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Resumo

Na rotina de um laboratério de Genética Forense, sao efetuadas analises
genéticas a todos os tecidos e/ou fluidos biol6gicos, tais como sangue, saliva, cabelo,
sémen, etc. que foram, por exemplo, recuperados do local do crime, da vitima ou do
suspeito. Quando chegam ao laboratério para andlise, as provas que poderédo conter
fluidos corporais, sdo testadas para determinar a presenca ou auséncia de um
determinado fluido. Estes testes sdo chamados testes presuntivos e sao rapidos, faceis
de utilizar e interpretar e ndo devem consumir grandes quantidades de ADN. Apés a
determinacgdo da presenca ou auséncia do fluido, as amostras seguem para a extracao
de ADN (quando confirmada a presenca de material biol6gico). A extracdo de ADN € o
processo através do qual as amostras sdo submetidas para separar quaisquer
componentes do ADN, como, por exemplo, proteinas. Uma vez extraido, é enviado para
a quantificagdo para determinar a concentracdo de ADN presente na amostra e garantir
que é de origem humana. Segue-se a amplificacdo do ADN por Reacdo em Cadeia da
Polimerase (PCR, do inglés, Polymerase Chain Reaction). O numero de amostras
recolhidas em locais de crime de abuso sexual é frequentemente limitado e a quantidade
de ADN presente podera ser escassa. Por este motivo, a PCR ¢€ utilizada para produzir
milhdes de copias de ADN uma vez que se trata de uma técnica muito sensivel e que,

com apenas minutas quantidades de ADN, é possivel obter perfis genéticos.

A agressao sexual é um crime prevalente em todo o0 mundo que pode afetar
qualquer pessoa, independentemente da sua etnia, riqueza, idade e/ou sexo. E definida
como qualquer tipo de contacto ou tentativa de contacto fisico sexual sem
consentimento. De acordo com a OMS, 30% das mulheres reportaram violéncia fisica
e/ou sexual por parte do parceiro e 7% das mulheres em todo o mundo reportaram
violéncia sexual por um individuo que ndo o parceiro. Em Portugal, 96,2% das vitimas
adultas sdo mulheres. A recolha e analise de fluidos corporais neste crime é
extremamente importante, uma vez que, muitas vezes, € a Unica forma de provar que o
crime ocorreu e de identificar o seu autor. Sémen é um fluido corporal muito comum
encontrado em casos de agressdo sexual e € uma importante fonte de ADN para

encontrar o agressor.

Neste trabalho analisamos os testes presuntivos utilizados em casos encerrados
e recebidos pelo laboratorio entre 2019 e 2022, e compardmos a sensibilidade entre o
Seratec PSA Semiquant (Seratec, Germany) e o RSID-Sémen (Independent Forensics,

USA). Tentamos, através da comparacdo de metodologias, estabelecer um novo
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método (Método 2) para o processamento de zaragatoas vaginais que consiste na
utilizacdo de toda a zaragatoa. Na rotina forense deste laboratério, um corte da
zaragatoa é utilizado para o RSID-Sémen e o restante é utilizado para a extracdo de
ADN (Método 1). Incubamos a zaragatoa inteira com tampao RSID e extraimos ADN da
mesma zaragatoa. Foram utilizadas amostras com varios intervalos de pés-coito (ICP)
e diluicdes de sémen fresco e congelado. Todas as amostras utilizadas na comparacao
dos dois métodos foram processadas de acordo com ambos para permitir a comparacao
de resultados entre diferentes metodologias. As restantes amostras foram analisadas
de acordo com o Método 1. As amostras foram extraidas utilizando a extracdo padrdo e
a extracao diferencial com o sistema de extragdo de ADN forense AutoMate Express e
o kit comercial de extracdo de ADN forense PrepFiler Express (Applied Biosystems,
Thermofisher Scientific, USA). O ADN foi quantificado utilizando o kit de quantificagéo
de ADN Quantifiler Trio e amplificado com o kit comercial GlobalFiler e o kit comercial

YFiler Plus (Applied Biosystems, Thermofisher Scientific, USA).

