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PREFACE

studying biotechnology. We began the preface with
this statement in the first edition of Introduction to
Biotechnology and this still holds true today. Advances
are occurring at a dizzying pace, and biotechnology
has made an impact on many aspects of our everyday
lives. Now in its fourth edition, Introduction to Biotech-
nology remains the first biotechnology textbook writ-
ten specifically for the diverse backgrounds of
undergraduate students. Appropriate for students at
both 2- and 4-year schools, Introduction to Biotechnology
provides students with the tools for practical success
in the biotechnology industry through its balanced
coverage of a range of scientific disciplines, details on
contemporary techniques and applications, the busi-
ness of biotechnology, integration of ethical issues,
coverage ol important regulatory considerations, and
career guidance.
Introduction fo Biotechnology was designed with sev-
eral major goals in mind. The text aims to provide:

It is hard to imagine a more exciting time to be

An engaging and easy-to-understand narrative
that is appropriate for a diverse student audience
with varying levels of scientific knowledge.

Assistance to instructors teaching all major areas
of biotechnology and help to students learning
fundamental scientific concepts without over-
whelming and excessive detalil.

An overview of historic applications while em-
phasizing modern, cutting-edge, and emerging
areas of biotechnology.

Insights on how biotechnology applications can
provide some of the tools to solve important
scientific and societal problems for the benefit of
humankind and the environment.

Inspiration for students to consider the many ethi-
cal issues associated with biotechnology.

Introduction to Biotechnology provides broad coverage
of topics including cell and molecular biology,
biochemistry, bioinformatics, genetics, genomics,
proteomics, and others. We have striven to provide stu-
dents with the tools and knowledge they need to under-
stand varied and diverse areas of biotechnology.

viil

In our effort to introduce students to the cutting-
edge techniques and applications of biotechnology,
we have dedicated specific chapters to constantly
emerging areas such as microbial biotechnology
(Chapter 5), agricultural biotechnology (Chapter 6),
animal biotechnology (Chapter 7), forensic biotech-
nology (Chapter 8), bioremediation (Chapter 9),
aquatic biotechnology (Chapter 10), and medical bio-
technology (Chapter 11). Consideration of the many
regulatory agencies and issues that affect the bio-
technology industry are discussed in Chapter 12. In
addition to the ethical issues included in each chapter
as You Decide boxes, a separate chapter (Chapter
13) is dedicated to ethics and biotechnology.

New to the Fourth Edition

The fourth edition of Infroduction to Biotechnology is thor-
oughly updated and includes several new features:

Case Studies—New to this edition, each end-of-
chapter question set, except for chapter 1, now
concludes with a Case Study. We present an
example of interesting, current research or a
recent discovery related to the chapter content,
provide a brief summary, and ask students to con-
sider relevant questions. Two goals of the feature
are (1) to engage students with contemporary
research and (2) to ask higher order questions
that require students to think critically.

Expanded sets of end-otf-chapter Questions

& Activities, including more Internet-based
exercises. Each chapter now has 20 Questions &
Activities to provide a broader range of assess-
ment options to help students learn.

New You Decide entries have been added to
stimulate student interest in, and critical thinking
about, controversial areas of biotechnology
related to legal, ethical, and social issues. We have
expanded from 29 to 37 total You Decide boxes
integrated throughout the chapters. Eighteen are
new, and they cover topics such as the labeling



of genetically modified foods (Chapter 6), genetic
screening to improve breast cancer prevention
(Chapter 8), human consumption of transgenic
salmon (Chapter 10), human embryo and germ-
line editing (Chapter 11), potential FDA regula-
tion of homeopathic remedies (Chapter 12), and
potential fast track approval of genetically modi-
fied wheat to help humans suffering from gluten
intolerance (Chapter 13).

Nearly 70 new figures and 40 new photos
help simplify and explain complex topics in
biotechnology.

Career Profiles—New profiles have been devel-
oped for all chapters and contributed by profes-
sionals working in biotechnology. These profiles
are designed to help students appreciate the wide
range of careers available in the biotechnology
industry, with tips and perspectives from experts
doing the work. Career Profiles are available

at the Companion Website where we can keep
information up to date. Each profile includes a
photo and background of the individual to help
personalize his or her career stories.

In addition, each chapter has been thoroughly

revised and updated to provide students with current
information in all areas of biotechnology. Of special
note are the following changes:

Chapter 1: The Biotechnology Century and
Its Workforce. Includes an updated overview of
key topics to be discussed in the book, organized
by chapter; the current state and trends of the
biotechnology industry and its workiorce; bio-
technology and pharmaceutical company reve-
nues; funding sources for starting a biotechnology
company; trends in drug development; and a
brief future example of precision medicine. We
have added new coverage of Do-It-Yourself bio-
technology, an introduction to industrial biotech-
nology, an introduction to genome editing by
CRISPR; and several new figures.

Chapter 2: An Introduction to Genes and
Genomes. Includes streamlined content, a new
section on noncoding RNAs, and a new section
titled “Immune Response Mechanism in Prokary-
otes Results in Extraordinary New Technology
for Editing Genes In Vitro and In Vivo,” which
provides an introduction to genome editing by
CRISPR-Cas and its roles in biotechnology.

