Preface to the Fourth Edition

The fourth edition had to be attempted because so much has changed so rapidly.
The third edition was submitted just before the CRISPR-Cas genome-editing
system was discovered in 2007 (although prior research was essential to the
discovery), which has revolutionized arthropod genetics {and many other aspects
of biology, including human medicine). Likewise, the revolution in molecular
phylogenetics continues. Rapid changes in molecular-genetic methods and results
have occurred relevant to genome editing, ecology, and pest management. This
revision retains information on molecular techniques in Section Il even though
many of the methods are no longer used due to the availability of kits. However,
understanding the concepts behind these methods is desirable when using kits, so
trouble-shooting can be conducted. A new chapter on CRISPR-Cas was added,
while the previous edition's Chapters 5 and 6 were combined.

The book is intended to be an introduction for those without significant training
in molecular genetics because knowledge of these methods and their uses is essen-
tial to scientists and regulatory officials—even if you never become an insect molec-
ular geneticist. To become effective in molecular methods requires substantial
practical laboratory experience with an experienced instructor. Ideally, this text will
allow you to become comfortable with concepts and knowledgeable about termi-
nology before, or concurrently with, entering the laboratory. As with all scientific
disciplines, learning terminology is key to understanding. Most importantly, | hope
that you will become excited about the tremendous expansion in knowledge of the
biology, ecology, systematics, and evolution of insects achieved with molecular
tools, as well as appreciate the potential uses of these tools in pest-management
programs. The cover of the third edition included photographs of arthropod spe-
cies with newly completed genome sequences. The cover of the book is intended to
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reflect the exciting potential for genome modification using the CRISPr-Cas
systems. Once again, | thank Nick Hostettler and Jennifer Gillett-Kaufman for assis-
tance in the preparation of this manuscript.

Marjorie A. Hoy

Department of Entomology and Nematology,
University of Florida, Gainesville, FL,

United States




Preface to the Third Edition

Once again, Imust acknowledge the very rapid pace of advancesin arthropod molec-
ular genetics. Because ticks and mites are increasingly included in molecular genetic
studies, especially now that the genomes of a tick, the two-spotted spider mite, Var-
roa mite and a predatory mite have been sequenced, | use the term arthropod often
in this edition. Since the year 2000, the number of arthropod genomes that have
been sequenced has increased dramatically, primarily due to the decreasing costs
of sequencing using next-generation methods. The cover of the third edition con-
tains photos of many of the arthropods for which complete genome-sequence data
are available. A proposal was made in 2011 to sequence 5000 insect genomes in the
next fewyearsand, asaresult, the cover of this book would soon be unable to “host”
all the photographs of arthropods with completely sequenced genomes. The enor-
mous amount of genomic data being developed will affect all aspects of the study of
arthropods, including physiology, phylogenetics, ecology, evolution, behavior, and
applied pest-management methods. The release of transgenic insects into the envi-
ronment is receiving increased focus, now that releases into the environment of
transgenic pink bollworms, predatory mites, and mosquitos have occurred.

A very diverse group of scientists use molecular genetic tools to solve problems
that can be answered in no other manner, so it is critical that all entomologists
(and acarologists) become familiar with the terminology, concepts, and tools of
molecular genetics—even if they do not wish to do such research themselves. Once
again, | am writing this book for students and advanced scientists who have a lim-
ited background in insect molecular genetics. | hope to provide a portal into the
concepts, methods, and applications of these powerful tools. Because the field
has expanded so much, | cannot cite all relevant papers and have tended to include
reviews and partial lists to give the reader an entry into the literature. | apologize to
those scientists who have published excellent papers on diverse topics of relevance,
but space considerations limited the examples that can be cited.

After discussing what material should be covered in this edition with several
colleagues, | have once provided simple protocols in the methods Chapters 5-9 in
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an effort to explain what is being done when DNA or RNA are being extracted, genes
are being cloned, and the polymerase chain reaction is being conducted. Although
numerous commercial kits are available and widely used, the recommendations were
that it is instructive for novices to gain an understanding as to what is being achieved
(and how) when carrying out these procedures. The precise details of kit methodol-
ogies are often considered proprietary information, but the protocols provided here
may make it possible for students to understand the concepts sufficiently that they
can learn to “trouble-shoot” if problems occur in their own projects.

All chapters have been revised and updated. Three areas have changed dramat-
ically since the second edition:

(1) The development of genetically modified insects for potential use in pest-
management programs has advanced to the point that several releases have
been made.

