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Introduction

Welcome to the second edition of Bioinformatics For Dummies!

In the first edition, we presented bioinformatics as a brand new discipline

on the rise. How right we were! Since then, it has become so prominent that
anybody with an interest in biology, biotechnology, modern medicine, or (for
that matter) genetically engineered food or drugs simply cannot afford to
remain ignorant about the topic. With this book, you’ve come to the right
place to quickly learn the basics.

But wait — if you expect something complicated, you're in for a (good or
bad) surprise: Bioinformatics is nothing but good, sound, regular biology,
appropriately dressed so it can fit into a computer.

Bioinformatics is about searching biological databases, comparing sequences,
looking at protein structures, and (more generally) asking biological and bio-
medical questions with a computer. The bioinformatics we show you in this
book can save you months of work in the lab at the minute cost of a few hours’
work with your computer.

Although you'll find standard biological terms throughout, don’t look here for
long equations and computer-geek gibberish. The purpose of this book is to
show you quickly and plainly how to use the bioinformatics programs that
you need to get your work done. On every page, we give you tricks and treats
to get the most out of existing tools. If you didn’t know that you can use the
most sophisticated programs for free over the Internet — and that you can
do this (sometimes) without installing anything on your own computer —
then stay tuned: You're in for many more good surprises.

What This Book Does for You

This book is here to help you get things done. For every standard bioinfor-
matics task you may want to undertake, you'll find detailed steps that you
can use to quickly produce the result you need.

To use most of the tools we describe in this book, you don’t need to install
any program on your computer. Everything we show you here runs over the
Internet via your Internet browser.
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If you know what you want to do — or at least know the task by name —
going through the Table of Contents is the best strategy for finding exactly
what you need. If you have an idea of what you want to do but you’re not
sure how to express it with words, Chapter 2 is here to help you decide
which part of the book will suit your needs.

At the end of most chapters you'll find a convenient “Doing It for Free over the
Internet” section, where we list a few carefully chosen Web sites that are similar
to those we describe in the rest of the chapter. Treat this information as a
spare wheel! If the main site is down, this section probably lists a convenient
replacement.

Foolish Assumptions

MNG/
&

Putting a project’s assumptions right up front is just good policy. While writ-
ing this book, we have assumed that

»* You have a PC running Microsoft Windows.

» You have an Internet connection (a fast one if possible, but not
necessarily).

v You likely have a background in molecular biology. If you don’t — or if
you need to brush up on your molecular biology — Chapter 1 gives you
a brief overview of the basics.

+* You know how to use an Internet browser but not much more about
computers.

v You don’t want to become a bioinformatics guru; you simply want to use
the right tools for your problem and not spend days finding out about
things you don’t need!

v Most private biotech companies consider it unsafe to send data over the
Internet. We assume here that the data you want to analyze over the
Internet is not very confidential. Also, some of the “public” databases
and services listed in this book require commercial users to enter into a
license agreement.

How This Book Is Organized

Bioinformatics is a broad field, with many nooks and crannies, hills and dales,
and other charming features. Rather than present the whole vast discipline in
one fell swoop, we'’ve divided our discussion into five (more manageable) parts.
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Part I: Getting Started in Bioinformatics

If you have less than an hour to find out what bioinformatics can do for you,
Part I is the right place for you! It tells you everything you need to know in
order to actually do something with bioinformatics. In Part I, we also remind
you of just those bits of molecular biology that you’ll need to know when you
do sequence analysis. We show you here how to run the main bioinformatics
tools so that you know what’s in store for you.

Part I1: A Survival Guide to Bioinformatics

If you want to find out everything that’s ever been published on your
sequence, this part is for you. It shows you how you can deal with the bioin-
formaticist’s bread and butter: DNA or protein sequences and their databases.
Here we tell you where you can find all the available sequences, and how to
find the one you really need among zillions of irrelevant others. We also show
you how to gather everything that’s known in the universe about this special
sequence that interests you so much (at least all of it that’s available online).

Part 11I: Becoming a Pro
in Sequence Analysis

If you want to compare sequences, this is the part for you. Here we show you
how to search databases for sequences that are similar to yours, as well as
show you how to compare two or more sequences. This part also tells you
how to gather hints about the function of a gene, through sequence compar-
isons. Finally, we give you pointers on how to produce, edit, and beautify
your multiple sequence alignments so you can show them in presentations
and publications.

Part IV: Becoming a Specialist: Advanced
Bioinformatics Techniques

To take full advantage of this part, you should have a pretty good idea of
what you’re looking for. Heavy stuff is going on here: how to predict a protein
structure, how to predict an RNA structure, and how to do phylogenetic analy-
sis. These are complicated subjects; it’s simply amazing what you can do with
a simple PC, thanks to the Internet resources we describe in this part.