Chapter 3: Recombinant DNA Technology
and Genomics. Includes condensed content on
different types of vectors, as well as streamlined
or eliminated coverage of libraries, mapping,
Southern blotting, and microarrays reflecting a

Preface IX

shift from these technologies and increased use

ol sequencing and other applications. Updated
content on the Human Genome Project includes
restructured content on “After the Human
Genome Project,” which focuses on ENCODE and
personal genomics, whole exome sequencing,
and single-cell sequencing. Major content updates
have been made to DNA sequencing technolo-
gies, including a new section and figure on “third-
generation sequencing.” Additional new content
includes RNA sequencing; analyzing gene func-
tion via protein expression, gene mutagenesis,
and RNAI ; gene editing via transgenics, knock-
outs, and CRISPR; and a new section on systems
biology and synthetic biology.

Chapter 4: Proteins as Products. Explains
why protein drugs produced by genetically engi-
neered living organisms have largely supplanted
pharmaceutical production methods; disease
discoveries that have been made using new
gene canceling technologies; instrumentation
improvements for protein purification and iden-
tification; detection of significant protein-protein
interactions; progress in identifying protein bio-
markers that can detect disease at earlier stages;
and the analysis of a contemporary study of pro-
tein Interaction.

Chapter 5: Microbial Biotechnology. Includes
new content on whole genome sequencing;
metagenomics and the Human Microbiome Proj-
ect; vaccine development and major targets for
new vaccines; synthetic genomes; and a new
section on phage therapy, including a figure on
CRISPR-Cas editing to treat antibiotic resistant
microbes. In addition, there’s a new You Decide
box titled: ““Gain of Function” Experiments and
Engineering Viral Pathogens.”

Chapter 6: Plant Biotechnology. Recognizes the
impact of biotechnology on agricultural production
in the world; briefly explains contemporary meth-
ods used to produce new plant products; discusses
methods for using engineered gene vectors that can
transfer genes for new products and insect resis-
tance; provides a current list of genetically modi-
fied plants including their mechanism of action;
discusses the expanding use of transgenic crops in
developing countries; describes newly approved
crops using gene silencing technology and the etfect
it has had on the USDA approval process; discuses
the details of the new labeling of GM foods; and
provides analysis of a contemporary study of an
alternative method for insect resistance. There are
two new You Decide boxes: “Labeling GM Foods”
and “Is Roundup Toxic to the Environment?”
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Chapter 7: Animal Biotechnology. Includes a
shift in direction from drugs to vaccines for hu-
mans of all ages and the rationale behind it; the
significance of animal testing for drugs toward
treatments for animal diseases; the benefits of cell-
culture testing before animal testing for regulatory
approval; the first approval of a drug produced

in a transgenic goat to treat a type of stroke; new
method for creating animals with gene knockouts
and knock-ins; and the importance of a national
project to determine the function of all the genes
in a rat by using knockout technology. Two new
You Decide boxes are included: “Can Gene Edit-
ing in Chickens Prevent Avian Flu Transfer to
Humans?” and “Humans to Pets to Humans: Will
the Public Accept This Type of Animal Testing?”

Chapter 8: DNA Fingerprinting and Foren-
sic Analysis. Includes the process for compar-
ing DNA protfiles with the new CODIS markers;
the exclusion process for elimination of human
suspects using profile examples; improvements
in “touch DNA” analysis methods; the progress
in utilizing personal DNA sequence markers as

a precursor to diagnosis; new examples of DNA
sequences to identify certified products; and the
analysis of a contemporary example of human
DNA contamination in a mouse DNA profile.
Two new You Decide boxes are included: “Could
Genetic Screening Improve Breast Cancer Preven-
tion?” and “Will Rapid DNA Testing at a Crime
Scene Help Law Enforcement?”

Chapter 9: Bioremediation. Includes updated
content on genomics and GM species for biore-
mediation, updates on the etffects of bioremedia-
tion at the Deepwater Horizon oil spill in the Gulf
of Mexico, new content and figure on endocrine
disruptors, and a new section on ocean pollution
by macro- and microplastics.

Chapter 10: Aquatic Biotechnology. Includes
new and revised content on aquaculture, cover-
age of the AquAdvantage salmon as the first GM
animal approved by the U.S. FDA for human
consumption, bioprospecting and recently
approved novel medicines from aquatic species,
a new Tools of the Trade on eDNA and environ-
mental monitoring, and a new You Decide box:
“Transgenic Salmon for Human Consumption:
Safe or Not?”