De um total de 44 casos de agressédo sexual recebidos pelo laboratério, em 30
casos tanto o Seratec PSA Semiquant como o RSID-Sémen foram positivos ou
negativos, mostrando resultados concordantes. Em 11 casos, o Seratec PSA Semiquant
foi positivo e o RSID-Sémen foi negativo, e em 3, observou-se o contrario. A
comparacédo da sensibilidade do Seratec PSA Semiquant e do RSID-Sémen mostrou
que o Seratec PSA Semiguant tem uma sensibilidade mais elevada. Os perfis genéticos
autossomicos obtidos pelo Método 1 apresentaram mais alelos amplificados do que os
obtidos pelo Método 2. Das trés amostras amplificadas para cada método, duas
apresentaram um perfil mais completo dos STRs autossémicos da componente
masculina para o Método 1. A andlise dos Y-STRs mostrou que, utilizando o Método 2,
conseguimos amplificar mais alelos as 12h IPC e as 24h IPC. Os resultados deste
estudo néo sdo conclusivos, mas sugerem que o Método 2 pode ser mais vantajoso em
relacdo ao Método 1 quando se tratam de amostras com baixa quantidade de material
biol6gico e, consequentemente, com pouco conteldo genético. No entanto, sdo
necessarios mais estudos para suportar os resultados preliminares do presente trabalho
e melhorar o método de extracao de ADN a partir do resto das amostras utilizadas nos

testes presuntivos.

Palavras-chave: Genética forense, abuso sexual, testes presuntivos, identificagdo de

sémen, lise diferencial
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Abstract

In routine case-work of a forensic genetics’ laboratory, genetic analysis is
performed on every biological tissue and/or fluid such as blood, saliva, hair, semen, etc.
that has been retrieved from, for example, a crime scene, a victim or a suspect. When
evidence first arrives at the laboratory, it is tested to determine the presence or absence
of a determined body fluid. These tests are called presumptive tests and are fast, easy
to use and to interpret and do not consume large quantities of DNA. After determining
the presence or absence of the fluid, samples proceed to DNA extraction. DNA extraction
is the process under which samples are subjected to separate any components, such as
proteins, from the DNA. Once it is extracted it is sent to DNA quantification to determine
the concentration of DNA present in the sample and ensure that it is of human origin.
DNA amplification by Polymerase Chain Reaction (PCR) is followed. The number of
samples collected from crime scenes may be in some cases limited and the amount of
DNA present scarce. For this reason, PCR is used to produce millions of copies of the

representative DNA.

Sexual assault is a prevalent crime worldwide that can affect anyone regardless
of their ethnicity, wealth, age and/or gender. It is defined as any type of physical sexual
contact or attempt without consent. According to World Health Organization (WHO) 30%
of women reported partner physical and/or sexual violence and 7% of women worldwide
reported non-partner sexual violence. In Portugal, 96.2% of the adult victims are women.
The collection and analysis of body fluids in this crime is extremely important since it is
often the only way to prove that it happened and to find or convict the perpetrator. Semen
is a very common body fluid found in sexual assault cases and is a great source of DNA

to identify the assailant.

In this work we analysed the presumptive tests used in closed cases received by
the laboratory, compared the sensitivity of Seratec PSA Semiquant (Seratec, Germany)
and RSID-Semen (Independent Forensics, USA) and tried to establish a new method
(Method 2) for processing vaginal swabs consisting in the use of the entire swab. In the
forensic routine a cut from the swab is used for RSID-Semen and the rest is used for
DNA extraction (Method 1). We incubated the entire swab with RSID Universal buffer
and from the same swab extracted DNA. Post-coital interval (PCI) samples were used
and semen dilutions were obtained from fresh and frozen semen samples. All samples
used to test Method 2 were processed according to both methods to allow comparison

of results. Samples were then extracted using standard extraction and differential
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extraction with the AutoMate Express Forensic DNA Extraction System with PrepFiler
Express Forensic DNA Extraction Comercial Kit (Applied Biosystems, Thermofisher
Scientific, USA). DNA was quantified using Quantifiler Trio DNA Quantification kit and
amplified with GlobalFiler Commercial kit and YFiler Plus commercial kit (Applied

Biosystems, Thermofisher Scientific, USA).

In sexual assault cases received by the laboratory, out of 44 cases tested,
Seratec PSA Semiquant and RSID-Semen were either positive or negative in 30 of those
cases, showing concordant results. In 11 cases, Seratec PSA Semiquant was positive
and RSID-Semen was negative, and in three the opposite was observed. Comparing the
sensitivity of Seratec PSA Semiquant and RSID-Semen results showed that Seratec
PSA Semiquant has higher sensitivity. Autosomal genetic profiles obtained for Method 1
had more amplified alleles than for Method 2. Out of three samples amplified for each
method, two showed a more complete profile for Method 1 when analysing autosomal
STRs. Analysis of Y-STRs showed that using Method 2 we were able to amplify more
alleles at 12h PCI and at 24h PCI. The preliminary results of this study are inconclusive
but suggest that Method 2 may be advantageous over Method 1 when dealing with very
small samples with little genetic content. However, more data is needed to prove and
improve the method of extracting DNA from the remaining material of the presumptive

tests.