4

Bioinformatics For Dummies, 2nd Edition

Part U: The Part of Tens

Welcome to our bazaar! If you haven’t found what you were looking for in the
other parts, you're now in the right place. The wealth of online resources that
exist in bioinformatics is extraordinary — and almost overwhelming. With
every student and his or her cousins putting semester reports online, finding
exactly what you need with a simple keyword search can be a daunting task.
In the Part of Tens, we give you a list of central resources that you can use as
a starting point. Chances are that the program or server you're looking for is
only one or two clicks away. In this part, we also give you ten important
pieces of advice to make sure that your lab work can safely depend on your
Internet work.

Icons Used in This Book

Always eager to please, we've decided to use a series of icons in the margins
of this book as a way to help you key in on important information. We came
up with four, which seemed like a nice, round number.

Some particularly technoid information is coming up. You can skip it and
nothing terrible will happen. Yet, if you want to be in full control of what
you’re doing, reading this may help! Your call. . . .

This icon shows you something simple, or smart, or a cute shortcut. In any
case, it’s something that can save you time and trouble.

There are many booby traps around when you use Internet servers. This icon
warns you when some ambiguity surrounds what the server you're using is
up to — or when disaster is only one (wrong) mouse click away. Treat the
Warning icon with respect — especially in a steps list!

This icon indicates something you should remember. It can be one of the few
important principles that you need to know, or it can be a very special tip — the
kind that can save you three days of work (or drive you nuts if you forget it). You
may assume that the head of your institute/company got to the top by discover-
ing and applying one or more of pearls of wisdom in these very special tips!

Where to Go from Here

If you know nothing about bioinformatics, this book is here to reassure you.
Bioinformatics is a much simpler subject than you ever thought possible. For
most people new to this field, the main difficulty is finding out the kind of
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questions they can ask with these new tools. If you're a biologist, don’t let the
computer scare you,; bioinformatics is nothing more than good, sound, regu-
lar biology hidden inside a computer.

The magic thing about bioinformatics is that, with a simple Internet connec-
tion, you can browse databases that contain the sum of our entire human bio-
logical knowledge — and you can do this with the most sophisticated tools
ever developed by mankind. And how much is this going to cost you? Nothing!

If you do molecular biology, this is the equivalent of having an entire lab with
expensive, state-of-the-art equipment and staffed by an army of post-docs
who can go fetch anything you need any time you need it. The only difference
is that you cannot set this lab on fire (even if you try very hard).

If you think of it, it is quite incredible to realize that all this is right here, at
your fingertips, one or two mouse clicks away! The Web is borderless; it is
colorblind and unimpressed by wealth! Whether you come from a rich or a
poor country, whether you're a first-year student, a scientist, or a Nobel Prize
winner, you have access — for free — to the same high-quality information.
No other scientific discipline has ever been so democratically widespread.

This book isn’t a textbook but a cookbook! And we take pride in this! It con-
tains many recipes that colleagues showed us over the years or that we dis-
covered ourselves. Accommodating and serving biological data is something
very personal — and we’re sure that you'll gradually find your own way to do
it. In the meantime, if you need a quick fix, you can always use some of the
off-the-shelf solutions that we provide here.

No discipline in science has benefited as much as biology from the “global vil-
lage” phenomenon of the Internet. Whatever your question, whatever you
want to do, starting on the Internet is the proper thing to do. Nonetheless,
remember that the best and the worst appear online these days. Do as you do
in real life — and trust only those sites or institutions that you know well.

This book is as up-to-date as we can make it, but the world doesn’t stand still
right after we finish correcting the last galley proofs and send Bioinformatics
For Dummies into the bookstores. For those of you who want up-to-date info
on the growing field of bioinformatics (including lists of our favorite bioinfor-
matics links) and don’t want to wait until the next edition, check out the Web
site associated with this title at www.dummies.com/extras.

Sometimes browsing the Internet gives one the depressing feeling that every-
thing has been done by others and that it’s all over. This may be true. Now
that the whole world talks together, it’s clear that there’s a finite number of
interesting questions to ask. That’s the bad news. The good news is that
there are many more answers than there are questions! Never exclude the
hypothesis that your answer may be the best in the universe (at least for a
few days. .. .)!
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In this part . . .

Bioinformatics is a new discipline, which means that
nobody should feel ashamed if he or she doesn’t have
a clue what the excitement’s all about. Don’t worry; after
finishing this book, you'll be speaking bioinformaticsspeak
with the best of them.