Chapter 11: Medical Biotechnology. Because
of the rapid pace of change and progress in this
field, Medical Biotechnology has undergone the
most significant revision of all the chapters in the
book. This includes reorganized and revised con-
tent on detecting and diagnosing human disease

conditions, including new content on biomark-
ers and cell-free DNA; prognostic and diagnostic
genetic tests; updates on approaches for genetic
testing, including a new section on sequence
analysis of individual genomes that explores the
impact of whole genome sequencing including
exon sequencing, sequencing and screening fetal
genes from the maternal bloodstream, and pre-
conception testing; updates on personal genom-
ics to include RNA sequencing and single-cell
sequencing; and a new section and figure on
genome-wide association analysis. The chapter
includes a renamed and revised section, Precision
Medicine and Biotechnology; new content on
the Precision Medicine Initiative and examples of
cutting edge approaches including nanomedicine;
and a new section on immunotherapies, includ-
ing recently approved FDA immunotherapies
using CAR-T cells that have been highly success-
ful. It also includes revised and new content on
gene therapy approaches, including CRISPR-Cas
and recent trials with therapeutic RNA; and new
and updated content on regenerative medicine,
including new sections on 3D bioprinting of tis-
sues, engineered organoids and organs, and
updates on stem cell technologies and regula-
tions. Nine new figures accompany these changes
along with two new You Decide boxes: “Genetics
Testing: Destiny Tests?” and “Human Embryo
and Germline Editing.”

Chapter 12: Biotechnology Regulations.
Includes the USDA, EPA, and FDA regulations that
pertain to biotechnology product approvals, and the
USPTO regulations for patents; describes the impact
that gene silencing has had on USDA approvals

of genetically engineered products; describes the
21st Century Drug Act impact on the pace of drug
approvals; includes progress on the use of T cell tar-
geted drug products; compares the FDA and EMA
approval process that atfects genetically engineered
drugs in these markets; describes patentability of
gene sequences; and includes the analysis of a drug
contamination event with the responsibilities of
biotechnology companies and their employees.
Two new You Decide boxes ask: “Should the FDA
Regulate Homeopathic Remedies?” and “Will We
See Fewer Blockbuster Drugs and More Biosimilars
with New Patent Regulations?”

Chapter 13: Ethics and Biotechnology.
Includes reorganized content and an abbreviated
chapter format beginning with Examples of Ethics
and Biotechnology that includes new content on
mitochondrial replacement therapy and so called
“three-parent babies.” There is new information
on genome editing and germline modification,



new content on ethical issues related to gene pat-
ents and CRISPR-Cas, and six new You Decide
boxes: “Should GM Wheat (for Gluten Sutferers)
Be Approved Quickly?,” “What Would Be the
Effect of Banning GM Organisms?,” “How Much
Return on the Investment?,” “Animal Organ
Acceptance,” “Regenerative Medicine: For the
Rich Only?,” and “Genome Hackers and ‘Anony-
mous’ Genomes Identify Individual DNA Donors.”

Returning Features

Introduction to Biotechnology is specifically designed to
provide several key elements that will help students
enjoy learning about biotechnology and prepare them
for a career in biotechnology.

Learning Objectives

Each chapter begins with a short list of learning objec-
tives presenting key concepts that students should un-
derstand atter studying the chapter.

Abundant lllustrations

Approximately 200 figures and photographs provide
comprehensive coverage to support chapter content.
Illustrations, instructional diagrams, tables, and flow-
charts present step-by-step explanations that give stu-
dents visual help to learn about the laboratory
techniques and complex processes that are important
in biotechnology. The new edition is enhanced by
nearly 70 new figures and 40 new photos.

Forecasting the Future at the beginning of each
chapter briefly highlights exciting new areas ot
biotechnology that the authors predict will be
worth watching in the future.

Making a Difference at the end of each chapter
spotlights particularly beneficial aspects of bio-
technology applications that have had major im-
pacts in improving the quality of life.

Career Profiles

A favorite feature of Introduction to Bio-
technology, Career Profiles introduce stu-
dents to different job options and career
paths in the biotechnology industry and
= —— provide tips and information on job
functions, salaries, guidance tor prepar-

Ing to enter the workliorce, and other resources. New
Career Profiles were written by ditlerent experts cur-
rently working in the biotechnology industry. For the
fourth edition, all Career Profiles have moved trom the
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book to the Companion Website where we can update
profiles to provide current content and link to other rele-
vant career resources. We strongly encourage students to
refer to these protiles it they are interested in learning
more about careers in the industry.

You Decide

From genetically modified foods
to stem cell research, there are
an endless number of topics in
biotechnology that provoke
strong ethical, legal, and social questions and dilem-
mas. You Decide boxes stimulate discussion in each
chapter by presenting students with information that
relates to the social and ethical implications of biotech-
nology, followed by a set of questions for them to con-
sider. The goal of these boxes is to help them
understand sow to consider ethical issues and to for-
mulate their own informed decisions. There are 37
You Decides integrated throughout the chapters, 18 of
which are new to the fourth edition.

Tools of the Trade

Biotechnology 1s based on the applica-
tion of various laboratory techniques
or tools in molecular biology, bio-
chemistry, biloinformatics, genetics,
mathematics, engineering, computer
science, chemistry, and other disci-
plines. Tools of the Trade boxes in selected chapters
present modern or historically important techniques
and technologies related to chapter content to help
students learn about the techniques and laboratory
methods that are the essence of biotechnology.

Questions & Activities

Questions are included at the conclusion of each
chapter to reinforce student understanding of con-
cepts. For the fourth edition, we expanded each chap-
ter’s question set to at least 20 questions and activities.
We updated existing questions, added many new
ones, and added Case Studies. Activities frequently
include Internet assignments that ask students to
explore a cutting-edge topic. Answers to these ques-
tions are provided in Appendix 1 at the end of the
text.

