, 1999; Rudney et al., 2003; Hoshino et al.,
2004; Bagg et al., 2006; Schachtele et al., 2007; Nakanishi et al., 2009). This was the
most important consideration as the target species had to be unique to the human oral
cavity. Previous studies conducted on animals showed that none of the four target
streptococcal species were found in dog, cat, pig or goat (Scannapieco et al., 1994;
Takada et al., 2006; Nakanishi et al., 2009). The four target streptococcal species were
also chosen because they are present in the human oral cavity in large numbers,
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complete genome sequences or at least gene sequences were available, so identification
of streptococcal species could be achieved through DNA sequencing, and because all
the target species were cultivable. Three other oral species were initially considered as
potential targets. These were Actinomyces ondontolyticus, Veillonella parvula and
Haemophilus aphrohilus. However, these species were eliminated as they were
difficult to cultivate, were not entirely specific to the human oral cavity, were much less
studied and multiple isolates were not available.
A literature review was conducted to determine what research had been undertaken on
DNA analysis of the chosen oral streptococcal species. Previous literature (Kilian et al.,
1989; Garnier et al., 1997; Rudney et al., 2003; Hoshino et al., 2004; Aas et al., 2005;
Konstantinidis and Tiedje, 2005; Delorme et al., 2006; Nakanishi et al., 2009; Power et
al., 2009) showed that DNA analyses on oral bacterial species had been conducted but;
all the researchers with the exceptions of Hoshino et al. (2004), Nakanishi et al. (2009)
and Power et al. (2009) had used universal 16S rRNA primers. Universal 16S rRNA
primers are not specific to oral microbes; in fact they have been designed to amplify
part of the 16S ribosomal gene of all bacteria so that classification and genotyping of
the bacteria can be compared. These primers would not be suitable for this research as
they would amplify DNA from up all microbes, not just oral microbes. Hoshino et al.
(2004) conducted DNA analysis of oral streptococci using species-specific primers to
allow distinction between each streptococcal species (Hoshino et al., 2004). The
primers Hoshino et al. (2004) used were designed to amplify glucosyltransferase (gtf)
genes, which encode enzymes that hydrolyse sucrose to synthesize extracellular
polysaccharides. These primers looked promising because the gtf gene contains a non
conserved region (Figure 3.1) which is thought to be streptococcal species-specific and
therefore useful for their classification (Hoshino et al., 2004). To confirm that the
primers were species-specific and suitable for this project, computer programs Blast
(www.ncbi.nlm.nih.gov/) as well as a multiple alignment of the gtf gene using
biomanager (www.angis.org.au) were completed. The Blast search compared the gtf
primer sets to sequenced microbial genes that were present in Genbank (Benson et al.,
2008). The multiple alignment showed that each gtf gene had a region that was species
specific and did not match any other streptococcus or bacterial sequence. Figure 3.1
below shows a schematic structure of a gtf gene showing the functional domains and a
partial nucleotide multiple alignment from the signal sequence along with the beginning
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of the non-conserved region of the gtf gene in all four target streptococci. The signal
sequence is conserved between all streptococcal species whereas in the non-conserved
region nucleotide differences are apparent between each of the four target species.

Figure 3-1 Schematic structure of a gtf gene showing the functional domains (reproduced from
Monchois et al., 1999) and a partial multiple alignment of four streptococcal sequences generated
during this study.
A, signal peptide, B, non-conserved region, C, catalytic domain, D, glucan binding domain. Signal
sequence is shown in alignment from base 1-90, along with the beginning of the non-conserved region ,
where differences in nucleotides are apparent. Large block arrow on the right indicates the beginning of
the gtf primer sequences, which start at approximately base 121 depending on strain.

Previous researchers (Nakano et al., 2004; Hoshino et al., 2005; Nakano et al., 2006;
Nakanishi et al., 2009) have used gtf species-specific primers in their own research to
distinguish between strains, because they are specific to Streptococcus sp. only. The
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finding about the gtf primers being species-specific was also confirmed in this study by
both the multiple alignment and the Blast search, which indicated that the gtf genes had
a region which was indeed species-specific and did not match any other microbial
sequence in genbank. Therefore a PCR program with gtf species-specific primers was
developed to allow detection of each of the four streptococcal species.

3.1.2 Polymerase chain reaction (PCR) streptococcal gtf genes.
One ATCC or NCTC strain from each of the four candidate streptococcal species has
obtained from Professor John Tagg (Section 2.3) for optimizing the PCR program.
ATCC or NCTC strains were chosen for optimization since their DNA sequences were
readily available in Genbank. The initial PCR program and parameters were outlined
in (Hoshino et al., 2004). The four primer sets initially described in Hoshino et al.
(2004) were trialed.
The PCR reactions were prepared as stated in methods (Section 2.14). PCR was
carried out using each gtf primer set with the appropriate template (Figure 3.2). S.
mutans and S. gordonii made the expected PCR products of 430bp and 440bp
respectively. However, two primer sets made either faint product with primer dimers (S.
salivarius) or did not make any product (S. sanguinis)(Figure 3.2).

Figure 3-2 PCR using gtf primers from Hoshino et al. (2004).
PCR was carried out using all four sets of gtf primers from Hoshino et al. (2004) with template being
corresponding purified DNA from ATCC or NCTC streptococcal strains, and the reactions analysed by
agarose gel electrophoresis. Lane 1 1Kb DNA ladder, Lane 2 S. mutans gtf primers with S. mutans 10449
template, Lane 3 S. sanguinis gtf primers with S. sanguinis 10556, Lane 4 S. gordonii gtf primers with S.
gordonii DL1, and Lane 5 S. salivarius gtf primers with S. salivarius JIM8777.

Primer sets for S. sanguinis and S. salivarius were then designed, since they either did
not make product or made faint product with primer-dimers with the Hoshino et al.
(2004). The primers were designed to amplify non-conserved regions of S. sanguinis
and S. salivarius gtf genes that were identified by multiple nucleotide alignment of the
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four target strains (Figure 3.1). Both forward and reverse primers were designed for S.
sanguinis as no gtf product was made with the existing primers (Hoshino et al., 2004).
The reverse primer was also designed for the S. salivarius strain as the primer design
software (Amplify X) indicated that the existing reverse S. salivarius primer was
forming primer-dimers with itself, hence the large primer-dimer band at the bottom of
Figure 3.2 and faint PCR product. All primer sets had similar melting and annealing
temperatures. Each primer set was designed so that they would produce a different size
PCR product. The expected sizes of the PCR products from DNA sequences are S.
mutans – 433bp, S. gordonii – 440bp, S. sanguinis – 505bp, and S. salivarius – 548bp.
After designing the gtf primer sets, PCR annealing temperature gradients ranging from
55-65°C were trialled to optimise the PCR. The optimal annealing temp of 56°C was
identified for each primer set, as it consistently made the most product that was easily
identifiable on the gel (Figure 3.3). All other parameters used for the PCR and analysis
were as described in methods (Section 2.14 and 2.19).

The results showed that the PCR products are of the expected sizes (Figure 3.3) and
that the primer sets worked well. S. salivarius gtf product appeared fainter on Figure
3.3 as the S. salivarius genomic DNA template was at a lower concentration
(16ng. µl-1) compared to the other templates (32ng.µl-1to 43ng.µl-1) not because the
primers were less effective.

Figure 3-3 PCR using streptococcal PCR primers.
PCR was carried out using four sets of gtf primers with template being DNA from ATCC or NCTC
streptococcal strains, and the reactions analysed by agarose gel electrophoresis. Lane1 1Kb DNA ladder,
Lane 2 S. mutans ATCC10449 template with S. mutans gtf primers, Lane 3 Empty, Lane 4 S. Sanguinis
ATCC10556 template with S. sanguinis gtf primers, Lane 5 Empty, Lane 6 S. gordonii DL1 template
with S. gordonii gtf primers, Lane 7 Empty, Lane 8 S. salivarius JIM 8777 template with S. salivarius gtf
primers. Lanes 2, 4, 6 and 8 have PCR products at their expected size of 433bp, 505bp, 440bp and 548
respectively.

43

3.1.3 Specificity of the gtf primers
To determine the specificities of the gtf primers, DNA from multiple strains of each of
the four target streptococcal species, as well as four other microbes (Eshcherichia coli,
Pseudomonas aeruginosa, Enterococcus faecalis, and Streptococcus pyogenes) human
DNA from white blood cells and six different soil microbial DNA samples were
examined. Each of the microbes was grown as described in methods (Section 2.5) and
had their genomic DNA extracted (Section 2.6). The soil microbial DNA samples and
the human DNA sample were provided. PCR reactions were carried out and analysed
as described in the methods (Sections 2.14 and 2.19) (Figure 3.4, 3.5, 3.6, 3.7, 3.8, 3.9
and 3.10).
For streptococcal strains, PCR was also carried out with streptococcal 16S rRNA
primers (Figures 3.4, 3.5 and 3.6). The streptococcal16S rRNA primers were used as a
control, so that if the DNA template did not produce PCR product with the gtf primers,
but produced PCR product with the 16S rRNA primers, then the 16S rRNA PCR
product could be sequenced. The streptococcal 16S rRNA primers were chosen as the
control primers since they have been shown to work well with oral Streptococcal
species previously (Rudney et al., 2003; Power et al., 2009). For the soil microbial
DNA, PCR was carried out with universal 16S rRNA primers (Figure 3.7) first to check
that the DNA template had not degraded before PCR was carried out with gtf primers
(Figure 3.9). Universal 16S rRNA primers were chosen over the streptococcal 16S
rRNA primers since they were designed to amplify part of the 16S ribosomal gene of
all bacteria, not just streptococcal species (Weisburg et al., 1991).
3.1.3.1 Multiple streptococcal strains with gtf primer sets
Each of the four primer sets produced PCR product from all of the multiple strains
within its target species, revealing high specificity (Figure 3.4, 3.5 and 3.6). To
confirm that each PCR product was the expected gtf sequence, each PCR product was
sent off for DNA sequencing. All products were identified as being gtf product and all
were from templates corresponding to the appropriate gtf primer set. Each gtf primer
set was so specific that two samples of streptococcal species that had been classified
incorrectly were identified when the primers repeatedly failed to make any gtf product.
This is shown as lanes marked with an asterisk (Figures 3.4 and 3.5).

44

Figure 3-4 Multiple S. sanguinis strains with the S. sanguinis gtf primers.
PCR was carried out using S. sanguinis gtf primers in conjunction with purified DNA from S. sanguinis
strains and the reactions analysed by agarose gel electrophoresis. Lane 1: DNA ladder, Lane 2: S.
sanguinis 10556, Lane 3: no DNA template, Lane 4: S. sanguinis K11, Lane 5: S. sanguinis H15, Lane 6:
S. sanguinis H25, Lane 7: S. sanguinis K28A, Lane 8: S. sanguinis K16, Lane 9: S. sanguinis K4, Lane
10: S. sanguinis K23, Lane 11: S. sanguinis H18, Lane 12: S. sanguinis H7 and Lane 13: S. sanguinis
K18. Asterisk indicates misidentified species, hence no product.

Figure 3-5 Multiple S. salivarius strains with the S. salivarius gtf primers.
PCR was carried out using S. salivarius gtf primers in conjunction with purified DNA from S. salivarius
strains and the reactions analysed by agarose gel electrophoresis. Lane 1: DNA ladder, Lane 2: S.
salivarius JIM8777, Lane 3: no DNA template, Lane 4: S. salivarius #9, Lane 5: S. salivarius K12, Lane
6: S. salivarius DC156A, Lane 7: S. salivarius G32, Lane 8: S. salivarius ZOP3, Lane 9: S. salivarius
MP5, Lane 10: S. salivarius MIN5, Lane 11: S. salivarius PIRIE St R, Lane 12: S. salivarius NR and Lane
13: S. salivarius #5. Asterisk indicates misidentified species, hence no product.

Figure 3-6 Multiple S. mutans strains with S. mutans gtf primers and 16S rRNA primers.
PCR was carried out using streptococcal16S rRNA primers and S. mutans gtf primers in parallel with
purified DNA from S. mutans strains and the reactions analysed by agarose gel electrophoresis. Lane 1:
DNA marker; Lane 2-6 are S. mutans strains with 16rS primers. Lane 2: S. mutans 10449, Lane 3: S.
mutans OMZ175, Lane 4: S. mutans MT8148, Lane 5: S. mutans UA159, Lane 6: S. mutans NY266, Lane
7: empty, Lane 8: empty, Lanes 9-13 are S. mutans strains with S. mutans gtf primers. Lane 9: S. mutans
10449, Lane 10: S. mutans OMZ175, Lane 11: S. mutans MT8148, Lane 12: S. mutans UA159 and Lane:
13 S. mutans NY266. The size of the streptococcal 16S rRNA PCR product is 219bp; the size of the S.
mutans gtf product is 433bp.
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However, even though each gtf primer set was able to make PCR product with all of the
appropriate correctly identified strains, not all gtf products from the same species were
made in equal amounts (Figures 3.4 and 3.5). There are two possible reasons for this.
The first is that strains of streptococcal species may have slightly different nucleotide
sequences, which could cause different annealing efficiencies of the primers to the
template, resulting in different amounts of the PCR products. The second is that the
concentrations of the genomic DNA may have been different, as the genomic DNA
concentrations were not measured in this experiment. Therefore some PCR products
may have been in greater amounts due to having slightly more template in the reaction.
It is interesting to note though, that all the S. mutans strains appeared to give equal
amounts of PCR product with both streptococcal 16S rRNA primers and with the S.
mutans gtf primers, indicating that the nucleotide sequences of the S. mutans gtf genes
strains are highly identical to each other; whereas the S. salivarius and S. sanguinis
strains appeared to make equal amounts of PCR product with the streptococci 16S
rRNA primers only, meaning that the gtf sequences from the multiple strains of these
two streptococcal species maybe more diverse.
3.1.3.2 Multiple streptococcal strains with streptococcal 16S rRNA primers.
The 16S rRNA primers made PCR product with every streptococcal strain tested as was
expected. Ten randomly chosen PCR products were sent off for DNA sequencing to
confirm that each PCR product was the expected streptococcal 16S rRNA product.
Some of the streptococcal 16S rRNA PCR products are shown with the gtf PCR
products of the S. mutans strains in Figure 3.5.
16S rRNA PCR product from the two streptococcal strains that never made gtf product
with their corresponding primers (Figures 3.4 and 3.5) were sequenced, so
identification of these strains could be established. The DNA sequencing showed that
S. sanguinis H7 (Figure 3.4) was actually S. mitis and S. salivarius NR (Figure 3.5) was
a Streptococcus sp but not S. salivarius, indicating that both of these strains had been
incorrectly classified when given to this study.
3.1.3.3 gtf primers with template from other species.
PCR reactions with DNA from different microbial species and human DNA samples
were set up and run using the program described in the methods (Section 2.14). The
DNA from the soil samples needed to be diluted to help remove inhibitors as stated by
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the ESR staff who donated the samples. Quantification of the soil DNA samples was
done using a Qubit fluorometer (Invitrogen) and each sample was diluted to a
concentration of 20 ng.µl-1 using sterile MilliQ water. The diluted soil DNA samples
were then tested with universal 16S rRNA primers to validate that the template had not
degraded and that inhibitors had been removed (Figure 3.7). No dilution was needed for
the human DNA samples.

Figure 3-7 Soil microbial DNA with universal 16S rRNA primers.
PCR was carried out with soil microbial DNA and universal16S rRNA primers and the reactions
analysed by agarose gel electrophoresis. Lane 1: DNA marker, Lane 2: S. sanguinis 10556 template,
Lane 3: S. salivarius JIM8777 template, Lane 4: soil sample 1, Lane 5: soil sample 2, Lane 6: soil sample
6, Lane 7: soil sample 7, Lane 8: soil sample 8, Lane 9: soil sample 9, Lane 10: no template. The size of
the universal 16S rRNA product is 1500bp.

No gtf primer sets gave PCR product with DNA from any of the other microbes (E.
coli, P. aeruginosa, E. faecalis, S. pyogenes) (Figure 3.8) soil microbes (Figure 3.9) or
with human DNA (Figure 3.10) consistent with the expected high specificity. Two
exceptions to this were S. gordonii gtf primers which made a non-specific PCR product
with S. pyogenes if more than 25 PCR cycles were used (Figure 3.8b) and S. sanguinis
gtf primers which made PCR product with soil microbial DNA sample 6 (Figure 3.9a).
The S. gordonii product was easily distinguished from the correct S. gordonii product
and was sent off for sequencing but was not identified as a streptococcal species,
indicating that it was likely to have been contamination. The S. sanguinis product was
very faint and could not be sequenced due to such low PCR product yield (Figure 3.9a).
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Figure 3-8 PCR of other microbes with streptococcal gtf primers
a. Samples were loaded with 2µl of sample containing each of the four gtf primer sets used in
PCR with different bacterial templates. Lane 1: DNA ladder, Lane 2: S. mutans 10449 template with S.
mutans gtf primers, Lane 3: S. sanguinis 10556 template with S. sanguinis gtf primers, Lanes 4: S.
gordonii DL1 template with S. gordonii gtf primers, Lane 5: S. salivarius JIM8777 template with S.
salivarius gtf primers, Lanes 6-9 are E .coli template with each gtf primer set, Lanes 10-13 are E. faecalis
template with each gtf primer set and Lane 14 empty. b. Samples were loaded with 2µl of sample
containing each of the four gtf primer sets with different bacterial templates. Lane 1: DNA ladder, Lanes
2-5 are S. pyogenes template with each gtf primer set, Lanes 6-9 are P. aeruginosa template with each gtf
primer set and Lane’s 11-14 empty.

Figure 3-9 PCR of soil microbial DNA with streptococcal gtf primers.
a.PCR was carried out with soil microbial DNA and S. sanguinis gtf primers and the reactions analysed
by agarose gel electrophoresis. Lane 1: DNA ladder, Lane 2: S. sanguinis 10556, Lane 3: no template,
Lane 4: soil sample 1, Lane 5: soil sample 2, Lane 6: soil sample 6, Lane 7: soil sample 7, Lane 8: soil
sample 8, Lane 9 soil sample 9, Lane 10: empty. b. Soil microbial DNA with S. salivarius gtf primers.
b. PCR was carried out with soil microbial DNA and S. salivarius gtf primers and the reactions analysed
by agarose gel electrophoresis. Lane 1: DNA ladder, Lane 2: S. salivarius JIM8777, Lane 3: water, Lane
4: soil sample 1, Lane 5: soil sample 2, Lane 6: soil sample 6, Lane 7: soil sample 7, Lane 8: soil sample
8, Lane 9 soil sample 9, Lane 10: empty.
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Figure 3-10 Human DNA with gtf primers.
PCR was carried out with human DNA and genomic streptococcal DNA with streptococcal gtf primers
and the reactions analysed by agarose gel electrophoresis. Lane 1: DNA marker, Lane 2: S. sanguinis
10556 template with S. sanguinis gtf primer set, Lane 3: Human DNA with S. sanguinis gtf primer set,
Lane 4: empty, Lane 5: S. gordonii DL1 template with S. gordonii gtf primer set, Lane 6: Human DNA
with S. gordonii gtf primers, Lane 7: empty, Lane 8: S. salivarius JIM8777 template with S. salivarius gtf
primers, Lane 9: Human DNA with S. salivarius gtf primers, Lane 10: empty, Lane 11: empty.

3.1.4 Sensitivity of the gtf primers
To determine the limits of detection, PCR was carried out with serial dilutions of
genomic DNA. The concentration of the genomic DNA extracted from the four target
streptococcal species was determined using a Nanodrop ND-100 Spectrophotometer
(Section 2.6). The genomic DNA concentrations ranged from 12.9 ng.µl-1 to 20.2
ng.µl-1. Each species genomic DNA was serially diluted in 2 fold steps down to
0.5 ng.ul-1. The undiluted DNA and each dilution sample with its corresponding gtf
primer set was analysed by PCR (Section 2.14) and agarose gel electrophoresis (Section
2.19).

Each primer set gave product from its corresponding DNA template at a dilution of
1ng.ul-1, with both S. mutans and S. sanguinis gtf primers producing PCR product from
the corresponding DNA template at a dilution of 0.5 ng.µl-1 (Figure 3.11 and 3.12).
1 ng.µl-1 of DNA template is approximately 4 x 105 genomes (Appendix 1).

Further experiments were conducted to try to increase the sensitivity of the S.
sanguinis primer sets and the S. salivarius primer sets, after it was shown that these two
bacterial templates are the most prevalent in saliva (Section 3.3.2).
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Figure 3-11 S. mutans and S. sanguinis PCR products with diluted template.
PCR was carried out using S. mutans gtf primers with 2-fold diluted S. mutans 10449 DNA and S.
sanguinis gtf primers with 2-fold diluted DNA from S. sanguinis 10556 and the reactions analysed by
agarose gel electrophoresis. Lanes 2-7 are S. mutans template and primer set. Lanes 8-13 are S.
sanguinis template and primer set. Lane 1; DNA ladder, Lane 2; 20.2 ng.µl -1 of S. mutans, Lane 3; 10.1
ng.µl-1 of S. mutans, Lane 4; 5 ng.µl-1 of S. mutans, Lane 5; 2.5 ng.µl-1 of S. mutans , Lane 6; 1.2 ng.µl-1
of S. mutans, Lane 7; 0.5 ng.µl-1 of S. mutans, Lane 8; 16.1 ng.µl-1 of S. sanguinis, Lane 9; 8 ng.µl-1 of
S. sanguinis, Lane 10; 4 ng.µl-1 of S. sanguinis, Lane 11; 2 ng.µl-1 of S. sanguinis, Lane 12; 1 ng.µl-1 of
S. sanguinis and Lane 13; 0.5 ng.µl-1 of S. sanguinis.

Figure 3-12 S. gordonii and S. salivarius PCR products with diluted template.
PCR was carried out using S. gordonii gtf primers with 2-fold diluted S. gordonii DL1 DNA and S.
salivarius gtf primers with 2-fold diluted DNA from S. salivarius JIM8777 and the reactions analysed by
agarose gel electrophoresis. Lanes 2-7 are S. gordonii template and primer sets. Lanes 9-13 are S.
salivarius template and primer sets. Lane 1; DNA marker, Lane 2; 13.8 ng.µl-1 of S. gordonii, Lane 3; 6.5
ng.µl-1 of S. gordonii , Lane 4; 3.2 ng.µl-1 of S. gordonii, Lane 5; 1.6 ng.µl-1 of S. gordonii, Lane 6; 0.8
ng.µl-1 of S. gordonii, Lane 7; 0.4 ng.µl-1 of S. gordonii, Lane 8; empty, Lane 9; 12.9 ng.µl -1 of S.
salivarius, Lane 10; 6 ng.µl-1 of S. salivarius, Lane 11; 3 ng.µl-1 of S. salivarius, Lane 12; 1.5 ng.µl-1 of
S. salivarius, Lane 13; 0.8 ng.µl-1 of S. salivarius and Lane 14; empty.

Each of the two species had their genomic DNA further 2 fold serially diluted down to
9 pg.µl-1, with S. sanguinis eventually requiring further dilution down to 50 fg.µl-1.
The undiluted template and each dilution sample was then analysed with its
corresponding primer set using the standard PCR program (Section 2.14) with the
exception of 35 cycles instead of 30 cycles. After completion of the PCR reaction, 2 µl
of each sample was analysed on an agarose gel (Section 2.19).

The detection limits with the S. salivarius and S. sanguinis gtf primer sets were
9 pg.µl-1 (corresponding to the amount of genomic DNA in approximately 4000
bacteria) and 50 fg.µl-1 (corresponding to the amount of genomic DNA in
approximately 24 bacteria) (Figure 3.13 and 3.14).
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Figure 3-13 Diluted genomic S. salivarius template with S. salivarius gtf primers.
PCR was carried out using S. salivarius gtf primers in conjunction with 2fold diluted S.
salivariusJIM8777 template and the reactions analysed by agarose gel electrophoresis. Lane 1; DNA
ladder, Lane 2; undiluted salivarius template 20.2 ng.µl-1, Lane 3; no template, Lane 4; 10.1 ng.µl-1, Lane
5; 5 ng.µl-1, Lane 6; 2.5 ng.µl-1, Lane 7; 1.25 ng.µl-1, Lane 8; 626 pg.µl-1, Lane 9; 300 pg.µl-1, Lane 10;
150 pg.µl-1, Lane 11; 75 pg.µl-1, Lane 12; 30 pg.µl-1 (faint), Lane 13; 18 pg.µl-1 (not visible), Lane 14;
9 pg.µl-1 (v.faint).

Figure 3-14 Diluted genomic S. sanguinis template with S. sanguinis gtf primers.
PCR was carried out using S. sanguinis gtf primers in conjunction with 2 fold serial diluted S. sanguinis
ATCC10556 template and the reactions analysed by agarose gel electrophoresis. Lane 1; DNA ladder,
Lane 2; 14 pg.µl-1, Lane 3; no template, Lane 4; 7 pg.µl-1, Lane 5; 3.5 pg.µl-1, Lane 6; 1.75 pg.µl-1, Lane
7; 800 fg.µl-1, Lane 8; 400 fg.µl-1, Lane 9; 200 ng.µl-1, Lane 10; 100 fg.µl-1, Lane 11; 50 fg.µl-1, and
Lane 12; 5 fg.µl-1.

