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FOREWORD

Stan Fields
University of Washington

ew fields of biology often open up when new tools

become available to analyze living creatures and

their constituent parts. Developments in micro-
scopy and cell fractionation led to the rise of cell biology; the
availability of X-ray sources and later Nuclear Magnetic Res-
onance machines brought about the three-dimensional
images of structural biology, and recombinant DNA tech-
nologies advanced the already spreading techniques of molec-
ular biology. As these disciplines matured, their approaches
began to affect the thinking that surrounds major questions
in biology; at the same time, these new branches retained
some of their distinctive styles and adherents.

The advent of the Human Genome Project captured the
imagination of both scientists and the general public. On
26 June 2000, President Bill Clinton, at a press conference
with the heads of the National Human Genome Research
Institute and Celera Genomics Corporation, declared “We
are here to celebrate the completion of the first survey of the
entire human genome. Without a doubt, this is the most im-
portant, most wondrous map ever produced by hu-
mankind.” For biologists, the Human Genome Project
meant the arrival of billions of base pairs of DNA sequence,
not just of humans but of model organisms such as E. cols,
yeast, the nematode worm, the fruit fly, and the mustard
weed. In conjunction with these sequences came a flurry of
technologies to interpret the DNA sequence, the RNAs that
are copied from it, and the proteins that are synthesized from
these RNAs.

Discovering Genomics, Proteomics, and Bioinformatics gives
students a detailed view of the revolutionary methodologies
of the last few years and their impact on biological thinking.
It provides a lucid explanation of technologies used for
such tasks as DNA sequencing, detecting polymorphisms,

arraying genes, making gene knockouts, and identifying pro-
tein interactions. The application of these technologies to
specific biological problems provides a model for how to ap-
proach many other questions in biology—from develop-
ment to human disease. The text also illustrates how the
acquisition of large data sets has led to the generation of net-
works of genes and proteins, as well as models of cellular be-
havior. A series of Discovery Questions in each chapter guides
the reader through scientific questions as well as ethical,
legal, and social issues.

The disciplines of genomics and proteomics cannot
be uncoupled from bioinformatics, the tools to handle and
analyze the prodigious amounts of data that continue to
emerge from large-scale DNA, RNA, and protein projects.
The book draws on numerous databases and computational
algorithms to make this coupling clear. The inclusion of
Math Minutes provides the statistical and probability cal-
culations that add rigor to the interpretations of these
data sets.

Have these powerful approaches led to a new way of
thinking? At one level, the answer is clearly “yes,” as synthe-
ses of genomic and proteomic data make possible inferences
not previously apparent. Yet some might argue that biolo-
gists have always studied “systems biology,” and what has
changed is not the thinking but the experimental tools.
When it was possible to detect only a single transcript, an
RNA might be analyzed under various parameters to meas-
ure single gene responses. Now that it is feasible to employ
DNA microarrays, scientists can detect virtually all the tran-
scripts of an organism. Perhaps students beginning their
studies now will enter a discipline in which these experimen-
tal and computational tools will constitute not “systems bi-
ology” but simply “biology.”



PREFACE

he term “genomics” was derived from the term “ge-
nome,” which means the complete (haploid) DNA
content of an organism; genomics is the field of
genome studies. Once genome and genomics became popu-
lar terms, a flurry of new terms that ended in “-omes” and
“-omics” began to appear in publications. Discovering
Genomics, Proteomics, and Bioinformatics is more than a “tome
of -omes” because the field has expanded beyond a narrow
definition of genomics. Genomics, as presented in this book,
includes the interaction of molecules inside cells, including
DNA, protein, lipids, and carbohydrates. In the spirit of dis-
covery, we will explore the tools and questions behind the rev-
olution that is changing the way biology is studied.
Discovering Genomics, Proteomics, and Bioinformatics is
based on two pedagogical principles that have been success-
ful for many teachers; teach in the context of an interesting
question and on a need-to-know basis. This is how everyone
learns new information, and it is the best way to help stu-
dents learn so they will be motivated and more likely to
retain the information. Discovering Genomics, Proteomics,
and Bioinformatics is built on “stories” or case studies taken
from scientific publications. In answering the many ques-
tions raised by these case studies, we will explore scientific
content and process. The content includes all the major areas
such as sequences (whole genomes and variations), micro-
arrays, and proteomics. |
This book is designed as an interactive resource to use
when exploring topics in genomics and proteomics. The fig-
ures provide real data that you can mine to extract more in-
formation than is initially apparent. The online databases
engage you in real-time discoveries using the same databases

investigators are using for their own research. Discovery
Questions focus your attention on critical information and
urge you to think for yourself using the tools and informa-
tion presented in text and figures. Traditional textbooks sup-
ply you with facts and details that you are inclined to
memorize for tests. Genomics requires you to analyze, hypo-
thesize, think, and formulate models; this book was designed
to develop your critical thinking skills.