Glossary

Like any technical discipline, biotechnology has a lexi-
con of terms and definitions that are routinely used in
discussing processes, concepts, and applications. The
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most important terms are shown in boldface type

throughout the book and are defined as they appear in
the text. Definitions of these key terms are included in
a glossary at the end ol the book.

Supplemental Learning Aids

Introduction to Biotechnology Companion Website
(www.pearsonhighered.com/biotechnology)

The Companion Website is designed to help students
study for their exams and deepen their understanding
of biotechnology. Each chapter contains learning
objectives, quiz questions, flashcards, study tools,
Internet and literature references, and biotech career
information. For the fourth edition, Career Profiles
have moved from the book to the website, providing
engaging descriptions of various careers written by
proiessionals working in the biotechnology industry.

Instructor Resource Center (IRC)

The Instructor Resource Center, www.pearsonhighered
.com/educator, is designed to support instructors teach-
ing biotechnology. The IRC is an online resource that
supports and augments material in the textbook. Revised
instructor supplements available for download include:

Computerized Test Bank: 10 to 20 multiple-
choice test questions per chapter

JPEG Art Files: electronic files of all text tables,
line drawings, and photos

PowerPoint Lecture Outlines: a set of Pow-
erPoint presentations consisting of lecture out-
lines for each chapter augmented by key text
illustrations

Instructors using Infroduction to Biotechnology can
create a user account to access the Instructor Resource
Center.
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I CHAPTER ONE | "

i\

The Biotechnology Century

and Its Worktorce
‘%/

After completing this chapter, you
should be able to:

“ Define biotechnology and describe
the many scientific disciplines that
contribute to biotechnology.

“ Provide examples of historic and
current applications of
biotechnology.

" Appreciate the range of different
topics that constitute modern
biotechnology and how these
influence everyday life.

' Discuss how medical diagnosis is
changing as a result of
biotechnology and provide
examples of how genome data are
being used to diagnose and treat
human disease conditions.

As you will learn in this chapter, the biotechnology industry presents a

wide range of exciting career opportunities for students from research ' Give an example of a new plant
scientist positions in the lab or the field to positions in sales, marketing, biotechnology crop that reached the
communications and other disciplines. market recently and have a basic

understanding of the controversies
associated with genetically modified
organisms.

% Understand the basics of how a
biotechnology company is started,
funded, and valued, and describe
the organizational structure of a
typical biotech company.

“ Describe career opportunities and
options in biotechnology and ways
to explore them.



2 Chapter 1 The Biotechnology Century and Its Workforce

an you imagine a world free of diseases, where

food is abundant for everyone and the environ-

ment is free of pollution? These scenarios are
exactly what many people in the biotechnology
industry envision as they dedicate their lives to this
exciting science. This chapter was designed to provide
you with a basic introduction to the incredible range of
biotechnology topics that you will read about in this
book. As you will see, biotechnology is a multidisci-
plinary science with great potential for future discov-
eries and many powerful applications and products.

In this chapter, we present a brief introduction
and overview ol many topics that we discuss in
greater detail throughout the book. We begin by
defining biotechnology and outlining scientific disci-
plines that contribute to this incredible field. We
highlight both historic and modern applications and
describe the different types of biotechnology that you
will study in this book. At the end of the chapter, we
discuss aspects of the biotechnology workiforce and
skills required to work in the industry.

FORECASTING THE FUTURE

The discovery and creation of new medicines IS expen-
sive and difficult. In the past 40 years, thousands of small
biotech companies have attempted to prove that they
can do this better and less expensively than traditional
pharmaceutical companies. A review by the U.S. Food
and Drug Administration (FDA) of high-priority drugs it
approved from 1998 to 2012 shows that biotech compa-
nies brought the largest number of these drugs to mar-
ket, and the biotech industry did this using only a fraction
of the research and development money spent by the
pharmaceutical industry. Specifically, pharmaceutical
companies spent $5.67 billion per approved drug com-
pared to $1.84 billion per drug by biotech companies.
This kind of efficiency means biotechnology companies,
and the approaches they use to develop drugs, will con-
tinue to appeal to researchers and investors.

1.1 What Is Biotechnology and
What Does It Mean to You?

Have you ever eaten a nonbruising apple or potato,
been treated with a monoclonal antibody, received tis-
sue grown from embryonic stem cells, or seen a
“knockout” mouse? Have you ever eaten a corn chip,
sour cream, yogurt, or cheese; had a flu shot; known a
person with diabetes who requires injections of insu-
lin; taken a home pregnancy test; used an antibiotic to
treat a bacterial infection; sipped a glass of wine or

milk; or made bread (Figure 1.1)? Although you may
not have experienced any of the scenarios on the first
list, at least one of the items on the second list must be
familiar to you. If so, you have experienced the bene-
fits of biotechnology firsthand.

Biotechnology is broadly defined as the science
of using living organisms, or the products of living
organisms, for human benefit (or to benefit human
surroundings)—that is, to make a product or solve a
problem. Remember this definition. As you learn more
about biotechnology, we will expand and refine this
definition with historical examples and modern appli-
cations from everyday life and look ahead to the future
ol biotechnology.