To confirm that the sensitivity of the primers was correct and that they were able to
make PCR product from such a tiny amount of template, the experiment was repeated
with different preparations of S. salivarius and S. sanguinis genomic DNA template
(Section 2.6). The genomic DNA concentrations were determined to be 38.4 ng.µl-1
and 29.4 ng.µl-1 respectively. The genomic DNA templates were 10-fold serially
diluted with sterile MilliQ water down to 1 fg.µl-1 which was equivalent to
approximately 2.5 bacterial genomes. The undiluted DNA and each dilution sample
were then used in PCR with the corresponding primer set. The detection limits of S.
salivarius and S. sanguinis were 4 pg.µl-1 (corresponding to approximately 3000
bacterial genomes) and 60 fg.µl-1 (corresponding to approximately 24 bacterial
genomes), respectively (Figure 3.15). This experiment confirmed that the results
obtained in the first experiment were correct.
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Figure 3-15 PCR of 10-fold diluted genomic streptococcal species.
a. S. sanguinis template with S. sanguinis gtf primers.
PCR was carried out using S. sanguinis gtf primers in conjunction with 10-fold serial diluted S. sanguinis
ATCC10556 template and the reactions analysed by agarose gel electrophoresis. Lane 1; DNA ladder,
Lane 2; 61.3 ng.µl-1 sanguinis template, Lane 3; no template, Lane 4; 6 ng.µl -1, Lane 5; 600 pg.µl-1,
Lane 6; 60 pg.µl-1, Lane 7; 6 pg.µl-1, Lane 8; 600 fg.µl-1, Lane 9; 60 fg.µl-1, Lane 10; 6 fg.µl-1.
b. S. salivarius template with S. salivarius gtf primers.
PCR was carried out using S. salivarius gtf primers in conjunction with 10-fold serial diluted S.
salivarius JIM8777 template and the reactions analysed by agarose gel electrophoresis. Lane 1;DNA
ladder, Lane 2; no template, Lane 3; 38 ng.µl-1, Lane 4; 3.8 ng.µl-1, Lane 5; 380 pg.µl-1, Lane 6; 38
pg.µl-1, Lane 7; 3.8 pg.µl-1, Lane 8; 380 fg.µl-1

3.2 Extraction of oral microbial DNA from saliva
3.2.1 Background information
Current literature on extracting microbial DNA from saliva and blood has mostly
consisted of two extraction techniques, Phenol: Chloroform extraction with or without
bead beating (Section 1.8.2) followed by a cleanup step, or Phenol: Chloroform
extraction from culture grown DNA (Macrina.F.L. et al., 1990; Griffiths et al., 2000;
Borgula et al., 2003; Rudney et al., 2003; Hoshino et al., 2004; Nakano et al., 2004;
Aas et al., 2005; Rahimi et al., 2005; Takada et al., 2006; Nakanishi et al., 2009;
Nasidze et al., 2009; Power et al., 2009). However, a Chelex®100 (Bio-Rad) based
DNA extraction technique was identified as a potential DNA extraction method, due to
the Chelex®100 being able to bind PCR inhibitors such as haem during the extraction
process (Walsh et al., 1991; Sweet et al., 1996; Giraffa et al., 2000) something that the
other methods do not do. Therefore using the Chelex®100 method potentially avoids
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the requirement for a cleanup step before PCR analysis, thereby limiting the risk of
accidental sample contamination.
The approaches taken were to trial the phenol: chloroform method with bead beating,
alongside the Chelex®100 (Bio-Rad) method to establish which method produced the
best result. DNA extraction of bacteria grown from saliva and expirated blood was not
undertaken, as after consultation it was established that this was not an extraction
technique that a forensic DNA laboratory would utilise.

3.2.2 Extraction of DNA from saliva and saliva on sterile swabs.
Human saliva was collected from one healthy adult volunteer, who had not taken
antibiotics within the last 6 months of the collection. The volunteer expectorated
approximately 100 µl of saliva into a plastic 1.5 ml microcentrifuge tube and rubbed ten
sterile cotton swabs around the inside their mouth for at least 30 seconds each, to
ensure that the swab was saturated with saliva. 10 µl of saliva and one swab was
processed using Instagene Matrix (Bio-Rad) which is a commercially prepared solution
of Chelex®100 (Bio-Rad) and DNA extracted as described in the methods (section
2.6). The remaining saliva and swabs were processed using bead beating followed by
phenol: chloroform (modified Griffiths method) (Section 2.6).
Bead beating was optimised by each of the cotton swab tips being cut off and placed
into a Lysing matrix E tube (Q-biogene, MP-Biomedical, Australia) with 500 µl
Ringers Buffer and 500 µl Phenol: Chloroform: isoamyl alcohol (25:24:1) (v/v/v) (pH
8.0) (Sigma-Aldrich.com), as stated in the methods (Section 2.6). Each tube was then
processed on a mini-beadbeater (Biospec products) for 10, 20 or 30 seconds either,
once, twice or three times and compared to a non-bead beaten sample. After bead
beating was completed, the samples were prepared for PCR (Section 2.14) and for
QPCR analysis (Section 2.15).

3.2.3 Comparison of PCR from different extraction methods
PCR reactions were set up with undiluted saliva samples and saliva swab samples that
were either bead beaten for DNA extraction by the phenol: chloroform extraction
method, or DNA extracted using Instagene matrix. Each DNA sample was prepared in
duplicate to ensure reproducibility. All other parameters used for the PCR and analysis
were as described in methods (Section 2.14 and 2.19).
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The PCR analysis of DNA extracted using phenol: chloroform showed that this method
worked with both neat saliva and swabbed saliva. The amount of bead beating needed
to give a good PCR product from swabbed saliva was one bead beat for either 10 or 20
seconds, or 2 bead beats at 10 seconds (Figure 3.16). However, no bead beats appeared
to produce the best PCR product, as it gave the most PCR product (Figure 3.16).
These findings suggest that no bead beating is optimal, but one or two bead beats can
still generate satisfactory PCR product.

Figure 3-16 PCR of bead beating optimisation with S. sanguinis gtf primers.
PCR was carried out at 30 cycles with S. sanguinis gtf primers in conjunction with bead beaten saliva
samples and the reactions analysed by agarose gel electrophoresis. Lane 1:DNA ladder, Lane 2: nonbead beaten S. sanguinis 10556 template, Lane 3: no template, Lane 4: 1 bead beat of 10 sec, Lane 5: 1
bead beat of 20sec, Lane 6: 1 bead beat of 30 sec, Lane 7: empty, Lane 8: 2 beat bead of 10sec, Lane 9: 2
bead beat of 20sec, Lane 10: 2 bead beat of 30 sec, Lane 11: 3 bead beat of 10sec, Lane 12: 3 bead beat
of 20 sec, Lane 13: 3 bead beat of 30 sec.

QPCR of the non-bead beaten, one and two bead beaten samples were also carried out
to establish how many beat beats yielded the highest concentration of template. The
QPCR results established that all of the samples (non-bead beaten, one and two bead
beaten) generated the same concentration of template, indicating that bead beating was
not a crucial step and did not yield greater template concentrations.

Comparing the PCR results of each duplicate sample that was extracted using the
phenol: chloroform method, suggested that the amount of DNA extracted was variable
(Data not shown). One sample out of the duplicate samples made a lot of PCR product
while one sample made little or no PCR product, indicating that the method lacked
consistency. To ensure that an error did not occur when preparing the PCR reactions,
the PCR was repeated using duplicates with a different batch of phenol: chloroform
extracted templates from saliva samples. The repeated PCR gave similar findings as
the previous PCR which was, one sample out of the duplicate samples gave a lot of
54

PCR product and one sample that did not make PCR product. Together the findings
from both PCR analyses confirmed that the phenol: chloroform method lacked
reproducibility. The PCR analysis also confirmed that it was difficult to ensure all
samples were processed identically, something which is important for scientific
methods. Therefore, DNA extraction using the phenol: chloroform method was not
chosen as the DNA extraction method for this study, as the method could not generate
reproducible results between the same samples.

The PCR analysis of the Instagene Matrix method showed that this method worked
with both the neat saliva and the swab sample, and gave a large amount of PCR product
with both sample types (Figure 3.17). There was obvious reproducibility between the
duplicated neat saliva sample and the duplicated saliva swab sample, and the extraction
process was easier and less time consuming than the phenol: chloroform method that
was trialed.

Figure 3-17 PCR of samples extracted using the Instagene matrix method.
PCR was carried out at 30 cycles with S. sanguinis gtf primers in conjunction with DNA extracted from
Instagene matrix and the reactions analysed by agarose gel electrophoresis. Lane 1: DNA ladder, Lane 2:
genomic S. sanguinis 10556 template, Lane 3: no template, Lane 4: neat saliva sample, Lane 5: neat
saliva sample, Lane 6: saliva swab sample, Lane 7: saliva swab sample, Lane 8: empty.

From the results obtained using both extraction methods, it was decided that the
Instagene matrix method would be the method of choice for DNA extraction from
saliva and blood in this study since it generated reproducible results between the same
samples, suggesting that this method processed each sample identically, unlike the
phenol: chloroform method. Despite no expirated blood samples being processed
using either the Instagene matrix or the phenol: chloroform method at this stage,
literature (Del Rio et al., 1996; Hoff-Olsen et al., 1999; Larkin and Harbison, 1999;
Shutler et al., 1999; Power et al., 2009) has shown that both methods are able to work
with blood, so should yield PCR product with expirated blood.
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3.3 Establishment of Saliva PCR
3.3.1 Overview
An ethics proposal was written and granted, giving permission to collect 100
participants’ saliva samples for the purpose of determining what proportion of saliva
samples gave PCR product with each primer set regardless of whether variables such as
mouthwash use, oral antibiotic use, age, ethnic group, smoke cigarettes, and mouth
prosthetics are present (Appendix 2).
The streptococcal species that are dominant regardless of the above factors were the
species chosen to be analyzed further through PCR analysis to determine whether
bloodstains were expirated in origin.

3.3.2 PCR of the saliva samples
The participants were asked to expectorate about 50 µl of saliva into a microfuge tube
and to complete a questionnaire asking details about the variables described above
(Section 2.7 and Appendix 2). Microbial DNA was extracted from the saliva samples
using Instagene matrix (Section 2.6). The supernatants containing the DNA from the
saliva samples were then collected and stored at -20°C, until required.
PCR reactions of 10 saliva samples were initially set up and analysed using PCR
(Section 2.14) and gel electrophoresis (Section 2.19) to verify firstly; that the Instagene
matrix extraction process had worked and secondly, as a preliminary trial to determine
if all four streptococcal species could be detected. The results showed that 0/10 saliva
samples made gtf product with the S. mutans primers, 9/10 saliva samples made gtf
product with the S. sanguinis primers, 5/10 saliva samples made gtf product with the S.
gordonii primers and 7/10 saliva samples made gtf product with the S. salivarius
primers; providing preliminary results that S. sanguinis and S. salivarius microbes are
likely to be the two most predominant species in saliva out of the four target
streptococcal species. To confirm if the 10 saliva sample results were reflective of all
100 saliva samples, PCR reactions of all the remaining saliva samples were set up in 96
well plates (Section 2.14) and analysed with gel electrophoresis (Section 2.19). Each of
the four gtf primer sets were used with all 100 samples.
The number of saliva samples that made gtf product with each primer set was recorded,
along with the saliva sample number. The results showed that 3/100 saliva samples
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made S. mutans gtf product, 90/100 saliva samples made S. sanguinis gtf product,
46/100 saliva samples made S. gordonii gtf product and 84/100 saliva samples made S.
salivarius gtf product with each of their corresponding primer sets (Figure 3.18). The
PCR results also showed that 3/100 saliva samples did not make any gtf product with
any primer set.

Number of saliva samples

Number of saliva samples that made glucosyltransferase
(gtf) product at 30 PCR cycles
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Figure 3-18 The number of saliva samples that produced gtf PCR product with each gtf primer set.
Each of the 100 saliva samples from different people under went PCR with each of the four gtf primer
sets. This graph shows the number of samples that gave PCR product with each gtf primer set at 30 PCR
cycles.

DNA sequencing of five randomly chosen PCR products from each primer set
confirmed that the sequences were from streptococcal gtf genes. In addition, the five
sequences varied by 74% to 94% nucleotide identity from the single genbank sequences
of the target species, which included 3-8 ambiguous bases. Possible reasons for such
variation are that each strain of the same species has nucleotides which have undergone
transversions or transitions, therefore providing variation between strains. The results
also showed that some sequence chromatograms had overlapping nucleotides, meaning
it appeared as if two or more genes were sequenced together (Figure 3.19) If two or
more genes were sequenced together then, distinguishing the correct nucleotides for
each strain would be extremely difficult, so gaps and mismatches would be present
leading to greater variation. The overlapping nucleotide chromatograms were not
entirely unexpected because PCR product was made directly from saliva samples, and it
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was unknown how many streptococcal strains from the same species are actually
present in a person’s saliva.

Figure 3-19 Sequencing Chromatogram showing “overlapping” sequences.
S. sanguinis PCR product was sequenced using a capillary ABI3730 analyzer and part of the following
ABI raw sequence chromatogram is shown. Overlapping and indiscernible peaks are shown.

The three saliva samples that made no PCR product with any of the four gtf primer sets
was analysed with further with PCR using streptococcal 16S rRNA primers, to test if
any streptococcal DNA was present. The PCR results (Figure 3.20) showed that all
three saliva samples made streptococcal 16S rRNA product. This suggests that all three
samples contained streptococcal DNA, so therefore the DNA extraction had worked
correctly.

Figure 3-20 16S rRNA streptococcal PCR products with the three gtf negative saliva samples.
PCR was carried out at 30 cycles using streptococcal 16S rRNA primers in conjunction with negative
saliva templates and the reactions analysed by agarose gel electrophoresis. Lane 1; DNA ladder, Lane 2;
saliva sample number 10, Lane 3; saliva sample number 45, Lane 4; saliva sample number 57, Lane 5;
empty. The expected size of the 16S rRNA PCR product is 219bp.

To establish why these three saliva samples did not make any PCR product, it was
decided that a repeat PCR with 35 amplification cycles instead of 30 would be carried
out to see if this would generate PCR product. A repeat PCR with 35 amplification
cycles instead of 30 was also completed with all 100 saliva samples, to ensure
consistency with all samples. The number of saliva samples that made gtf product with
each primer set at 35 cycles is shown in Figure 3.21.
58

PCR was also performed with 40 cycles but 4-5 non-specific products in each reaction
was produced, so 40 cycles of PCR was abandoned as it would not provide results that
accurately details the true diversity of the four streptococcal species in individuals’
mouths.
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Figure 3-21 The number of saliva samples that produced gtf PCR product with each gtf primer set.
Each of the 100 saliva samples from different people under went PCR with each of the four gtf primer
sets. This graph shows the number of samples that gave PCR product with each gtf primer set.

Figure 3.21 shows that S. sanguinis and S.saliviarus were the most detected target
species in saliva with 97/100 and 89/100 saliva samples making PCR product
respectively. 99/100 saliva samples gave a PCR product with at least one of these two
primer sets. Subsequent experiments for the remainder of the thesis were conducted
with only the S. sanguinis and S.saliviarus primer sets as these gave PCR product with
the highest number of saliva samples and were the most sensitive primer sets (Section
3.1.4).
S. mutans was the least frequently detected species in saliva, with only 47/100 saliva
samples making PCR product at 35 cycles and 3/100 making PCR product at 30 cycles.
The S. mutans result was expected as Nakanishi, et al., (2009) found that 40% of their
participants contained S. mutans in their saliva. The finding that S. sanguinis was the
most detected species in saliva was a surprise result, as S. salivarius is generally
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considered to be the most prevalent species in saliva (Tannock, 1995; Marsh and
Martin, 1999; Bagg et al., 2006; Schachtele et al., 2007). This is due to S. salivarius
colonising the tongue and, much of the salivary flora is derived from the tongue (Marsh
and Martin, 1999; Schachtele et al., 2007). However, as can clearly be seen from both
Figure 3.18 and Figure 3.21, in the samples analysed here, S. salivarius was only the
second most detected species in saliva after S. sanguinis.
From the three saliva samples that did not make any PCR products at 30 cycles, one
saliva sample (number 10) gave no gtf product with any gtf primer set at 35 cycles, with
the remaining two saliva samples (45 and 57) giving S. salivarius gtf product after 35
amplification cycles. Saliva sample number 10 that did not give any PCR product
regardless of the number of PCR cycles, underwent further PCR reactions with the gtf
primers at 35 cycles to confirm that no gtf product was made. The repeated PCR
reactions showed that the negative result was correct. However, the sample did contain
streptococcal microbes as this was checked previously with streptococcal 16S rRNA
primers, along with the other two samples that had not made gtf product at 30 cycles,
and the analysis showed that all three samples did contain oral streptococci 16S rRNA
product (Figure 3.20).
The negative saliva sample with gtf primers (sample number 10) then underwent further
PCR analysis with 16S rRNA streptococcal primers. This was completed to establish if
the amount of PCR product produced was in lower quantity compared to the amount of
PCR product produced from two other saliva samples. The PCR (Section 2.14) using a
positive control of S. mutans 10449 genomic template and corresponding gtf primer set
and the streptococcal 16S rRNA primers with the saliva template was carried out.
The saliva sample number 10 gave 16S rRNA product, confirming that microbes were
present in the saliva sample but it produced less PCR product compared to the two
other saliva samples (45 and 57), suggesting that it may have contained less template
(Figure 3.22). Therefore, it is possible, that the saliva sample number 10 did not make
any gtf product because the amount of the four target streptococcal species present in
this individual’s saliva were in low quantity, which was then further diluted by the
extraction technique, rendering the microbes undetectable, rather than the sample not
having any of the four target streptococcal species or that the extraction was inefficient
with that one sample.
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Figure 3-22 Streptococcal 16S rRNA PCR products with saliva samples.
PCR was carried out at 30 cycles with streptococcal 16S rRNA primers in conjunction with DNA
extracted from saliva and genomic template, and the reactions analysed by agarose gel electrophoresis.
Lane 1; DNA ladder, Lane 2; Saliva sample number 45, Lane 3; saliva sample number 57, Lane 4; saliva
sample number 10, Lane 5; negative control with 16S rRNA primers, Lane 6; positive control S. mutans
10449 with S. mutans gtf primers, Lane 7; negative control with S. mutans gtf primers.

The individual variables for each person who donated saliva (age, gender, ethnicity, use
of mouth wash and antibiotics, and whether they smoked cigarettes or had mouth
prosthesis) were statistically analysed to determine if any of these factors influenced the
detection of the target streptococci. Statistical analysis was performed using Binary
logistic linear regression (Section 2.21) on an SPSS computer package. This analysis
was chosen as it allows the effects of several independent variables to be assessed on
the outcome variable, and it allows the prediction of a response from the values of
several independent variables. The analysis was performed using S. mutans, since the
S. mutans stain was the least detected in saliva at only 47% compared to greater than
80% for the other species; therefore S. mutans provided a greater margin to establish
whether one of the variables was influencing the detection of this microbe. The null
hypothesis for the statistical analysis was that no variables would have an effect on
being able to detect S. mutans.
The statistical analysis showed that none of the variables had any correlation with
detection of S. mutans (Table 3) as all the variables had a P-value greater than 0.05, and
95% confidence intervals which contained 1, meaning that there were no significant
correlations. Table 3 also shows the Chi-Square results for each variable, (the number
of observed variables compared to the number of expected variables) and all chi-square
values are less than 3.84 or the value at which P < 0.05 with 1 degree of freedom (χ2
statistic Table). Therefore, there is no significant difference in being able to detect S.
mutans with any of the above variables, indicating that the null hypothesis cannot be
rejected.
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Table 3 Statistical analysis of individual variables and the effect on S. mutans.

Parameter
[Gender=F]
[Gender=M]
[AGE=18-25]
[AGE=25-35]
[AGE=35-45]
[AGE=45-55]
[AGE=55-65]
[Ethnicity=Asian]
[Ethnicity=Indian]
[Ethnicity=Maori]
[Ethnicity=Pakeha]
[Antibiotics=N]
[Antibiotics=Y]
[Mouthwash=N]
[Mouthwash=Y]
[Prosthetics=N]
[Prosthetics=Y]
[Cigarettes=N]
[Cigarettes=Y]

95%
Confidence
Interval
Lower
-.813
.
-.796
-.750
-1.315
-1.198
.
-2.197
-77231.612
-1.517
.
-1.401
.
-.700
.
-.898
.
-.622

Hypothesis
Test
Upper
1.114
.
2.326
2.478
2.090
2.884
.
.324
77185.227
2.107
.
2.498
.
1.867
.
1.557
.
4.202
.

.

Chi-Square
.094
.
.923
1.100
.199
.656
.
2.120
.000
.102
.
.304
.
.794
.
.277
.
1.311
.

Significance

d.f
1
.
1
1
1
1
.
1
1
1
.
1
.
1
.
1
.
1
.

P value
.759
.
.337
.294
.655
.418
.
.145
1.000
.749
.
.581
.
.373
.
.599
.
.252
.

Table 3 shows empty cells. These are present due to the way the statistical model is
applied. For example, each variable needs one less model parameter than there are
categories. I.e. for Gender, there are two categories (Male and Female), but only one
parameter is needed, as a person cannot fit into both categories. The same idea also
applies for variables with more than two categories. I.e. Ethnicity and age.
Table 3 also shows degrees of freedom (d.f) which the number of independent
components minus the number of parameters estimated. I.e. (column-1) x (row-1). For
example, in gender there are 2 columns; male and female, and 2 rows; having S. mutans
or not having S. mutans. So 1df = (2-1) x (2-1).
A potential weakness of this experiment is that many environmental and cultural factors
such as diet and hygiene were not controlled for during sampling. Therefore,
differences between what a person ate and when they last completed mouth hygiene
practices were not examined, and these variables may have had an impact on the
diversity of the streptococcal species.
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3.4 Presence of oral streptococcal species in other environments
3.4.1 Background Information
Human oral microbiota are rarely found in other environments, either on the human
body (Tannock, 1995; Marsh and Martin, 1999; Hoshino et al., 2004; Wilson, 2005;
Schachtele et al., 2007) or on surfaces away from the human body (Tagg and Ragland,
1991). Port et al. (2005) carried out research on how long it takes a speaking individual
to contaminate their immediate environment, and found that saliva from an individual
can travel up to 184 cm in front of a person just through talking and can contaminate
the immediate area within 15 minutes. Recovery of oral streptococci from the skin or
other surfaces would therefore seem to imply contact with either oral surfaces or saliva,
as these organisms are not adapted to live in these environments. It has been
documented that oral microbes can be present in the nose through inhaling from the air
microbes that have been ejected through coughing, sneezing and talking (Tannock,
1995) and that oral microbes can be present on other surfaces that are used by humans
(Tagg and Ragland, 1991; Port et al., 2005). To establish if oral microbes can be
detected in other body fluids and on other objects that were not known to be
contaminated with saliva, human nasal and sweat secretions, and swab samples from
everyday objects such as laboratory computer screens, clean drinking cups, thermal
curtains, Linoleum, and painted walls were analysed using the gtf primers and PCR.

3.4.2 PCR of nasal and sweat secretions
An ethics proposal was written and granted, giving permission to collect human nasal
and sweat samples for the purpose of determining if the target oral streptococcal species
can be detected in these body fluids (Appendix 2).
Samples were collected as described in section 2.7 and had microbial DNA extracted
(Section 2.6). For all swabs collected for the remainder of the study, PCR (Section
2.14) was carried out and products analysed by electrophoresis (Section 2.19).
The results showed that S. sanguinis gtf PCR product was made from DNA present in
one out of six nasal secretion samples and one out of six sweat secretion samples, but
no PCR product was made in either fluid type with the S. salivarius gtf primers.
Because PCR product was produced in the nasal and sweat samples with the S.
sanguinis primers, a result which was not expected, a further 12 samples were
collected; with three samples being obtained from three participants that gave samples
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in the first experiment. The samples were collected as described in section 2.7 except,
all participants were asked not to speak during the collection process to minimise the
risk of accidental contamination, and each sample was collected by the researcher
rather than the participant to keep all sampling conditions the same. 12 PCR samples
were analysed as stated previously.
The PCR analysis showed that three out of twelve nasal secretion samples and two out
of twelve sweat secretion samples made PCR product with either the S. sanguinis or S.
salivarius primer set or with both gtf primer sets. From the three out of twelve nasal
secretion samples and two out of twelve sweat secretion samples that made PCR
product, two of the PCR positive samples were from participants that had given
samples in experiment one and had produced no PCR product. This suggests that the
presence of oral microbes in body fluids other than saliva is transient in nature, and
implies that the participant’s nasal and sweat secretions that had produced PCR product
in the second experiment but not the first experiment, had more exposure to saliva or
air which contained oral microbes on the day that the samples were collected for the
second experiment compared to the first.
Therefore, these findings suggest that oral DNA can be detected in nasal and sweat
secretions, and that DNA from oral streptococcal species is likely to have got into these
body fluids from contamination or contact with saliva, from air particles.
The individual variables that were collected from each person who donated nasal and
sweat secretions, such as age, gender, ethnicity, antibiotic use and Deodorant use were
statistically analysed to determine if any of these factors influenced the presence and
therefore detection of the target streptococci. Statistical analysis was performed using
Binary logistic linear regression on an SPSS computer package (Section 2.21). The
analysis showed that none of the variables had any effect on being able to detect the
presence of S. sanguinis and S. salivarius, as all the variables had a P-value greater than
0.05, meaning that there were no significant correlations. However, there is a
possibility that one of these factors does influence these findings but is not shown due
to such a small population size that was analysed.
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3.4.3 PCR of DNA prepared from everyday material and objects
To establish whether oral microbes could be detected on everyday objects that were not
known to be contaminated with saliva, sterile cotton swabs that were moistened with
sterile milliQ water were rubbed over a variety of materials and objects (Section 2.10).
DNA extraction (Section 2.6) and PCR analysis with gel electrophoresis were
preformed (Section 2.14 and 2.19).
All object samples except Linoleum, toaster, painted wall and vertical blinds gave S.
sanguinis PCR product when 35 PCR cycles were used although no samples made S.
sanguinis PCR product when 30 cycles were used. No object samples made PCR
product at either 30 or 35 PCR cycles with the S. salivarius primers. Possible reasons
that S. salivarius PCR product was not made at 30 or 35 amplification cycles are; that
only no or low numbers of S. salivarius were present on the objects and the template
was diluted even lower through the Instagene extraction process rendering undetectable
levels, or the S. salivarius primer set was not sensitive enough to detect the template.
The fronts and sleeves of shirts were sampled because experiments using expirated
blood indicated that it is likely to be present on a shirt in those locations (Section 4.3.1).
Therefore, to establish if saliva was present and detectable in those locations on a clean
shirt that was being worn needed to be examined. The DNA analysis showed that four
out of five samples collected from the fronts of worn, clean shirts and two out of five
samples collected from shirt sleeve cuffs gave S. sanguinis PCR product at 35 cycles
but no samples made gtf product at 30 cycles (Figure 3.23).