Keywords: Forensic genetics, sexual assault, presumptive testing, semen

identification, differential lysis
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1.Introduction

1.1. Forensic Genetics

Over the years forensic genetics has revolutionized forensic science. In 1985,
Alec Jeffreys, an English geneticist, found repeated sequences in the genome where the
number of repeats might vary from person to person (Jeffreys et al., 1985). Analysing
the number of repeats allowed the identification and discrimination of individuals (Butler,
2005). These DNA repeats are now known as variable number of tandem repeats
(VNTRSs) and range in size from 6 to 100 bp. Jeffreys and colleagues used a technique
called restriction fragment length polymorphism (RFLP) to analyse these regions which
involved the use of a restriction enzyme that cut the DNA surrounding VNTRs. RFLP,
however, required large quantities of DNA and would not work in degraded samples
(Butler, 2005). Short tandem repeats (STRs) are short DNA markers that were
introduced in the mid-1990s and are currently the most used in the forensic routine due
to their small size (1 to 6 bp), robustness and high discrimination power (Goodwin et al.,
2007). In 1985 polymerase chain reaction (PCR) was developed by Kary Mullis to amplify
specific regions of the DNA (Mullis et al., 1986). With this technique we can generate
DNA profiles from degraded samples with just a few cells (Goodwin et al., 2007).
Nowadays, PCR is a technique used worldwide allowing the analysis of very small
samples with sparse genetic content. DNA can be collected from any biologically forensic
relevant material such as blood, semen, hair, bones, skin and saliva and allow “DNA

fingerprinting” — the unique identification of an individual through its genome.
1.2. Workflow in a Forensic Genetic laboratory

Nowadays the analysis of body fluids left at crime scenes is highly important
because they can incriminate or exonerate an individual (Virkler & Lednev, 2009a). Fluid
identification (i.e., the identification of the DNA source) might be helpful in determining
where the crime occurred and give useful information about what happened and the
relevance of the evidence collected (de Beijer et al., 2018). Even though different types
of body fluids might be present, the most common are blood, saliva and semen (Virkler
& Lednev, 2009a). All nucleated cells have DNA so this molecule is present in all
biological fluids (Butler, 2005). DNA is the blueprint that every individual inherits from the
mother and the father. Apart from identical twins, every individual has a different DNA

profile due to differences in the DNA sequence and/or length polymorphisms.
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The evidence collected is analysed and the DNA obtained from biological material
is then directly compared to a potential suspect or run on a database (Butler, 2010). In
practice, at least 15 cells are needed to generate a DNA profile. In forensic samples, it
is usually required more to produce a profile due to sample degradation (Goodwin et al.,
2007). From sample collection to DNA profiling, identification of the fluid type, extraction,
quantification, amplification and capillary electrophoresis are performed as the common

workflow in a routine case-work forensic laboratory, as represented in Figure 1.

Presumptive DNA DNA
testing extraction quantification

Figure 1 - Workflow in a Forensic Genetic laboratory.

1.2.1. Presumptive and confirmatory tests

Once the samples arrive at the laboratory, they are usually tested to evaluate the
presence of any biological material. This is done using presumptive and confirmatory
tests (Butler, 2012). Presumptive tests should be easy to use, safe and simple to read
so the results are easy to interpret (Butler, 2012, 2010; Li, 2021). They should not
damage the DNA present in the sample nor consume large quantities (Butler, 2012,
2010). These tests only indicate the possibility of a certain fluid being present and,
therefore, do not rule out the need for a confirmatory test. A negative result indicates the
absence of the fluid and a positive result indicates the possibility of the fluid being present
in the sample (Li, 2021). Confirmatory assays are, on the other hand, more specific to
the body fluid and can identify it with higher certainty (Li, 2021).