We start you off in Part I with a quick reminder of what
you need to know about DNA and proteins to make sense
of this book. We also give you an overview of the main
bioinformatics tools available on the Internet.

We don’t give too many details here, but if all you need to
know is which Internet page to open and which button to
press, come on in, 'cuz we’ve got just what you need!




Chapter 1

Finding Out What Bioinformatics
Can Do for You

In This Chapter

Defining bioinformatics
Understanding the links between modern biology, genomics, and bioinformatics

Determining which biological questions bioinformatics can help you answer quickly

Organic chemistry is the chemistry of carbon compounds. Biochemistry is
the study of carbon compounds that crawl.

— Mike Adam

It looks like biologists are colonizing the dictionary with all these bio-
words: we have bio-chemistry, bio-metrics, bio-physics, bio-technology,
bio-hazards, and even bio-terrorism. Now what’s up with the new entry in
the bio-sweepstakes, bio-informatics?

What Is Bivinformatics?

In today’s world, computers are as likely to be used by biologists as by any
other highly trained professionals — bankers or flight controllers, for example.
Many of the tasks performed by such professionals are common to most of us:
We all tend to write lots of memos and send lots of e-mails; many of us use
spreadsheets, and we all store immense amounts of never-to-be-seen-again
data in complicated file systems.

However, besides these general tasks, biologists also use computers to
address problems that are very specific to biologists, which are of no interest
to bankers or flight controllers. These specialized tasks, taken together, make
up the field of bioinformatics. More specifically, we can define bioinformatics
as the computational branch of molecular biology.



10

Part I: Getting Started in Bioinformatics

Time for a little bit of history. Before the era of bioinformatics, only two ways
of performing biological experiments were available: within a living organism
(so-called in vivo) or in an artificial environment (so-called in vitro, from the
Latin in glass). Taking the analogy further, we can say that bioinformatics is in
fact in silico biology, from the silicon chips on which microprocessors are built.

This new way of doing biology has certainly become very trendy, but

don’t think that “trendy” translates into “lightweight” or “flash-in-the-pan.”
Bioinformatics goes way beyond trendy — it’s at the center of the most
recent developments in biology, such as the deciphering of the human
genome (another buzzword), “system biology” (trying to look at the global
picture), new biotechnologies, new legal and forensic techniques, as well as
the personalized medicine of the future.

Because of the centrality of bioinformatics to cutting-edge developments in
molecular biology, people from many different fields have been stumbling
across the term in a variety of different contexts. If you’re a biology, medical,
or computer science student, a professional in the pharmaceutical industry,
a lawyer or a policeman worrying about DNA testing, a consumer concerned
about GMOs (Genetically Modified Organisms), or even a NASDAQ investor
interested in start-up companies, you’ll already have come across the word
bioinformatics. If you're good at what you do, you’ll want to know what all the
fuss is about. This chapter, then, is for you.

Instead of a formal definition that would take hours to cover all the ins and
outs of the topic, the best way to get a quick feel for what bioinformatics —
or swimming, for that matter — is all about is to jump right into the water;
that’s what we do next. Go ahead and get your feet wet with some basic mole-
cular biology concepts — and the relevant questions intimately connected
with such concepts — that all together define bioinformatics.

Analyzing Protein Sequences

If you eat steak, you're intimately acquainted with proteins. (Your taste buds
know them intimately anyway, even if your rational mind was too busy with
dinner to master the concept.) For you non-steak lovers out there, you’ll be
pleased to know that proteins abound in fish and vegetables, too. Moreover,
all these proteins are made up of the same basic building blocks, called
amino acids. Amino acids are already quite complex organic molecules, made
of carbon, hydrogen, oxygen, nitrogen, and sulfur atoms. So the overall recipe
for a protein (the one your rational mind will appreciate, even if your taste
buds Won’t) is Something like C1200H24000600N3005100.
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The early days of biochemistry were devoted to finding out a better way

to represent proteins — preferably in terms of a formula that would explain
their biological (or even nutritional) properties. Biochemists realized over
time that proteins were huge molecules (macromolecules) made up of large
numbers of amino acids (typically from 100 to 500), picked out from a selec-
tion of 20 “flavors” with names such as alanine, glycine, tyrosine, glutamine,
and so on. Table 1-1 gives you the list of these 20 building blocks, with their
full names, three-letter codes, and one-letter codes (the IUPAC code, after the

International Union of Pure and Applied Chemistry committee that designed it).