Studying biology in the twenty-first century offers you
unique opportunities. Therefore, this textbook must also
look and “feel” different. You will need to use the computer
a lot to access the latest information. To fully understand ge-
nomics, proteomics, and bioinformatics, you will read about
real and compelling cases that challenge and encourage you
to learn. So, immerse yourself in the case studies and dis-
cover what genomics is all about.

Writing Style

The text is written in a style that is easy to read and compre-
hend. It avoids unnecessary jargon, yet new terms are in-
cluded when essential to help you understand the material.

Discovery Questions

The process of critical thinking is enhanced by Discovery
Questions which are imbedded within the case studies rather
than saved for the end of each chapter. Discovery Questions
focus your attention on key concepts as well as experimental
design, interpretation of data, and the need to support your

Xi
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opinion with data. Analyzing real data reproduced from
peer-reviewed publications will allow you to reach your own
conclusions and the text will help guide you through the
data. To answer some Discovery Questions (see the follow-
ing examples), you will use online public databases, many of
which are regularly updated.

DISCOVERY QUESTIONS

 16. Go to S. cerevisiae Genomic View and find the lo-
cation (base 1,236,754 of chromosome 4) of the
NOREF identified by this research. Find the anno-
tated gene that overlaps with the insertion site.

Go to SGD Gene/Sequence Resource page, re-
trieve the nucleotides on chromosome 4 rang-
ing from 1,236,454-1,237,054, and click on
“6-Frame translation.” The mTn insertion hap-
pened at base 300 of these 600 bases. How many
potential proteins are located at this site?

1y

All the Discovery Questions are available via the com-
panion web site, to facilitate your interaction with online re-
sources and permit you to submit your answers to your
instructor via email.

Media Menu | METRORS
' QuickPDB
Throughout every chapter are Media
STRUCTURES
Menus to alert you to the resources g
contained on the book’s companion web Qe ¢
site. From this site, you can read in-depth ~_ SEQUENCES
descriptions of methods, access sequence Uncr;ffatCt_efiZEd
rotein

information, view a 3D structure, and link
to related web sites. These media tools LINKS
allow you to participate in the interactive ~ Conserved Domain
process of discovery that is at the core of PDB

genomics. PREDATOR

Math Minutes

Most biologists in the cell/molecular field do not use much
math in their work, but genomics, proteomics, and bioinfor-
matics are changing this reality; these fields rely heavily on
mathematics. To facilitate appreciation of how the data were
analyzed and the role mathematics plays in understanding
biology, we have produced Math Minutes as enrichment for
those who want to discover the interaction of math and bi-
ology. Math Minutes (see sample below) use the case studies
as foundations for concise lessons in statistical analysis, prob-
ability and computational methods.

MATH MINUTE 6.2 < IS Sup35 A CENTRAL PROTEIN IN THE

NETWORK?

In Figure 6.16, Sup35 appears to be central to the network of interacting proteins. How-
ever, looks can be deceiving, particularly in such a complex network. We would like to
quantify whether Sup35 interacts with an unusually large number of proteins, compared
to other proteins in the network.

A mathematician would call the network of interacting proteins in Figure 6.16 a graph.
In graph ttheory, the lines between nodes are called ares or edges. A directed graph has
arrows on the edges to indicate the direction of information flow between two nodes. In
Figure 6.16 where the connections or relationships between nodes are important but there
is no directional information, the arrows are left off and the graph is wndirected. The
number of edges touching a node is called the degree of the node. In graph theory terms,
the question at hand is whether the Sup35 node has a significantly greater degree than
is “typical” for this graph. If so, investigators are led to believe that Sup35 plays a cen-
tral role in the function of the entire network of proteins.

One way to approach questions about graphs like that in Figure 6.16 is to build a
probabilistic model of the graph, called a random graph. Under this model, an edge is
drawn between each pair of nodes with a certain p
the others, Advanced probability theory and graph theory provide precise ways to deter-
mine the probability that the maximum degree in an arbitrarily large graph exceeds a
given number. However, under the simplifying assumption that the degree numbers are
normally di

babili

cach edge independent of

ik { (sec Math Minute 8.1), you can evaluate whether the

pp
degree of the Sup35 node is significantly greater than expected using the mean and stan-
dard deviation of the degree numbers. Since Figure 6.16 is too complex to illustrate this

process, consider the following smaller network:

In this graph, nodes 4, 5, and 7 have degree 1; nodes 2, 3, and 6 have degree 2; nodes
1 and 8 have degree 3; and node 9 has degree 5. The mean degree is the average of the
nine degree numbers (2.22). The standard deviation of the nine degree numbers (1.23)
is used to determine if the degree of node 9 is unusual. Specifically, if node 9's degree is
more than two standard deviations larger than the mean degree, it can be considered
unusually large. Since 5 > 4.68 = 2.22 + 2 X 1.23, we conclude that node 9 has an
unusually large degree. This same procedure could be applied to the graph in Figure 6.16
to help quantify whether Sup35 plays a central role in this network of proteins.