You would be correct in thinking that biotech-
nology is a relatively new discipline that is only
recently getting more attention; however, it may
surprise you to know that biotechnology involves
several ancient practices. As we discuss in the next
section, old and new approaches to biotechnology
make this field one of the most rapidly changing and
exciting areas of science. It atfects our everyday lives
and will become even more important during this
century—what some have called the “century of
biotechnology.”

A Brief History of Biotechnology

If you asked your iriends and family to define biotech-
nology, their answers might surprise you. They may
have no idea what biotechnology is. Perhaps they might
speculate that biotechnology involves serious-looking
scientists in white lab coats secretively carrying out
sophisticated “cloning” experiments in expensive labo-
ratories. When pressed for details, however, your iriends
probably will not be able to tell you how these “experi-
ments” are done, what information is gained from such
work, and how this knowledge can or cannot be used.
Although DNA cloning, the genetic manipulation of
organisms, and even cloning entire organisms are excit-
ing modern-day techniques, biotechnology is not a new
science. In fact, many applications represent old prac-
tices with new methodologies. Humans have been using
other biological organisms for their benefit in many pro-
cesses for several thousand years. Historical accounts
have shown that the Chinese, Greeks, Romans, Babylo-
nians, and Egyptians, among many others, have been
involved in biotechnology since about 2000 B.c.
Biotechnology does not mean hunting and gather-
ing animals and plants for food; however, the domesti-
cation of animals such as sheep and cattle for use as
livestock is a classic example of biotechnology. Our
early ancestors also took advantage of microorganisms
and used fermentation to make breads, cheeses,
yogurts, and alcoholic beverages such as beer and
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(a)

(b)

wine. These practices continue today. During fermen-
tation, some strains of yeast decompose sugars to
derive energy, and in the process they produce etha-
nol (alcohol) as a waste product. When bread dough is
being made, yeast such as Saccharomyces cerevisiae (com-
monly called baker’s yeast) is added to make the
dough rise. This occurs because during fermentation
yeast release carbon dioxide, which causes the dough
to rise and creates holes in the bread. Alcohol pro-
duced by the yeast evaporates when the bread is
cooked. If you make bread or pizza dough at home,
you have probably added store-bought S. cerevisiae
from an envelope or jar to your dough mix.

FIGURE 1.1 Examples of Biotech-
nology are in Your Home (a) Kitchen
biotechnology includes breads, cheeses,
yogurts, and many other foods and drinks.
These are common basic examples of bio-
technology. (b) A much more sophisti-
cated and less common example includes
smartphones that monitor vital signs and
blood chemistry such as blood sugar lev-
els. Shown here is a smartphone and glu-
cose meter application that can detect
blood glucose levels in a test strip.

For thousands of years, humans have used selec-
tive breeding as a biotechnology application to
improve production of crops and livestock used for
food purposes. In selective breeding, organisms
with desirable features are purposely mated to pro-
duce offspring with the same desirable characteristics.
For example, cross-breeding plants that produce the
largest, sweetest, and most tender ears of corn is a
good way for farmers to maximize their land to pro-
duce the most desirable crops (Figure 1.2a).

Similar breeding techniques are used with farm
animals, including turkeys (to breed birds producing
the largest and most tender breast meat), cows,
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chickens, and pigs. Other examples include breeding
wild species of plants, such as lettuces, strawberries,
cabbage, and bananas, over many generations to pro-
duce modern plants that are cultivated for human
consumption. Many of these approaches are really
genetic applications of biotechnology. Without expen-
sive labs, sophisticated equipment, PhD-trained scien-
tists, and well-planned experiments, humans have
been manipulating genetics for hundreds of years.

By selecting plants and animals with desirable
characteristics, humans are choosing organisms with
useful genes and taking advantage of their genetic
potential for human benefit. As you will learn, zebraf-
ish are important experimental model organisms
(Figure 1.2b). Scientists at the Children’s Hospital of
Boston produced a transparent zebrafish named
Casper. Casper was created by mating a zebrafish
mutant that lacked retlective pigment with a zebratfish
that lacked black pigment. Casper has also proven
important for drug testing and in vivo (in the living
organism) studies of stem cells and cancer. For exam-
ple, to study how cancer cells spread, or metastasize,
scientists injected fluorescent tumor cells into the fish’s
abdominal cavity and were able to track the migration
of those cells to specific locations in the body.

One of the most commonly known applications of
biotechnology is the use of antibiotics, substances
produced by microorganisms that will inhibit the
growth of other microorganisms. In the 1940s, penicil-
lin became widely available for medicinal use to treat
bacterial infections in humans. In the 1950s and
1960s, advances in biochemistry and cell biology made
it possible to purify large amounts of antibiotics from
many ditferent strains of bacteria. Batch (large-scale)
processes—in which scientists can grow bacteria and
other cells in large amounts and harvest useful prod-
ucts in large batches—were developed to isolate com-
mercially important molecules from microorganisms
(explained further in Chapters 4 and 5).