(2) The development of low-cost next-generation sequencing methods permit the
sequencing of arthropod genomes to be commonplace, although the explosion
in genome (and transcriptome) sequencing data threatens to overwhelm our
ability to analyze and utilize the data. Perhaps the next major advance will be
the availability of new tools for bioinformatics analyses so that even novices
can analyze genomic data effectively. It now costs $10,000-$30,000 to sequence
a genome, but the cost of analyzing the data may be ten times that.

(3) The use of molecular methods has allowed immense increases in our
knowledge of the diversity and roles that microbial symbionts play in the
biology of their arthropod hosts. This expansion in knowledge is reflected in
the publication of several books devoted to insect symbiosis. It has been
difficult to choose among the many interesting examples of symbiosis, but |
have included examples that illustrate the impact that symbionts have on
the physiology, behavior, sex determination, reproductive compatibility,
and pest status of their hosts.

| thank the students and others who have provided constructive feedback on the
earlier editions of this book and Ke Wu, Niklaus Hostettler, Jennifer Gillett-

Kaufman, and Aaron Pomerantz, who assisted me in the preparation of this

edition. | especially thank Geoffrey Attardo, Susan Brown, Lyle Buss, Chun-che

Chang, Michael Clark, Cameron Currie, Marian Goldsmith, Thom Kaufman, Jason

Meyer, James Newman, Jeffrey Stuart, and Yoshi Tomoyasu, for their excellent pho-

tographs of the arthropod species illustrated on the cover of this book for which

genome-sequence data are available.

My very best wishes for a productive and interesting read. | believe that molec-
ular genetic tools will help to resolve many critical issues in arthropod biology,
evolution, and pest management.
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Preface to the Second Edition

Amazing progress has been made in insect molecular genetics since the first edition
appeared in 1994. Transformation of insects other than Drosophila melanogaster
has become an almost routine project. The Drosophila Genome Project was
completed in 1999 and produced many surprises, and promises a fruitful future
for mining genes and developing an understanding of genome structure, function
and evolution. The mining of this treasure trove of data will require some years of
work, but the possibility exists that we ultimately will be able to understand how
this insect develops. Insect biology will become synthetic again with the use of
genomics, transcriptomics, and proteomics approaches, The complete sequencing
of other complex eukaryotic genomes, including those of Caenorhabditis elegans
and Homo sapiens, opened additional doors to compare genome organization,
evolution, and gene function.

Molecular methods and technology have changed rapidly in the past few years,
with a plethora of new kits available for extracting and purifying DNA and RNA, for
cloning, sequencing, and amplifying DNA and RNA by the polymerase chain reac-
tion (PCR). Gene chip or microarray methods offer new tools for learning about
gene function. All the improvements in these molecular toolkits make molecular
methods ever more accessible to the entomological community.

The same basic organization with three major sections has been maintained in
this edition, but the chapters have been reorganized in Section |, and all have been
updated with recent references. References were included that provide an entry
into the recent literature; where possible, review articles are cited. | regret | could
not include references to all the'new molecular studies on insects, but there are just
too many! That signals that molecular entomology is maturing.

This book is dedicated to entomologists just beginning their research careers; |
hope this book helps you to start exciting and productive projects that employ
these valuable molecular tools. For those of you with no background in molecular
genetics, the book should be read from start to finish. Key concepts are highlighted
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in the “Overview,"” and reading this section both prior to and after reading each
chapter may be helpful. The diagrams, especially those illustrating molecular
methods, should be evaluated while reading the text. In many cases, the concepts
involved are most readily obtained if the text and diagrams are read together.

Finally, | thank all the people who so kindly provided feedback on the first edi-
tion and those who made thoughtful suggestions on earlier drafts of this one,
including A. Jeyaprakash, Lucy Skelley, Juan Alvarez, and Alison Walker. | sincerely
thank those who kindly provided new illustrations, Bruce Webb, Carol Lauzon, and
Felix Guererro. Thanks to Pam Howell, Mike Sanford, and Pat Hope for their assis-
tance in getting this manuscript and its illustrations completed.

Marjorie A. Hoy

Department of Entomology and Nematology,
University of Florida,

Gainesville, FL, United States



Preface to the First Edition

The development of recombinant DNA techniques during the past 20 years has
resulted in exciting advances in the detailed study of specific genes at the molecular
level as well as breakthroughs in molecular, cellular, and developmental biology. Of
the molecular genetics studies conducted on insects, most have been directed to
Drosophila melanogaster. Relatively few data have been generated by molecular
biological methods from analyses of other insects. Yet the application of molecular
genetics to insects other than Drosophila has the potential to revolutionize insect
population and organismal biclogy.

