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Foreword

In the fast-moving field of forensic DNA, there is always the danger that a
textbook will become quickly out of date. It is a tribute to John's remarkable
tenacity and attention to detail that his work has never been endangered in
this way.

In his latest book, John explains how and why the organization of his texts
has evolved into this latest iteration. Not wishing to write an encyclope-
dia, he explains that his solution has necessitated splitting the original for-
mat of Forensic DNA Typing into two volumes. The first volume is entitled
Fundamentals of Forensic DNA Typing. There is a forthcoming companion vol-
ume entitled Advanced Topics in Forensic DNA Typing.

Forensic science attracts a very broad audience from a wide diversity of back-
grounds. Devising a framework that is able to appeal to such an audience is
perhaps the biggest challenge. The scientist, the lawyer, the law enforcement
officer, and the student will all expect a different emphasis from a book that
deals with all aspects of DNA profiling.

Dividing Forensic DNA Typing into two volumes is a masterful stroke. The first
volume, Fundamentals of Forensic DNA Typing, is written from a more general
perspective. It is subdivided into 18 chapters ordered into a logical sequence.
Thus we begin with an extensive overview and history in Chapter 1 and end
with Chapter 18 on future trends. In between, chapters progress through sam-
ple collection, DNA extraction, PCR, and interpretation. There is a brand new
section on DNA databases that describes the growth of this ‘industry’ since the
first U.K. use in 1995. Ethical concerns are discussed in relation to the reten-
tion of DNA profiles, and the proposed expansion of databases to allow for
close relatives to be searched for (so-called familial searching). Chapter 13
provides an expanded section on quality assurance. What is meant by valida-
tion? What procedures are in place that maintain public confidence? How can
we learn from mistakes that have been made in the past?

Although slightly shorter than Forensic DNA Typing, skillful arrangement
of chapters and extensive use of cross-referencing enhance the reading
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experience. It can easily be read from cover to cover. The specialist reader
requiring more information is directed to the companion volume, Advanced
Topics in Forensic DNA Typing. In addition, there are extensive references to
material that is freely available on the Internet (the NIST Web site is itself a
tremendous resource). Fundamentals of Forensic DNA Typing admirably suc-
ceeds in its goal of reaching a diverse audience. It does this by acting as a por-
tal—if a specific piece of information isn't explicitly written down, it will tell
you where to find it. Consequently, it fulfills the same function as an encyclo-
pedia but in a very user-friendly way.

Peter Gill, PhD FIBiol
Strathclyde, UK



Introduction

An expert is one who knows more and more about less and less until
they know absolutely everything about nothing...
—Nicholas Butler, Bartlett'’s, 585:10

Being directly involved in the forensic DNA typing community over the past
15 years has been rewarding yet challenging as the field continues to grow
rapidly. The popularity of television shows like CSI: Crime Scene Investigation
and Law & Order have sparked interest by the general public. Since the first
edition of Forensic DNA Typing was published in January 2001 and expanded
on in the second edition in February 2005, I have had the opportunity to
directly teach thousands of scientists, students, and lawyers regarding the
fundamentals of forensic DNA analysis. Questions raised during my lectures
and discussions held as part of training workshops conducted have aided in
refinement of the information provided herein.

A number of forensic science programs have arisen on college campuses
around the world to meet the needs and interests of students. The purpose
of this book is to aid students, beginning scientists, and members of the legal
community in gaining an introductory understanding of and a fundamental
foundation to forensic DNA testing. A companion volume for practitioners
(Advanced Topics in Forensic DNA Typing, 3rd Edition) touches on more advanced
topics and provides further details to the basic information in this volume.
Rather than creating an encyclopedic single text to be all things to all people,
we have decided with the third edition of Forensic DNA Typing to divide the
material into fundamental information and advanced topics.

Several significant things have happened since the first edition of Forensic DNA
Typing was published in January 2001. The Human Genome Project published
a draft sequence of the human genome in February 2001 and completed
the reference sequence in April 2003. In addition, human mitochondrial
DNA population genomics is under way and thousands of full mitochon-
drial genomes have been published. Soon hundreds if not thousands of full
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m Introduction

human genomes will be available due to next-generation sequencing capabili-
ties. Technology for DNA sequencing and typing continues to advance as does
our understanding of genetic variation in various population groups around
the world. These milestones are a tribute to the progress of science and will
benefit the field of forensic DNA typing.