Since the 1960s, rapid development of our under-
standing of genetics and molecular biology has led to
exciting innovations and applications in biotechnology.
As scientists unravelled the secrets of DNA structure and
function, difterent laboratory technologies led to gene
cloning, the ability to identify and reproduce a gene of
interest, and genetic engineering, manipulating the
DNA of an organism. Through genetic engineering, sci-
entists are able to combine DNA from ditferent sources.
This process, called recombinant DNA (rDNA) tech-
nology, is used to produce hundreds of recombinant
proteins of medical importance, including insulin,
human growth hormone, and blood-clotting factors.
From its inception, rDNA technology has dominated
many areas of biotechnology and, as you will soon learn,
many credit TDNA technology with starting modern
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FIGURE 1.2 Selective Breeding Is an Old Example of
Biotechnology That Is Still Common Today (a) Corn grown
by selective breeding. From left to right is teosinte (Zea canina),
selectively bred hybrids, and modern corn (Zea mays). (b)
Zebrafish (Danio rerio).

biotechnology as an industry. You will learn that rDNA
technology has led to hundreds of applications, includ-
ing the development of disease-resistant plants, food
crops that produce greater yields, crops engineered to be
more nutritious, and genetically engineered bacteria
capable of degrading environmental pollutants.

Gene cloning and rDNA technology have had a
tremendous impact on human health through the
identification of thousands of genes involved in human
genetic diseases. Initiated in 1990 and completed in
2003, the Human Genome Project was the ultimate
cloning project, and an international research effort
with goals to identify and sequence all genes contained
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Ceroid-lipofuscinosis, neuronal
Microcoria, congenital

Chromosome 21

50 million bases

Coxsackie and adenovirus receptor

Amyloidosis cerebroarterial, Dutch type

Alzheimer disease, APP-related
Schizophrenia, chronic

Usher syndrome,
autosomal recessive

Amyotrophic lateral sclerosis
Oligomycin sensitivity
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Long QT syndrome

Down syndrome cell adhesion
molecule
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Cataract, congenital, autosomal dominant
Deafness, autosomal recessive
Myxovirus (influenza) resistance
Leukemia, acute myeloid
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Bile acid malabsorption, primary

Platelet disorder, with myeloid
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FIGURE 1.3 Gene Maps of Chromosomes 13 and 21 The Human Genome Project has
led to the identification of nearly all human genes and has mapped their location on each

chromosome. The maps of chromosomes 13 and 21 shown here display partial lists of genes
known to be involved in human genetic diseases. ldentifying such genes is an important first

step toward developing treatments for many genetic diseases.

in the DNA of human cells (the genome) and to map
gene locations to each of the 24 human chromosomes
(chromosomes 1 to 22 and the X and Y chromosomes).
The Human Genome Project has revealed the chromo-
somal location and sequence of every human gene,
from genes that control normal cellular processes and
determine characteristics such as hair color, eye color,
height, and weight to the myriad of genes that cause
human genetic diseases (Figure 1.3).

As you will learn, human genome data are now
free and readily available in public databases. The
Human Genome Project has significantly advanced the
development of new diagnostic tools for detecting
genetic diseases and molecular approaches for treating
and curing human genetic diseases. As a result, new
knowledge about human genetics is having, and will
have, tremendous and wide-ranging eifects on basic
science and medicine now and in the near future.

The Human Genome Project ushered in an exciting
new era of research in molecular biology and genetics
known as genomics (the study of genomes), including
the development of extraordinary new techniques for
sequencing DNA. These techniques have made it possi-
ble to sequence the genomes of virtually any species and
have resulted in the ability to sequence individual

human genomes for a variety of reasons, from analyzing
genetic ancestry to genetic testing and disease diagnosis.
You will learn about creating artificial or synthetic
genomes and the plans scentists have for these
genomes. In addition, new approaches for genome
editing, based on an excating technology called
CRISPR-Cas, is making it possible to correct genetic
diseases and create novel genetic modification of
genomes in many species—including humans. Through-
out the book we extensively discuss these topics.

The Do-It-Yourself Biotechnology
Movement

A movement under way called do-it-yourself (DIY)
biotechnology moves biotechnology and related appli-
cations away from traditional research environments
such as universities or established companies. The DIY
movement encompasses individuals with many difter-
ent backgrounds—irom new doctoral students, to
kitchen biologists with little formal training, to ama-
teurs with an interest in tinkering, to entrepreneurs.
Some have referred to DIY participants as “biohackers.”

What DIY enthusiasts share in common is that more
than 90 percent work in communal space, not garages
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or basements; they are mostly under 45 years old; and
about 20 percent have earned a doctorate. DIY folks are
not necessarily rogue, inexperienced amateurs.

DIY biotech is working much the way Apple
cofounders Steve Jobs and Steve Wozniak did when
they built their first circuit boards at home in their
bedrooms and garages. Inexpensive instruments for
amplifying DNA and diagnostic devices for detecting
malaria have resulted from DIY biotechnology. How-
ever, whether any DIY discoveries will result that will
have anywhere close to the impact of Apple on tech-
nology remains to be seen.

