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              Dedication          

   To the hardworking professionals  

  throughout the forensic DNA community  

  and the individuals and families  

  impacted by your service  

  – your work makes a difference!  
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              Foreword          

  Once again, John Butler has provided the forensic community with a much needed defi ni-
tive text. Several editions of the original book have appeared since 2000. It has now evolved 
into a project, as the original will no longer fi t easily into a single volume. This is now the 
second book in the series— Advanced Topics in Forensic DNA Typing: Methodology . 

 The information provided is easily amenable to a wide audience, from scientists and law-
yers to the interested public. The comprehensive referencing makes it a handy document 
to refer to when “giving evidence” in court, as a defi nitive authority on the “state of the 
science.” 

 The new volume is organized in the same order as the work fl ow, beginning with “sample 
collection and storage.” The second and subsequent chapters provide comprehensive reviews 
of extraction methods, quantitation, amplifi cation, and separation. One important topic con-
sidered for the fi rst time is the importance of manufacturing controls to prevent potential 
contamination of plasticware and other reagents, a problem fi rst highlighted by the “German 
phantom.” The STR marker section is completely up to date, describing the European 
Standard Set (ESS) of markers and referring to a discussion on the proposed expansion of US 
core loci. Each locus is described in turn, with details of their molecular structures and listing 
of aberrant alleles such as a point mutation in D16S539. There is a very useful comparison of 
all STR typing kits along with their respective dye colors and sizes mapped for individual loci. 

 There are comprehensive reviews of non-autosomal DNA: mitochondrial DNA, 
Y-chromosomal DNA, and a brand new chapter on X-chromosomal DNA. 

 The chapter on degraded DNA leads into a discussion on the development of mini-STRs 
and their incorporation into the new multiplexes. John provides a timeline that stretches back 
17 years to 1994, where the fi rst STR multiplex was used in the Waco disaster. The subsequent 
chapter is a discussion on low-copy-number (or low template) DNA analysis. A balanced 
review is provided of this sometimes contentious area. 

 The appendices are particularly interesting. They provide an updated compilation of all 
the rare, and common, alleles currently observed and sequenced in the systems. The fi nal 
appendix contains interviews with highly experienced expert witnesses and attorneys, pro-
viding valuable perspectives on how to be a good witness. John’s books have become an 
essential adjunct to this objective. 

 I look forward to the third volume in the series, and marvel that John can physically fi nd 
the time to do so much good work. I wonder what his secret is? 

 Peter Gill, Ph.D. 
 University of Oslo, Norway 

FOR.indd   ixFOR.indd   ix 5/24/2011   2:28:55 PM5/24/2011   2:28:55 PM



FOR.indd   xFOR.indd   x 5/24/2011   2:28:55 PM5/24/2011   2:28:55 PM



xi

              Introduction          

   Since the second edition of  Forensic DNA Typing  was written in 2004, a great deal has 
happened in the fi eld of forensic DNA analysis. Hence, the need to update the informa-
tion contained in the book in as comprehensive a manner as possible. In forensic science 
review articles published in 2005, 2007, and 2009 in the journal  Analytical Chemistry , I briefl y 
described topics from hundreds of articles published during the time frame of 2003–2008. In 
my own laboratory at the National Institute of Standards and Technology (NIST), we have 
published over 75 articles since 2004 on a variety of subjects including miniSTRs, Y-STRs, 
mtDNA, SNPs, validation, and DNA quantitation (see  http://www.cstl.nist.gov/biotech/
strbase/NISTpub.htm ). 

 Since 2004, I have also had the privilege of teaching more than three dozen workshops 
(see  http://www.cstl.nist.gov/biotech/strbase/training.htm ) to thousands of scientists and 
lawyers either at conferences or individual laboratories. In addition, I have responded to 
hundreds of email requests for more information on various topics. These interactions with 
forensic scientists, lawyers, and the general public have provided me with a valuable per-
spective on topics that need further clarifi cation and questions that have not been answered 
with the information in the fi rst or second edition of  Forensic DNA Typing . 