1.2.2. DNA extraction

DNA extraction is the process through which these molecules and others, as well
as, PCR inhibitors are separated (Bogas, Vanessa, 2013; Butler, 2012, 2010). This is a
crucial step because there are proteins that coat the DNA and protect them, preventing
its analysis. The goal is to extract enough quantity, quality and purity to obtain a good
profile for further analysis (Goodwin et al., 2007). In Forensic Genetic laboratories this is
the process most susceptible to contamination, which is defined by the introduction of
exogenous DNA in a sample (Li, 2021). To avoid contamination, the evidence and the
reference samples should be processed in different rooms/areas and, if not possible, the

evidence should be analysed prior to the reference sample (Li, 2021). Automated
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extraction processes allow hands free extraction decreasing the risk of contamination
(Liu et al., 2012).

The first step in the extraction process is the cellular lysis followed by the removal
of the components that interfere with the extraction and DNA purification (Bogas,
Vanessa, 2013; Butler, 2012; Liu et al., 2012). There are different methods and the
choice of which one to perform depends on several factors such as the quantity and type
of material present (Goodwin et al.,, 2007). For a long time, extraction with Phenol-
Chloroform, also called organic extraction, was the most used (Butler, 2012). It uses
sodium dodecylsufate and proteinase k to lyse the cell membranes and break down the
proteins and a mixture of phenol and chloroform to separate the proteins from the DNA
(Butler, 2012). Even though it extracts DNA successfully, this method uses toxic
chemicals and multiple tubes which increases the risk of contamination and is time

consuming (Liu et al., 2012). Another commonly used method is the Chelex method (Liu

et al., 2012). This does not involve high costs, it is quick to execute and only uses one
tube, decreasing the risk of contamination (Liu et al., 2012). A 5% Chelex suspension is
usually added to the sample which is then exposed to high temperatures to denature
DNA and break down the cell's membranes. This is followed by a centrifuge step, the

supernatant is collected and is ready to be used for PCR amplification (Butler, 2012).

In this work, we used the Automate Express Forensic DNA Extraction System
with the PrepFiler Forensic DNA Extraction kit (Applied Biosystems, Thermo Fisher

Scientific) as illustrated in Figure 2.

Figure 2 - AutoMate Express Forensic DNA Extraction System. https://www.thermofisher.com.
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The kit enables the automated extraction of up to 13 samples even with very low amounts
of biological material such as semen or blood. It is very efficient removing PCR inhibitors
and the final DNA concentration is high enough for further analysis requiring little extract
volume (Liu et al., 2012). This technique allows the extraction to be done in a single tube
by placing and removing different solutions from it (Butler, 2012). It uses silica-coated
magnetic particles that reversibly adhere to DNA by lowering the pH of the medium (<7.5)
(Cunha, Mariana, 2019). In the presence of a magnetic support the magnetic particle-
DNA complex is isolated from the remaining cellular components and inhibitors (Bogas,
Vanessa, 2013; Butler, 2012; Cunha, Mariana, 2019). For DNA purification successive
washes are performed to eliminate all inhibitors (Cunha, Mariana, 2019). Extraction using
magnetic particles allows the process to be fast, simple and automated, decreasing the

risk of sample contamination (Butler, 2012).
1.2.2.1. Differential DNA extraction

First described in 1985 by Gill and colleagues (Gill et al., 1985), differential DNA
extraction is a useful method in the analysis of sexual assault cases. In these cases,
there is often an excess amount of female DNA resulting in an unfavourable male/female
DNA ratio. As a result, the complete loss or drop-out of some male alleles is likely to
happen when analysing autosomal STRs (Jankova et al.,, 2019). Despite being
considered a golden method for the analysis of sexual assault samples, it is not
applicable in samples from azoospermic or vasectomized men since they do not have

spermatozoa (Jankova et al., 2019).

Differential extraction allows the separation of epithelial and sperm cells making
it easier to interpret mixed DNA profiles and increasing the chances of obtaining the
perpetrator’s profile since in these situations the male profile is of greatest forensic value
(Li, 2021; McKiernan & Danielson, 2017). The separation happens based on differential
resistance of spermatozoa and epithelial cells to chemicals (Gill et al., 1985; Li, 2021).
Firstly, the epithelial cells are lysed with proteolytic degradation using proteinase K and
SDS. The sperm cells contain proteins cross-linked by disulphide bonds which are
resistant to these chemicals (Goodwin et al., 2007). Once the epithelial cells have been
lysed, the sample is centrifuged to pellet intact sperm cells. In the supernatant, what we
call the first fraction, are the male and female epithelial cells (McKiernan & Danielson,
2017). To successfully lyse sperm cells it is necessary to add dithiothreitol (DTT), a
reducing agent, to cleave the disulphide bridges, proteinase K and SDS (Butler, 2012;