Some of the methods they are using are fairly rou-
tine now. For example, in most parts of the world you
could do basic gene-cloning experiments in your
kitchen. Not exactly DIY, but about 4 years ago a group
of undergraduate students in a genome course at
Johns Hopkins University announced they had made a
synthetic version of yeast chromosome 3 incorporat-
ing only essential elements of the genome. We men-
tion this as an example of how students with relatively
little training can do this work.

DIY participants often seek crowdsource funding
via online fundraising campaigns, rent space, seek
equipment donations, or share lab space with others.
Concern has been raised about DIY scientists working
in unregulated ways and what may result from their
“research.” For instance, German authorities discov-
ered pathogenic antibiotic-resistant bacteria in a
CRISPR kit sent from California. The kit contained
common gut microbes. German regulators declared
the environmental risk of moditying these drug-
resistant bacteria as insignificant but banned all such
imports from the company Odin except to certified
high-safety laboratories that have some governmental
oversight.

Right now because there is no government fund-
ing for DIY biotechnology, participants can largely do
whatever they want in an unregulated environment
as long as their work is not illegal.

Biotechnology: A Science of Many
Disciplines

One of the many challenges you will encounter as you
study biotechnology will be piecing together complex
information from different scientific disciplines. It is
impossible to talk about biotechnology without con-
sidering important contributions of biology, chemistry,
mathematics, computer science, and engineering, In
addition to fields such as philosophy, ethics, and eco-
nomics. Biotechnology is an expansive, interdisciplinary
field. Later in this chapter, we consider how biotech-
nology provides a wealth of employment opportuni-
ties tor people who have been trained in diverse fields.

Figure 1.4 provides a diagrammatic view of the many
disciplines that contribute to biotechnology. Notice that
the “roots” are primarily formed by work in the basic
sciences—research into fundamental processes of living
organisms at the biochemical, molecular, and genetic
levels. Basic science research, with the help of other dis-
ciplines, can lead to genetic engineering approaches that
form the core or trunk of many, but not all, biotechnol-
ogy applications. At the top of the tree, biotechnology
applications create products or processes to help humans
or our living environment. Many future processes have
yet to be developed and await the intuitive participation
of people working in biotechnology today.

A simplified example of the interdisciplinary nature
of biotechnology can be summarized as follows. At the
basic science level, scientists conducting research in
microbiology at a college, university, government
agency, or public or private company may discover a
gene or gene product in bacteria that shows promise as
an agent for treating a disease condition. Typically, bio-
chemical, molecular, and genetic techniques would be
used to determine the role of this gene. This process
also involves using computer science in sophisticated
ways to study the sequence of a gene and analyze the
structure of the protein produced by the gene, an
example of a field called bioinformatics.

Once basic research has arrived at a detailed
understanding of this gene, the gene may then be used
in a variety of ways, including drug development, agri-
cultural biotechnology, and environmental and
aquatic applications (Figure 1.4). The many applica-
tions ot biotechnology will become much clearer as we
cover each area. At this point keep in mind the impor-
tant concept that biotechnology is a science that
requires skills from many disciplines.

Products of Modern Biotechnology

Throughout the book, we consider many cutting-edge
and innovative products and applications of biotech-
nology. We look not only at products for human use
but also at biotechnology applications of microbiology,
marine biology, and plant biology, among other disci-
plines. More than 65 percent of biotechnology compa-
nies in the United States are involved in producing
medicines for the treatment of human health condi-
tions. Many of these medicines are recombinant
proteins named because they are produced by gene-
cloning/recombinant DNA techniques. For example,
the majority of these proteins are produced from
human genes inserted into bacteria to make the
recombinant proteins used to treat human disease
conditions. In 1982, the California biotechnology com-
pany Genentech, widely regarded as the world’s first
biotech company, received approval for recombinant
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FIGURE 1.4 The Biotechnology
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tribute to Biotechnology The
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“roots” of all aspects of biotechnol-
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most biotechnological applications is
genetic engineering. Branches of the
tree represent different organisms,
technologies, and applications that
“stem” from genetic engineering and
bioinformatics, central aspects of
most biotechnological approaches.
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the FDA, EPA, USDA, and OSHA (see
Chapter 12).
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insulin, used for the treatment of 3diabetes, as the first
biotechnology product for human benefit (Figure 1.5).
There are now several hundred drugs, vaccines, and
diagnostics on the market, with more than 350 bio-
technology medicines in development, targeting over
200 diseases.

Drug development by the biotechnology industry is
focused on combating major diseases that affect humans,
and over half of the new drugs in the development
“pipeline” are designed to treat cancer. This focus of the
industry is usually evident when reviewing types of new
biotech drugs approved in the United States (a topic we
discuss later in this chapter and throughout the book).
For example, 2017 was a banner year for new biotech
drug approvals with 46 novel drugs approved in the
United States second only to 1996 when 53 biotech

—

_.—-—"'_'_'_F.-.-FF.-F.—F
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(Genetics
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Physics
Modeling
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drugs were approved (Figure 1.6). As shown in Figure
1.6, cancer drugs received the most approvals.

Table 1.1 on the next page provides a brief list of
some ot the top-selling biotechnology drugs and the
companies that developed them. Diagnosis and/or
treatment of a variety of human diseases and
disorders—including acquired 1mmunodeficiency
syndrome (AIDS), stroke, diabetes, and cancer—
make up the bulk of biotechnology products on the
market. Many of the most widely used products of
biotechnology are recombinant proteins (Table 1.2,
next page).