 I have divided what is essentially the third edition of  Forensic DNA Typing  up into three 
volumes: a basic volume for students and beginners in the fi eld and two advanced volumes 
for professionals/practitioners who may be interested in more detail. The basic volume was 
released in September 2009 (with a publication date of 2010) and is entitled  Fundamentals of 
Forensic DNA Typing . The present book,  Advanced Topics in Forensic DNA Typing: Methodology , 
is volume 2. A forthcoming book, to be titled  Advanced Topics in Forensic DNA Typing: 
Interpretation , will be volume 3. 

 Several reasons exist for dividing the material. First and foremost, people use books 
more frequently if they are less bulky. I have heard from more than one colleague at confer-
ences that they prefer to carry the smaller fi rst edition with them to court or other teaching 
situations. Second, by having multiple books, each volume can be focused on its intended 
audience rather than trying to be all things to all readers. Third, the books will enable both 
undergraduate and graduate studies with each building upon the previous volumes. 

 With a vast majority of the topics, there is only minor overlap in subject matter between 
the various volumes. The basic  Fundamentals  volume contains the simpler “starter” informa-
tion while most of the “updates” to the fi eld are found in the  Advanced Topics  volumes. It is 
my intention that the three volumes together provide a comprehensive view of the current 
state of forensic DNA analysis. 
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  NEW MATERIAL IN THIS VOLUME 

 In many ways, this is a completely new book. Those familiar with the previous editions of my 
book will fi nd that  Advanced Topics in Forensic DNA Typing: Methodology  is substantially enhanced 
with additional information. Since the fi rst edition was written in the winter months of 2000, the 
published literature on STR typing and its use in forensic DNA testing has grown dramatically. 
With more than 3,500 papers now available describing STR markers, technology for typing these 
STRs, and allele frequencies in various populations around the world, the scientifi c basis for 
forensic DNA typing is sound. The foundational material in the previous editions is still relevant 
and thus has remained essentially unchanged. However, as with every scientifi c fi eld, advances 
are being made and thus new information needs to be shared to bring the book up-to-date. 

 In addition to updating information on essentially every topic in the second edition of 
 Forensic DNA Typing , I have included new chapters on X-chromosome markers (Chapter 15) 
and legal aspects of serving as an expert witness in a U.S. court of law (Chapter 18). The 
chapter on DNA databases (Chapter 8) is signifi cantly expanded and new information on 
familial DNA searches is included (Appendix 2). 

 At the end of each chapter throughout the book, I have included a fairly comprehensive 
list of references that serve as a foundation for citations found throughout the chapter as 
well as a launching point where interested readers can go for additional information. More 
than 2800 references are provided enabling readers to expand their study beyond the infor-
mation contained between the covers of this book. References to journal articles include 
titles to enhance value. 

 In this edition, I again utilize  D ata,  N otes, and  A pplications (D.N.A.) Boxes to cover spe-
cifi c topics of general interest, to review example calculations, or to cover a topic that serves 
to highlight information needed by a DNA analyst. 

   OVERVIEW OF BOOK CHAPTERS 

 Many times information within chapters and even the order of the chapters themselves 
have been changed from the second edition. These structural changes refl ect changes in my 
way of thinking about how to present the information to the intended audience. Note that 
new topics are being added and old ones phased out. A brief “cross-walk” of major topics 
covered across the various editions of  Forensic DNA Typing  is shown below with chapters 
(Ch.) and appendices (App.) indicated. Note that although topics are defi ned for the forth-
coming  Interpretation  volume, fi nal chapter numbers are still to be determined (TBD).