Li, 2021; McKiernan & Danielson, 2017). Despite being effective it is labour intensive
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and time consuming. In addition, in highly degraded samples, the sperm fraction might

be already lysed and therefore not separated from the epithelial cells (Li, 2021).
1.2.3. DNA quantification

Following DNA extraction is the DNA quantification procedure which is performed
to determine the amount of DNA present in the extracted sample (Butler, 2010). The
goals are to determine the amount of amplifiable DNA and ensure that its origin is human
(Butler, 2012). The quantification of DNA is of utmost importance since if it is present in
too high or too low quantities the amplification results will not be interpretable (Butler,
2012, 2010). In most of the available STR kits the optimal range of input human DNA is
0.5 to 2.0 ng (Butler, 2010). The amplification of too much DNA will likely result in
“overblown” electropherograms and too little will result in loss of alleles. A sample with
excessive amounts of DNA should be diluted and a sample with not enough DNA should
be concentrated, re-extracted or sent directly to PCR amplification using low copy
number approaches (Butler, 2012). The closer the DNA concentration is to the ideal

range, the more likely a complete and clear DNA profile will be obtained.

Real-time quantitative PCR (gPCR) is the most common quantification approach
in forensic genetics routine case-work. This method was first described by Higuchi and
his co-workers at the Cetus Corporation in the early 1990s and allows to monitor the
generation of PCR products as they are generated (Butler, 2012). Most commonly it is
done using the TagMan assay (Applied Biosystems, Thermo Fisher Scientific). This
method uses two primers and a probe located within the region of interest defined by the
forward and reverse primers (Goodwin et al., 2007; McKiernan & Danielson, 2017). On
the 5’ end of the probe there is a reporter and on the 3’ end there is a fluorescence
quencher. As the DNA polymerase forms new copies of the DNA it cleaves the TagMan
probe separating the reporter and the quencher. Once separated, the quencher is no
longer in close proximity to the reporter and it fluoresces (Goodwin et al., 2007). The
fluorescence signal is proportional to the amount of DNA copies generated during each
PCR signal (McKiernan & Danielson, 2017).

In this work we used Quantifiler Trio DNA Quantification Kit (Applied Biosystems,
Thermo Fisher Scientific) which uses the TagMan based-assay real-time quantitative
PCR (Holt et al., 2016). This kit can detect very low amounts of DNA, can distinguish
between total human DNA and male human DNA and can determine the level of
degradation in a sample. It detects three different targets, two in the autosomes and one

in the Y chromosome (Gouveia, Nair, 2015). The autosomal targets are small autosomal
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(SA) and large autosomal (LA) with amplicon sizes of 80 bp and 214 bp, respectively
(Gouveia, Nair, 2015; Holt et al., 2016). The Y-chromosome target has an amplicon size
of 75 bp (Holt et al., 2016). The quantification of different sized targets allows conclusions
to be drawn about sample degradation (Holt et al., 2016). LA target is more prone do
degradation due to its bigger size and is, therefore, used to determine the degradation
level. Additionally, the degradation index (DI) can be calculated using the SA/LA ratio.
The higher the degradation level, the lower the LA concentration and consequently the
higher the DI (Gouveia, Nair, 2015; Holt et al., 2016). The kit has also an internal PCR
control (IPC) which confirms the correct functioning of the reaction and also helps

assessing problems with PCR inhibition (Holt et al., 2016).
1.2.4. DNA amplification by PCR

PCR was first described in 1985 by Kary Mullis and members of the Human
Genetics group at the Cetus Corporation (now Roche Molecular Systems) (Mullis et al.,
1986). In 1993, Kary Mullis received the Nobel Prize in Chemistry for developing PCR,
highlighting the importance of his discovery (Butler, 2012). The goal is to make hundreds
of millions of copies of a specific DNA sequence to allow the analysis of forensic samples
that could otherwise be impossible to analyse (Butler, 2012). From one DNA molecule
two are produced, and then four, then eight and so forth (Joshi & Deshpande, 2011).
This process allows the amplification of challenging casework samples, uses human-
specific primers preventing the amplification of non-human DNA and is a very sensitive
and fast process (Butler, 2012). On the other hand, if PCR inhibitors are present the
target DNA might not be amplified, is very susceptible to contamination and changes in
the primer-binding region can prevent amplification and produce misleading results
(Butler, 2012).