Figure 3-23 S. sanguinis PCR product with shirt samples.
PCR was carried out at 30 cycles with S. sanguinis gtf primers in conjunction with DNA extracted from
the front and sleeve cuffs of clean, worn shirts and the reactions analysed by agarose gel electrophoresis.
Lane 1: DNA ladder, Lane 2: S. sanguinis 10556 genomic template, Lane 3: no template, Lane 4: shirt 1
front, Lane 5: shirt 1 sleeve, Lane 6: shirt 2 front, Lane 7: shirt 2 sleeve, Lane 8: shirt 3 front, Lane 9:
shirt 3 sleeve, Lane 10: shirt 4 front, Lane 11: shirt 4 sleeve, Lane 12: shirt 5 front, Lane 13: shirt 5
sleeve.
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No S. salivarius PCR product was made with any of the samples regardless of whether
30 or 35 cycles were used. These results suggest that S. sanguinis can be detected
outside of the mouth on everyday objects that are associated with human use and on
apparently clean shirts, but only if 35 cycles are used. The results also indicate that the
amount of microbes detected on these surfaces were in very low template amounts
since S. sanguinis gtf primers, the most sensitive primer set (Section 3.1.4) was the only
primer set that generated gtf product.

3.5 Multiplex and Duplex PCR
3.5.1 Background information
Current forensic DNA analysis involves the use of Multiplex or duplex PCR (Clayton
et al., 1998; Green et al., 2005; Vallone et al., 2008). Multiplex PCR is the replication
of multiple DNA targets by using multiple primer sets in a single reaction, whereas
duplex PCR is the replication of two DNA targets by two primer sets. Multiplex PCR
is used in forensic casework with regards to human DNA to identify who the DNA
belongs to and usually involves 15 STR’s and the amelogenin sex-typing markers as the
DNA amplifiable targets (Clayton et al., 1998; Vallone et al., 2008). Therefore,
because the forensic community are used to carrying out DNA analysis with multiplex
PCR it was decided that the possibility of a multiplex PCR using all four gtf primer sets
or at least a duplex PCR involving the S. sanguinis and S. salivarius gtf primer sets
would be investigated.

3.5.2 Multiplex PCR
To establish if all four primer sets would work well together in a Multiplex PCR,
replicate multiplex PCR reactions were set up as described in methods (Section 2.14),
except that all four target streptococcal species and all four target streptococcal
genomic DNA, were placed inside each reaction tube. Single PCR samples of each
streptococcal species were also set up as positive controls. Multiplex PCR was
performed with the same parameters as PCR, except each sample was analysed by 2%
agarose electrophoresis gel instead of 0.85%, for better visualisation and separation of
the bands.
The results showed that the multiplex PCR did not work as only the positive controls
(single PCR’s) produced gtf product, verifying that the template and primers had not
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degraded (data not shown). To elucidate why the multiplex PCR failed, it was
important to establish if some of the primers were forming primer-dimers, as large
bands were visible at the bottom of the gel. To investigate if primer dimers were being
formed, all of the primers sets were analysed with the primer design software “Amplify
X” to check for primer-dimer formation (Section 2.21). The Amplify X software
indicated that both the forward and reverse gtf primer set of S. gordonii may have been
forming primer-dimers with the forward gtf primer from S. salivarius and the reverse
gtf primer from S. mutans. It was then decided that because some primers appeared to
be forming primer – dimers with each other, duplex PCR reactions would be trialled
instead.

3.5.3 Duplex PCR
To establish if duplex PCR would work better than multiplex PCR, duplex PCR
reactions were carried out (Section 2.14) except with two templates and two primer sets
in each reaction tube. Four negative (no-template) controls and four positive (one
template only) controls were also included. The concentration of template added to
each reaction was the same concentration (20 ng.µl-1). All possible combinations were
trialled, including combinations of S. gordonii and S. mutans, and S. gordonii and S.
salivarius to verify if the Amplify X program was correct about these primers forming
primer-dimers with each other. Each duplex PCR reaction was replicated three times.
PCR analysis using 2% agarose gel electrophoresis was preformed (Section 2.14 and
2.19).
The duplex reactions showed that S. sanguinis and S. salivarius, S. sanguinis and S.
gordonii and S. salivarius and S. mutans were the only combinations able to make both
PCR products (Figure 3.24). However, one product in the reaction was very faint, i.e.
S. sanguinis gtf product in lane 2 and 3 and S. mutans gtf product in Lane 4 of Figure
3.24. Having one PCR product producing less product than the other suggests that one
primer set is reaching amplification plateau before the other primer set, as the same
concentration of template and primers was added in each sample. In addition, the
findings were very difficult to replicate, with two out of three reactions of S. sanguinis
and S. salivarius making both products and only one out of three reactions of
S. sanguinis and S. gordonii, and also S. salivarius and S. mutans making duplex PCR
product.
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Figure 3-24 Duplex PCR samples.
PCR was carried out using streptococcal gtf primers with different streptococcal templates and the
reactions analysed by agarose gel electrophoresis. Lane 1: DNA ladder, Lane 2: S. salivarius JIM8777
and S. sanguinis 10556 (faint, right underneath S. salivarius product), Lane 3: S. sanguinis 10556 (faint)
and S. gordonii DL1 and Lane 4: S. salivarius JIM8777 and S. mutans 10449 (faint). The estimated size
of the PCR gtf products is as follows; S. mutans – 433bp, S. gordonii – 440bp, S. sanguinis – 505bp, S.
salivarius – 548bp.

Further duplex PCR reactions were carried out with only S. sanguinis and S. salivarius,
since these two primer sets were the most sensitive (Section 3.1.4) and they were the
most reproducible at working together in a duplex reaction. The following experiments
were performed to try to optimise the primer sets to work well together and make equal
amounts of PCR product. The experiments trialled were as follows;
10 times the concentration of one primer set while leaving the concentration of the
other primer set at the normal 100 pmoles per microlitre; to try to increase the
amplification efficiency of the less efficient primer set, by allowing the less efficient
primer to anneal faster to the template, and halving the concentration of one primer set
while keeping the other primer set at 100 pmoles per microlitre, to try to decrease the
amplification efficiency of the most efficient primer set which to allow the less
efficient primer set to make more product. Varying the concentration of magnesium in
each reaction from 1.5 mM to 3.5 mM was trialled, since this was the recommended
amount by the polymerase manufacturer (Qiagen Corporation, USA) and performing a
gradient PCR from 40°C to 70°C to establish an optimal annealing temperature. All of
these experiments failed to optimise the duplex PCR, and all experiments gave similar
or worse results than that shown in Figure 3.24.
It was decided that developing a duplex PCR would be abandoned, as all options to try
to optimise the duplex reaction had failed using genomic DNA. Also single PCR
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reactions were working well, and were sensitive and specific (Section 3.1.4 and Section
3.1.3).

3.6 Establishment of Quantitative PCR (QPCR)
3.6.1 Background Information
QPCR allows for the qualitative or quantitative detection of nucleic acids, genotyping
and mutation scanning, by using a variety of fluorescent dye probes. For this study a
SYBR green binding dye was used, which binds to the double stranded DNA and
upon binding and excitation, emits fluorescence. This dye binds to any double stranded
DNA; thus the specific product, non-specific products and primer-dimers. Melting
curves which are derived from plotting the fluorescence as a function of the
dissociation temperature of the product, allow desired products to be distinguished from
unintended products, by the shape and position of the melting curve. At the same time
the QPCR software collects the fluorescent data during each cycle to determine the
crossing point, which is the cycle at which the fluorescence signal first exceeds the
background, so that quantification can occur. Quantification involves the QPCR
software comparing the amplification of target nucleic acids in an unknown sample
against a standard curve with known concentrations of the same target. Crossing point
data from the standards was used to convert crossing point data from the unknowns into
concentrations.
In this thesis, absolute quantification was used, which is when an exact amount of DNA
in a reaction is obtained (Roche, Technical notes, 2003). The accuracy of the
quantification depends entirely on the accuracy of the standards.
Research has shown that the concentrations of S. sanguinis and S. salivarius in saliva
are generally in the order of 107 to 108 cfu.ml-1 and they are among the pioneering
colonisers of the tooth surfaces (Van Houte and Green, 1974; Gehring, 1981; Skilton,
1991; Skilton and Tagg, 1992; Scannapieco et al., 1994; Tannock, 1995; Marsh and
Martin, 1999; Rudney et al., 2003; Schachtele et al., 2007; Xu et al., 2007). To
establish if this concentration of S. sanguinis and S. salivarius in saliva matched, QPCR
was undertaken. The QPCR would also establish how effective the Instagene matrix
extraction method was at extracting DNA out of the oral microbes by comparing the
template amount to the literature-predicted concentrations.
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3.6.2 QPCR of Genomic DNA samples
To establish the QPCR method and to determine if the S. sanguinis and S. salivarius gtf
primers would work with QPCR, QPCR samples were set up using the S. sanguinis and
S. salivarius genomic DNA that was 10-fold serially diluted down to 3 fg.µl-1 (Section
3.1.4). A initial concentration of S. sanguinis template of 6 ng.µl-1 and an initial
concentration of S. salivarius template of 3.8 ng.µl-1 as well as consecutive dilution
samples, were carried out using QPCR (Section 2.15). After completion of the QPCR,
melting curve analysis and absolute quantification was carried out using the software
provided with the 480 thermo cycler and by gel electrophoresis (Section 2.19).
The following Figures 3.25 and 3.26 show the absolute quantification results for both
the S. salivarius and the S. sanguinis templates. The melting curves that were produced
from both the S. sanguinis and S. salivarius templates, plus the agarose gel, confirmed
that the correct product was made and only one of the S. salivarius samples appeared to
make non-specific product (Figure 3.27).
Figure 3.25 shows the S. sanguinis template and includes the amplification curves and
the standard curve. Figure 3.26 shows S. salivarius amplification curves only because a
standard curve could not be generated out of the S. salivarius results.
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Figure 3-25 Amplification and standard curve of serially diluted S. sanguinis 10556 template.
QPCR Amplification curves of each serial dilution and the standard curve of each dilution is shown.
The amplification curves shown from the left correspond to 6 ng.µl -1, 600 pg.µl-1, 60 pg.µl-1, 6 pg.µl-1,
600 fg.µl-1, 60 fg.µl-1, 6 fg.µl-1 and 3 fg.µl-1.
-1 on the log scale for the standard curve = 6 ng.µl-1, therefore -2 = 600 pg.µl-1, etc.
The efficiency of the QPCR reaction and the error are also shown.
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Figure 3-26 Amplification curves of serially diluted S. salivarius JIM8777 template.
QPCR Amplification curves of each serial dilution are shown. The amplification curves shown from the
left correspond to 3.8 ng.µl-1, 380 pg.µl-1, 38 pg.µl-1, 3.8 pg.µl-1, 380 fg.µl-1, 38 fg.µl-1, and 3.8 fg.µl-1.

Figure 3-27 Melting peaks generated by genomic streptococcal template.
a. Melting peaks generated from S. sanguinis template. b. Melting peaks generated from S.
salivarius template. The melting peak of the oral streptococcal gtf gene is approximately 85 °C shown
as large blue peaks. The non specific product generated with the S. salivarius template is shown in
green and has two melting peaks, one at 78°C and one at 83°C.
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Figure 3.25 show that the serially diluted S. sanguinis template was amplified well with
the S. sanguinis gtf primer set in the QPCR. This is shown by the efficiency of the
amplification reaction. A perfect reaction would produce a standard curve with an
efficiency of 2.0, because the amount of target would double with each amplification
cycle (Roche, Technical notes, 2003). The efficiency of the standard curve in Figure
3.24 is 1.929, meaning that the amplification reaction is very efficient. The error value
is a measure of the accuracy of the quantification result based on the standard curve.
An acceptable value according to the Roche Light cycler  480 thermo cycler manual
is less than 0.2. The error rate in Figure 3.22 is 0.03 which is well within the
acceptable error rate. A negative template control of water was included with the serial
dilution templates, however, because no template was present in the sample no
amplification curve was produced. Overall the QPCR results using the S.sanguinis
primer set showed that it was quantitative between 6 ng and 3 fg of S. sanguinis DNA
(Figure 3.25).
Figure 3.26 shows that the serially diluted S. salivarius template was not amplified well
by the S. salivarius gtf primer set in QPCR. Because the S. salivarius was not
amplified well, no efficiency rating was produced as a consequence of being unable to
generate a standard curve. The inefficient QPCR of S. salivarius template is also
shown by the amplification curves being spaced very close together rather than evenly
spaced like Figure 3.24. To confirm that the QPCR results with S. salivarius template
did not work well, QPCR samples were analysed on an electrophoresis gel with S.
salivarius PCR product as a positive control, in case no QPCR samples made product
(Section 2.19). Figure 3.28 shows that QPCR products were produced and they were
the correct size, however, some templates never made QPCR product and those that did
make QPCR product made the same amount of product as each other, despite
previously showing different PCR product amounts due to serial dilution (Figure 3.15).
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Figure 3-28 QPCR results of serially diluted S. salivarius template.
QPCR was carried out using S. salivarius gtf primers in conjunction with 10 fold serial diluted S.
salivarius JIM8777 template and the reactions analysed by agarose gel electrophoresis. Lane 1;DNA
ladder, Lane 2; water, Lane 3; 38ng.µl-1, Lane 4; 3.8ng.µl-1, Lane 5; 380pg.µl-1, Lane 6; 38pg.µl-1,
Lane 7; 3.8pg.µl-1, Lane 8; 380fg.µl-1, Lane 9; 38fg.µl-1, Lane 10; 3.8fg.µl-1, Lane 11; empty.

To attempt to optimise the QPCR with the S. salivarius primer set, different annealing
temperatures were tried. All attempts to optimize the S. salivarius primer set with
QPCR failed. It was concluded that the primer set was not compatible to QPCR and
that a new primer set would have to be developed for any QPCR analysis of S.
salivarius DNA. It was decided that designing a new primer for S. salivarius was not
necessary as the purpose of this research project was to design a PCR method not a
QPCR method and establishing the concentration of template in saliva using just the S.
sanguinis primer set would be sufficient.

3.7 Establishment of expirated blood methodologies
3.7.1 Background information
Literature reports that haem from blood and indigo blue dye from denim can have an
inhibitory effect on PCR (Del Rio et al., 1996; Larkin and Harbison, 1999; Shutler et
al., 1999; Bessetti, 2007). Recent research using primers for genes encoding ribosomal
RNA showed that PCR can be used to detect streptococcal DNA in blood-saliva
mixtures on different fabrics, including denim for up to 62 days and in ratios of saliva:
blood of between 10:1 and 1:10 (Power et al., 2009) without any inhibitory effect.
Therefore the following experiments were conducted with expirated blood to establish a
PCR methodology for the purpose of distinguishing expirated bloodstains from other
bloodstains by using S. sanguinis and S. salivarius gtf primers.
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3.7.2 Establishment of mock expirated blood experiments
Expirated blood experiments were conducted first and foremost to establish if the PCR
would work with expirated blood. Further expirated blood experiments were conducted
to examine the following three points; 1) The length of time that streptococcal DNA
can be detected in expirated blood, 2) The limits of detection of the streptococcal DNA
in different blood: saliva ratios and 3) If oral streptococcal DNA can be extracted and
amplified from expirated bloodstains on different types of fabrics including denim.
To establish if the PCR would work with expirated blood, bloodstains were produced
by mixing blood with human saliva in a spray-bottle and spraying from approximately
150mm onto a cardboard target surface and 100% cotton lab coat fabric inside a
Biological Safety Cabinet Class II (Section 2.8). The stains were allowed to dry and
then DNA was extracted from three different sized bloodstains and analysed by PCR
(Section 2.14) and gel electrophoresis (Section 2.19). Three different sized bloodstains
were chosen; 1 mm, 2 mm and 10 mm in diameter, to establish if the size of a
bloodstain made any difference to being able to detect PCR product.

These initial experiments established that the PCR did work with expirated blood and it
gave rise to PCR product from all stains tested (Figure 3.29). Therefore, confirming
that the gtf primers were able to function with blood in a PCR reaction without being
inhibited by haem.

Figure 3-29 gtf product from expirated bloodstains
a. PCR was carried out using S. sanguinis gtf primers in conjunction with DNA extracted from expirated
bloodstains of different sizes on cardboard and the reactions analysed by agarose gel electrophoresis.
Lane 1;DNA ladder, Lane 2; S. sanguinis 10556, Lane 3; water only, Lane 4; 1 mm size stain, Lane 5; 2
mm size stain, Lane 6; 10 mm size stain, Lane 7; empty. b. PCR was carried out using S. salivarius gtf
primers in conjunction with DNA extracted from expirated bloodstains of different sizes on cardboard
and the reactions analysed by agarose gel electrophoresis. Lane 1; DNA ladder, Lane 2 S.
salivariusJIM8777, Lane 3; water only, Lane 4; 1 mm size stain, Lane 5; 2 mm size stain, Lane 6; 10 mm
size stain, Lane 7; empty.
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Subsequent expirated blood experiments were conducted with 1 mm and 2 mm
diameter sized stains since they gave PCR product with the gtf primers and because
they are the size of expirated bloodstains that is most representative of that seen in
casework, rather than the larger 10 mm size bloodstains (Section 4.3.2, Figure 4.11).

3.7.3 Determining the length of time that oral streptococcal DNA can be
detected in expirated bloodstains
To establish the length of time that oral streptococcal DNA can be detected in expirated
bloodstains, bloodstains were produced by a participant transferring 5 ml of their own
blood into their mouth and then coughing it out onto a cardboard target surface and on
to a cotton lab coat fabric (Figure 3.30) (Section 2.8). The generation of expirated
blood, rather than mock expirated blood (Section 3.7.2) was conducted in a laboratory
that was modified for this purpose (Section 2.8). The bloodstains were left to dry
before samples were collected every 2-3 days from both 1 mm and 2 mm sized stains
and processed as outlined in Section 2.6. Bloodstains with no saliva were also produced
on the same surfaces and processed as outlined in Section 2.6. After completion of the
DNA extraction PCR reactions were carried out as described in methods (Section 2.14)
and analysed by agarose gel electrophoresis (Section 2.19).

Figure 3-30 Expirated bloodstain pattern on cardboard and cotton fabric.
a. 2 ml of blood was coughed onto cardboard. b. 2 ml of blood was coughed onto cotton fabric.
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The PCR results are shown in Figure 3. 31. S. sanguinis gtf product could be detected
on both cardboard and cotton fabric in expirated bloodstains for 92 and 64 days
respectively after deposit and S. salivarius gtf product was detected in expirated
bloodstains for 34 and 29 days respectively. No PCR product was obtained with
bloodstains that did not contain added saliva, with either the S. salivarius or S.
sanguinis gtf primer sets. It is likely that S. sanguinis gtf product could be obtained for
a longer time than S. salivarius gtf product because the S. sanguinis gtf primer set has
greater sensitivity (Section 3.1.4) therefore, is able to detect lower template
concentrations.

The PCR results also showed that DNA from both streptococcal species could be
detected longer on cardboard than on cotton fabric. An explanation for this finding is
that because the cotton fabric is absorbent, whereas the glossy cardboard is not, it is
likely that the microbes present in the expirated blood soak into the fabric weave along
with the saliva and blood, making DNA extraction more difficult, therefore shortening
the length of time that DNA could be detected.

Number of days that PCR product can
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Figure 3-31 The length of time that oral microbial DNA could be detected in expirated bloodstains.
PCR was carried out with S. sanguinis and S. salivarius gtf primers on DNA extracted from 1 mm and 2
mm sized expirated bloodstains on cardboard and cotton fabric to determine the length of time that oral
microbial DNA could be detected. The number of days is shown above.

QPCR experiments were then carried out to determine the concentration of detectable
streptococcal DNA template that was present in both saliva and expirated bloodstains
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and if the amount of DNA that was detected in the above aged samples degrades
linearly.

3.7.4 QPCR of DNA extracted from saliva and expirated blood samples.
To establish the detectable concentration of S. sanguinis that was present in saliva and
expirated blood samples, QPCR reactions were set up as described in Section 2.15.
QPCR reactions were only done with S. sanguinis since S. salivarius did not amplify
well in QPCR (Section 3.6.2). The S. sanguinis genomic DNA that was 10-fold serially
diluted for the PCR sensitivity experiments (Section 3.1.4) was used for the standard
curve since it had worked efficiently in the QPCR previously (Section 3.6.2). From this
point on, all QPCR experiments used S. sanguinis genomic DNA for QPCR standards.
Three randomly chosen saliva samples (Section 3.3), three 29 day old expirated
bloodstain DNA samples extracted from cardboard (Section 3.7.3) and different saliva:
blood ratios (Section 3.7.6), were quantified to establish the effective concentration of
DNA template that was present in each sample. Each sample and the standards were
analysed in duplicate and negative controls of water and unstained cardboard were also
analysed. After completion of the QPCR, melting curve analysis was carried out to
confirm that the intended products had been amplified. Only the QPCR samples with
the correct melting peak temperature, meaning the intended product, were used for the
analysis. QPCR results were then analysed using the Absolute Quantification software
program with the 480 thermo cycler (Roche Applied Science, Germany).
Table 4 shows the crossing points, the concentrations and the amount of genomes
present in each sample analysed. It does not include the samples that did not produce
gtf product or samples that had more than one melting peak indicating that more than
one type of product was present. The QPCR results indicate that the saliva samples
have crossing points corresponding to amounts of between 4.1 and 142 pg.µl-1 of
template DNA. These results equate to between 1.1 x 107 and 3.9 x 108 S. sanguinis
genomes per mL of saliva, which is similar to the number of S. sanguinis typically
present in saliva (107 to 108 cfu.ml-l) (Van Houte and Green, 1974), indicating nearquantitative recovery of bacterial template DNA from saliva.
Table 4 also shows that the 29 day old expirated blood samples on cardboard have
crossing points corresponding to amounts of between 3.98 and 12.46 pg.µl-1 of
template DNA. These results indicate that the amount of S. sanguinis DNA in a 1 or 2
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mm sized stain correlates to approximately 22000-68500 genome equivalents, which is
above the sensitivity limit of both S. sanguinis (24 genome equivalents) and S.
salivarius (3000 genome equivalents) primer sets.