If Figure 1.6 and Tables 1.1 and 1.2 have not pro-
vided you with convincing examples of the impor-
tance ot biotechnology for human health, consider
that genes are being introduced increasingly into
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FIGURE 1.5 Using Genetically Modified Cultured Cells to Make a Protein of
Interest Genes of interest can be introduced into bacterial or mammalian cells. Such cells
can be grown using cell culture techniques. Recombinant proteins isolated from these cells
are used in hundreds of different biotechnology applications. In this example, mammalian
cells are shown, but this process is also commonly carried out using bacteria. The photograph
shows a vial of human insulin produced by recombinant DNA technology.

human cells as gene therapy approaches are
employed in attempts to treat and cure human disease
conditions. Gene therapy involves delivering genes to
treat or cure a genetic disorder. Genetics and tissue

Oncology (cancer)
Infectious diseases
Other

Endocrine
Neurology
Immunology
Ophthalmology

Metabolic disease
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Number of FDA-Approved New
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FIGURE 1.6 Investigational Biotechnology Drugs by
Disease Category The production of drugs to combat cancer
dominates the biotechnology industry’s interest in treating
human disease, with oncology-related research and treatment
of infectious diseases such as the flu at the top of this list.

engineering may lead to the ability to grow organs for
transplantation that would only rarely be rejected by
their recipients. New biotechnology products from
marine organisms are being used to treat cancers,
strokes, and arthritis. There is no question that
advances in modern medicine, driven by new knowl-
edge from the Human Genome Project and biotech-
nology applications, will result in healthier lives and
potentially increase the human life span.

Ethics and Biotechnology

Just as in any other type of technology, the powerful
applications and potential promise of biotechnology,
including DIY experiments, raise many ethical concerns,
and it should be no surprise to you that not everyone
is a fan of biotechnology. A wide range of ethical, legal,
and social implications of biotechnology inspire great
debate and discussion among scientists, clergy, politi-
cians, lawyers, and the general public (Figure 1.7).
Throughout this book, we present ethical, legal, and
social issues for you to consider.

Increasingly, you will be taced with ethical issues
of biotechnology that may influence you directly. For
instance, organism cloning in mammals such as sheep,
cows, and monkeys has led some to suggest that
human cloning should be permitted. How do you feel
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TABLE 1.1 "2016—Top 10 Biotechnology Drugs (Each with Worldwide Sales over $5 Billion)

Drug Name Developer Drug Type

Humira AbbVie Antibody (monoclonal)
Harvoni Gilead Sciences Small molecule
Rituxan Roche Antibody (monoclonal)
Revlimid Celgene Small molecule
Avastin Roche Antibody (monoclonal)
Herceptin Roche Antibody (monoclonal)
Enbrel Amgen Recombinant protein
Prevnar 13  Pfizer Vaccine

Lantus Sanofi Peptide

Neulasta Amgen Recombinant protein

Function (Treatment of Human Disease Conditions)
Rheumatoid arthritis, Crohn’s disease, Ulcerative colitis
Hepatitis C

Non-Hodgkin’s lymphoma

Multiple myeloma

Colorectal cancer; breast cancer; non-small cell lung
cancer; ovarian, brain, and cervical cancer

Breast cancer, gastric cancer
Rheumatoid arthritis, psoriasis

Pneumococcal (Streptococcus Pneumoniae) antibacterial
vaccine

Diabetes mellitus types | and |l

Anemia (neutropenia/leukopenia)

*Data based on the most recent source available at the time of publication: Morrison C, Lahteenmaki R. Public biotech in 2016 —the

numbers. Nat Biotechnol. 2017:35:623-629.

about this? If, in the future, you and your spouse were
unable to have children by any other means, would
you want the opportunity to create a baby by cloning a
replica of yourself? As another example, the potential
for genome editing to create embryos with desired
genetic characteristics has raised many ethically chal-
lenging questions.

If you choose to work in biotechnology, you will
need to develop team working skills that allow for differ-
ences in opinion on many ethical issues, necessitating an

understanding of the basis for the arguments supported
by some of your colleagues. Look for the You Decide
boxes in each chapter, in which we present scenarios or
ethical dilemmas tor you to consider. Realize that there
are pros and cons and controversial issues assocliated
with almost every application in biotechnology. Our
goal 1s not to tell you what to think but to empower you
with knowledge, and a framework for approaching
ethical issues, that you can use to make your own
decisions.

TABLE 1.2 Examples of Recombinant Proteins Manufactured from Cloned Genes

Product Application

Blood Factor VIII (clotting factor) Treat hemophilia
Epidermal growth factor

Growth hormone

Monoclonal antibodies

Tissue plasminogen activator

Stimulate antibody production in patients with immune system disorders

Correct pituitary deficiencies and short stature in humans; other forms are
used in cows to increase milk production

Insulin Treat diabetes
Interferons Treat cancer and viral infections
Interleukins

Treat cancer and stimulate antibody production
Diagnose and treat a variety of diseases including arthritis and cancer

Treat heart attacks and stroke