Table 1-1 The 20 Amino Acids and Their Official Codes
# 1-Letter Code 3-Letter Code Name

1 A Ala Alanine

2 R Arg Arginine

3 N Asn Asparagine

4 D Asp Aspartic acid
5 C Cys Cysteine

6 0] GIn Glutamine

7 E Glu Glutamic acid
8 G Gly Glycine

9 H His Histidine

10 I lle Isoleucine

(A L Leu Leucine

12 K Lys Lysine

13 M Met Methionine
14 F Phe Phenylalanine
15 P Pro Proline

16 S Ser Serine

17 T Thr Threonine

18 w Trp Tryptophan
19 Y Tyr Tyrosine

20 v Val Valine

11
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Biochemists then recognized that a given type of protein (such as insulin or
myoglobin) always contains precisely the same number of total amino acids
(generically called residues) — in the same proportion. Thus, a better formula
for a protein looks like this:

insulin = (30 glycines + 44 alanines + 5 tyrosines + 14 glutamines +. . .)

Finally, biochemists discovered that these amino acids are linked together as
a chain — and that the true identity of a protein is derived not only from its
composition, but also from the precise order of its constituent amino acids.
The first amino-acid sequence of a protein — insulin — was determined in
1951. The actual recipe for human insulin, from which all its biological prop-
erties derive, is the following chain of 110 residues:

insulin = MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERG
FFYTPKTRREAEDLQVGQVELGGGPGAGSLQPLALEGSLQKRGIVEQCCTSICSLY
QLENYCN

Now, more than 50 years later, analyzing protein sequences like these
remains a central topic of bioinformatics in all laboratories throughout the
world. (Check out Chapters 2, 4, and 6 through 11 to quickly figure out how to
analyze your protein sequence and become a member of the club!)

A brief history of sequence analysis

Besides earning Alfred Sanger his first Nobel Prize, the sequencing of
insulin inaugurated the modern era of molecular and structural biology.
Traditionally a soft science (that is, more tolerant of fuzzy reasoning and
hand-waving ambiguity than chemistry or physics), biology got a taste of its
first fundamental dataset: molecular sequences. In the early 1960s, known
protein sequences accumulated slowly — perhaps a blessing in disguise,
given that the computers capable of analyzing them hadn’t been developed!
In this pre-computer era (from our present perspective, anyway), sequences
were assembled, analyzed, and compared by (manually) writing them on
pieces of paper, taping them side by side on laboratory walls, and/or moving
them around for optimal alignment (now called pattern matching).

As soon as the early computers became available (as big as locomotives and
just as fast, and with 8K of RAM!), the first computational biologists started
to enter these manual algorithms into the memory banks. This practice was
brand new — nobody before them had to manipulate and analyze molecular
sequences as texts. Most methods had to be invented from scratch, and in the
process, a new area of research — the analysis of protein sequences using
computers — was generated. This was the genesis of bioinformatics.
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Seven additional amino acid codes

When you work with databases or analysis pro-
grams, you're likely to have some unusual let-
ters popping up now and then in your protein
sequences. These letters are either used to
designate exotic amino acids, or are used to

denote various levels of ambiguity — that is, a
total lack of information — about certain posi-
tions in the sequence. We've listed these par-
ticular letters in the following table.

Seven Codes for Ambiguity or Exceptional Amino Acids

1-Letter Code 3-Letter Code Meaning

B Asn or Asp Asparagine or aspartic acid
J Xle Isoleucine or leucine

0 (letter) Pyl Pyrrolysine

U Sec Selenocysteine

VA Gln or Glu Glutamine or glutamic acid
X Xaa Any residue

No corresponding residue (gap)

The B and Z codes (which are now becoming
obsolete) indicated how hard it was to distin-
guish between Asp and Asn (or Glu and Gln) in
the early days of protein sequence determina-
tion. In contrast, the J code shows how difficult
it is to distinguish between lle and Leu using
mass spectrometry, the latest sequencing tech-
nique. The Pyl and Sec exotic amino acids are

specified by the UAG (Pyl) and UGA (Sec) stop
codons read in a specific context. The X code is
still very much used as a placeholder letter
when you don’t know the amino acid at a given
position in the sequence. Alignment programs
use “-" to denote positions apparently missing
from the sequence.

Reading protein sequences from N to C

The twenty amino-acid molecules found in proteins have different bodies
(their characteristic residues, listed in Table 1-1) — but all have the same

pair of hooks — NH, and COOH. These groups of atoms are used to form the

so-called peptidic bonds between the successive residues in the sequence.

Figure 1-1 shows free individual amino acids floating about, displaying their

hooks for all to see.

13
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The protein molecule itself is made when a free NH, group links chemically
with a COOH group, forming the peptide bond CO-NH. Figure 1-2 shows a
schematic picture of the resulting chain.