Table 4 QPCR of S. sanguinis DNA template in saliva and expirated bloodstains
The equivalent number of S. sanguinis genomes, the QPCR crossing point and concentration are shown
for each sample. * indicates that the samples were diluted 1:1 with water. The concentration of template
was extrapolated from the QPCR crossing points for all samples except the genomic DNA samples.
Sample

Concentration of
template

Crossing Point

Number of
genome
Equivalents

Genomic DNA
Genomic DNA
Genomic DNA
Genomic DNA
Genomic DNA
Genomic DNA
Genomic DNA
Genomic DNA

6.1 ng.µl-1
600 pg.µl-1
60 pg.µl-1
6 pg.µl-1
600 fg.µl-1
60 fg.µl-1
6 fg.µl-1
3 fg.µl-1

10.61
14.23
18.08
21.53
24.62
28.19
32.49
32.23

2388000
238800
23880
2388
238.8
23.88
2.388
1.14

Saliva 1
Saliva 2
Saliva 3

141 pg.µl-1
5.92 pg.µl-1
4.1 pg.µl-1

24.68
29.81
30.42

389950
16280
11357

29 day old Expirated blood 1 mm *
29 day old Expirated blood 2 mm *
29 day old Expirated blood 10 x 1 mm *

5.9 pg.µl-1
12.46 pg.µl-1
3.98 pg.µl-1

34.29
34.83
33.94

32450
68559
21934

Saliva : blood ratio
Saliva : blood ratio
Saliva : blood ratio
Saliva : blood ratio
Saliva : blood ratio
Saliva : blood ratio
Saliva : blood ratio
Saliva : blood ratio
Saliva : blood ratio

13.6 pg.µl-1
6.9 pg.µl-1
2.7 pg.µl-1
1.5 pg.µl-1
4.9 pg.µl-1
1.1 pg.µl-1
1.9 pg.µl-1
1.1 pg.µl-1
1 pg.µl-1

28.73
29.84
31.46
32.59
30.45
33.13
32.16
33.10
33.30

37497
19176
7552
4045
13396
3047
5116
3086
2771

1:1
1:4
1:10
1:20
1:50
1:100
1:200
1:500
1:1000

The saliva: blood ratio results are very interesting, as all the samples have variable
QPCR calculated amounts of DNA template, which don’t correspond with its ratio. For
example, 1:4 saliva: blood ratio has a QPCR calculated DNA concentration of 6.9
pg.µl-1 which is not one fourth of the 1:1 ratio of 13.6 pg.µl-1. The same can be said of
all the other ratios. These findings indicated that sampling or pipetting errors may have
occurred when making the ratios, despite appearing to be correct in section 3.7.6
experiments. Therefore, this experiment was repeated with a different set of saliva:
blood ratios. However, the findings of the repeated experiment were very similar, with
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QPCR calculated concentrations of DNA that were variable and did not correspond
well with the expected ratios. It was then concluded that the most likely reason for
such variability was, that because the volume of saliva and blood during each dilution
was measured, rather than the concentration of microbes within the saliva volume,
different amounts of microbes were present in each 1 µl of saliva used. Therefore,
quantification of the saliva: blood mixtures was not possible, as the template should
have been kept constant to establish the amount of microbes that each ratio represented.

3.7.5 QPCR of aged expirated bloodstains.
QPCR was carried out to determine if the amount of DNA detected in the expirated
bloodstain samples on cardboard (Section 3.7.3) degraded linearly over the 92 days.
The S. sanguinis genomic DNA was used to obtain the standard curve and all the
samples collected throughout the 92 days that S. sanguinis could be detected in
expirated bloodstains were used. Each QPCR reaction was carried out in duplicate with
the parameters and reagents used the same as those described in the methods (Section
2.15).
Table 5 shows that the concentration of DNA present in each sample, did not correlate
with the day of collection. This was most likely because each bloodstain sampled was
from a different droplet within the one expirated bloodstain pattern. Therefore, the
blood would have mixed with different volumes of saliva in the mouth depending on
the location of blood within the mouth, which would cause different droplets to acquire
different crossing points and concentrations. This result indicates that the
concentrations of S. sanguinis DNA and therefore other oral microbes in expirated
bloodstain samples are likely to be very variable due to the volume of blood and saliva
in the mouth and how much each fluid makes contact with the other, before being
expelled from the mouth. Due the variability of data obtained, determining if expirated
bloodstains samples degraded linearly overtime could not be determined in the
experiment.
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Table 5 QPCR of the duration of Days that S.sanguinis could be detected in expirated bloodstains.
The equivalent number of S. sanguinis genomes, the QPCR crossing point and QPCR predicted
concentration are shown for each sample. The concentration of template was extrapolated from the
QPCR crossing points for all samples.

Days of
collection

Crossing Point

5
8
10
16
21
27
29
34
48
50
57
69
84
92

29.19
33.70
34.95
34.95
35.91
31.10
26.67
30.78
34.04
34.07
31.85
32.02
32.97
31.8

QPCR
predicted
concentration
7.0 ng.µl-1
1.02 ng.µl-1
660 pg.µl-1
720 pg.µl-1
4.96 pg.µl-1
28.6 pg.µl-1
2.7 ng.µl-1
33 pg.µl-1
9 pg.µl-1
8.9 pg.µl-1
21 pg.µl-1
19.4 pg.µl-1
13.4 pg.µl-1
21.3 pg.µl-1

Number of genome
Equivalents
193070
28041
18322
19832
13659
78804
742071
91281
24889
24561
57330
53390
36775
58446

3.7.6 PCR of saliva: blood mixtures.
To determine the limits of detection of streptococcal DNA in saliva mixed with blood,
saliva and blood were mixed together in different ratios (Section 2.8). Different saliva:
water ratios were also prepared to act as positive controls. This experiment was also
conducted with the same participant’s blood that was 5 weeks old and had been stored
in an EDTA vacutainer blood tube in the fridge. The five week aged and fresh blood
sample experiments were conducted to establish if microbes would be detected in
different ratios if the blood was aged. Once oral microbial DNA had been extracted
from each of the samples (Section 2.6), PCR and analysis with gel electrophoresis were
performed (Section 2.14 and 2.19).
The S. salivarius gtf primers gave product in saliva: blood ratios down to 1:200 and S.
sanguinis primers made PCR product for all ratios tested (Figure 3.32). Both S.
salivarius and S. sanguinis produced gtf product for all saliva: water ratios, which
suggests that it was the blood which was inhibiting the PCR with the S. salivarius
primer set.
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Figure 3-32 Saliva and Blood mixtures
a. PCR was carried out using S. salivarius gtf primers in saliva and blood mixtures and the reactions
analysed by agarose gel electrophoresis. Lane 1: DNA ladder, Lane 2: neat saliva, Lane 3: water, Lane 4:
1:1 ratio, Lane 5: 1:4 ratio, Lane 6: 1:10 ratio, Lane 7: 1:20 ratio, Lane 8: 1:50 ratio, Lane 9: 1:100
ratio, Lane 10: 1:200 ratio, Lane 11: 1:500 ratio, Lane 12: 1:1000 ratio. b. PCR was carried out using
S. sanguinis gtf primers in saliva and blood mixtures and the reactions analysed by agarose gel
electrophoresis. Lane 1: DNA ladder, Lane 2: 1:1 ratio, Lane 3: 1:4 ratio, Lane 4: 1:10 ratio, Lane 5:
1:20 ratio, Lane 6: 1:50 ratio, Lane 7: 1:100 ratio, Lane 8: 1:200 ratio, Lane 9: 1:500 ratio, Lane 10:
1:1000 ratio, Lane 11: water, Lane 12: Neat saliva.

QPCR was then carried out with the different saliva: blood mixes to determine the
amount of DNA template that was present in each ratio to establish if blood really was
inhibiting the PCR. However, because the QPCR predicted concentrations of S.
sanguinis were variable (Section 3.7.4), due to how the mixtures were produced, there
was no way to get accurate template concentrations to determine conclusively if the
blood was inhibiting the PCR or if the S. salivarius primer set had reached its
sensitivity limit of 4 pg.µl-1. Despite the QPCR results, the PCR findings suggest that
blood inhibited the PCR as saliva and water ratios up to 1:1000 were still able to give S.
salivarius gtf product.

3.7.7 PCR of expirated bloodstains on different materials.
To determine if oral streptococcal DNA can be extracted from expirated bloodstains on
different types of materials, expirated stains were generated by a participant
transferring 5 ml of their own blood into their mouth and then coughing it out onto six
fabric sample types (Section 2.8). Fabric swatches of bloodstains were cut out and
processed with Instagene matrix (Section 2.6) to extract the oral microbial DNA. PCR
was carried out with the S. sanguinis primer set and the S. salivarius primer set (Section
2.14) and analysed with gel electrophoresis (Section 2.19).

82

The microbial DNA from expirated bloodstained fabrics gave PCR product with S.
sanguinis primers after 30 PCR cycles, with PCR product only being produced with
some unstained samples if the PCR was extended from 30 to 35 cycles (Figure 3.33).
No PCR product was generated with S. salivarius primers at either 30 or 35 cycles
(Figure 3.33). This result suggested that the numbers of S. salivarius present in the
participants’ saliva was likely to be in low quantity as the S. salivarius primer set is
able to detect DNA template at a concentration of 4 pg.µl-1, therefore, this result
suggests that the S. salivarius template concentration in the expirated bloodstain must
be less than 4 pg.µl-1. It was later discovered that the reason no S. salivarius product
was made with the expirated bloodstained samples was because the participant had very
few, if any S. salivarius microbes in their mouth when the participant donated more
saliva for cloning experiments (Section 3.10). These findings suggest that all fabric
types including denim, which is known to have an inhibitory effect on PCR, are able to
have microbial DNA from expirated bloodstains extracted from them and analysed
without any inhibitory effect.

Figure 3-33 Expirated bloodstains on different fabrics at 35 cycles.
a. PCR was carried out at 35 cycles using S. sanguinis gtf primers in conjugation with expirated
bloodstains on different fabrics and the reactions analysed by agarose gel electrophoresis. Lane 1: DNA
ladder, Lane 2: S. sanguinis 10556 , Lane 3: water only , Lane 4: stain on carpet, Lane 5: unstained
carpet, Lane 6: stain on sweatshirt, Lane 7: unstained sweatshirt, Lane 8: stain on singlet, Lane 9:
unstained singlet, Lane 10: stain on trousers, Lane 11: unstained trousers, Lane 12: stain on T-shirt, Lane
13: unstained t-shirt, Lane 14: stain on wool jersey, and Lane 15: unstained wool jersey. b. PCR was
carried out at 35 cycles using S. salivarius gtf primers in conjugation with expirated bloodstains on
different fabrics and the reactions analysed by agarose gel electrophoresis. Lane 1:DNA ladder, Lane 2:
S. salivarius JIM8777, Lane 3: water only, Lane 4: stain on carpet, Lane 5: unstained carpet, Lane 6:
stain on sweatshirt, Lane 7: unstained sweatshirt, Lane 8: stain on singlet, Lane 9: unstained singlet, Lane
10: stain on trousers, Lane 11: unstained trousers, Lane 12: stain on T-shirt, Lane 13: unstained t-shirt,
Lane 14: stain on wool jersey, and Lane 15: unstained wool jersey.
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3.7.8 QPCR of Expirated blood samples on fabrics
QPCR was carried out to quantify the differences between microbial DNA extracted
from expirated bloodstained and unstained samples on different fabrics. QPCR
reactions were set up using S. sanguinis genomic DNA for the standard curve and all
stained and unstained fabric samples that were analysed above. Each QPCR sample
was carried out in duplicate with the parameters and reagents used, the same as those
described in the methods (Section 2.15).
Melting curve analysis to confirm that the intended products had been amplified was
performed before QPCR results were quantified.
Figure 3.34 shows that microbial DNA extracted from expirated bloodstained fabrics
gave rise to QPCR products in 30 or less amplification cycles whereas microbial DNA
extracted from unstained fabrics gave rise to QPCR products in 35 or greater cycles.
Table 6 shows the S. sanguinis QPCR predicted concentration and the corresponding
genome equivalents in each sample.

Crossing Point

Number of QPCR Cycles to produce gtf
product
40
35
30
25
20
15
10
5
0

Fabric samples
Figure 3-34 QPCR crossing points that gave rise to product.
The fabric sample and the crossing point at which it gave rise to QPCR product are shown. -represent
unstained fabrics. + represents expirated bloodstained fabrics.
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The QPCR results (Table 6) show that DNA from fabrics stained with expirated blood
gave rise to PCR product in amounts corresponding to at least 5 fold more S. sanguinis
genomes than the unstained fabrics. However all of the unstained fabrics gave PCR
product in the QPCR system unlike the PCR method. These findings suggest that S.
sanguinis template DNA can be detected on unstained fabrics at 35 cycles, however, it
is able to be distinguished from stained fabrics as the S. sanguinis template
concentration is at least 5 fold less.
Table 6 QPCR of expirated blood on different fabrics
*The amount of S. sanguinis template DNA, calculated by comparison with QPCR results obtained with
known amounts of purified genomic DNA (Table 4).

Sample
Nylon carpet
Polyester sweatshirt
Merino wool singlet
Polyester & viscose trousers
Wool jersey
Cotton T-shirt
Denim jeans

Unstained
0.6 pg.µl-1 * = 1650 genomes
0.4 pg.µl-1 = 1100 genomes
4.75 pg.µl-1 = 13063 genomes
0.5 pg.µl-1 = 1375 genomes
0.76 pg.µl-1 = 2090 genomes
0.37 pg.µl-1 = 1018 genomes
0.52 pg.µl-1 = 1430 genomes

Stained
2.4 pg.µl-1 = 6600 genomes
12.8 pg.µl-1 = 35200 genomes
39.6 pg.µl-1 = 108900 genomes
4.1 pg.µl-1 = 11275 genomes
14.5 pg.µl-1 = 39875 genomes
11 pg.µl-1 = 30250 genomes
4.0 pg.µl-1 = 11000 genomes

3.7.9 PCR of washed saliva and expirated bloodstains
PCR of washed saliva stains and washed expirated bloodstains was carried out to
determine if S. sanguinis and S. salivarius DNA could be detected. The stains were
created on denim fabric and then warm machine washed, using Persil biological
laundry detergent. The denim fabric was clean fabric that had never been used or worn.
The washed stains were air dried on a clothes line for 3 hours before cutting out of the
stain swatches and extraction of any DNA using the Instagene matrix method (section
2.6). PCR reactions with DNA extracted from unwashed stains and washed stains plus
water and neat saliva controls were carried out with the S. sanguinis and S. salivarius
primer sets (Section 2.14). The reactions were analysed by gel electrophoresis
(Section 2.19).
S. sanguinis gave rise to gtf product in both washed and unwashed saliva stains, but not
expirated bloodstains at 30 PCR amplification cycles (Figure 3.35). S. salivarius gave
rise to gtf product in both washed and unwashed expirated bloodstains but not saliva
stains at 30 PCR amplification cycles (Figure 3.35). A likely reason for this finding is
that because oral microbes are randomly distributed in saliva due to when and how
much saliva is produced as well as the concentration of each microbe in the mouth, it is
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possible that more microbes of one species (S. salivarius or S. sanguinis) would get
deposited into one droplet over another droplet when the saliva or expirated blood is
expelled from the mouth.
These findings indicate that the PCR method can detect oral microbial DNA in washed
fabric stains.

Figure 3-35 PCR of washed and unwashed stains
a. PCR was carried out using S. sanguinis gtf primers in conjunction with washed and unwashed stains
on denim and the reactions analysed by agarose gel electrophoresis. Lane 1: DNA ladder, Lane 2: Neat
saliva, Lane 3: water, Lane 4: unwashed expirated bloodstain on denim, Lane 5: unwashed saliva stain on
denim, Lane 6: unwashed unstained denim control, Lane 7: washed expirated bloodstain on denim, Lane
8: washed saliva stain on denim, Lane 9: washed unstained denim control. b. PCR was carried out using
S. salivarius gtf primers in conjugation with washed and unwashed stains on denim and the reactions
analysed by agarose gel electrophoresis. Lane 1: DNA ladder, Lane 2: Neat saliva, Lane 3: water, Lane 4:
unwashed expirated bloodstain on denim, Lane 5: unwashed saliva stain on denim, Lane 6: unwashed
unstained denim control, Lane 7: washed expirated bloodstain on denim, Lane 8: washed saliva stain on
denim, Lane 9: washed unstained denim control.

The washed and unwashed fabric stains used in this experiment was tested for the
presence of amylase using the Phadebas® blue paper press test (Section 2.18). This
test is widely used as a presumptive test for saliva stains in forensic laboratories
(Hedman et al., 2008; Myers and Adkins, 2008) and, was a good comparison with the
microbial PCR method.
The Phadebas test detected amylase in all unwashed stains that contained saliva or
expirated blood (Figure 3.36) but not in any stains that had been washed.
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Figure 3-36 Phadebas blue paper press test.
Phadebas blue paper was moistened and placed on top of the unwashed stains for 40 minutes before
being analysed. The blue staining indicates the presence of amylase. The solid oval shows the presence
of amylase in expirated bloodstains, the dotted oval area shows the presence of amylase in saliva stains.
Blank area in the middle is from unstained denim, therefore no staining.

3.8 PCR of blind trial samples
To test how accurate and robust the microbial PCR method was, bloodstains for blind
trial testing were generated by the Institute of Environmental Science and Research
(ESR) Ltd. The ESR staff generated expirated bloodstains by coughing 1 mL of blood
out onto cardboard, and other non-expirated bloodstains by flicking blood soaked
gloved fingers onto a cardboard surface (Figure 3.38 and Figure 3.39). Seven blood
droplets were sampled, four samples were collected onto cotton swabs and three
samples collected were from bloodstained excised pieces of cardboard. The samples
were provided with no information regarding the nature of each sample.
The seven samples were first analysed using the Phadebas blue paper press test (Section
2.18) before DNA was extracted from each sample using Instagene matrix (Section
2.6). Analysis using the Phadebas blue paper test and the beginning of the DNA
extraction was carried out inside a biological safety cabinet Class II, to prevent any
contamination. PCR was carried out using S.sanguinis and S. salivarius gtf primer sets
(Section 2.14) and analysed with gel electrophoresis (Section 2.19). The PCR was
repeated three times, to confirm findings.
The Phadebas blue paper test indicated that sample 1 and 3 contained amylase, sample
4 was indeterminate and all other samples did not contain amylase or amylase was
below the detection limit of the Phadebas test, and it generated negative results.
The PCR method produced PCR product with both S. sanguinis and S. salivarius
primers for samples 1, 3 and 4, where as all other samples did not give PCR product
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with either primer set (Figure 3.37 and Table 7). Figure 3.37 is showing S. salivarius
PCR results only however, the S. sanguinis PCR results gave PCR product for exactly
the same samples (Not shown). All three PCR’s generated the same findings. These
results suggest that three samples were likely to be expirated bloodstains and four
samples were likely to be non-expirated bloodstains.

Figure 3-37 PCR of Blind trial samples.
PCR was carried out using S. salivarius gtf primers with all seven blind trial samples and the reactions
analysed by agarose gel electrophoresis. Lane 1: DNA ladder, Lane 2: S. Salivarius JIM8777, Lane 3: no
template, Lane 4: neat saliva, Lane 5: sample 1, Lane 6: sample 3, Lane 7: sample 4, Lane 8: sample 5,
Lane 9: sample 6, Lane 6: sample 7, Lane 10: sample 8, Lane 11 empty.

Table 7 Blind Trial Findings
Bloodstain
PCR Result b
Diameter of
a
pattern
stain analysed
1 Cardboard
Expirated
Positive
7mm
2c Cardboard
Expirated
N/A
2mm
3 Cotton Swab
Expirated
Positive
7mm
4 Cotton Swab
Expirated
Positive
2mm
5 Cardboard
Impact
Negative
7mm
6 Cardboard
Impact
Negative
2mm
7 Cotton Swab
Impact
Negative
7mm
8 Cotton Swab
Impact
Negative
2mm
a This information was not provided until analysis had been carried out.
b Positive = PCR product obtained with S. salivarius and S. sanguinis gtf primers,
Negative = no PCR product
c indicates the sample was not analysed.
Sample

A description of how the stains were generated and the accompanying photo of the
stains were then provided by ESR after the analysis was completed. This conclusion
matched exactly with the nature of the provided samples (Figure 3.38 and 3.39).
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Figure 3-38 Photo of expirated bloodstain pattern analysed in blind trial.
Samples were generated by 1 ml of blood being coughed out onto the cardboard. Arrow stickers indicate
the sample number and the size of the stain that was analysed. Samples 1, 3 and 4 were analysed by
PCR.

Figure 3-39 Photo of non-expirated bloodstain pattern analysed in blind trial.
Samples were generated by flicking blood from blood soaked gloved fingers. Arrow stickers indicate
where the sample number and the size of the stain that was analysed. Samples 5, 6 7 and 8 were analysed
by PCR.
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3.9 Quantification of Microbial DNA and Human DNA in samples.
3.9.1 Overview
The following experiments were conducted to determine if Human DNA could be
detected, and subsequently profiled in any of the samples collected to date, so that the
individual who generated the expirated bloodstain could be identified if possible.
In forensic casework the human amelogenin gene, which is located on both the X and Y
chromosomes in the XY homologous regions (Bailey et al., 1992), is widely used for
sex determination by PCR in routine forensic analysis (Nakahori et al., 1991; Mannucci
et al., 1994). Additionally, ESR use amelogenin primers as positive controls in routine
casework. Therefore because microbes do not have X and Y chromosomes it was
decided that this would be the target gene used in PCR to detect human DNA in the
samples collected throughout this study to date.

3.9.2 PCR with amelogenin primers.
To determine if any of the Instagene matrix extracted samples (i.e. saliva, nasal, sweat,
blood, expirated bloodstains on cotton and expirated bloodstains on denim) contained
detectable levels of human DNA, PCR was carried out using Amelogenin primers.
PCR reactions (Section 2.14) were performed with amelogenin primers and human
DNA from white blood cells was used as a positive control.
The results showed that the PCR did not produce PCR product with any of the samples
except the positive control. A likely reason for this result is that the amounts of human
DNA template in the samples were very low, below the sensitivity limit of the
amelogenin primers. The sensitivity of the amelogenin primers is documented as being
250 ng.tube (Akane et al.). To test if this was in fact true, all of the samples were sent
to Auckland ESR, where the amount of human genomic DNA in each of the samples
was determined using the QuantifilerTM Human kit (Applied Biosystems) and QPCR.
The Quantifiler TM Human kit assay detects the human telomerase reverse transcriptase
(hTERT) locus located on chromosome 5 (Green et al., 2005) and contains the forward
and reverse (hTERT) primers, 5’TaqMan® reporter dye probe, plus an internal positive
control probe with a different coloured 5’reporter dye. The DNA quantification assay
works by the 5’TaqMan® reporter dye binding to the DNA and fluorescing once the
DNA polymerase cleaves the probe during the QPCR extension cycle. The
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fluorescence data from the reporter dye is captured by a charge-coupled device camera
(CCD) during each QPCR cycle to determine the threshold at which the fluorescence
rises about the background noise, so that quantification using standard curves can
occur. The Quantifiler results of all the samples are shown in Table 8.
Table 8 Quantifiler results
Sample
Template Conc. ng.µl-1
Expirated blood on denim
0.00473
Expirated blood on cotton
0.123
Saliva a
2.32
Blood
0.665
Nasal secretions b
3.3
Sweat
0.002
10 µl of sample was added to quantification reaction except for nasal and sweat samples were 1 µl of
sample was added to quantification reaction. a sample was diluted 1.5 fold. b sample was diluted 2.2
fold.

These results indicate that the amount of Human DNA present in each of the samples
was in very low template concentrations, and was likely the reason why the PCR did
not work previously with the amelogenin primers. The sensitivity of the amelogenin
primers is documented as being 250 ng.15µl-1 (Akane et al., 1991). In addition, these
results confirm that human DNA is able to be detected in the samples, as well as the
microbial DNA.
ESR then carried out DNA profiling of the above samples, using an ABI PRISM 3100
genetic analyzer, genemapper ID software and a 15 STR plus amelogenin multiplex
amplification assay kit called AmpFlSTR Identifier (Applied Biosystems) to determine
if the amount of DNA in the samples would generate a profile that could be used to
identify the person who produced all of the samples.
The Identifiler results showed that two of the DNA samples from saliva and nasal
secretion produced complete profiles (Figure 3.40), DNA present in expirated blood on
cotton and blood only produced partial profiles and DNA present in expirated blood on
denim and sweat did not produce any profile (Appendix 3). The reason the last two
samples did not produce profiles was that the QPCR reactions were inhibited,
indicating that both samples must have contained an inhibitor.
The identifiler results show that profiles can be obtained from low human DNA
template amounts, despite microbial DNA also being present in each sample and that
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the profile generated could be used to identify the individual whose DNA was present
in the sample if it was compared to the national DNA database.

Figure 3-40 DNA profile from saliva sample.
DNA present in the saliva sample underwent a multiplex PCR to generate a profile from the individual
who gave the DNA sample. Each peak represents an allele of a particular locus. The first number in the
boxes below the peak indicates the number of short tandem repeats at that allele or the sex chromosome,
the second number is the size in base pairs of the product; the third number is the height of the peak (used
to detect true product from stutter product.) Stutter product height is 15% of true product height. Four
different dyes are shown as the PCR products created at each locus are of distinct sizes and to ensure
several alleles can be analysed in the same system without overlap, different dyes are used.
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3.10 Sequence diversity of S. sanguinis and S. salivarius gtf genes in
saliva.
3.10.1 Background information
Previous literature (Garnier et al., 1997; Borgula et al., 2003; Rudney et al., 2003; Aas
et al., 2005; Rahimi et al., 2005; Nasidze et al., 2009) suggests that the genomic
profiles of different streptococcal species from the mouths of most humans are
genotypically diverse but there is no knowledge on whether strains within oral
streptococcal species are genotypically diverse or even how many different strains
within each oral streptococcal species are present in a human mouth.

