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Preface

It is strange to consider that the use of DNA in forensic science has been with us for
just over 20 years and, while a relatively new discipline, it has impacted greatly on the
criminal justice system and society as a whole. It is routinely the case that DNA figures
in the media, in both real cases and fictional scenarios.

The increased interest in forensic science has led to a burgeoning of university
courses with modules in forensic science. This book is aimed at undergraduate students
studying courses or modules in Forensic Genetics.

We have attempted to take the reader through the process of DNA profiling from the
collection of biological evidence to the evaluation and presentation of genetic evidence.
While each chapter can stand alone, the order of chapters is designed to take the reader
through the sequential steps in the generation of a DNA profile. The emphasis is on
the use of short tandem repeat (STR) loci in human identification as this is currently
the preferred technique. Following on from the process of generating a DNA profile,
we have attempted to describe in accessible terms how a DNA profile is interpreted
and evaluated. Databases of DNA profiles have been developed in many countries
and hence there is need to examine their use. While the focus of the book is on STR
analysis, chapters on lineage markers and single nucleotide polymorphisms (SNPs) are
also provided.

As the field of forensic science and in particular DNA profiling moves onward at a
rapid pace, there are few introductory texts that cover the current state of this science.
We are aware that there is a range of texts available that cover specific aspects of DNA
profiling and where there this is the case, we direct readers to these books, papers or
web sites.

We hope that the readers of this book will gain an appreciation of both the underlying
principles and application of forensic genetics.
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1 Introduction to forensic
genetics

Over the last 20 years the development and application of genetics has revolutionized
forensic science. In 1984, the analysis of polymorphic regions of DNA produced what
was termed ‘a DNA fingerprint’ [1]. The following year, at the request of the United
Kingdom Home Office, DNA profiling was successfully applied to a real case, when it
was used to resolve an immigration dispute [2]. Following on from this, in 1986, DNA
evidence was used for the first time in a criminal case and identified Colin Pitchfork
as the killer of two school girls in Leicestershire, UK. He was convicted in January
1988. The use of genetics was rapidly adopted by the forensic community and plays
an important role worldwide in the investigation of crime. Both the scope and scale of
DNA analysis in forensic science is set to continue expanding for the foreseeable future.

Forensic genetics

The work of the forensic geneticist will vary widely depending on the laboratory and
country that they work in, and can involve the analysis of material recovered from
a scene of crime, paternity testing and the identification of human remains. In some
cases, it can even be used for the analysis of DNA from plants [3, 4], animals [5, 6]
and microorganisms [7]. The focus of this book is the analysis of biological material
that is recovered from the scene of crime — this is central to the work of most forensic
laboratories. Kinship testing will be dealt with separately in Chapter 11.

Forensic laboratories will receive material that has been recovered from scenes of
crime, and reference samples from both suspects and victims. The role of forensic
genetics within the investigative process is to compare samples recovered from crime
scenes with suspects, resulting in a report that can be presented in court or intelligence
that may inform an enquiry (Figure 1.1).

Several stages are involved with the analysis of genetic evidence (Figure 1.2) and
each of these is covered in detail in the following chapters.

In some organizations one person will be responsible for collecting the evidence, the
biological and genetic analysis of samples, and ultimately presenting the results to a
court of law. However, the trend in many larger organizations is for individuals to be

An Introduction to Forensic Genetics 'W. Goodwin, A. Linacre and S. Hadi
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2 INTRODUCTION TO FORENSIC GENETICS

Samples Recovered from
Scenes of Crime

l

Forensic
Biologist
Reference Reference
Samples Forensic Geneticist o Samples
from Suspects from Victims
Report/Intelligence

Figure 1.1 The role of the forensic geneticist is to assess whether samples recovered from a crime
scene match to a suspect. Reference samples are provided from suspects and also victims of crime

responsible for only a very specific task within the process, such as the extraction of
DNA from the evidential material or the analysis and interpretation of DNA profiles
that have been generated by other scientists.

A brief history of forensic genetics

In 1900 Karl Landsteiner described the ABO blood grouping system and observed that
individuals could be placed into different groups based on their blood type. This was
the first step in the development of forensic haemogenetics. In 1915 Leone Lattes pub-
lished a book describing the use of ABO typing to resolve a paternity case and by 1931
the absorption—inhibition ABO typing technique that became standard in forensic lab-
oratories had been developed. Following on from this, numerous blood group markers
and soluble blood serum protein markers were characterized and could be analysed in
combination to produce highly discriminatory profiles. The serological techniques were
a powerful tool but were limited in many forensic cases by the amount of biological
material that was required to provide highly discriminating results. Proteins are also
prone to degradation on exposure to the environment.

In the 1960s and 1970s, developments in molecular biology, including restric-
tion enzymes, Sanger sequencing [8], and Southern blotting [9], enabled scientists
to examine DNA sequences. By 1978, DNA polymorphisms could be detected us-
ing Southern blotting [10] and in 1980 the analysis of the first highly polymorphic
locus was reported [11]. It was not until September 1984 that Alec Jeffreys real-
ized the potential forensic application of the variable number tandem repeat (VNTR)
loci he had been studying [1, 12]. The technique developed by Jeffreys entailed
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Transfer of material
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Identification / Collection of material

| * Characterization of material
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DNA extraction
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Quantification of DNA
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PCR amplification
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Detection of PCR products
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Analysis and interpretation of profile

v

Statistical evaluation of DNA profile
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Report

Figure 1.2 Processes involved in generating a DNA profile following a crime. Some types of material,
in particular blood and semen, are often characterized before DNA is extracted

extracting DNA and cutting it with a restriction enzyme, before carrying out agarose gel
electrophoresis, Southern blotting and probe hybridization to detect the polymorphic
loci. The end result was a series of black bands on X-ray film (Figure 1.3). VNTR
analysis was a powerful tool but suffered from several limitations: a relatively large
amount of DNA was required; it would not work with degraded DNA; comparison
between laboratories was difficult; and the analysis was time consuming.