As a result of this chaining process, your protein molecule is going to be left
with an unused NH, at one end and an unused COOH at the other end. These
extremities are called (respectively) the N-terminus and C-terminus of the
protein chain. This is important to know because scientific convention (in
books, databases, and so on) defines the sequence of a protein — or of a
protein fragment — as the succession of its constituent amino acids, listed
in order from the N-terminus to the C-terminus. The sequence of our (short!)
demo protein is then

MAVLD= Met-Ala-Val-Leu-Asp= Methionine-Alanine-
Valine-Leucine-Aspartic

Working with protein 3-D structures

The precise succession of a protein’s constituent amino acids is what defines
a given protein molecule. This ribbon of amino acids, however, is not what

| NH2 | | CO-NH | | CO-NH | | CO-NH | | CO-NH | | COOH |
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gives the protein its biological properties (for instance, its ability to digest
sugar or to become part of a muscle fiber); those come from the three-
dimensional (3-D) shape that the ribbon adopts in its environment. A protein
molecule, once made, is not a chainlike, highly flexible object (think like a
section of chain-link fence); rather, it’s more like a compact, well-bundled ball
of string. The final 3-D shape of the protein molecule is uniquely dictated by
its sequence because some amino-acid types (for instance, hydrophobic
residues L, V, ) have no desire whatsoever to be at the surface interacting
with the surrounding water — while others (for instance, hydrophilic residues
D, S, K) are actively looking for such an opportunity. The protein chain is also
affected by other influences, such as the electric charges carried by some of
the amino acids, or their capacity to fit with their immediate neighbors.

The first 3-D structure of a protein was determined in 1958 by Drs. Kendrew
and Perutz, using the complicated technique of X-ray crystallography. (Not

for the faint of heart. Don’t grapple with how it works unless you want to turn
professional!) Besides winning one more Nobel Prize for the nascent field of
molecular biology, this feat made the doctors realize that proteins have precise
and specific shapes, encoded in the sequence of amino acids. Hence, they pre-
dicted that proteins with similar sequences would fold into similar shapes —
and, conversely, that proteins with similar structures would be encoded by
similar sequences of amino acids. The function of a protein turned out to be a
direct consequence of its 3-D structure (shape). The resulting logical linkage

SEQUENCE= STRUCTURE=FUNCTION

was established, and is now a central concept of molecular biology and
bioinformatics.

Playing with protein structure models on a computer screen is, of course,
much easier than carrying around a thousand-piece, 3-D plastic puzzle. As

a consequence, an increasing proportion of the bioinformatics pie is now
devoted to the development of cyber-tools to navigate between sequences
and 3-D structures. (This specialized area is called structural bioinformatics.)
Thanks to many free resources on the Internet, it is not difficult to display
some beautiful protein pictures on your own computer — and start playing
with them as in video games. (We show you how to do that in Chapter 11.)

Before you get a chance to read that chapter, Figure 1-3 gives you an idea of
what a 400-amino-acid typical protein 3-D (schematic) structure looks like —
when you don’t have a color monitor and can’t make it move and turn!

Don’t forget: Protein molecules, even in their wonderful complexity, are

still pretty small. The one in Figure 1-3 would fit in a box whose sides mea-
sure 70/1,000,000 millimeters. There are thousands of different proteins in a
single bacterium, each of them in thousands of copies — more than enough
evidence that Life Is Not Simple!

15
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Figure 1-3:
Example of
protein 3-D
structure
(schematic).
|

Protein bioinformatics covered in this book

The study of protein sequences can get pretty complicated — so compli-
cated, in fact, that it would take a pretty thick book to cover all aspects of
the field. We’d like to take a more selective approach by focusing on those
aspects of protein sequences where bioinformatic analyses can be most
useful. The following list gives you a look at some topics where such an
analysis is particularly relevant to protein sequences — and also tells
which chapters of this book cover those topics in greater detail:

v Retrieving protein sequences from databases (Chapters 2, 3, and 4)

v Computing amino-acid composition, molecular weight, isoelectric point,
and other parameters (Chapter 6)

v Computing how hydrophobic or hydrophilic a protein is, predicting anti-
genic sites, locating membrane-spanning segments (Chapter 6)

v Predicting elements of secondary structure (Chapters 6 and 11)
v Predicting the domain organization of proteins (Chapters 6, 7, 9, and 11)
v Visualizing protein structures in 3-D (Chapter 11)

v Predicting a protein’s 3-D structure from its sequence (Chapter 11)
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v Finding all proteins that share a similar sequence (Chapter 7)
v Classifying proteins into families (Chapters 7, 8, and 9)

v Finding the best alignment between two or more proteins (Chapters 8
and 9)

v Finding evolutionary relationships between proteins, drawing proteins’
family trees (Chapters 7,9, 11, and 13)