3.10.2 Cloning PCR product from oral Streptococcal species
To determine if strains within the S. sanguinis and S. salivarius species are unique to
every individual and how many strains from each species are present in an individual’s
mouth, PCR, cloning and sequencing of the gtf gene was undertaken.
Non-stimulated human saliva was collected from three healthy adult volunteers, aged
between 22-34 years of age, with two participants being female and one being male.
The volunteers expectorated approximately 50 μl of saliva into a plastic 1.5 ml
microcentrifuge tube. The saliva samples had DNA extracted with Instagene matrix as
described in methods (Section 2.6). PCR (Section 2.14) was then performed using S.
sanguinis and S. salivarius gtf primer sets and analysed with 0.85% agarose gel
electrophoresis to confirm PCR product was present. The PCR product from each
person was then purified (Section 2.12.1) and cloned into pGEM T-easy vector (Section
2.12.3) before being grown on ampicillin-supplemented agar. After the clones had
grown, six white colonies of S. sanguinis and S. salivarius from each of the three
participants plates were selected (Section 2.12.4) purified (Section 2.13.1) and digested
(Section 2.13.2) to confirm that the PCR insert was present. This meant that each
participant had 12 colonies that were selected i.e six colonies from the S. sanguinis
plate and six from the S. salivarius plate.
Once the PCR insert was confirmed as present, DNA sequencing (Section 2.13.3) of
each purified plasmid sample were completed. Each DNA nucleotide sequence was
compared to sequenced microbial genes that were present in genbank (Benson et al.,
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2008), before a multiple alignment was completed with each of the S. sanguinis or S.
salivarius species.
Each DNA sequence from S. sanguinis or S. salivarius had 1-7 ambiguities present with
the typical length of each sequence read being 1200 base pairs (bp). However, because
each insert was only 500-550 bp long all of the sequences needed to be edited to
remove as much of the plasmid as possible so only the insert was compared. Sequence
ambiguities were either corrected if the base was able to be determined from the
chromatogram or else it was left unresolved, with the number of unresolved bases in
each sequence recorded.

3.10.3 Multiple alignment of the cloned gtf sequences
Each DNA nucleotide sequence from S. sanguinis or S. salivarius obtained from the
cloning experiments above was correctly identified as being the gtf gene from either the
S. sanguinis or S. salivarius species. In the case of S. salivarius, two gtf genes were
identified from the four possible gtf genes present in the S. salivarius genbank
sequence.
Therefore, a multiple alignment was completed with each species using Clustal W that
was available with the program Geneious (Section 2.21) after editing of each sequence
had occurred.
The alignment of the S. sanguinis sequences was typically 505 bp and showed that
every person had one gtf gene sequence in their mouth that was 97.2% identical or
2.8% different to the genbank S. sanguinis SK36 strain (Appendix 4). In addition, the S.
sanguinis alignment showed that two gtf sequences from two different people had more
than 100 nucleotides different from the previous genbank sequence that appeared to be
present in all participant’s mouths. These two different gtf sequences had 94.7% and
87.8% identity or 5.3% - 12.2% nucleotides different to the genbank S. sanguinis SK36
strain and were 95.5% identical to each other. Both sequences also had seven
unresolved nucleotides within them, so may actually be more similar to the genbank
strains than 94.7% and 87.8%.

These results indicate that there are at least three S.

sanguinis gtf gene sequences in an individual’s mouth. The results also indicate that
one S. sanguinis sequence is present in all three participant’s mouths; therefore it
appears to be a shared or ubiquitous strain.
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The alignment of the S. salivarius sequences was typically 505 bp and showed that
every person had one gtf gene sequence in their mouth that was 98.5% identical to the
gtfK gene of the genbank S. salivarius ATCC 25975 strain (Appendix 4). In addition,
the S. salivarius alignment showed that two gtf sequences from two different people
match the genbank ATCC 25975 gtfJ gene more closely than the gtfK with 99.8% and
98.6% nucleotide identity or 0.2% - 1.4% different nucleotides. These results indicate
that the S. salivarius gtf gene appears to be quite conserved, with very little diversity,
and that the same S. salivarius strain was present in all individuals tested. The results
also suggest that the strain of S. salivarius sequenced appears to be S. salivarius ATCC
25975 as there was only 1.5% nucleotide different and these differences could be
accounted for by unresolved nucleotides present in each sequence.
Maximum likelihood phylogeny trees were then generated from the multiple
alignments of the S. sanguinis and S. salivarius sequences (Section 2.20) to make
visualisation of the above alignment findings easier. All maximum likelihood
Phylogenetic trees generated have bootstrap values obtained from 500 randomly
generated trees and all trees are mid-point rooted.

3.10.4 Maximum likelihood Phylogenetic analysis
The maximum likelihood analysis produced from the S. sanguinis species (Figure 3.41)
showed that the sequences of the individual’s tested were divided into two main clades.
One clade consisted of a sequence from one individual and the genbank S. sanguinis
ATCC 10556 sequence, indicating that they are very similar sequences. The other main
clade consisted of all the other sequences obtained. Within this main clade, there are
four subclades that are specific for each individual. These subclades suggest that each
S. sanguinis gtf sequence is variable enough to be specific to individuals, while still
having enough similarity to the other subclade sequences to be put into one large main
clade. These two findings of the S. sanguinis sequences are confirmed by the bootstrap
analysis, which is a measure of the probability that the members of a given clade are
always members of that clade. The boot strap analysis shows that the main clades have
probability values greater than 70, meaning that these sequences have occurred in these
clades more than 70% of the time. However, there is also very low bootstrap numbers
represented in the subclades i.e. 11.8 - 45.6 indicating that these sequences are so
similar that there is not enough variation between them to reliably identify to which
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subclade if any they possibly belong. One sequence, belonging to participant 3, is
shown in (Figure 3.41), as having a lot of nucleotide changes, by the length of the
branch; however, there is still enough similarity between this sequence and the other
sequences from participant 3 for it to be allocated into the subclade specific for
participant 3.
Overall the S. sanguinis multiple alignment and phylogenetic analysis suggest that there
are at least two sequences of S. sanguinis in each individual’s mouth, one sequence
which is common to everyone but also appears to have nucleotides which make it
specific to an individual, and one sequence which is highly divergent.

Figure 3.41 a maximum likelihood phylogenetic tree of the S. sanguinis sequences.
The tree is mid-point rooted, with all the bootstrap values shown along the branch lengths. The scale bar
indicates the number of substitutions per nucleotide site. C1 = Participant 1, C2 = Participant 2, C3 =
Participant 3. Seq = the number allocated to the sample when it was sent for DNA sequencing.
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The maximum likelihood analysis produced from the S. salivarius species (Figure 3.42)
showed that the sequences from the individual’s tested were divided into three main
clades. One clade consisted of one sequence from participant 1 and the genbank S.
salivarius ATCC 25975 gtfJ gene, therefore indicating that these two sequences are
very similar. This finding was also confirmed by the bootstrap analysis result of 92,
indicating that these two sequences are likely to always occur together.
The second clade consisted of one sequence from participant 3 and has a sequence
similar to the S. salivarius ATCC 25975 gtfJ gene but not as similar as participant 1’s
sequence. The final clade consisted of all the other sequences, and indicates that all the
other sequences are identical to each other with the exception of two sequences from
participant 1, which have 2 nucleotides different from all the other sequences.
These phylogenetic findings suggest that there are at least three different S. salivarius
gtf gene sequences present from the same strain in all the individual’s mouths.
Therefore, suggesting that there is only one strain of S. salivarius in the mouths of all
participants tested and this strain is possibly S. Salivarius ATCC 25975, based on the
percentage of sequence identity of the nucleotides that match.
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Figure 3.42 a maximum likelihood phylogenetic tree of S. salivarius sequences.
The tree is mid-point rooted, with all the bootstrap values shown along the branch lengths. The scale bar
indicates the number of substitutions per nucleotide site. C1 = Participant 1, C2 = Participant 2, C3 =
Participant 3. Seq = the number allocated to the sample when it was sent for DNA sequencing.
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3.10.5 Comparing cloned sequences to PCR sequences from saliva
The following experiments were conducted to determine if sequences from the S.
sanguinis and S. salivarius clones are different from sequences of S. sanguinis and S.
salivarius grown from saliva. This experiment was performed so that S. sanguinis and
S. salivarius strains in saliva that may have been present in low abundance, which
could not be cloned, could be established and compared. Therefore PCR and
sequencing of the gtf gene from the streptococcal strains grown from saliva was carried
out and compared to the cloned sequences above.
Non-stimulated human saliva was expectorated onto a Mitis-salivarius agar plate to
allow the oral streptococcal strains present in the saliva to grow (Section 2.5). Seven
different looking phenotype colonies, i.e. small and smooth, larger and bumpy, large
and smooth etc were chosen for PCR with, as they were most likely to have different
genotypes. One of each of the seven different colonies was grown in Luria broth (LB)
liquid culture (Section 2.5) before undergoing DNA extraction with the microbial
genomic DNA kit (Section 2.6) PCR was then carried out with genomic S. sanguinis
and S. salivarius DNA using the corresponding gtf primer sets (Section 2.14) and
analysed with gel electrophoresis (Section 2.19).
The PCR products were purified (Section 2.16) and then DNA sequenced (Section
2.13.3). Each DNA nucleotide sequence from both the S. sanguinis or S. salivarius
species was compared to sequenced microbial genes that were present in genbank
(Benson et al., 2008) to ensure the correct PCR product was sequenced, before a
multiple alignment was completed with each of the genomic S. sanguinis or S.
salivarius sequences and the cloned sequences (Section 3.10.2).
The multiple alignment of genomic S. sanguinis sequences showed that the PCR
sequences were very similar to each other with only one or two nucleotides different
between them. The multiple alignment also showed that the genomic S. sanguinis
sequences were quite different from the cloned sequences with only one PCR sequence
being identical to the cloned sequences, indicating that the sequences from S. sanguinis
strains that grew on the Mitis-salivarius plate are different from the sequences of S.
sanguinis strains that were cloned (Appendix 4) suggesting that cloning favoured S.
sanguinis strains that were in high abundance, rather than all strains present.
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The multiple alignment of the S. salivarius sequences showed that the PCR sequences
and the cloned sequences appear to be very similar to each other (Appendix 4). This
result suggests two findings; the first indicates that the gtf gene of the S. salivarius
strains appears to be quite conserved, therefore suggesting that it is not a good indicator
for establishing diversity between strains of the same species. The second finding
indicates that the cloned and PCR sequences obtained from S. salivarius appear to be
the same sequences, suggestive of the same strain.
Maximum likelihood phylogeny trees were then generated from the multiple
alignments of the S. sanguinis and S. salivarius PCR and Cloned sequences (Section
2.20) to make visualisation of the above alignment findings easier.
The maximum likelihood analysis of the S. sanguinis sequences (Figure 3.43) showed
that the sequences were divided into three clades. The first clade consisted of six
sequences that were all derived from PCR, indicating how similar the PCR sequences
are. The second clade was divided into two subclades. One subclade consisted of three
Cloned sequences and one PCR sequence and the other subclade consisted of one
cloned sequence and one genbank S. sanguinis SK36 sequence. This finding indicates
that at least one PCR sequence was identical to three cloned sequences, and that one
cloned sequence was identical to the genbank S. sanguinis SK36 sequence. The final
clade consisted of the genbank S. sanguinis ATCC10556 sequence indicating that this
sequence was very different from any of the cloned or PCR sequences.
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Figure 3.43 a maximum likelihood phylogenetic tree of S. sanguinis cloned and PCR sequences.
The tree is mid-point rooted, with all the bootstrap values shown along the branch lengths. The scale bar
indicates the number of substitutions per nucleotide site. C1 = Participant 1, C2 = Participant 2, C3 =
Participant 3. Seq = the number allocated to the sample when it was sent for DNA sequencing.

The maximum likelihood analysis of the S. salivarius sequences (Figure 3.44) showed
that the sequences were divided into two main clades. The first clade consisted of all
the PCR sequences, all but one cloned sequence and the genbank S. salivarius
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ATCC25975 gtfK gene, suggesting that there is very little difference between the S.
salivarius PCR sequences and those that were cloned. This clade also suggests that it is
likely that the cloned and PCR sequences within this first clade are of the gtfK gene
from S. salivarius ATCC25975. However, within this first clade there were three very
small subclades (Figure 3.44), but the bootstrap numbers for each subclade were very
low, i.e. 14 to 46, indicating that these subclades are very variable and the differences
between the sequences in each subclade are so small, that it is not likely that these are
true subclades. The second main clade consisted of one cloned sequence and the
genbank S. salivarius ATCC25975 gtfJ gene, indicating that the cloned sequence was
identical to the S. salivarius ATCC25975 gtfJ gene. This result suggests that the S.
salivarius gtf primer set is able to amplify any of the four S. salivarius gtf genes not just
one.
In summary, these experiments have indicated that there are least three different S.
sanguinis strains within an individual’s mouth. One of these strains appears to be
present in all of the participants mouths, but has nucleotides that make it individually
specific, suggestive of naturally different strains that are very closely related. The
results also suggest that there are at least two S. salivarius sequences in an individual’s
mouth, with one of these sequences being from the S. salivarius ATCC25975 microbe.
The results also indicated that the PCR sequences of S. sanguinis are more variable than
the cloned sequences, and that there appears to be more S. sanguinis sequences in an
individual’s mouth than S. salivarius sequences. One reason for this difference is likely
that the S. salivarius primer set is less sensitive than the S. sanguinis primer set, which
could lead to a smaller number of low abundant S. salivarius strains hence sequences
being detected. In addition, it may also be that the S. salivarius strains are more
competitive with each other and therefore strains of S. salivarius that are in low
abundance get killed off quicker so are unlikely to get amplified in PCR as they are
outcompeted by other S. salivarius strains that are in higher abundance.
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Figure 3.44 a maximum likelihood phylogenetic tree of S. salivarius cloned and PCR sequences.
The tree is mid-point rooted, with all the bootstrap values shown along the branch lengths. The scale bar
indicates the number of substitutions per nucleotide site. C1 = Participant 1, C2 = Participant 2, C3 =
Participant 3. Seq = the number allocated to the sample when it was sent for DNA sequencing.
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Chapter Four
Characterising the dynamics of expirated bloodstain pattern
formation using high speed digital video analysis.
4.1 Introduction.
The physical characteristics of expirated bloodstain patterns, ie bubble rings, dilutions
and beaded stains have been examined and described throughout recent literature,
(Emes, 2001; Emes and Price, 2004; James et al., 2006; Bevel and Gardener, 2008) but
how these physical characteristics are produced is unknown. In addition, Emes (2001)
found that bubble rings and beaded stains will occur in some expirated bloodstains but
not all and it appears that this occurs most frequently with partial patterns of
bloodstains on absorbent surfaces such as clothing items (Walker, 2006). Furthermore,
Walker (2006) showed that some impact spatter patterns can appear diluted especially
if mixed with other fluids. Additionally, no research has been carried out on the
distance that expirated blood can travel, and if different mechanisms such as coughing,
spitting and breathing will alter the appearance of expirated bloodstains.
In chapter three, a PCR method was developed that was able to detect human oral
streptococcal DNA in saliva and expirated blood, thereby providing a test which can
distinguish between expirated bloodstains and impact bloodstains. Nevertheless, a
knowledge of the overall physical characteristics of an expirated bloodstain pattern is
also required so that proper bloodstain classification can occur, without the analyst
testing every bloodstain for the presence of saliva.
The purpose of this part of the study was to investigate the physical characteristics,
droplet sizes and distance travelled of expirated bloodstain patterns generated by
breathing, spitting and coughing.

The mechanisms of breathing, spitting and coughing were chosen as they represent the
various ways that blood can be expelled from the mouth, even if the person is
unconscious. This is because when the lungs or trachea become congested with fluid,
coughing and expiration of those contents occurs due to muscle reflexes controlled by
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the respiratory centres located in the brain stem (Gilman and Newman, 2003;
Thibodaeu and Patton, 2007) regardless of the conscious state.
The following study will examine these three mouth expelling mechanisms using high
speed digital imaging. Frame by frame analysis of the process of expiration was studied
to provide insight into the formation of expirated bloodstains, making a significant
contribution to the scientific underpinning of expirated bloodstain formation and the
characteristics involved.

4.2 Experimental set up.
The mechanisms of breathing, spitting and coughing in the production of expirated
bloodstains were chosen to be examined in this study. Each mechanism was examined
with a participant in two positions, prone and standing. These positions and
mechanisms were chosen as they are most likely to represent the positions and
mechanisms that would be displayed in a life-threatening situation. Two surfaces were
chosen to be used; Tyvek® overalls (fabric) and cardboard. Both target surfaces were
white so visualisation of the features of the bloodstain patterns could be examined.
Where possible, two to three replicates of each experiment were performed.

All experiments were performed at the Christchurch ESR Service Centre, with the
laboratory set up as described in section 2.11. One participant was used for all the
experiments. The expelling of fluid via coughing, spitting or breathing was first
practiced by using blackcurrant juice concentrate until the participant was familiar with
the expelling techniques required. Expirated bloodstains were generated by the
participant transferring between 1 and 5 mL of their own blood into their mouth and
then expelling it onto the target surface at distances of 150 mm to 3 m away. Three
quartz halogen lamps were used for illumination. These were covered with Glad oven
bags, to reduce heat that was directed onto the participant and to keep the lamps clean.
The exposure time, size and aperture of the camera varied between experiments as
described in section 2.11. Video images of each experiment were examined using
frame by frame analysis. The images taken from this camera had brightness and
contrast adjusted to make the blood flow more visible.
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4.3 Coughing experiments.
The first set of experiments undertaken was with the mechanism of coughing. In these
experiments the physical characteristics, the droplet size of coughed expirated
bloodstains and the location of the bloodstains were examined. The height of the
bloodstains and the distance that the bloodstains travelled were also recorded.
Five experiments in all were performed with the coughing mechanism. Three involved
the participant being prone and two involved the participant standing. Two of the prone
experiments involved a second participant who was positioned 300 mm away from the
first participant. The second participant adapted a kneeling position (Figure 4.1) to act
as a mock helper person so that examination of the bloodstains present on another
person as well as the location of the bloodstains could be established. Each of the five
experiments consisted of the same participant coughing between 2-4 ml of their own
blood onto cardboard, Tyvex overalls (Section 2.11) and for the distance travelled
experiments the white paper lining the floor and walls.

Figure 4-1 The position of both participants.
The position of the prone coughing participant and the “kneeling” participant in the experiment is shown.
Expirated bloodstains on both participants is shown.
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Results from all the coughed expirated blood experiments showed that the blood
droplets left the mouth in a particular sequence. Tiny, mist-like stains (<1 mm in size)
were expelled first, followed by larger droplets (>1 mm in size) and strands. The initial
droplets (Figure 4.2) were calculated from the video imaging to be travelling
approximately 10 – 30 m.sec-1 compared to the larger droplets and strands which were
calculated to be travelling approximately 4 – 10 m.sec-1. (Appendix 5) These tiny,
mist-like droplets project out of the mouth in a very distinctive cone shape, and were
projected in an upwards, forward direction (Figure 4.2). Following these tiny mist-like
droplets were strands and droplets of larger size (Figure 4.3). These strands and
droplets were projected forward out of the middle and top of the mouth, some of which
impacted on the front teeth causing turbulent, spinning droplets, which continue to spin
and rotate while being projected forward and upwards (Figure 4.3 and figure 4.4). The
strands appear to form “plumes” (very long, thick, strands) once they have made
contact with the front teeth (Figure 4.5). The formation of these “plumes” is probably
due to the presence of salivary mucin proteins. These proteins provide lubrication,
prevent mechanical damage, protect efficiently against viral and bacterial infections,
and promote the clearance of external pollutants (Wu et al., 1994). Salivary mucin
proteins are also known to contribute greatly to the viscoelastic nature of saliva (Wu et
al., 1994).

Figure 4-2 Tiny mist-like expirated stains.
1 ml of blood was coughed out while the participant was prone.
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Figure 4-3 A series of coughed expirated blood images demonstrating the sequence of mist-like
stains followed by larger droplets and strands.
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Figure 4-4 Expirated bloodstain droplets and plumes.
2 ml of blood was coughed from a prone position onto a target surface 300 mm away.

Figure 4-5 Plumes attached to front teeth and bottom of the lip.
3 ml of blood was coughed out onto a target; a large plume can be seen attached to the front teeth.

The video images showed that the greater the volume of blood expelled, the more
plumes were produced and the longer and more viscous they appeared to be.
The video images also showed that it was the formation of these plumes that caused
beaded bloodstains to be seen on the target surface (Figure 4.6 and 4.7). As once the
plume detaches from the front teeth it either fragments creating small 1-2 mm sized,
circular stains or it impacts a target surface still as a blood plume. It is the impact of
the plume impacting the target surface that creates the beaded stain (See DVD to view
images of beaded stain production). The formation of these beaded stains were only
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observed on cardboard, (Figure 4.6) and was comparable to the photographs of
expirated stains published and described by (Emes, 2001; James et al., 2006) as “strings
of mucus linking small blood spots” (Figure 4.7). This is the first study that has
confirmed that the formation of the beaded characteristic in expirated bloodstain
patterns is from the formation of salivary plumes.

Figure 4-6 Coughed expirated bloodstains on cardboard.
4 ml of blood was coughed from a standing position onto the cardboard surface from 300 mm away.
Pink arrows indicate beaded bloodstains, green arrows indicate bubble rings and blue arrows indicate
diluted bloodstains.

Figure 4-7 Beaded expirated bloodstain on fabric. (Taken from James et al. 2006)
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This beaded feature suggests that it is the salivary mucin proteins in expirated blood
that support the strand due to their viscosity, and keep the blood droplets together in
midflight. However, as mentioned beaded bloodstains were only observed on the
cardboard surface and not on the fabric surface. This is consistent with Walker (2006)
observations that beaded stains on absorbent surfaces rarely occur. The reason for this
is most likely due to fabrics being absorbent, therefore the stain soaks into the fabric
distorting the shape and characteristics rather than sitting on the surface of the fabric,
enabling the stain to be seen as it was produced. Additionally the distance of the target
also appeared to be a variable affecting the formation of beaded stains. The high speed
images from all of the experiments showed that the formation of beaded stains was only
visible at distances of less than 300 mm. No beaded stains were seen on the cardboard
target when the participant was greater than 300 mm away.
The reason beading stains were only observed on targets that were 300 mm or less from
the participant, is most likely to do with how blood behaves as it travels through the air.
MacDonell (2005) states that “when small masses of liquid for example blood, are
detached from the main body of liquid, they assume a spherical geometry”. Therefore,
the formation of strands is most unfavourable, which will lead to the strand breaking up
to favour the more preferred spherical droplet shape, which is seen by the video images.
However, the target surface of 300 mm is quite close meaning that the resulting blood
strand does not have time to break up, so impacts the surface with the strand still
present resulting in the beaded stain. At greater distances, the strand has more time to
break up into droplets, hence why the stain is not seen. This finding suggests that the
beaded stains are only a feature of expirated bloodstains if the person who produced the
expirated blood is close (i.e. 300 mm or less) from a non-absorbent surface, otherwise
they are unlikely to be present.
Observation of blood droplets impacting the target surface throughout the coughing
experiments, showed that air bubbles that were contained within a droplet, frequently
divided into smaller air bubbles before bursting and leaving a clear area in the centre of
the droplet, creating the bubble-ring characteristic, that has been described by Emes et
al. (2001) and James et al. (2006). This bubble-ring characteristic was more frequently
observed on both cardboard and fabric in the coughing experiments than in the spitting
or breathing experiments (Figure 4.6 and Figure 4.8) and it appeared that distance was
not a variable in the formation of this feature. This is probably due to the greater
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expiration force involved when coughing the fluid out of the mouth leading to greater
velocity, therefore more mixing of air currents and blood.

Figure 4-8 Bubble ring expirated bloodstain on fabric.
2 ml of blood was coughed out onto the Tyvex overalls of the kneeling participant. A large bubble ring
is observed in the centre of the large bloodstain shown on the fabric. The circular shape of the
bloodstains is also shown, despite the fabric being creased and irregular.

Diluted bloodstains (Figure 4.6) were also produced in the coughing experiments and
were clearly visible on both fabric and cardboard. However, the ratio of saliva to blood
in a droplet was variable. This was evidenced by some droplets appearing to contain no
saliva at all, due to the dark uniform red colour of the stain, or they appeared to contain
very little blood due to a pale red/pink coloured stain (Figure 4.6). This finding was
interesting to note, because it suggests that the blood was not in the subject’s mouth
long enough to mix uniformly with saliva.
Another observation, made from examining the coughed expirated bloodstain patterns,
was that the bloodstains were either circular, indicating that the droplets had impacted
the target surface at a 90° angle or else the bloodstains were irregularly shaped, due to
the presence of saliva. This was a very interesting observation because regardless of the
surface type ie non-smooth fabric overalls, and/or the angle that the blood was coughed
from, the stains were still circular in shape (Figure 4.8).
The findings from the coughing expirated blood experiments indicate that all the
physical features of expirated bloodstains described previously in the literature (Section
4.1) were observed in the coughing experiments. These experiments showed that
beaded stains are produced from “plumes” or strands of saliva and blood, something
which was unconfirmed up until this experiment. The coughing experiments also
showed that the beaded stain characteristic was not observed on fabric and was only
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visible at a distance of 300 mm or less to the target surface. This finding suggests that
an individual has to be 300 mm or closer to a target surface when expirating blood, for
beaded bloodstains to be visualised. Therefore analysts need to be aware of this
finding, if expirated bloodstains are identified and beaded stains are present in the
pattern.