The process of DNA amplification by PCR involves heating and cooling of the
samples in a determined number of cycles that are divided into three steps as
represented in Figure 3. The first is the denaturation process in which the hydrogen
bonds connecting both DNA strands break and the strands are separated This process
occurs at high temperatures at around 94°C - 95°C (Li, 2021). The next step is the
annealing of the primers to the DNA template promoted by the decrease in the
temperature usually to 50°C - 60°C (Joshi & Deshpande, 2011). The last step is the
extension or DNA replication which happens at 72°C with the help of a DNA polymerase
(Butler, 2012). The enzyme chosen has to be thermally stable and the most often used

is Tag polymerase. Taq polymerase was isolated from a bacterium called Thermus
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aguaticus that inhabits hot springs (Butler, 2012). To successfully generate millions or

even billions of DNA copies around 30 cycles are needed (Joshi & Deshpande, 2011).

/”””””_’ il —>
Primer
LLLILILLL — LLLLI '
Denaturation at 94°C-95°C Annealing at 50°C-60°C Extension at 72°C

Figure 3 - Thermal cycling temperature parameters for DNA amplification with PCR. First is the denaturation step in
which the DNA strands are broken. At 50°C-60°C the primers anneal to the single stranded DNA and at 72°C Taq
polymerase extends both primers. The process is repeated around 30 times. Created with BioRender.com.

The regions of interest to be amplified in a forensic laboratory are usually STRs
— the gold standards of genetic markers for human identification. These are DNA regions
with two to seven nucleotides that are easily amplified by PCR (Butler, 2012). STRs are
the preferred polymorphisms due to their high variability among individuals allowing
individual discrimination (except for identical twins) (Butler, 2012). In sexual assault
cases there is usually an excess amount of female DNA that will supress the
amplification of the male component. It is, therefore, advisable to complement the
analysis with Y-STR haplotyping (Purps et al., 2015). It is also beneficial to detect the
number of male contributors, for example, when a women is raped by more than one
male and in situations where no spermatozoa is detected (Purps et al., 2015). The last
might be due to infertility problems such as azoospermia, lack of ejaculation or the male

has been vasectomised (Purps et al., 2015).

In this work we used GlobalFiler and YFiler Plus kits (Applied Biosystems,
Thermo Fisher Scientific). GlobalFiler kit is a single multiplex assay that amplifies a set
of 24 markers (Ludeman et al., 2018). Out of the 24 markers, 13 STRs are the original
CODIS loci with 7 non-overlapping loci from the expanded European Standard Set
(ESS), amelogenin which is the sex determining marker, two Y-based loci and the SE33
locus which has a higher power of discrimination than any other STR studied for human
identification (Ludeman et al., 2018). As well as being a highly effective kit for amplifying
challenging samples, it also has the advantage of completing amplification in

approximately 80 minutes. Using this kit it is possible to generate DNA profiles even in
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the presence of PCR inhibitors (Ludeman et al., 2018). YFiler Plus kit amplifies a set of
27 markers which are 17 loci previously used in the YFiler kit and 10 additional loci.
These new loci allow the discrimination of related males due to their high mutation rate
(Gopinath et al., 2016). Out of the ten new loci, three are highly polymorphic loci and

seven are rapidly mutating loci (Gopinath et al., 2016).
1.2.5. Capillary electrophoresis

After DNA amplification, PCR products are separated according to their size
using capillary electrophoresis. DNA is a negatively charged molecule due to the
phosphate groups on the nucleotides so the molecule will migrate in an electric field. As
it migrates from the cathode to the anode it passes the polymer sieving medium allowing
the separation of different sized STRs (McKiernan & Danielson, 2017). The smaller the
DNA molecules are the faster they pass through the capillary and the quicker they are
detected (Butler, 2005). During the amplification process, fluorescent dyes were
incorporated to the 5’ end of one primer for each primer set per locus. As the STR
products pass through the capillary, a laser excites the primer dyes which emits a
fluorescence signal that is detected, measured and an electropherogram is produced, all
done by an appropriate software (McKiernan & Danielson, 2017). An internal size
standard is added to each sample containing DNA fragments of known lengths labelled
with a different fluorochrome to allow allele designation (Goodwin et al., 2007). An allelic
ladder is also added, an artificial mixture of the common alleles present in the human
population for a particular STR marker, used for accurate genotype determination
(Butler, 2012).

1.3. Sexual assault

Sexual assault is a worldwide problem that can affect anyone regardless of
wealth, age, ethnicity, sexual orientation, etc., but is more prominent among women (Du
Mont et al., 2007). It refers to any type of physical sexual contact or attempt witho