Analyzing DNA Sequences

During the 1950s, while scientists such as Kendrew and Perutz were still
struggling to determine the first 3-D structures of proteins, other biologists
had already acquired a lot of indirect evidence (via extremely clever genetics
experiments) that deoxyribonucleic acid (DNA) — the stuff that makes up our
genes — was also a large macromolecule. It was a long, chainlike molecule
twisted into a double helix, and each link in the chain was a pairing of two out
of four constituents called nucleotides. (A nucleotide is made up of one phos-
phate group linked to a pentose sugar, which is itself linked to one of 4 types
of nitrogenous organic bases symbolized by the four letters A, C, G, and T.)

However, molecular biologists had to wait until much later — the 1970s, to be
more precise — before they could determine the sequence of DNA molecules
and get direct access to the sequences of gene nucleotides.

This was a revolution (earning A. Sanger his second Nobel Prize!) because the
small DNA sequence alphabet (4 nucleotides, as compared to 20 amino acids)
allowed a much simpler and faster reading — and quickly lent itself to complete
automation. Currently, the worldwide rate of determining DNA sequences is
faster (by orders of magnitude) than the rate of protein sequencing.

Reading DNA sequences the right way

As was the case for the 20 amino acids found in proteins, the 4 nucleotides
making DNA have different bodies but all have the same pair of hooks:

5' phosphoryl and 3' hydroxyl (pronounced five prime and three prime) by
reference to their positions in the deoxyribose sugar molecule, which is
part of the nucleotide chaining device. Figure 1-4 shows what free individual
nucleotides look like.

Forming a bond between the 5' and 3' positions of the constituent nucleotides
then makes the DNA molecule. Figure 1-5 shows a schematic representation
of the resulting DNA strand.
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Figure 1-4:
The four
nucleotides
making
DNA.
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Figure 1-5:
Chained
nucleotides
constituting
a DNA
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|

MBER
é‘("
&

A A A
Moy A Y

LMY M Y

3'0H

After the nucleotides are linked, the resulting DNA strand exhibits an unused
phosphoryl group (PO,) at the 5' end, and an unused hydroxyl group (OH) at
the 3' end. These extremities are respectively called the 5"-ferminus and the
3'-terminus of the DNA strand.

A DNA sequence is always defined (in books, databases, articles, and pro-
grams) as the succession of its constituent nucleotides listed from the 5'- to
3'- terminus (that is, end). The sequence of the (short!) DNA strand shown in
Figure 1-5 is then

TGACT = Thymine-Guanine-Adenine-Cytosine-Thymine

The two sides of a DNA sequence

In the same laboratory where Kendrew and Perutz were trying to figure out
the first 3-D structure of a protein, Watson and Crick elucidated — in 1953 —
the famous double-helical structure of the DNA molecule. These days every-
body has a mental picture of this famous spiral-staircase molecule; the ele-
gance of the DNA double helix probably helped make it the most popular
notion to come out of molecular biology. But what made this discovery so
important — earning one more Nobel Prize for molecular biology — was not
the helical shape, but the discovery that the DNA molecule consists of two
complementary strands, shown in Figure 1-6.
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The IUPAC code for DNA sequences
The following table lists the one-letter codes  of Pure and Applied Chemistry, are defined for all
(IUPAC codes) used to work with DNA sequences.  possible two- and three-way ambiguities. The
Official IUPAC codes, from the International Union  table shows only the ones most frequently used.
Most Common Letters Used for DNA Nucleotide Sequences
1-Letter Code Nucleotide Name Category
A Adenine Purine
C Cytosine Pyrimidine
G Guanine Purine
T Thymine Pyrimidine
N Any nucleotide (any base) (n/a)
R AorG Purine
Y CorT Pyrimidine
e None (gap)
| .S §
Figure 1-6:
The two v 9 1 9 v
comple- \/ /\ \/
mentary
strands of \/ /\ \/
a complete T G A C T
DNA
molecule.
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By complementarity, we mean that a thymine (T) on one strand is always
facing an adenine (A) (and vice versa) — and guanine (G) is always facing a
cytosine (C). These couples, A-T and G-C, although not linked by a chemical
bond, have a strict one-to-one reciprocal relationship. When you know the
sequence of nucleotides along one strand, you can automatically deduce the
sequence on the other one. This amazing property — and not the stylish
helical structure — is the Rosetta Stone that explains everything about DNA

19
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Figure 1-7:
How two
comple-
mentary
strands can
be read the
same way.
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sequences. For instance, when living organisms reproduce, each of their
genes must be duplicated. In order to do this, nature doesn’t go about it the
way a photocopier would — by making an exact copy. Rather, nature sepa-
rates the DNA strands and makes two complementary ones, thanks to the
magical two-sided structure of DNA molecules.