4.3.1 Location of coughed expirated bloodstains.
The location of the coughed bloodstains on the kneeling participant was confined to the
chest, abdomen, groin and wrists. Stains were generally 1 mm or less in diameter, even
though larger droplets 3 mm or greater in diameter could be seen (Figure 4.9). The
location of the bloodstains on the kneeling participant are consistent with previous
cases (Wade et al., 2001; Wonder, 2003; Gunn, 2006; James et al., 2006) discussed in
the literature.
As mentioned previously, the bloodstains included diluted stains and some bubble
rings. No beaded stains were observed.

Figure 4-9 Expirated bloodstains on the kneeling participant.
The location and size of the bloodstains are shown in the photo. Only bloodstains greater than 1 mm are
readily visible in this photo.

The expirated bloodstains on the coughing participant were found on the face, upper
chest, shoulders and wrists. Some bloodstains were present around the groin, but only
in low numbers. No beaded stains were observed but diluted stains and bubble rings
were present. The size of the bloodstains on the coughing participant varied more than
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the size of the bloodstains observed on the kneeling participant. More bloodstains 2 mm
or greater were observed on the coughing participant, although most of the bloodstains
(70%) were 1 mm or less (Figure 4.10).

Figure 4-10 Expirated bloodstains on coughing participant.
The location and size of the bloodstains are shown in the photo.

4.3.2 Size of coughed expirated bloodstains.
The sizes of the coughed bloodstains on both target surfaces were generally 1 mm or
less, a finding which is consistent with both case studies (Wade et al., 2001; Gunn,
2006; James et al., 2006) and previous research (Emes, 2001; Emes and Price, 2004;
Walker, 2006). Larger bloodstains, 2 mm or greater, were also present; however, they
were only present in low numbers. An area of 100 mm x 100 mm on the target surfaces
were selected to determine the average size distribution of bloodstains. This area was
selected from the target surface which contained the most blood droplets, and was
chosen to make counting and measuring of bloodstains more manageable.
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The results from the coughing experiments produced expirated bloodstains of a similar
range of sizes to the spitting and breathing mechanisms, with 1mm or less being most
prominent (Figure 4.11). Figure 4.11 shows the bloodstain sizes in mm, that were
present on cardboard and the worn Tyvex overalls on both the coughing and the
kneeling participant after 2 ml of blood was coughed over the targets.

The average size distribution of expirated
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Figure 4-11 The average size of expirated bloodstains on cardboard and fabric.
A 100 mm x 100 mm area was selected on cardboard and fabric to determine the average expirated
bloodstain size distribution. The number of different sized stains from cardboard and fabric are shown.

4.4 Spitting experiments.
Three experiments were undertaken using the spitting expiration mechanism. Two
experiments involved the participant being prone and one involved the participant
standing. The prone experiments involved a second participant who was 300 mm away
from the participant in a kneeling position (Figure 4.1) so that examination of the
bloodstains present on another person as well as the location of the bloodstains could be
established. In the standing experiment the participant was 150 mm away from the
target.
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The expelling of blood occurred by one participant spitting between 2- 4 ml of their
own blood onto cardboard and Tyvex overalls (Section 2.11), before the video images
and the target surfaces were examined in detail.
All experiments involving spitting of blood showed that the tongue and lips played a
major role in the ejection of blood. The video images showed that the tiny mist-like
blood droplets were produced in one of two ways; either the droplets appeared to be
formed by blood being projected off the lips and/or tongue (Figure 4.12b), or blood
droplets appeared to be formed by a forward- moving sheet of fluid (Figure 4.12a),
which fragmented and eventually dispersed once the air pressure behind the fluid (form
the force of spitting) overcame the cohesive forces within the blood. It is these tiny
mist-like droplets that are the most prominent in expirated bloodstains (Figure 4.11 and
Figure 4.13).

Figure 4-12 Formation of the tiny mist-like stains.
a. 4 ml of blood was expelled while the participant was prone. The presence of the fluid forming sheet is
shown. b. 1 ml of blood was expelled while the participant was prone. The presence of tiny mist-like
droplets are shown.
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Figure 4-13 Typical expirated bloodstain pattern.
2 ml of blood was coughed out onto a cardboard surface. The size of the blood droplets that make up the
stain pattern are clearly shown.

It was the volume of blood present in the participant’s mouth that determined whether
the tiny mist-like droplets were caused by being projected off the lips or by the
forward- moving sheet of fluid. In a larger volume i.e. 3-4 ml, the tiny mist-like
droplets appeared to be produced from the forward-moving sheet of fluid, which broke
up and dispersed as the air pressure overcame the fluid surface tension (Figure 4.12a).
In smaller volumes, i.e. 1-2 ml, the fluid sheet was not as prominent and it appeared
that the tiny, mist-like droplets were caused by air rushing over the surface of the fluid
in the mouth and lips, causing small volumes of fluid to be projected forwards with the
force of the air movement (Figure 4.12b).
From examining the target surfaces there was no identifying factor that would allow an
analyst to identify whether an individual had spat out more or less blood based on the
amount of mist-like stains since they are the most prominent size droplet in an
expirated bloodstain pattern, but is interesting to note that these tiny-mist like stains are
caused in one of two ways as mentioned above.
Beaded stains were also produced in the spitting mechanism. However they did not
appear to be produced by strands attaching to the front teeth as observed in the
coughing experiments. Instead, beaded stains appeared to be produced by plumes
attaching to the lips (Figure 4.14). Beaded stains were only seen on the cardboard
surface. None were seen on the fabric surface, similar to the findings of coughed
blood. In addition, there were fewer beaded bloodstains in the spat mechanism in
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comparison with the coughed mechanism despite the target being closer i.e. 150 mm
away from the participant compared to 300 mm in the coughed experiments.

Figure 4-14 Spat expirated blood plumes attached to the lips.
2 ml of blood was spat out by the participant onto a cardboard target. Long plumes are attached to the
top of the bottom lip.

Bubble rings were also noted and were much more obvious to visualise when the
droplets impact the surface, rather than when the droplet is in mid flight. Bubble rings
were present on both cardboard and fabric. Diluted stains were also present on both
cardboard and fabric surfaces from spat bloodstains, indicating that this is likely due to
large amounts of saliva being projected out of the mouth with blood, giving some blood
droplets a diluted appearance.
The findings of the spitting experiments indicate that all the physical characteristics of
expirated bloodstains were observed, although beaded stains were in lower numbers
compared to coughed bloodstains despite the participant being closer to the target. This
suggests that the further an individual is from the target surface, the less likely it is to
visualise the beaded stains. The spitting experimental findings also showed that the
formation of the tiny mist-like stains were produced in one of two ways depending on
the volume of blood in the mouth, but showed that there was no way for an analyst to
identify if a large or small volume of blood had produced the mist-like stains in a
pattern.

4.4 Breathing experiments.
Two experiments were undertaken using normal breathing as an expiration mechanism.
Both experiments involved the participant standing to determine expirated blood
droplet features and production. The experiments were undertaken in one of two ways;
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either the participant dribbled 1 ml of their own blood from their nose and upper lip
before breathing normally with a very slightly opened mouth, or the participant put 1
ml of blood into their mouth and breathed the blood onto cardboard 150 mm away
(Section 2.11). The video images and the target surface were then examined. No
breathing experiments were completed using fabric as a target surface.
The video imaging showed that in all experiments involving breathing, there were no
obvious characteristics in the formation of the stain pattern, like the teeth or lips of the
previous coughing or spitting mechanisms. However, the breathed bloodstains did not
produce any beaded stains (Figure 4.15), which was likely due to very little saliva being
forced out of the mouth and nose when breathing. Diluted bloodstains were rarely
observed in the breathed expirated bloodstain (Figure 4.15), again indicating this is
most likely due to very little saliva being forced out of the mouth when breathing,
although there was one or two diluted stains noted on the cardboard.
The cardboard surface also showed that bubble rings could be seen in the larger
droplets i.e. 2 mm or greater, once they had impacted the surface, but was it was very
difficult to distinguish them in flight from the video footage and in smaller stains on the
surface.
The breathing experimental findings indicate that the only physical characteristic of
expirated blood patterns seen in breathed bloodstains was bubble rings. Bubble rings
however, were only observed in larger bloodstains. Therefore, if breathed bloodstains
were present at a crime scene, it would be very unlikely that some of the physical
characteristics of expirated bloodstain patterning such as beading and dilution would be
observed to identify that the bloodstains were expirated in origin.
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Figure 4-15 Breathed expirated bloodstains.
1 ml of blood was dripped from the nose and top lip, while the participant breathed normally with a
slightly opened mouth, spraying the blood onto the cardboard target 150 mm away.

4.5 Distance travelled by expirated bloodstains.
To determine the distance that expirated bloodstains could travel, the laboratory at ESR
was modified so that all experiments were conducted down a 1 m wide makeshift
hallway. The hallway ceiling, walls and floor were lined with 2 layers of white paper
(Bleach Kraft, MJ Shardlow, Pak Link, 80 gsm, and 900 mm width). The experiments
were performed with two participants, one male and one female. The female
participant was prone and the male participant was in the standing position. Either 2 ml
of their own blood or 2 ml of blackcurrant juice was used, with the lined walls and floor
being the targets during these experiments.
The maximum distance expirated blood travelled from the female participant was 175
cm away from the participant’s mouth. The maximum distance expirated blood
travelled from the male participant was 212 cm away from the participant’s mouth.
Both participants were healthy adults with no lung diseases, and both participants were
non-smokers. Both participants had different builds, so would likely have different
lung capacities and different velocities when coughing. All of these variables are likely
to effect the distance expirated blood drops would travel, however, these results
indicate adults who are non smokers, with no lung diseases and are otherwise healthy,
are able to produce expirated blood droplets that will travel slightly further than the
height of the person producing those droplets as was the case in this study.
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The results presented here are based on a limited number of experiments using only two
subjects, therefore some caution is advised in generalising these results. In addition,
there is no literature or research on expirated blood that has ever examined the distance
that expirated blood droplets can travel, therefore this finding is significant and could
potentially be useful to forensic scientists reconstructing bloodletting events at crime
scenes.
The height at which expirated blood drops could travel was discovered in one of the
coughing experiments however, no maximum height was recorded and this experiment
was not repeated due to time constraints. During one of the coughing experiments, one
participant who was in a prone position close to the laboratory wall coughed 3 ml of
their own blood in a upwards direction. The blood landed onto the laboratory wall,
from which height measurements were taken. The highest blood droplet measured was
137 cm from the ground, but this droplet had a downward direction, so most likely hit
the wall on its descent, indicating that the droplet must have actually travelled higher
than what was measured. This finding suggests that expirated blood droplets can
actually travel very high and may be located higher than might be expected, so caution
needs to be taken by analysts when interpreting small or mist-like stains that are located
higher than 1.30 m off the ground or 1.30 m higher than an individuals’ mouth.
However, as mentioned previously, this experiment was performed once and was not
set up for height experiments initially, so caution is advised in generalising these
results.

4.6 Dynamics of bloodstain pattern formation.
Overall, the high speed digital video images showed that tiny mist-like stains can be
produced in one of two ways depending on the volume of blood in an individuals’
mouth and are the majority of stains produced in an expirated bloodstain pattern. The
experiments also showed that the teeth had a significant role in the resulting coughed
expirated bloodstains, and that the lips had a significant role in the resulting spitting
bloodstains. In addition, the experiments suggested that if beaded stains are present in
a bloodstain, then it is a strong indicator that the stain is likely to have originated from
the mouth, and within 300 mm of the resulting stain pattern, something of importance
for a forensic scientist to be aware of when interpreting a crime scene.
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Conversely, the experiments also confirmed the results of previous studies which
indicated that physical characteristics of expirated bloodstains such as bubble rings,
beading and dilution are not always present in expirated bloodstains. This was shown
especially if the stains were produced via breathing, or if the individual is more than
300 mm away from a target surface, or if the stains were present on absorbent fabric.
These findings indicated just how difficult it is distinguishing expirated bloodstains
from other types of bloodstains. The experiments also indicated that the distance that
expirated bloodstains can travel is at least 1.75 m suggesting that expirated stains could
be present a lot further than might have been believed.

Based on this research, there are physical characteristics such as beading and bubble
rings that can be used to identify expirated bloodstain patterns to assist forensic
scientists in knowing which stains are likely to be expirated in origin. However, it also
shows that in some cases these physical characteristics are not present. This research
also showed how the nature of the target surface, the distance between the origin and
the surface that the blood stains are deposited on, as well as the volume of blood all
affect the appearance and formation of the expirated bloodstain pattern.
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Chapter Five
Discussion
5.1 Overview
Distinguishing expirated bloodstains from impact spatter is an important challenge in
forensic science. Expirated bloodstains can be difficult to distinguish from those
produced by impact spatter. This creates potential for misinterpretation and
disagreement among experts as to the aetiology of a stain pattern. Expirated
bloodstains on an accused person’s clothing could occur when rendering assistance to
an injured person, a finding which would tend to exonerate that individual. Impact
spatter stains on clothing tend to occur due to the proximity of the individual to the
bloodshedding event, implying guilt. Therefore discovering the characteristics inherent
in each bloodstain type and being able to provide a test which can distinguish between
the two will allow for proper classification, and as a result, more accurate crime scene
reconstructions.

To allow for proper bloodstain classification to occur, the current study developed a
test. This test involves using DNA from human-specific oral microbes as a biomarker
for the presence of saliva and hence oral expirated bloodstains. A PCR based technique
was used for the detection of oral streptococcal species through glucosyltransferase
(gtf) genes that are specific to these bacteria and showed that this method can
potentially distinguish between mouth expirated bloodstains from other types of
bloodstains.

The current study examined the physical characteristics and the distance travelled of
expirated blood droplets, from breathing, spitting and coughing mechanisms; using
high speed digital video analysis. Results showed that there are some physical
characteristics inherent in expirated bloodstain patterns such as beaded stains, which
can allow the analyst to identify that the bloodstains are expirated in origin. However,
the data also showed that in some cases these physical characteristics are not present.
In addition the digital video analysis highlighted just how difficult the distinction
between expirated bloodstains and other bloodstains is, and how valuable a test which
can distinguish between the two bloodstain patterns will be.
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5.2 Determining if bloodstains are expirated in origin
It is currently expected that an experienced forensic scientist should be able to study the
shapes, sizes and locations of bloodstains in order to interpret the events that gave rise
to their origin. However, there is very little evidence in the literature about expirated
bloodstains that enable an analyst to do this accurately (Section 1.6). The information
that is available is subjective and hypothesised only, with little actual scientific
validation. This study was able to provide proof, using high speed digital video
analysis that some of the physical characteristics described in the literature such as
beaded stains (Emes, 2001; James et al., 2006) can actually be used as an identifying
characteristic of expirated bloodstains, but only in certain situations. For example, the
high speed digital analysis showed that the formation of the beaded stains is caused by
salivary plumes that are created by blood and saliva impacting and adhering to the front
teeth (Section 4.3). However, these plumes are only able to impact a target surface as
a plume if that surface is within 300 mm or less of the source; otherwise it fragments
into smaller droplets. This indicates that although beaded bloodstains can be used to
identify an expirated bloodstain pattern, they will only be found in expirated
bloodstains that were 300 mm or closer to the mouth source. This information is quite
valuable, as it provides clear evidence to a forensic scientist as to the proximity of an
individual in a crime scene.
This study also showed that other features of expirated bloodstain patterns proposed in
the literature such as bubble-rings and diluted bloodstains (Bevel and Gardener, 2001;
Emes, 2001; Wonder, 2001; James et al., 2006) are not very likely to be present, if
present at all, in expirated bloodstains produced by gentle breathing of blood (Section
4.5). This means that forensic scientists cannot rely on these features to help them
interpret the origin of the bloodstain pattern. The high speed digital analysis and the
targets showed that bloodstains can travel at least 2 m indicating that the location of a
bloodstain being close to the victim cannot always be used as a guide to determine if
the bloodstains were expirated in origin. These findings about distance and breathing
emphasise the need for a test to make the distinction of expirated bloodstains from
impact bloodstains easier for forensic scientists.
This study also showed that the majority of bloodstains seen in an expirated bloodstain
pattern were 1 mm or less in diameter. This finding creates a problem for forensic
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scientists because the Phadebas test (Section 1.7), is known to lack sensitivity if used
on bloodstains smaller than 3 mm, indicating that false negatives are likely to occur
frequently if used to test for amylase in suspected expirated bloodstains.
Four different oral streptococcal species were studied during the PCR method part of
this study, S. mutans, S. salivarius, S. sanguinis, and S. gordonii. These four
streptococcal species were examined through their gtf gene, which was the target gene
that the PCR was designed to amplify (Section 3.1.2). The PCR method developed
using the four streptococcal species was specific and sensitive enough to identify oral
streptococcal species present in both saliva and expirated blood on a variety of surfaces
for up to 92 days after staining, with no gtf primer sets giving PCR product with any
other non oral microbes trialled or with human DNA. The specificity of this method
was similar to the data reported previously (Hoshino et al., 2004; Nakanishi et al.,
2009) who also used gtf primers to establish if oral streptococci could be detected in
saliva. In addition, this study found that the gtf primer sets detected streptococcal DNA
in 99/100 saliva samples. In another recent study (Nakanishi et al., 2009) gtf primers
gave PCR product with 20/20 saliva samples, showing that this approach is not affected
by differences in the oral microflora of different individuals.
The 100 saliva samples tested during this study also indicated that variables such as
oral antibiotics and oral mouth wash had no significant effect on the presence of these
microbes in the oral cavity, suggesting that these substances would not create a problem
for forensic scientists using this method to establish if bloodstains were expirated in
origin. This finding is not totally unexpected as literature states that bacteria in
biofilms, such as the oral bacteria, display reduced susceptibility to antibiotics
(Costerton et al., 1999; Stewart, 2002; Wilson, 2005). In addition, there is increasing
evidence showing that the susceptibility of oral bacteria too many antibiotics is
decreasing (Pratten et al., 1998; Roberts, 1998; Wilson, 2005).

It has also been

shown by (Pratten et al., 1998) that oral biofilms were refractory to chlorhexidine, a
common oral antiseptic mouthwash. Despite this study not finding any significant
effect of antibiotics or mouthwash on the oral streptococcal strains in different
individual’s mouths, the exact type of mouth wash or oral antibiotic was not examined.
Neither were environmental and cultural factors such as diet and hygiene. Therefore,
differences between what people ate and when they last completed mouth hygiene
practices were not examined, and these variables may have had an impact on the
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diversity of the streptococcal species. To validate the current study’s findings, future
research on these variables needs to be examined. Conversely, the findings that oral
antibiotics and mouthwash did not affect the presence of detecting these microbes in
the oral cavity is important, because the method must be able to be extrapolated across
all people regardless of any variables to be useful to the forensic community, something
that this study showed these primers were capable of doing.
The sensitivity of this PCR method and the age of stains in which DNA can be detected
were similar to very recent data in which Power et al. (2009) used primers to rRNA
genes to detect oral streptococcal species. These researchers found that streptococcal
species could be detected on different fabrics for 62 days and in ratios of saliva: blood
of between 10:1 and 1:10; higher ratios were not tested. In this study streptococcal
DNA was detected on different fabrics for at least 92 days and with saliva: blood ratios
of 1:1000. In comparison, Hedman et al. (2008) examined different saliva:blood ratios
on different surfaces using the Phadebas amylase test, currently used by forensic
scientists to identify saliva and expirated bloodstains. These researchers showed that
amylase was able to be detected in 1:100 ratios on cotton and painted wood and 1:5
saliva: blood dilutions on denim (Hedman et al., 2008). Currently the only literature
that examined how long the Phadebas blue paper press test was able to detect the
presence of amylase was from a poster presented at the Australian New Zealand
Forensic Science Society (ANZFSS) symposium by Watchman, et al., (2008).
However, despite these researchers being able to detect the presence of amylase in two
year old stains on items of clothing such as underwear, they could not say what body
fluid the stain was from i.e. faeces, vaginal secretions or saliva, and gave no
information on negative controls or how the items were stored over the past two years
(Watchman et al., 2008). In addition, Watchman et al. (2008) did not test any expirated
bloodstains, so is difficult to compare the length of time of the Phadebas test with this
study’s microbial PCR method. Nevertheless, this study’s data indicate that aged and
trace amounts of DNA, as would be found in forensic casework samples, can be
detected, without affecting the sensitivity and is able to be detected in lower ratios than
the current forensic method of amylase testing.

Furthermore, this study showed that DNA could be detected on washed fabrics,
although this would be difficult to establish and test for, as there was no obvious visible
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stain pattern. It may be possible to use alternative light sources such as UV and
polilight to detect such stains (Gardener, 2005; Vandenberg and Oorschot, 2006;
Hedman et al., 2008), but that was not investigated in this study. Findings regarding
the washed stains are important for forensic casework as it indicates that, if a suspect
has washed clothes, the microbial PCR test would be vital to establish if saliva or
expirated bloodstains were present something that the Phadebas test could not do.
However, the Phadebas test would help to establish whether saliva was deposited on the
item since it was last washed, something that could not be established with the
microbial PCR test.

Other researchers (Van Houte and Green, 1974; Larkin and Harbison, 1999; Shutler et
al., 1999; Vandenberg and Oorschot, 2006) reported that haem from blood and indigo
blue dye from denim can have an inhibitory effect on PCR. Little or no inhibition was
observed in this study. This may be due to the use of Instagene Matrix, a commercially
prepared solution of Chelex®100, as the DNA extraction method. Other research (Del
Rio et al., 1996; Sweet et al., 1996; Giraffa et al., 2000) has shown that this DNA
extraction method is able to remove PCR inhibitors. Our data also indicate that this
method was efficient in recovering template DNA. The QPCR results (Section 3.7.4,
Table 4) indicate that DNA equivalent to between 1.1 x 107 and 3.9 x 108 S. sanguinis
genomes/mL was detected in undiluted saliva. This is similar to the reported salivary
concentrations of S. sanguinis (107 to 108 2 cfu/ml) (Van Houte and Green, 1974)
indicating near-quantitative recovery of bacterial template DNA from saliva.

The current study established that low but detectable amounts of streptococcal DNA
were present on unstained fabrics and objects such as clothing, curtains, computer
screens and drinking cups, even if the fabrics or objects were apparently clean. Oral
streptococcal DNA was also detected in 16-25% of all nasal and sweat secretions that
were sampled. This finding was not completely unexpected because it has been
documented that oral microbes can be present in the nose through inhaling from the air
microbes that have been ejected through coughing, sneezing and talking (Tannock,
1995) and that oral microbes can be present on other surfaces that are used by humans
(Tagg and Ragland, 1991; Port et al., 2005). This is because it has been shown that
saliva from an individual can travel up to 184 cm in front of a person just through
talking and can contaminate the immediate area within 15 minutes (Port et al., 2005).
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Therefore, small numbers of oral streptococcal species are probably present on many
surfaces that are associated with human use, although their short survival time outside
the human mouth (2-5 days) (Tagg and Ragland, 1991; Power et al., 2009) means that
they may not be viable. However, the amount of streptococcal DNA detected on
unstained materials and objects was at least 5 fold less than that detected on stained
samples (Section 3.7.8, Table 6), concluding that discerning between background levels
of saliva and true saliva or expirated bloodstains are able to be distinguished.

In addition, the current study showed that human DNA profiles can be obtained from
low template amounts in expirated blood, despite microbial DNA also being present in
each sample. The profile generated (Section 3.9) could be used to identify the
individual whose DNA was present in the stain, by comparing the DNA profile to the
national DNA database. This is a valuable point with regards to forensics as it means
that forensic scientists can not only distinguish between expirated and non-expirated
bloodstains but also from whom the bloodstain originated; which could be important in
cases where the victim is not found, cases where there is no medical evidence available
to an analyst, cases where body decomposition is beyond a medical examination, or
cases where only partial patterns of a few bloodstains on absorbent surfaces such as
clothing items are available to an analyst.

The study also showed that the gtf gene primers were not just streptococcal species
specific but were able to amplify different streptococcal strains within S. sanguinis and
S. salivarius species (Section 3.10.3) and that the gtf gene sequences varied from each
other by 5.3% - 12.2% for S. sanguinis and 0.2% - 1.4% for S. salivarius. The
nucleotide differences between strains of the streptococcal species is similar to findings
by (Teng et al., 2002) who looked at the intraspecies variations of groES genes in oral
streptococcal species from clinical isolates that had caused subacute infective
endocarditis, compared to streptococcal ATCC reference strains. Teng et al., (2002)
found that the three clinical isolates of S. sanguinis groES had 2.8% - 4% nucleotide
differences from the S. sanguinis ATCC 10556 strain, while the three clinical isolates of
S. salivarius groES had 1.7% - 5.9% nucleotide differences from the S. salivarius
ATCC7073 strain (Teng et al., 2002); showing that nucleotide differences within
intraspecies could potentially be used to identify the strains not just the species of
streptococci present in an individual’s mouth. This was not investigated in this study,
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but could be examined in the future as a prospective way of identifying whose mouth
oral microbes and hence expirated bloodstains may have originated from.