Why have molecular genetic techniques been used so little by entomologists?
There may be a number of reasons. Recombinant DNA techniques are most readily
carried out by people trained in biochemistry and relatively few entomologists are
so trained. The techniques have been, until recently, relatively complex and diffi-
cult, so that strong technical skills were required. Also, most entomologists have
been slow to ask whether these techniques were appropriate for studies of popu-
lation or organismal biology because much of the published literature has focused
on fundamental issues of Drosophila gene structure, regulation and function,
developmental regulation, and evolution.

Goals

My goal is to introduce entomologists to the concepts of molecular genetics with-
out assuming that they have received previous training in meolecular biology. This
book is not intended to substitute for formal training in biochemistry or molecular
genetics. If novice readers wish to develop molecular genetics skills, they must
obtain additional training in genetics and biochemistry. However, the book will
provide an introduction to terminology, as well as an overview of principles, tech-
nigues, and possible applications of molecular genetics to problems of interest to
entomologists.
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In preference to using examples from the Drosophila literature, | have used
examples in which other arthropods have been studied. However, without doubt,
Drosophila is the premier model for insect molecular genetics study. One fond hope
is that this book will be a bridge for entomologists seeking to apply the exciting
methods developed for Drosophila and that it will introduce Drosophila workers
to some of the problems and issues of interest to entomologists seeking to solve
applied problems. Perhaps this book will help to break down the barriers between
entomologists and Drosophila workers isolated from each other by perspective and
technical jargon. If this book helps to achieve these goals, it will have served its

purpose.

Organization

The book was designed for a one-semester course in insect molecular genetics for
upper-division undergraduates or beginning graduate students. The initial portion
of the book reviews basic information about DNA, RNA, and other important mol-
ecules (Chapters 1-4). Readers with a recent course in genetics could skip this sec-
tion. Chapter 5 describes the genetic systems found in insects and an overview
of development sufficient to understand subsequent techniques such as
P-element-mediated transformation and sex determination. Chapters 6-9 provide
introductions to useful techniques, including cloning, library construction, sequenc-
ing, the polymerase chain reaction, and P-element-mediated transformation of Dro-
sophila. Most molecular biologists reading this book could skip this section as well.
Chapters 6-9 are not intended as a laboratory manual, but an outline of laboratory
protocols is provided in order to furnish the novice with a sense of the complexity or
simplicity of the procedures and some of the issues to consider in problem solving.
Throughout the book, references are provided for the reader interested in pursuing
specifictopicsand techniques, although they are not exhaustive. Despite the value of
providing an historical overview, | have not always provided references to the first
publication on a subject. Rather, review articles or recent publications that include
references to earlier work are cited.

Finally, in the third section of the book (Chapters 10-14), | have attempted to
demonstrate how molecular genetic techniques can solve a diverse array of basic
and applied problems. Part Ill is intended to introduce readers to the exciting
molecular research that is revolutionizing insect biology, ecology, systematics,
behavior, physiology, development, sex determination, and pest management.
Each chapter in this section could be read by itself, assuming that reader under-
stands the appropriate concepts or information presented in Parts | and Il



Preface to the First Edition xwvii

Each chapter begins with an overview or brief summary of the material being
covered. The overview should be read both before and after reading each chapter,
to review the concepts covered. The overview is followed by a brief introduction
covering the history or rationale for the topic. References at the end of the chapter
are provided for further reading. Where possible, books or reviews are cited to pro-
vide an entry into the literature. Recent references are provided, but no attempt
has been made to review all the literature on a specific topic. Simple protocols
may be given to provide the flavor of specific techniques, although these are not
intended to be complete. References to handbooks or technigues books are also
provided at the end of appropriate chapters. When a term that may be unfamiliar
is first introduced, it is underlined and a brief definition or description is given in the
Glossary at the end of the book. Finally, in Appendix |, a time line of some signif-
icant advances in genetics, molecular biology, and insect molecular genetics pro-
vides a perspective of the pace with which dramatic advances have been, and
continue to be, made.

Progress is rapid in molecular genetics, and this book can only provide an intro-
duction to the principles of insect molecular genetics and some of its applications. It
is impossible to provide a complete review of the insect molecular genetics litera-
ture in a book of this size. The literature cited includes references up to 1993
and focuses on genetics. It is not intended to be an introduction to all aspects of
“molecular entomology,” which has been defined as “...a blend of insect science,
molecular biology, and biochemistry.” The dividing line between molecular ento-
mology and insect molecular genetics is sometimes difficult to resolve.

Shortly before this book went to the publisher, two related books were pub-
lished: Molecular Approaches to Fundamental and Applied Entomology, edited
by J. Oakeshott and M.J. Whitten, and Insect Molecular Science, edited by J.M.
Crampton and P. Eggleston. Both multiauthored books cover some of the topics
included here, but assume the reader is familiar with molecular genetic techniques
and terminology; they would be daunting for the novice.