Art Program

Detailed and abundant illustrations are reproductions of orig-
inal data and expand on the basic information provided in the
text, as shown in the example below. Your understanding will
be enhanced by analysis of the figures from which you can ex-
tract additional information.

@ Protein synthesis and folding

@® tRNA/mRNA synthesis/splicing
and ribosome biogenesis

© Protein targeting

O Other

— Phylogenetic profiles
-= Experimental

— 2 2 prediction methods

Figures on CD-ROM

All the illustrations in the text appear on the CD-ROM that
accompanies every copy of the book. Some figures, which
are best seen in full color and large format do not appear in
the text but are available exclusively on the CD-ROM. These
illustrations are designated in the text as follows:

FIGURE 4.19 « Streskséindnced:} expression of
900 genes clustered into the ESR. ‘ » :
Go to the CD-ROM to view this figure.

These figures may be projected in class to enhance classroom
lectures and discussions.

Transition from Genetics
to Genomics

Typically, people think of genomics as high-volume genetics.
However, a genome is more than the sum of its parts and you
need to approach it with a new mindset. The last unit, Unit
Four, contains three chapters to help ease your transition
into genomics. Specifically, these three chapters confront
the common misconception of “one gene, one protein, one
phenotype.” The case studies contain real data for you to in-
terpret and discover the interconnectivity of the “cell web.”
The discovery approach to learning will foster scientific
skills of analyzing data and formulating models to explain
the data.

PREFACE X

Media

The companion web site for Discovering Genomics, Proteomics,
and Bioinformatics (www.geneticsplace.com) is a tool to en-
hance your study of genomics.

®  Methods: These web pages explain how molecular and ge-
nomic methods are conducted and what type of data they
produce. They are intended to supplement the textbook
and provide background information if you have not
learned them in previous courses.

® Sequences: In several Discovery Questions, you will use on-
line bioinformatics tools to analyze protein or DNA se-
quences. To save you time and the potential problem of ty-
pos, all sequences are supplied in web pages (see the
illustration below) that you can copy and paste for analysis.

® Structures: A significant aspect of any protein is its 3D
structure. Periodically, web pages with chime tutorials
have been created to illustrate structural features that are
best understood when you interact with them.

® Links: Two types of links have been collected for each
chapter. The first provides direct access to online data-
bases and bioinformatics analysis tools such as the Na-
tional Center for Biotechnology Information and the
Protein Data Bank. The second facilitates easy access to
investigators’ laboratory web pages when you are particu-
larly interested in a case study or area of research.

" @ File Edit View G Favorites Tools Wind
et

The excitament over genomics is not based on the production of sequance
information but over its utility and applications. Perhaps the area to be
affected the most will be our understanding of the evolution of life on earth.
DNA encodes proteins but it aiso contains encrypted details of the origin of
Iife and our spacies. Chapter 2 begins with case studies to examine
evolution of the nucleus and human beings. The second halfis devoted to
more applied uses for genomic information such as the identifcation of
biological weapons and the arigin of tubarculosis in the westam
hemisphere, to improvements in health care made possible by genomic
Insights. The cases will pravide you with specific examples of how we are
beginning 1o supportthe claim that the Human Genome Project wil
Influence the lives of every person

| Met | Structures

{ - i
“-M

| 3 s

For the Instructor
Instructor’s Guide 1SBN 0-8053-4726-7

The printed version of the Instructor’s Guide provides tips
on presenting the material and answers to all the Discovery
Questions. In addition to the written answers, the electronic
version of the Instructor's Guide (www.geneticsplace.com)
provides color figures to accompany some answers. For ex-
ample, if students are asked to draw a graph or construct a
circuit diagram, your electronic version will illustrate one
possible answer. These illustrations, along with all illustra-
tions on the CD-ROM, may be used for lecture presentation
such as PowerPoint or web pages.
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Goals for Chapter 1

1.1

1.2

CHAPTER 1
Genome Sequence
Acquisition

and Analysis

Defining Genomes

Define the field of genomics.

Learn how genomes are sequenced.

Understand the utility of short DNA segments.

Utilize online tools to analyze genome sequences.

What Have We Learned from the Human
Genome Draft Sequences?

Survey human genome.

Verify genome annotations with online tools.

Recognize alternative forms of genes.

Explore epigenetic regulation of genome function.