5.3 Implications for forensic science
In a blind trial, the PCR method successfully distinguished expirated bloodstains from
non-expirated bloodstains, indicating its potential use in forensic applications.
This method is so sensitive that a single 1 mm size bloodstain was all that was required
to enable the analyst to establish if oral microbes are present. This means that a
forensic scientist does not need to rely on a close examination of an entire bloodstain
pattern to find the physical characteristics, such as beading, dilution, or bubble rings,
which may or may not be present. Nor does reliance need to be placed on using a
presumptive test, such as Phadebas, on small stains which are likely to generate false
negative results due to sensitivity issues. This test can also be used in conjunction with
examining a bloodstain pattern to confirm that the bloodstain is expirated in origin.
The PCR method can also be used on aged and trace amounts of DNA that may be
found on a variety of fabric materials as would be found in forensic casework. This
means that if an expirated bloodstain is to be DNA analysed a month later, and was
present on a cotton shirt, then detecting oral microbes is still achievable.
The high speed digital analysis was able to show that not all the characteristics of
expirated bloodstain patterns described in the literature are present and that different
surfaces, the volume of blood, and the distance between the origin and the surface that
the bloodstains are deposited on, affect the appearance and formation of the expirated
bloodstain pattern. Therefore, forensic scientists need to be aware of these differences
and when to look for features of expirated blood. Forensic scientists also need to be
aware that the oral microbial PCR is available and can be used in conjunction with the
Phadebas blue paper test and physical examination of bloodstains, to confirm that the
bloodstain is expirated in origin.

5.4 Future directions
The PCR method requires further validation studies including testing expirated blood
samples that have been exposed to various environmental conditions before being used
in casework. For example, rain and arthropod activity may degrade or destroy
microbial DNA making the DNA more difficult to amplify, whereas DNA which is
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exposed to UV light may create thymine dimers between bases, making PCR
amplification difficult or impossible. All of these variables may alter the duration at
which microbial DNA can be detected for, something which was not tested in this
study. The PCR method also requires validation of the current DNA extraction method,
to ensure that this method can be performed automated if required, and within the
current extraction protocols that are in place in forensic laboratories.

The high speed digital analysis also requires further experiments, to not only reproduce
the findings, but to also test the findings on more surfaces, with more participants and
with more distances, to confirm that these research findings can be generalised over a
variety of situations and people.

Finally, further work examining if strains within an oral streptococcal species can be
used as an indentifying factor like DNA and fingerprints are used currently to identify
an individual, could be undertaken.

5.5 Conclusion
In conclusion, this study demonstrated that some physical characteristics found in
expirated bloodstain patterns can be used to identify expirated bloodstains, but only in
certain circumstances. This study also demonstrated that bacteria present in the oral
cavity can provide a potential biological marker for saliva and mouth-expirated blood.
This marker could be used in forensic work as a way to distinguish mouth-expirated
bloodstains from other types of bloodstains including impact spatter. It cannot be used
as a marker for all expirated blood as expirated blood can come from the nose and chest
wounds as well, and the current primers are specific to oral bacteria only. It could be
possible to develop a multiplex PCR combining bacteria found in the nose
(Staphylococcus aureus), and upper respiratory tract (Haemophilus influenza) as well as
oral bacteria (Streptococcus sanguinis and salivarius) however, this was not looked at
during this study.
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Genomic Template calculations

Appendix 1

Calculation is worked out as follows;
660daltons/nucleotide pair x genome size in nucleotides = molecular weight of DNA.
S. sanguinis genome = 2.3 x 106 nucleotides.
So 660 x 2.3 x 106 = 1.518 x 109 g.
Therefore 1.518 x 109 g => 1 mole => 6 x 1023
So 1.518 x 109 g = 6 x 1023
1 x 109
1 x 109
So 1.518 x 109 = 6 x 1014
So 1 ng = 6 x 1014 = 3.95 x 105 genomes
1.518 x 109
So 1 pg = 6 x 1014
= 3.95 x 102 genomes
12
1.518 x 10
So 1 fg = 6 x 1014
= 0.39 genomes
1.518 x 1015
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Ethics Application and Approval

Appendix 2

Application to the University of Otago HUMAN Ethics Committee for
Ethical Approval of a Research or Teaching Proposal involving
Human Participants
1.

University of Otago staff member responsible for project:
Lamont

2.
3.

Iain

Associate Professor

Department: Biochemistry
Contact details of staff member responsible:
Ph 4797869
Email – iain.lamont@stonebow.otago.ac.nz
Lab - 216

4.

Title of project: DNA analysis of bacteria in human saliva.
5.

Brief description in lay terms of the purpose of the project:

This project hopes to determine the distribution of mouth specific bacteria in the
saliva of the population. It will focus on streptococcal bacteria that are found
only in the mouth. Identification of bacteria that are present in the saliva of a
high proportion of the population will provide a marker for forensic samples that
contain saliva. This is important because being able to provide a physical test
which can distinguish between forensic samples that contain saliva and those
that don’t will allow for proper classification, and as a result, more accurate
crime scene reconstructions.
The project will also provide validation that the streptococcal bacteria found in
the mouth are present only in the mouth, by analyzing bacterial DNA that will
be extracted from the mouth and comparing it to bacteria that will be extracted
from nasal and sweat samples.
DNA analysis of oral microbes will be used because human saliva contains
nucleases that digest DNA, but DNA inside bacteria is protected from the
nucleases by their cell walls, until the DNA can be extracted and analysed.
6.

Indicate type of project and names of other investigators and students:
Staff Research
Student Research

Names Iain Lamont
Names Andrea Donaldson

Multi-Centre trial

Names (Not applicable)
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7.

Is this a repeated class teaching activity?
No

8.

Intended start date of project: May 2008
Projected end date of project: November 2009

9.

Funding of project.
Is the project to be funded:

(a)
(b)

Internally
Externally
Please specify who is funding the project:
Some funding will be provided by the Environmental and Scientific Research
Institute (ESR). Remaining funding is provided by the University of Otago.

10.

Aim and description of project:
The project aims are to carry out analysis of bacterial DNA to determine if the
target streptococcal species can be detected in a range of people from different
ages, ethnicities, on antibiotics, using mouthwash or with mouth prosthetics, to
establish if any of these factors influence the presence of different oral
streptococcal strains, so that the streptococcal species can be used as markers
for forensic samples that contain saliva.
We will also carry out DNA samples on two other body fluids, nasal and sweat,
as a validation to determine it the target oral streptococcal species can be
detected in these body fluids.

11.
Researcher or instructor experience and qualifications in this research
area:
Assoc Prof Iain Lamont is a senior researcher with almost 20 years of experience
working with bacteria isolated from human subjects as well as other samples (serum)
provided by patients. This includes samples that are subject to ethical approval and he
is very aware of the requirements involved in correctly obtaining, using and storing
such samples. Technically, he has very extensive experience in the handling and
analysis of bacteria and the use of polymerase chain reaction that will be used to
analyse the samples obtained in this study.
Andrea Donaldson is a qualified registered nurse who works in the emergency
department of Dunedin hospital. She is a trained phlebotomist, and is used to taking
mouth and nasal swabs and samples from a very wide range of individuals and to
respecting patient confidentiality. She is very familiar with the correct health and
safety guidelines for handling specimens of human origin. She has completed her
Biochemistry degree and this application is to allow collection and analysis of samples
for her MSc research project.
12.

Participants
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(Participants means any person whose behaviour, actions, condition, state of
health the researcher proposes to study; or whose personal information the
researcher proposes to collect or use)
12(a) Population from which participants are drawn: Participants will be
drawn from staff and students of the University of Otago.
12(b) Specify inclusion and exclusion criteria:
Participants should be in good health, suffering from no major diseases such as HIV or
hepatitis. They can be from both sexes and of any ethnicity and should be aged
between18-65. Participants taking oral antibiotics for minor infections and participants
who have mouth prosthetics will also be included if available.
12(c) Number of participants: (where a sample size calculation is appropriate i.e.,
for quantitative research, it should be provided)
Up to 100 people will be needed for the saliva samples since there is no good
predecdents for this study, and we need a group of people large enough to be
representative of the population and to accurately measure the amount of diversity
within the population. 100 people will be sufficient to allow us to estimate the diversity
of Streptococcal bacteria in the mouths of the human population.
Only 5 nasal and sweat samples need to be taken as these samples will be used for
validation to check that the oral Streptococcal species are not present in these body
fluids.
12(d) Age range of participants: 18-65 years
12(e) Method of recruitment: This will be achieved by adding an attachment to the
bottom of the OUSA newsletter that is emailed out to students and asking for
volunteers to participate in this study and the contact details. It will also be advertised
on posters around the biochemistry department, the Union hall and St David lecture
block.
12(f) Please specify any payment or reward to be offered: No payment will be
made for participating in this study.
13.
Methods and Procedures: Describe the design of the study, the nature of the
task required of participants and how the results will be analysed. The various
precautionary measures to be taken to avoid harm or discomfort should be described
(up to two pages; any questionnaire or survey form to be used must be attached). [If
using body fluids or tissues please describe the ultimate fate of the sample; please note
these samples must not be used outside of this research]
Up to 100 participants will be asked to provide a saliva sample by expectorating
into a sterile test tube. Information to be given to participants, and information to be
provided by participants (and that excludes identifying information) is described
below. All samples will be handled as per University guidelines for handling
specimens of human origin. The entire process will last about 5 minutes. The
samples will be analysed by extracting the microbial DNA from the samples, then
amplifying the DNA by polymerase chain reaction (PCR) using primers that are
specific to species of Streptococci (Streptoccocus sanguinis, Streptococcus
salivarius, Streptococcus gordonii and Streptococcus mutans) that are only found in
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the mouth. The products of the PCR reactions will analysed by gel electrophoresis.
Once the microbial DNA has been extracted from the samples, the samples will be
disposed of as per university protocol, when dealing with PC2 products. The only
products retained for the project will be any microbial DNA that was extracted.
A further 5 participants will be asked to swab their nasal passage and their skin on
their under arm using moistened sterile swabs. These samples will also have the
microbial DNA extracted followed by PCR and electrophoresis as described above.
Once the microbial DNA has been extracted from the samples, the samples will be
disposed of as per university protocol, when dealing with PC2 products. The only
products retained for the project will be any microbial DNA that was extracted.
14.
Compliance with The Privacy Act 1993 and the Health Information
Privacy Code 1994 imposes strict requirements concerning the collection, use and
disclosure of personal information. These questions allow the Committee to assess
compliance.
14(a) Are you collecting personal information directly from the individual
concerned?
YES / NO

Yes.

If you are collecting the information indirectly, please explain why:

14(b) If you are collecting personal information directly from the
individual concerned, specify the steps taken to make participants aware of
the following points: (you should make participants aware of these points in an
Information Sheet for Participants; a suggested template is attached):
See information sheets and questionnaire form attached.
14(c) If you are not making participants aware of any of the points in (b),
please explain why:
N/A
14(d) Does the research or teaching project involve any form of
deception?
YES / NO

No

If yes, please explain all debriefing procedures:
14(e) Please outline your storage and security procedures to guard against
unauthorised access, use or disclosure and how long you propose to keep
personal information:
Names of Participants will not be collected, and no identifying personal
information will be collected. Each sample will be coded so that the origin of
the samples will be unknown to the researcher undertaking the analysis. The
codes will also be used to identify the age; ethnicity, antibiotic or mouth wash
use and whether or not the participant has any mouth prosthetics, and this
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information will be stored with the microbial DNA samples. The data derived
from the bacterial analysis gives no indication of disease status or lifestyle. The
information collected is used to establish if any of the factors such as age,
ethnicity etc influence the presence of different oral streptococcal strains. This
information will help to establish if through DNA analysis, forensic samples
containing saliva can be distinguished from ones that do not. The information
will be stored until the analysis of the samples has been completed. Once the
analysis is completed, the personal information along with the microbial DNA
samples will be destroyed.
The only information that will be collected from the participants doing the nasal
and sweat samples will be if they are taking antibiotics or not. This information
will be collected so that if the sample analysis shows that no streptococcal
bacteria are present, it can be concluded that this is a true and accurate result not
due to antibiotic use. This information will also be stored with the microbial
DNA samples and will be kept until the analysis of the samples has been
completed.
14(f) Please explain how you will ensure that the personal information
you collect is accurate, up to date, complete, relevant and not
misleading:
Each participant will complete a questionnaire (copy attached) at the time that
samples are collected, so the personal information that is collected will be
straight from them. The questionnaire will be completed just prior to taking the
samples so that it can be checked that it is complete.
14(g) Who will have access to personal information, under what
conditions, and subject to what safeguards against unauthorised
disclosure?
The data collected will not contain any identifying personal information and it
will be secured in such a way that only the researchers will be able to gain
access to it. At the end of the project the information will be destroyed
immediately except that, as required by the University’s research policy, any
raw data on which results of the project depend will be retained in secure
storage for five years, after which it will be destroyed. The results of the project
may be published and will be publicly available but it will not be possible to
identify participants.
14(h) Do you intend to publish any personal information and in what form
do you intend to do this?
No personal information will be published. If there are differences between
streptococcal species profiles in ethnic groups, ages, use of antibiotics,
mouthwash and prosthetics then the results of the project will state these
differences, but in such as way that participant’s anonymity is preserved.
14(i)

Do you propose to collect information on ethnicity?
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Yes. Information on ethnicity will be collected and Maori consultation
has been undertaken in accordance with the University’s Policy for
Research Consultation with Mäori.
15.

Potential problems: Explain whether there will be harm or discomfort to
participants, medical or legal problems, or problems of community relations or
controversy, or whether any conflicts of interest might arise (Researchers also
have an obligation to be available after participants have participated in the
project, should any stress, harm, or related concerns arise. If it is anticipated
that professional services are appropriate, these services for the participants
should be clarified as well as risks, limitations and obligations. Participants
normally should have the opportunity to obtain information relating to the
outcome of the project if they wish.)
There will be no potential harm or discomfort to participants by
participating in this study. No medical disorders can be detected in the
analysis of the samples and the analysis will give no indication of the
lifestyle of the participant.

16.

Informed consent
Please attach the information sheet and the consent form to this application.
The information sheet and consent form must be separate.
The Information Sheet must conclude with the statement: "The University of
Otago Human Ethics Committee has reviewed and approved this project."
The Consent Form must make it clear that a participant:
•

understands the nature of the proposal;
•
has had all questions satisfactorily answered;
•
is aware of what will become of the data (including video or
audio tapes and data held electronically) at the conclusion of the project;
•
knows that he or she is free to withdraw from the project at any
time without disadvantage;
•
is aware of risks, remuneration and compensation;
•
is aware that the data may be published;
•
is aware that a third party (i.e. transcriber) may have access to
the data;
•
is aware that every effort will be made to preserve the anonymity
of the participant unless the participant gives an express waiver, which
must be in addition to and separate from this consent form.

(Applicants should use the pro forma Information Sheet and Consent Form
provided by the University of Otago Human Ethics Committee, with appropriate
adaptation, unless a case is made and approved that these formats would be
inappropriate for the specific project;
Research or teaching involving children or young persons require written
consent from both the child or young person AND the parent/guardian unless an
adequate justification is provided).
17.
Fast-Track procedure (In exceptional and unexpected circumstances, and
where the research needs to commence before the next monthly meeting of the
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University of Otago Human Ethics Committee, a researcher may request that the
application be considered under the fast-track provisions).
Do you request fast-track consideration? (See Important Notes to Applicants
attached)
YES / NO

No

(Please note that this involves the application being sent around members of the
Committee by correspondence and can be expected to take 10 to 14 days)
If yes, please state specific reasons:18.

Other committees
If any other ethics committee has considered or will consider the proposal
which is the subject of this application, please give details:
The Maori Ethics Research committee at the University of Otago.

19.

Applicant's Signature: ....................................................................
Date: ................................
Please ensure that the person signing the application is the applicant (the staff
member responsible for the research) rather than the student researcher.

20.
Departmental approval: I have read this application and believe it to
be scientifically and ethically sound. I approve the research design. The
Research proposed in this application is compatible with the University of
Otago policies and I give my consent for the application to be forwarded to the
University of Otago Human Ethics Committee with my recommendation that it
be approved.
Signature
of
*Head
..........................................................................

of

Department:

Date: ......................................
*(In cases where the Head of Department is also the principal researcher then
the appropriate Dean or Pro-Vice-Chancellor must sign)
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DNA analysis of bacteria in human saliva.
INFORMATION SHEET FOR
PARTICIPANTS
Thank you for showing an interest in this project. Please read this information sheet
carefully before deciding whether or not to participate. If you decide to participate we
thank you. If you decide not to take part there will be no disadvantage to you of any kind
and we thank you for considering our request.
What is the Aim of the Project?
This project is being undertaken as part of the requirements for the Masters degree in
Science. The project aims are to carry out analysis of bacterial DNA to determine if oral
streptococcal bacteria can be detected in a range of people of different ages, ethnicities, on
antibiotics, using mouthwash and with mouth prosthetics (dentures, braces, plates etc) and
if they smoke, to establish if any of these factors influence the presence of different oral
streptococcal strains. This will allow us to decide if oral streptococcal species can be used
as a marker for forensic samples that contain saliva.
What Type of Participants are being sought?
Participants should be in good health.
They can from both sexes and should be aged between18-65 and from a variety of different
ethnicities. Participants taking oral antibiotics for minor infections and participants who
have mouth prosthetics can also participate.
People who are in one or more of the categories listed below will not be able to participate
in the project because, in the opinion of the researchers and the University of Otago
Human Ethics Committee, it may involve an unacceptable risk to them:HIV and Hepatitis
What will Participants be Asked to Do?
Should you agree to take part in this project, you will also be asked to provide a saliva
sample by expectorating into a sterile test tube. The entire process will last about 2
minutes.
Please be aware that you may decide not to take part in the project without any
disadvantage to yourself of any kind.
Can Participants Change their Mind and Withdraw from the Project?
You may withdraw from participation in the project at any time and without any
disadvantage to yourself of any kind.
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What Data or Information will be Collected and What Use will be Made of it?
The information that you will need to supply is your sex, what ethnic group you belong to,
your age, whether you are taking oral antibiotics, whether you use mouthwash, whether
you have any dentures, braces etc and or whether you smoke. If you answer yes to any of
the above questions you do not need to elaborate further, a simple yes or no is appropriate.
Names of participants will not be collected; instead each sample will be coded so that the
origin of the samples will be unknown to the researcher undertaking the analysis. The
codes will also be used to identify questions asked of you and this information will be
stored separately from your samples. The only people who will have access to the
information provided are the researchers listed below. The data derived from the bacterial
analysis gives no indication of disease status or lifestyle. The information collected is used
to establish if factors such as age, ethnicity etc influence the presence of different oral
streptococcal strains. This information will help to establish if through DNA analysis,
differentiation between mouth expirated bloodstains and impact bloodstains can be
established.
You will not be paid for your participation.
The results of the project may be published and will be available in the University of Otago
Library (Dunedin, New Zealand) and in scientific papers in journals, but will not include
information that could identify participants.

You are most welcome to request a copy of the results of the project should you wish.
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The data collected will be securely stored in such a way that only the researchers will
be able to gain access to it. At the end of the project any personal information will be
destroyed immediately except that, as required by the University's research policy, any
raw data on which the results of the project depend will be retained in secure storage
for five years, after which it will be destroyed.

What if Participants have any Questions?
If you have any questions about our project, either now or in the future, please feel free
to contact either:Assoc. Prof. Iain Lamont
or
Andrea Donaldson
Department of Biochemistry
Department
of
Biochemistry
University Telephone Number:- 03 479 7869 University Telephone Number:03 479 7867
[Home contact details of student researchers should not be included unless a special case is been made
to, and approved by, the University of Otago Human Ethics Committee]

This study has been approved by the University of Otago Human Ethics Committee. If
you have any concerns about the ethical conduct of the research you may contact the
Committee through the Human Ethics Committee Administrator (ph 03 479 8256). Any
issues you raise will be treated in confidence and investigated and you will be informed
of the outcome.
[Note: The above statement should not be included if the project has been considered and approved at
departmental level]
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DNA analysis of bacteria in human nasal and
sweat samples.
INFORMATION SHEET FOR
PARTICIPANTS
Thank you for showing an interest in this project. Please read this information sheet
carefully before deciding whether or not to participate. If you decide to participate we
thank you. If you decide not to take part there will be no disadvantage to you of any
kind and we thank you for considering our request.
What is the Aim of the Project?
This project is being undertaken as part of the requirements for the Masters degree in
Science.
The project aim is to determine if oral streptococcal bacteria can be
detected in nasal and sweat samples; and if so, the proportions indicating they are
present. This aim will determine if oral streptococcal bacteria can be used as a marker
for forensic samples that contain saliva.
What Type of Participants are being sought?
Participants should be in good health.
They can from both sexes and should be aged between18-65 and from a variety of
different ethnicities.
People who are in one or more of the categories listed below will not be able to
participate in the project because, in the opinion of the researchers and the University
of Otago Human Ethics Committee, it may involve an unacceptable risk to them:HIV and Hepatitis
What will Participants be Asked to Do?
Should you agree to take part in this project, you will also be asked to provide a nasal
fluid and sweat sample, by swabbing your nasal passage and the skin of your under arm
using moistened sterile swabs. The entire process will last about 2 minutes.
Please be aware that you may decide not to take part in the project without any
disadvantage to yourself of any kind.
Can Participants Change their Mind and Withdraw from the Project?
You may withdraw from participation in the project at any time and without any
disadvantage to yourself of any kind.
What Data or Information will be Collected and What Use will be Made of it?
The information that will be collected is whether you are taking antibiotics or not and
whether you smoke and if you were deodorant. This information is collected to ensure
that if your sample gave us a negative result for the presence of streptococcal bacteria it
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was not because these factors interfered with the results, but because you do not have
this microbe present in your nasal or sweat samples.
Names of participants will not be collected; therefore each sample will be coded so that
the origin of the samples will be unknown to the researcher undertaking the analysis.
The only people who will have access to the information provided are the researchers
listed below. The data derived from the bacterial analysis gives no indication of disease
status or lifestyle. The information collected is used to validate if oral streptococcal
bacteria can be used as a marker in forensic saliva samples.
You will not be paid for your participation.
The results of the project may be published and will be available in the University of
Otago Library (Dunedin, New Zealand) but will not include information that could
identify participants.
You are most welcome to request a copy of the results of the project should you wish.
The data collected will be securely stored in such a way that only the researchers will
be able to gain access to it. At the end of the project any personal information will be
destroyed immediately except that, as required by the University's research policy, any
raw data on which the results of the project depend will be retained in secure storage
for five years, after which it will be destroyed.
What if Participants have any Questions?
If you have any questions about our project, either now or in the future, please feel free
to contact either:Assoc. Prof. Iain Lamont
or
Andrea Donaldson
Department of Biochemistry
Department
of
Biochemistry
University Telephone Number:- 03 479 7869 University Telephone Number:03 479 7867
[Home contact details of student researchers should not be included unless a special case is been made
to, and approved by, the University of Otago Human Ethics Committee]

This study has been approved by the University of Otago Human Ethics Committee. If
you have any concerns about the ethical conduct of the research you may contact the
Committee through the Human Ethics Committee Administrator (ph 03 479 8256). Any
issues you raise will be treated in confidence and investigated and you will be informed
of the outcome.
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DNA analysis of bacteria in human saliva.
QUESTIONAIRE FOR
PARTICIPANTS
Thank you for showing an interest in this project. Please read this questionaire
carefully and answer all questions honestly and until completed. It should take you
about 1 minute and we thank you for considering to participate in this project.

Please circle the following questions.
1.Are you

Male / Female

2. What age group do you belong to? 18-25

35-45

45-55

3. What ethnic group do you belong to? NZ European/Pakeha
Islander

Maori

Asian

Indian

25-35

55-65
Pacific

Other (please specify) __________________

4. Are you taking any oral Antibiotics at the moment?
5. Do you use regular antiseptic mouthwash?

Yes/No

Yes/No

6. Do you have any mouth prosthetics such as dentures, braces etc?
7. Do you smoke cigarettes?
8. Are you wearing deodorant?

Yes/No

Yes/No
Yes/No

Thank you for your time and participation.
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DNA analysis of bacteria in human saliva.
CONSENT FORM FOR
PARTICIPANTS
I have read the Information Sheet concerning this project and understand what it is
about. All my questions have been answered to my satisfaction. I understand that I am
free to request further information at any stage.
I know that:1)

My participation in the project is entirely voluntary;

2)

I am free to withdraw from the project at any time without any disadvantage;

3)

Personal information will be destroyed at the conclusion of the project but any
raw data on which the results of the project depend will be retained in secure
storage for five years, after which they will be destroyed;

4)

I will not be paid for my Participation.

5)

The results of the project may be published and will be available in the
University of Otago Library (Dunedin, New Zealand) and in scientific journals
and/or papers, but every attempt will be made to preserve my anonymity.

I agree to take part in this project.

............................................................................. (Signature of participant)
..............................(Date)
This study has been approved by the University of Otago Human Ethics Committee. If
you have any concerns about the ethical conduct of the research you may contact the
Committee through the Human Ethics Committee Administrator (ph 03 479 8256). Any
issues you raise will be treated in confidence and investigated and you will be informed
of the outcome.
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DNA analysis of bacteria in human nasal and
sweat samples.
CONSENT FORM FOR
PARTICIPANTS
I have read the Information Sheet concerning this project and understand what it is
about. All my questions have been answered to my satisfaction. I understand that I am
free to request further information at any stage.
I know that:1)

My participation in the project is entirely voluntary;

2)

I am free to withdraw from the project at any time without any disadvantage;

3)

Personal information will be destroyed at the conclusion of the project but any
raw data on which the results of the project depend will be retained in secure
storage for five years, after which they will be destroyed;

4)

I will not be paid for my Participation.