 Topic 
 1 st  Edition 
(2001) 

 2 nd  Edition 
(2005) 

 Fundamentals 
(2009) 

 Advanced Topics: 
Methodology 
(2011) 

 Advanced Topics: 
Interpretation 
(forthcoming) 

 History of DNA  Ch. 1  Ch. 1  Ch. 1 & 3  –  – 

 DNA basics  Ch. 2  Ch. 2  Ch. 2  –  – 

 Sample collection  Ch. 3  Ch. 3  Ch. 4  Ch. 1  – 

(Continued)
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 Topic 
 1 st  Edition 
(2001) 

 2 nd  Edition 
(2005) 

 Fundamentals 
(2009) 

 Advanced Topics: 
Methodology 
(2011) 

 Advanced Topics: 
Interpretation 
(forthcoming) 

 DNA extraction  Ch. 3  Ch. 3  Ch. 5  Ch. 2  – 

 DNA quantitation  Ch. 3  Ch. 3  Ch. 6  Ch. 3  – 

 PCR  Ch. 4  Ch. 4  Ch. 7  Ch. 4  – 

 STR markers  Ch. 5  Ch. 5  Ch. 8  Ch. 5  – 

 Data interpretation  Ch. 6 & 13  Ch. 6 & 15  Ch. 10  –  TBD 

 DNA databases  Ch. 16  Ch. 18  Ch. 12  Ch. 8  – 

 Capillary 
electrophoresis 

 Ch. 9 & 11  Ch. 12 & 14  Ch. 9  Ch. 6  TBD 

 FMBIO gel imaging 
system 

 Ch. 12  Ch. 14  DNA Box 9.2  –  – 

 Random match 
probability calculations 

 –  Ch. 21  Ch. 11  –  TBD 

 Statistics & probability 
basics 

 –  Ch. 19  App. 3  –  TBD 

 Familial searching  –  –  Ch. 12 (p. 282)  App. 2  – 

 DNA mixtures  Ch. 7  Ch. 7  Ch. 14  –  TBD 

 Low copy number 
DNA testing 

 –  Ch. 7  Ch. 14  Ch. 11  TBD 

 Validation  Ch. 14  Ch. 16  Ch. 13  Ch. 7  – 

 SNPs  Ch. 8  Ch. 8  Ch. 15  Ch. 12  – 

 Y-STRs  Ch. 8  Ch. 9  Ch. 16  Ch. 13  – 

 mtDNA  Ch. 8  Ch. 10  Ch. 16  Ch. 14  – 

 X-STRs  –  –  –  Ch. 15  – 

 Non-human DNA  Ch. 8  Ch. 11  Ch. 15  Ch. 16  – 

 New technologies  Ch. 15  Ch. 17  Ch. 18  Ch. 17  – 

 Disaster victim 
identifi cation 

 Ch. 17  Ch. 24  Ch. 17  Ch. 9  – 

 Expert witness 
testimony 

 –  –  –  Ch. 18, App. 4  – 

 Reported STR alleles  App. 1  App. 1  –  App. 1  – 

 FBI QAS  App. 3 
(1998/99) 

 App. 4 
(1998/99) 

 –  –  TBD 

 Glossary  –  –  App. 1  –  – 

(Cont’d)
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  Appendices 

 There are four appendices at the back of the book that provide supplemental material.

   ●     Appendix 1 describes all reported alleles for the 13 CODIS and other commonly used 
STR loci as of December 2010. Sequence information, where available, has been included 
along with the reference that fi rst described the noted allele. As most laboratories now 
use either a Promega or an Applied Biosystems STR typing kit for PCR amplifi cation, we 
have listed the expected size for each allele based on the sequence information.  

  ●     Appendix 2 discusses familial DNA searching and the potential, pitfalls, and privacy 
concerns surrounding this controversial technique.  

  ●     Appendix 3 is a compilation of companies and organizations that are suppliers of DNA 
analysis equipment, products, and services. Over 80 companies are listed along with their 
addresses, phone numbers, Internet web pages, and a brief description of their products 
and/or services.  

  ●     Appendix 4 is a compilation of responses to interview questions asked of several 
scientists and lawyers relating to issues faced when serving as an expert witness.  
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