The literature on the short tandem repeat (STR) markers used in forensic DNA
testing has more than tripled in the 8 years since the first edition of this book
became available. More than 3500 publications now detail the technology and
report the allele frequencies for forensically informative STR loci. Hundreds
of different population groups have been studied. New technologies for rap-
idly typing DNA samples have been developed. Standard protocols have been
validated in laboratories worldwide. Yet DNA results are still sometimes chal-
lenged in court—not usually because of the technology, which is sound—but
rather to question the ability of practitioners to perform the tests carefully and
correctly. A major purpose of this book is to help in the training of profession-
als in the field of forensic DNA testing. The knowledge of forensic scientists,
lawyers, and students coming into the field will be enhanced by careful review
of the materials found herein.

In the past few years, the general public has become more familiar with the
power of DNA typing as the media has covered efforts to identify remains from
victims of the World Trade Center Twin Towers collapse following the terror-
ist attacks of 11 September 2001, the O.]. Simpson murder trial in 1994 and
1995, the parentage testing of Anna-Nicole Smith’s daughter in 2007, and the
ongoing Innocence Project that has led to the exoneration of over 200 wrong-
fully convicted individuals. News stories featuring the value of forensic DNA
analysis in solving crime seem commonplace today. In another popular appli-
cation, DNA testing with Y-chromosome markers is now used routinely to aid
genealogical investigations. In addition, the medical community is poised to
benefit from the tremendous amount of genomic DNA sequence information
being generated. DNA testing has an important role in our society that is likely
to grow in significance and scope in the future.

Though high-profile cases have certainly attracted widespread media atten-
tion in recent years, they are only a small fraction of the thousands of forensic
DNA and paternity cases that are conducted each year by public and private
laboratories around the world. The technology for performing these tests has
evolved rapidly over the past two decades to the point where it is now possi-
ble to obtain results in a few hours on samples with only the smallest amount
of biological material.

This book will examine the science of current forensic DNA typing methods
by focusing on the biology, technology, and genetic interpretation of short



tandem repeat (STR) markers, which encompass the most common forensic
DNA analysis methods used today. The materials in this book are intended
primarily for two audiences: (1) students learning about forensic DNA analy-
sis in an academic environment and (2) forensic science professionals and
members of the law enforcement and legal communities who want to gain a
better understanding of the fundamentals behind STR typing. Further informa-
tion on each of the subjects presented here is available in the second volume,
Advanced Topics in Forensic DNA Typing, 3rd Edition.

NEW MATERIAL IN THIS EDITION

In many ways, this is a completely new book. Those familiar with the previous
two editions of my book will come to find that Fundamentals of Forensic DNA
Typing is substantially enhanced with additional information. A chapter has
been added reviewing historical methods used in the first two decades of foren-
sic DNA testing (Chapter 3). Topics have been reordered to reflect the DNA test-
ing process, which progresses from sample collection (Chapter 4) to statistical
interpretation of a DNA match (Chapter 11). A number of new figures have
been added, including Figure 1.3, which provides an overview of the entire
DNA testing process. A chapter discussing my perspectives on future trends
in the field has also been added (Chapter 18). A number of additional Data,
Notes, and Applications (D.N.A.) boxes have been added as well as an exten-
sive glossary to aid newcomers to the field (Appendix 1). Major updates have
been made to all of the content, bringing the information contained herein cur-
rent as of the time of publication.

At the end of each chapter are points for discussion to foster thought on the
topics covered. To avoid interrupting the flow of ideas, the references and Web
sites listed at the end of each chapter are not cited within the text but are pro-
vided to indicate sources of material as well as to enable readers to be aware of
additional resources on each topic. These reference lists are subdivided by topic
to enable easy access to further information desired on a specific subject. The
citation format has also changed. Author lists have been shortened to only the
first author, and titles for each article have been added to make it more mean-
ingful. Links are provided to Web sites including the online training available
from http://www.dna.gov (Appendix 2).

In this edition, we again utilize D.N.A. boxes to cover specific topics of general
interest. These D.N.A. boxes include high-profile cases—such as the O.J. Simpson
trial (D.N.A. Box 4.2)—along with other topics of interest relevant to a specific
section of the book. These are scattered throughout the book near the sections
dealing with the science or issues behind these cases. It is hoped that these
D.N.A. boxes will help readers see the practical value of forensic DNA typing.
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