5)

The results of the project may be published and will be available in the
University of Otago Library (Dunedin, New Zealand) and in scientific journals
and/or papers, but every attempt will be made to preserve my anonymity.

I agree to take part in this project.

............................................................................(Signature of participant)

..............................(Date)
This study has been approved by the University of Otago Human Ethics Committee. If
you have any concerns about the ethical conduct of the research you may contact the
Committee through the Human Ethics Committee Administrator (ph 03 479 8256). Any
issues you raise will be treated in confidence and investigated and you will be informed
of the outcome.
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DNA identification profiles

Appendix 3

All DNA profiles that are shown below are from a screen shot that was taken by the
ESR staff who performed the identifiler analysis.

Sample 1, DNA from expirated bloodstain on cotton.
This was called a partial profile by the ESR staff, even though it was only able to
generate one allele peak from the amelogenin gene. Despite the peak being barely
visible, the computer software was able to detect it and call the size of the allele locus
correctly.
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Sample 2, DNA from an expirated bloodstain on denim.
This was a failed profile as it was unable to produce any allele peaks, not even
amelogenin.
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Sample 3, DNA from saliva.
This is the DNA profile that is shown in Chapter 3.8.1, Figure 3.38. This is a complete
DNA profile, with all the allele peaks shown.

159

Sample 4, DNA from blood.
This is a partial profile, as it generated some allele peaks but not all.
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Sample 5, DNA from nasal fluid.
This is a complete DNA profile, as all allele peaks are present.
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Sample 6, DNA from sweat.
This is a failed profile.
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Multiple alignments

Appendix4

Multiple alignment of cloned S. sanguinis gtf sequences.
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Multiple alignment of cloned S. salivarius gtf sequences.
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Multiple alignment of cloned and PCR S. sanguinis gtf sequences.
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Multiple alignment of cloned and PCR S. salivarius gtf sequences.
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Expirated blood droplet velocity calculations

Appendix 5

All calculations were carried out using the formula Velocity = Distance
Time
The Photon fastcam version 3 software, which came with the camera records the time
in seconds in each frame taken, so the time in seconds was known, however distance
needed to be calculated. Distance was calculated by placing a positional cursor (a
function with the software) onto the blood droplet of interest. This positional cursor
gives the horizontal and vertical position of the droplet in pixels. These numbers were
then recorded. The image was then shifted forward 1 frame and the cursor repositioned
over the same droplet to get the new position pixel readings. Each droplet that was
analysed had a scale ruler in frame so the distance in centimeters was also recorded
along with the pixel positions. This distance in centimeters plus the number of pixels
was then used to calculate distance in pixels per centimeter.
I.e
Frame 1
X= 0695 pixels
Y=0394 pixels
Ruler =16.5 cm
T= -9205 seconds
16.5 cm 0695 pixels
D= - 15.0 cm 0688 pixels
1.5 cm
7 pixels

Frame 2
X=0688 pixels
Y=0393 pixels
Ruler = 15 cm
T= -9200 seconds

=> D = 1.5 cm/7 pixels or 3cm/14 pixels

=> 1 cm =1/3x 14 pixels = 4.6 pixels.
∆X
0695-0688
∆T = -9205- -9200 =

7____
.0005 = 14000 pixels/sec

=> 14000 pixels/sec = 3043cm/sec
4.6 pixels/cm

3043 cm/sec or 30 m/sec.
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Abstract
Distinguishing expirated bloodstains (blood forced by airflow out of the nose, mouth,
or a chest wound) from impact spatter (blood from gunshots, explosives, blunt force
trauma and/or machinery accidents) is an important challenge in forensic science.
Streptococcal bacteria are only found in the human mouth and saliva. This study
developed a PCR method that detects DNA from these bacteria as a sensitive tool to
detect the presence of saliva. The PCR method was very specific to human oral
streptococci, with no PCR product being made from human DNA or DNA from other
microbes that were tested. It was also very sensitive, detecting as little as 60fg of target
DNA. The PCR amplification gave product with 99 out of 100 saliva samples tested.
PCR was not inhibited by the presence of blood and could detect target DNA in
expirated bloodstains on a range of materials and for up to 92 days after deposit on
cardboard or cotton fabric. In a blind trial, the PCR method was able to distinguish
three mock forensic samples that contained expirated blood from four that did not. Our
data show that bacteria present in the oral cavity can be detected in bloodstains that
contain saliva, and therefore can potentially be used as a marker in forensic work to
distinguish mouth-expirated bloodstains from other types of bloodstains.
Introduction
Bloodstain Pattern Analysis (BPA) is a forensic term used to describe the examination,
identification and interpretation of bloodstain patterns in relation to the events that
gave rise to them. One of the limitations of BPA is that some bloodstain patterns do not
appear to have sufficient individual characteristics to enable analysts to reliably
distinguish between the various causal mechanisms. Expirated bloodstains are
bloodstain patterns resulting from blood forced by airflow out of the nose, mouth, or a
wound [1] and may result in the formation of very small bloodstains comparable to
those found in impact bloodstain patterns from gunshots, blunt force trauma, explosives
and machinery accidents [2]. In several high profile homicide trials in various
jurisdictions, bloodstainpattern analysts have found themselves at the centre of
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arguments over the interpretation of the mechanisms that produce these small
bloodstains [3, 4]. Of particular concern has been the differentiation between impact
spatter patterns and expirated bloodstain patterns.
Expirated bloodstains on an accused person’s clothing could occur when assisting an
injured person, a finding which would tend to exonerate that individual, whereas
impact spatter stains on clothing tend to occur due to the proximity of the person to the
bloodshedding event, consistent with guilt. One method used to determine if
bloodstains are expirated in origin involves the use ofchemical tests detecting the
salivary enzyme amylase, such as the Phadebas® test [5-7]. However, amounts of
salivary amylase are affected by food and salivation [8] and can vary between
individuals [9][10]. In addition, current methods for detection of salivary amylase lack
sensitivity when they are used on stains less than 3mm in diameter [11].
A potential alternative approach for the detection of saliva is the use of salivary oral
microbes as a biomarker. Oral microbes are present in large numbers in saliva and their
presence in a bloodstain would indicate that the blood was expiratory in origin. The
majority of the bacteria found in the oral cavity are unique 1 to this habitat, with
Streptococcus species comprising almost 50% of the total cultivable microflora from
the oral cavity [12]. Identification of streptococcal bacteria requires the use of specialist
growth media and expertise to distinguish them from other bacterial species. In
addition, these bacteria lose viability quite rapidly outside the oral cavity [13].
An attractive alternative approach to determine if streptococci are, or have been,
present in expirated bloodstains is to test for the presence of Streptococcus-specific
DNA.Oral streptococci possess surface proteins that permit them to be primary
colonizers of the oral cavity. One group of these proteins is produced from
glucosyltransferase (gtf) genes, which encode enzymes that hydrolyse sucrose to
synthesize extracellular polysaccharides. These polysaccharides (and hence the gtf
genes) are unique to oral streptococci and contribute to the structural integrity of dental
plaque and adhesion of the bacteria on tooth surfaces [12] . Each Streptococcus species
possesses at least one glucosyltransferase enzyme. Glucosyltransferases are large
enzymes that consist of four domains one of which is not conserved between species
and is thought to be species specific [14][15]. This has led to the development of PCR
primers targeting the non conserved regions of gtf genes (gtf primers) that can be used
to detect and differentiate between species of oral streptococci [15].
Recent research, using either gtf primers or primers for genes encoding ribosomal
RNA, has shown that PCR can be used to detect streptococcal DNA in saliva and in
blood-saliva mixtures [16, 17]. The purpose of this study was to investigate whether
detection of the non-conserved region of the gtf genes could provide a sensitive and
specific test for the presence of DNA from oral streptococci in saliva and consequently
a potential tool to distinguish mouth-expirated bloodstains from other bloodstains.
Materials and Methods
Samples and bacterial strains
All bacterial strains used in this study are listed in Table 1. Strains of Streptococcus
species were obtained from Professor John Tagg (Department of Microbiology and
Immunology, University of Otago). Other species were from laboratory stocks.
Streptococci were grown on tryptic soy agar with 5% sheep’s blood (Fort Richard
Laboratories, NZ) overnight for 8-12 hours at 37ºC, in a 5% CO2 incubator. For liquid
cultures, a single colony was inoculated into 10 mL Todd Hewitt broth and incubated
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overnight at 37ºC in a 5% CO2 incubator. The other microbes were grown on Luria
Broth agar plates (Gibco BRL) overnight at 37ºC, or in Luria Broth (Gibco BRL)
overnight at 37ºC in a shaking incubator.
Human DNA from white blood cells was kindly provided by Marilyn Merriman
(Department of Biochemistry, University of Otago). Microbial DNA extracted from
soil was provided by the Institute of Environmental Science and Research (ESR) Ltd in
Porirua [18]. DNA was extracted from samples of soil using a fast prep® soil kit
(BIO101).
Non-stimulated human saliva was collected from 100 healthy adult volunteers, aged
between 18-65 years of age, with 58 participants being female and 42 being male. The
volunteers expectorated approximately 50μl of saliva into a plastic 1.5ml
microcentrifuge tube. The saliva samples were processed for microbial DNA extraction
with Instagene matrix within 12 hours of saliva collection. All saliva samples were
stored at 4ºC until processing. Ethics approval was obtained from the University 1 of
Otago Human Ethics Committee, and informed consent was obtained from all
participants, before samples were collected.
Bloodstain production
Human blood was collected from one individual by a trained phlebotomist. Bloodstains
were produced in two ways. The blood was placed into a plastic spraybottle and the
blood was then sprayed on the target surface from approximately 150mm.
Alternatively, 1ml of blood was pipetted directly from approximately 300mm onto the
target surface. To prepare expirated bloodstains, a volunteer transferred 1ml of their
own blood into their mouth and then coughed it out approximately 300mm onto the
target surface. Alternatively 5mls of blood was mixed with human saliva in a spraybottle (ratios from1:1 to 1:1000 blood:saliva) and the mixed blood/ saliva was sprayed
from approximately 150mm onto the target. The target surfaces were clean non-sterile
cloth fabrics, carpet and white glossy cardboard. The cardboard samples were dried and
the bloodstains were swabbed with sterile cotton swabs (NZ Medical & Scientific LTD)
that had been moistened with sterile milliQ water. The cloth samples were dried and
1cm x 1cm square fabric swatches were excised. These samples were kept in sealed
plastic bags at room temperature throughout the duration of the study. Stains on denim
fabric were also washed (warm machine wash) using a biological laundry detergent.
The washed stains were then air dried on a clothes line for 3 hours before cutting out
the stain swatch and testing. Bloodstains for blind trial testing were generated on
cardboard. These 1 were provided for analysis (3 as spots on excised pieces of
cardboard and 4 swabbed onto cotton) with no information regarding the nature of each
sample.
Extraction of DNA
Each sample was added to 1ml of sterile water in a 1.5ml mini centrifuge tube, mixed
by vortexing for 10 seconds at maximum and allowed to stand at room temperature for
30 minutes. Each tube was vortexed again for 10 seconds and then the fabric swatch or
swab tip was removed. The sample was then processed using Instagene matrix
(BioRad) following the manufacturer’s instructions (whole blood protocol). The DNA
present in the supernatant resin of the Instagene matrix was stored at -20ºC until
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required. Genomic DNA from laboratory grown bacteria was extracted using a
Microbial Genomic DNA isolation Kit (MoBio), following the protocol provided by the
manufacturer. The DNA was stored at -20ºC until required.
Polymerase Chain Reaction
PCR primers have been described previously [15, 19] or were developed in this study
and are listed in Table 2. PCR was carried out in 20μl reaction mixtures with
HotStarTaq Master Mix polymerase (Qiagen Corporation, USA). Amplification was
performed with a Bio-Rad thermocycler using the following protocol: 95ºC (15
minutes); 94ºC (5 minutes); 30 cycles of 94ºC (10 seconds), 56ºC (15 seconds), (72ºC 1
minute); 72ºC (5 minutes). PCR products were analysed via electrophoresis in 0.85%
sodium borate agarose gels containing ethidium bromide to a final concentration of
0.001% [20] with 1Kb plus DNA marker (Invitrogen) included on all gels. The DNA
was visualized 1 using UV light and a BioRad Gel Doc illuminator.
QPCR was carried out in 10μl reaction mixtures on a 96 well plate (Applied
Biosystems, Australia & New Zealand) with LC480 2x Master Mix (Roche Applied
Science, Germany). Amplifications were performed with a Light Cycler 480 thermo
cycler (Roche Applied Science, Germany). The QPCR Program was performed using
the following protocol: 95ºC (10 minutes); 45 cycles of 95ºC (10 seconds), 60ºC (10
seconds), 72ºC (20 seconds); 40ºC (10 seconds). Melting curve analysis was carried out
using the software provided with the Light Cycler to confirm that the intended
products had been amplified. QPCR results were analysed using the Absolute
Quantification software program with the 480 thermo cycler (Roche Applied Science,
Germany). Absolute quantification involves comparing the amplification of target
nucleic acids in an unknown sample against a standard curve with known
concentrations of the same target.
Phadebas blue paper test
The Phadebas blue paper press test (Phadebas®) was used to detect the presence of
amylase in stains [7, 21, 22]. The blue paper consists of starch polymer chains that are
chemically attached to a water-soluble blue dye. In the presence of amylase, the starch
is hydrolysed releasing the dye. The intensity of the blue color is indicative of the
amylase activity in the stain. Phadebas® press test sheets were placed onto each object
of interest and moistened with water. Test sheets were held down with weights and left
at room temperature for 30-60 minutes. After this time the sheets were removed and
examined for hydrolysis of the dye.
Results
Specificity of gtf primers
The gtf primers were used in PCR reactions with purified DNA from multiple strains of
the four target Streptococcus species as well as DNA from four other microbes
(Escherichia coli, Pseudomonas aeruginosa, Enterococcus faecalis and Streptococcus
pyogenes), DNA extracted from soil and human DNA. Each of the four primer sets
produced the expected PCR product from multiple strains within its target species
although not all products were made in equal amounts. Data for S. sanguinis and S.
salivarius are shown in Supplementary Figure S1. DNA sequencing of PCR products
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confirmed that they had been amplified from the targeted gtf genes. None of the primer
sets gave PCR product with DNA from any of the other Streptococcus species or any of
the other microbes, with microbial DNA extracted from soil samples, or with human
DNA (data not shown) demonstrating high specificity for the oral streptococcal target
species. The S. gordonii gtf primers resulted in a small amount of a larger PCR product
using S. pyogenes template DNA but this product was easily distinguished from the
correctly sized S. gordonii product. The gtf primer sets were also compared to
sequenced microbial genes that were present in Genbank (www.ncbi.nlm.nih.gov) [23].
This comparison showed that amongst sequenced microbes, the primers are very
specific for the target streptococcal gtf genes. These findings indicate that the gtf
primers are very specific, giving gtf PCR product with multiple strains of the target
streptococcal species, and no product with any other DNA tested.
Sensitivity of the gtf primers
To determine the limits of detection, PCR was carried out with serial dilutions of
genomic DNA. The detection limits for S. salivarius and S. sanguinis were 3.8pg
(corresponding to approximately 1500 bacterial genomes) and 60fg (corresponding to
approximately 24 bacterial genomes), respectively (Supplementary material Figure S2).
The detection limits for S. mutans and S. gordonii were 1ng (corresponding to 3.98 x
105 genomes) and 0.5ng (corresponding to 1.98 x 105 genomes) respectively (data not
shown). QPCR was also carried out with different amounts of S. sanguinis genomic
DNA to determine the sensitivity of the assay in this system. The QPCR was
quantitative between 6 ng and 3 fg of S. sanguinis DNA (Supplementary Figure S3 and
Supplementary Table S1). Collectively, these results show that the PCR assay provides
a very sensitive test for detection of streptococcal DNA.
PCR of streptococcal DNA in saliva
PCR was carried out to test whether the gtf primers could detect streptococcal DNA in
saliva. The S. sanguinis and S. salivarius primer sets gave PCR product in 97/100 and
89/100 saliva samples respectively (Figure 1), and 99/100 saliva samples gave a PCR
product with at least one of these primer sets. The S. gordonii and S. mutans also gave
product though with fewer numbers of samples. Subsequent experiments were
conducted with only the S. sanguinis and S. salivarius primer sets as these gave PCR
product with the highest number of saliva samples and were the most sensitive primer
sets. QPCR was also carried out with S. sanguinis gtf primers 1 using as template DNA
extracted from saliva. The crossing points (Supplementary Material Table S1)
corresponded to amounts of between 4.1 and 142 pg of template DNA. This equates to
between 1.1 x 107 and 3.9 x 108 S. sanguinis genomes per mL of saliva.
Effects of blood in PCR amplification
Blood can inhibit PCR reactions [24, 25]. Mixtures of saliva and blood were prepared
to investigate the effect of the presence of blood on detection of streptococcal DNA.
The S. salivarius gtf primers gave product in saliva:blood ratios ranging from 1:1 to
1:200 and S. sanguinis primers made PCR product for all ratios tested (Supplementary
material Figure S4). Both S. salivarius and S. sanguinis produced gtf product for all
saliva:water ratios (data not shown), which suggests that blood slightly inhibited PCR
with the S. salivarius primer set.
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PCR of expirated bloodstains
Expirated bloodstain patterns were prepared on cardboard and on cotton fabric. DNA
was extracted from bloodspots (1-2mm) and analysed by PCR. S. sanguinis gtf product
was obtained from bloodspots for at least 92 days (cardboard) and 64 days (cotton
fabric) after deposit and S. salivarius gtf product after 34 and 29 days. The age of stains
in which DNA could be detected was similar to very recent data [17] using primers to
rRNA genes to successfully detect streptococci on different fabrics for up to 62 days.
No PCR product was obtained with bloodstain patterns that did not contain added
saliva, with either the S. salivarius or S. sanguinis gtf primer sets.
PCR of different fabrics and washed fabrics
PCR was carried out for six different materials (cotton, wool, denim, carpet, polyester
and elastane) that had been stained with expirated blood. All stained samples resulted in
PCR product with S. sanguinis gtf primers (Fig. 2a). Some unstained samples also gave
PCR product. PCR product was obtained with the remaining unstained samples if the
PCR was extended from 30 to 35 cycles (data not shown). None of these samples gave
PCR product with the S. salivarius gtf primers.
QPCR was carried out with the S. sanguinis gtf primer set to quantify the differences
between stained and unstained samples (Supplementary Table S2). In all cases, fabrics
stained with expirated blood gave rise to PCR product in amounts corresponding to at
least 5 fold more S. sanguinis genomes than the unstained fabrics. However all of the
unstained fabrics gave PCR product in the QPCR system.
Further testing was carried out with objects that were not known to be contaminated.
Swabs were taken from fourteen different surfaces, DNA was extracted from the swabs
and PCR carried out with S. sanguinis gtf primers. S. sanguinis gtf product was
detected in 10 samples (two laboratory computer screens, one clean drinking cup, the
outside surface of a fridge door, thermal curtains and the fronts of five worn shirts)
when 35 amplification cycles were used but not for any of the samples when 30 cycles
were used (data not shown).
The effect of washing on detection of saliva and expirated bloodstains was also
examined. The PCR method detected the presence of streptococcal DNA in both
washed and unwashed stains for both saliva and expirated bloodstains (Figure 2b,c).
The washed and unwashed samples used for this experiment were also tested for the
presence of amylase using the Phadebas amylase test. The Phadebas test detected
amylase in all unwashed stains that contained saliva or expirated blood but not in any
stains that had been washed.
Blind Trial Test
Bloodstains for blind trial testing were prepared and analysed to test the accuracy and
robustness of the PCR detection method. DNA was extracted from each sample and
PCR carried out using S. sanguinis and S. salivarius gtf primer sets. PCR product was
obtained with both primer sets for 3/7 samples and 4/7 samples did not give PCR
product with either primer set (Supplementary Table S3). These results indicated that 3
samples were likely to be expirated bloodstains and 4 samples were likely to be
unmixed bloodstains. This conclusion matched exactly with the nature of the provided
samples.
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Discussion
Distinguishing expirated bloodstains from impact spatter is an important challenge in
forensic science. The current study developed a PCR method to differentiate mouth
expirated bloodstains from other types of blood spatter using DNA from humanspecific oral microbes as a biomarker for the presence of saliva and hence oral
expirated bloodstains. The PCR technique was specific and sensitive enough to identify
the presence of oral streptococci in both saliva and expirated blood on a variety of
surfaces for up to 92 days after staining. The specificity of this method was similar to
data reported with gtf primers or primers to rRNA genes to detect oral streptococci in
saliva[15-17]. Streptococcal DNA was detected in 99/100 saliva samples and in another
recent study gtf primers gave PCR product with 20/20 saliva samples [16], indicating
that this approach is not affected by differences in the oral microflora of different
individuals. The method described here successfully distinguished mock expirated
bloodstains from non expirated bloodspatter in a blind trial, indicating its potential
application in forensic applications.
Our data additionally showed that DNA could be detected on washed fabrics, although
this would be difficult to establish and test for, as there was no obvious visible stain
pattern. It may be possible to use alternative light sources to detect such stains [26,
27],but that was not investigated in this study. Haem from blood and indigo blue dye
from denim can have an inhibitory effect on PCR [24, 28-30] . Little or no inhibition
was observed in this study with streptococcal DNA being detected on denim even
afterwashing. This may be due to the use of Instagene Matrix, a commercially
preparedsolution of Chelex®100, as the DNA extraction method that is able to remove
PCR inhibitors [31, 32]. Our data also indicate that this method was efficient in
recovering template DNA. The QPCR results (Supplementary Material Table S1)
indicate that DNA equivalent to between 1.1 x 107 and 3.9 x 108 21 S. sanguinis
genomes/mL were detected in undiluted saliva. This is similar to the reported salivary
amounts of S. sanguinis (107 22 to108 23 cfu/ml) [33] indicating near-quantitative
recovery of bacterial template DNA from saliva.
The current study established that low but detectable amounts of streptococcal DNA
were present on unstained fabrics and objects such as clothing, curtains, computer
screens and drinking cups, even if the fabrics or objects were apparently clean. This
finding was not completely unexpected because it has been shown that saliva can travel
up to 184 cm from the mouth of a person who is talking, coughing or laughing [34].
Therefore, small numbers of oral streptococci are probably present on many surfaces
that are associated with human use although their short survival time outside the human
mouth (2-6 days) [13, 17] means that they may not be viable. However, the amount of
streptococcal DNA detected on unstained materials and objects was at least 5 fold less
than that detected on stained samples (Supplementary Table S2).
In conclusion, this study has demonstrated that bacteria present in the oral cavity can
provide a potential biological marker for saliva and mouth-expirated blood. This
marker could be used in forensic work as a way to distinguish mouth-expirated blood
from other types of spatter stains including impact spatter. It cannot be used as a marker
for all expirated blood as expirated blood can also come from the nose, and the current
primers are specific to oral bacteria. This method requires further validation studies
including testing expirated blood samples that have been exposed to various
environmental conditions before being used in casework.
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Figure legends
Fig. 1 The number of samples that produced gtf PCR product with each primer set.
Samples of saliva from 100 different people underwent PCR with each of the four gtf
primer sets. The number of samples that gave PCR product with each gtf primer set is
shown.
Fig. 2 PCR of saliva and expirated blood. PCR was carried out and the products
analysed by agarose gel electrophoresis. a PCR with S. sanguinis gtf primers on
expirated bloodstains on different fabrics. Lane 1: DNA ladder, Lane 2: S. sanguinis
10556 genomic DNA, Lane 3: no template, Lane 4: stain on carpet, Lane 5: unstained
carpet, Lane 6: stain on sweatshirt, Lane 7: unstained sweatshirt, Lane 8: stain on
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singlet, Lane 9:unstained singlet, Lane 10: stain on trousers, Lane 11: unstained
trousers, Lane 12: stain on T-shirt, Lane 13: unstained t-shirt, Lane 14: stain on wool
jersey, and Lane 15: unstained wool jersey. b PCR with S. sanguinis gtf primers of
washed and unwashed stains on denim. Lane 1: DNA ladder, Lane 2: Undiluted saliva,
Lane 3: no template, Lane 4: unwashed expirated bloodstain on denim, Lane 5:
unwashed saliva stain on denim, Lane 6: unwashed unstained denim, Lane 7: washed
expirated bloodstain on denim, Lane 8: washed saliva stain on denim, Lane 9: washed
unstained denim. c PCR with S. salivarius gtf primers of washed and unwashed stains
on denim. Lane 1: DNA ladder, Lane 2: Undiluted saliva, Lane 3: no template, Lane 4:
unwashed expirated bloodstain on denim, Lane 5: unwashed saliva stain on denim,
Lane 6: unwashed unstained denim, Lane 7: washed expirated bloodstain on denim,
Lane 8: washed saliva stain on denim, Lane 9: washed unstained denim.

Number of saliva samples

Figure 1

100

Number of saliva samples that made glucosyltransferase
97 (gtf) product
84

89

80
60

47

40
20
0
S.mutans
gtf product made

S.sanguinis

S.gordonii

S.salivarius

Glucosyltransferase primer set

Figure 2

184

185