This double strand structure of DNA makes the definition of a DNA sequence
ambiguous: Even with our convention of reading the nucleotides from the 5’
end toward the 3’ end, you may decide to write down the bottom or the top
sequence. Convince yourself that they’re both equally valid sequences by
turning this book upside down! Thus, at each location, a DNA molecule corre-
sponds to two — totally different — sequences, related by this reverse-and-
complement operation. This isn’t complicated; simply keep it in mind every
time you work with DNA sequences.

Fortunately, most database mining programs, such as BLAST, know about this

property, and take both strands into account when reporting their results. But
some programs don’t bother — and only analyze the sequence you gave them.
In cases where both strands matter, always make sure that a complete analysis
has been performed. (We discuss these details further in Chapters 3, 5, and 7.)

Palindromes in DNA sequences

Newcomers to DNA sequence analysis are usually confused by the notion of
reverse complementary sequences. However, in due time you’ll be able to
recognize right away that the two sequences

ATGCTGATCTTGGCCATCAATG and CATTGATGGCCAAGATCAGCAT
correspond to facing strands of the same DNA molecule.
One fascinating property of DNA complementarity is the fact that regions of

DNA may correspond to sequences that are identical when read from the two
complementary strands. Figure 1-7 helps illustrate this magic trick.

VEHRAN B R
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Such sequences are called palindromes, after the term for a phrase or sen-
tence that reads the same in both directions (such as “Madam, 'm Adam” or
“A man, a plan, a canal: Panama.”) Palindromic sequences aren’t merely a
curiosity; they play important biological roles. For instance, most DNA cut-
ting enzymes (so-called restriction enzymes) have palindromic target
sequences. Other palindromic sequences serve as binding sites, where regula-
tory proteins stick so they can turn genes on and off. Palindromic sequences
also have a strong influence on the 3-D structure of DNA molecules. (And not
just DNA. See the next section for more on palindromic sequences in RNA.)
Looking for exact or approximate palindromes in DNA sequences is a classic
bioinformatic exercise.

Analyzing RNA Sequences

DNA (deoxyribonucleic acid) is the most dignified member of the nucleic acid
family of macromolecules. Its sole and only task is to ensure — forever — the
conservation of the genetic information for its organism. It is thus very stable
and resistant, and lies well-protected in the nucleus of each cell. Ribonucleic
acid (RNA) is a much more active member of the nucleic acid family; it’s syn-
thesized and degraded constantly as it makes copies of genes available to the
cell factory.

In the context of bioinformatics, there are only two important differences
between RNA and DNA:

1 RNA differs from DNA by one nucleotide.

v RNA comes as a single strand, not a helix.

The one-letter [IUPAC codes for RNA sequences are shown in Table 1-2.

Table 1-2 Most Common Letters Used for
RNA Nucleotide Sequences
1-Letter Code Nucleotide Base Name Category
A Adenine Purine
C Cytosine Pyrimidine
G Guanine Purine
U Uracil Pyrimidine
N Any nucleotide Purine or Pyrimidine

(continued)
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Figure 1-8:
How RNA
turns itself
into a
double-
stranded
structure.
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Table 1-2 (continued)

1-Letter Code Nucleotide Base Name Category
R AorG Purine

Y CorU Pyrimidine
- e None (gap)

Some programs automatically handle the U-instead-of-T conversion — and
many don’t even distinguish between the two classes of nucleic acids. So
don’t be surprised if a database entry displays RNA sequences (such as mes-
senger RNA) with a T instead of a U. In fact, like proteins, RNA sequences are
encoded in the DNA. For this reason, people have adopted the habit of work-
ing with the sequences of the RNA genes (written in DNA) rather than with
RNA sequences.

RNA structures: Playing with sticky strands

Even though RNA molecules consist of single strands of nucleotides, their
natural urge for pairing with complementary sequences is still there. Think of
each such single strand as a free-floating piece of Scotch tape: You know that
it won’t take long for that tape to become a messy ball, until no sticky part
remains exposed. This is exactly what happens to the single-stranded RNA
molecule — more or less (for the sake of poetic license) — although Figure
1-8 shows more precisely how the stickiness works.