A critical development in the history of forensic genetics came with the advent of a
process that can amplify specific regions of DNA —the polymerase chain reaction (PCR)
(see Chapter 5). The PCR process was conceptualised in 1983 by Kary Mullis, a chemist
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Ladder Ladder Ladder

Figure 1.3 VNTR analysis using a single locus probe: ladders were run alongside the tested samples
that allowed the size of the DNA fragments to be estimated. A control sample labelled K562 is
analysed along with the tested samples

working for the Cetus Corporation in the USA [13]. The development of PCR has had a
profound effect on all aspects of molecular biology including forensic genetics, and in
recognition of the significance of the development of the PCR, Kary Mullis was awarded
the Nobel Prize for Chemistry in 1993. The PCR increased the sensitivity of DNA anal-
ysis to the point where DNA profiles could be generated from just a few cells, reduced
the time required to produce a profile, could be used with degraded DNA and allowed
justabout any polymorphism in the genome to be analysed. The first application of PCR
in a forensic case involved the analysis of single nucleotide polymorphisms in the DQc
locus [14] (see Chapter 12). This was soon followed by the analysis of short tandem
repeats (STRs) which are currently the most commonly used genetic markers in foren-
sic science (see Chapters 6 to 8). The rapid development of technology for analysing
DNA includes advances in DNA extraction and quantification methodology, the
development of commercial PCR based typing kits and equipment for detecting DNA
polymorphisms.

In addition to technical advances, another important part of the development of DNA
profiling that has had an impact on the whole field of forensic science is quality control.
The admissibility of DNA evidence was seriously challenged in the USA in 1987 —
‘People v. Castro’ [15]; this case and subsequent cases have resulted in increased
levels of standardization and quality control in forensic genetics and other areas of
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forensic science. As a result, the accreditation of both laboratories and individuals
is an increasingly important issue in forensic science. The combination of technical
advances, high levels of standardization and quality control have led to forensic DNA
analysis being recognized as a robust and reliable forensic tool worldwide.
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2 DNA structure and the genome

Each person’s genome contains a large amount of DNA that is a potential target for
DNA profiling. The selection of the particular region of polymorphic DNA to analyse
can change with the individual case and also the technology that is available. In this
chapter a brief description of the primary structure of the DNA molecule is provided
along with an overview of the different categories of DNA that make up the human
genome. The criteria that the forensic geneticist uses to select which loci to analyse are
also discussed.

DNA structure

DNA has often been described as the ‘blueprint of life’, containing all the information
that an organism requires in order to function and reproduce. The DNA molecule that
carries out such a fundamental biological role is relatively simple. The basic building
block of the DNA molecule is the nucleotide triphosphate (Figure 2.1a). This comprises
a triphosphate group, a deoxyribose sugar (Figure 2.1b) and one of four bases (Figure
2.1c).

The information within the DNA ‘blueprint’ is coded by the sequence of the four
different nitrogenous bases, adenine, guanine, thymine and cytosine, on the sugar-
phosphate backbone (Figure 2.2a).

DNA normally exists as a double stranded molecule which adopts a helical arrange-
ment — first described by Watson and Crick in 1953 [1]. Each base is attracted to its
complementary base: adenine always pairs with thymine and cytosine always pairs with
guanine (Figure 2.2b).

Organization of DNA into chromosomes

Within each nucleated human cell there are two complete copies of the genome. The
genome is ‘the haploid genetic complement of a living organism’ and in humans con-
tains approximately 3200 000 000 base pairs (bp) of information, which is organized
into 23 chromosomes. Humans contain two sets of chromosomes — one version of each
chromosome inherited from each parent giving a total of 46 chromosomes (Figure 2.3).
Each chromosome contains one continuous strand of DNA, the largest — chromosome

An Introduction to Forensic Genetics W. Goodwin, A. Linacre and S. Hadi
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(a) Deoxynucleotide 5 -triphosphate (b) Deoxyribose

Base

(c) Nitrogenous bases

N N 0] (0]
% 7| |
<Nl¢) SUERIG NG
Adenine (A) Cytosine (C) Guanine (G) Thymine (T)

Figure 2.1 The DNA molecule is built up of deoxynucleotide 5'-triphosphates (2.1a). The sugar
(2.1b) contains five carbon atoms (labelled C1 to C5); one of four different types of nitrogenous
base (2.1c) is attached to the 1 prime (1') carbon, a hydroxyl group to the 3’ carbon and the
phosphate group to the 5’ carbon
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Figure 2.2 In the DNA molecule the nucleotides are joined together by phosphodiester bonds to
form a single stranded molecule (2.2a). The DNA molecule in the cell is double stranded (2.2b)
with two complementary single stranded molecules held together by hydrogen bonds. Adenine and
thymine form two hydrogen bonds while guanine and cytosine form three bonds