VR ARVRS

Now you understand why we insisted on the notion of strand complementarity
(refer to Figure 1-6). Single-stranded RNA molecules pair different regions of
their sequences to form stable double-helical structures — admittedly less
regular than (but quite similar to) the double-helical structure of DNA. Once
synthesized, each RNA molecule quickly adopts a compact fold — trying to
pair as many nucleotides as possible, while keeping the chain not only flexi-
ble but true to its own geometry. Hairpin shapes, as shown in Figure 1-8, are
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the basic elements of RNA secondary structure; they’re made up of loops (the
unpaired C-U in Figure 1-8) and stems (the paired regions).

Just for fun, verify for yourself that a palindromic RNA sequence results in a
perfect hairpin, with no loop. While attempting to pair as many nucleotides
as possible, the RNA chain folds in space, resulting in a specific 3-D structure
that’s dictated by its sequences. As with proteins, the linear sequence of the
building blocks dictates the final 3-D shape. The biological function of RNA
molecules derives from their 3-D shapes or from their sequence complemen-
tarity with specific genes.

Computing (predicting) the final fold of an RNA molecule from its sequence is
a challenging problem that drove many historical developments in bioinfor-
matics. The recent discovery that small RNA molecules can switch off the
activity of a number of genes is what triggered a renewed interest in these
sticky sequences. (Go directly to Chapter 12 if your main interest is in RNA
bioinformatics.)

More on nucleic acid nomenclature

Don’t panic if you get the impression that books, courses, and the technical
literature all use many different words and abbreviations to designate the
building blocks of nucleic acids: That’s actually true — for example, you’ll find
“base,” “base pair,” “nucleoside,” and “nucleotide” — but note: These different
names designate slightly different chemical entities, and those differences are
irrelevant for us just now. So far we’ve used the term nucleotide — abbreviated
nt (as in “a 400-nt-long sequence”). This way of labeling a sequence refers to
the length of the DNA (or RNA) molecules in terms of the number of positions
they have available for nucleotides. For instance, the sequence in Figure 1-5 is
5 nt long.

Notice that we say number of positions rather than number of nucleotides. A
400-nt long DNA molecule has 400 positions for nucleotides, but it actually
contains twice that many (800) because every position contains a pair of
nucleotides. To make this clearer, DNA sequence sizes are often given in
base pairs, abbreviated bp. Thus the DNA sequence in Figure 1-5 is 5 bp
long. Larger units, such as kb (1000 bp) or Mb (mega-bp) are also used.

DNA Coding Regions: Pretending
to Work with Protein Sequences

Of the hundreds of thousands of protein sequences found in current data-
bases, only a small percentage correspond to molecules that have actually
been isolated by somebody or experimented upon. That’s because determining
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the sequence of a protein is much more difficult than sequencing DNA —

but all the proteins that a given organism (whether microbe or human being)
can synthesize are encoded in the DNA sequence of its genome. Thus, the
smart shortcut that molecular biologists have been using is to read protein
sequences directly at the information source: in the DNA sequence! This way,
we can pretend to know the amino-acid sequence of a protein that has never
been isolated in a test tube.

Turning DNA into proteins: The genetic code

When you know a DNA sequence, you can translate it into the corresponding
protein sequence by using the genetic code, the very same way the cell itself
generates a protein sequence. The genetic code is universal (with some
exceptions — otherwise life would be too simple!), and it is nature’s solution
to the problem of how one uniquely relates a 4-nucleotide sequence (A, T, G,
C) to a suite of 20 amino acids; we're using symbols (rather than actual chem-
icals) to do the same. Understanding how the cell does this was one of the
most brilliant achievements of the biologists of the 1960s. Yet the final
answer can be contained in a (miraculously small) table — as shown in
Figure 1-9. Have a look, but feel free to indulge in awed silence as you enter
the most sacred monument of modern biology.

Here’s how to use the table shown in Figure 1-9: From a given starting point in
your DNA sequence, start reading the sequence 3 nucleotides (one triplef) at
a time. Then consult the genetic code table to read which amino acid corre-
sponds to the current triplet (technically referred to as codons). For instance,
the following DNA (or messenger RNA) sequence is decoded as follows:

1. Read the DNA sequence:
ATGGAAGTATTTAAAGCGCCACCTATTGGGATATAAG
2. Decompose it into successive triplets:
ATG GAA GTATTT AAA GCG CCA CCT ATT GGG ATA TAAG. ..
3. Translate each triplet into the corresponding amino acid:
MEVFKAPPIGISTOP
If your DNA sequence is correctly listed in the 5' to 3' orientation, you gener-
ate the protein sequence in the conventional N- to C-terminus as well. This

approach has an advantage: You don’t have to think about these orientation
details ever again.

Thus, if you know where a protein-coding region starts in a DNA sequence,
your computer can pretend to be a cell and generate the corresponding
amino-acid sequence! This simple computer translation exercise is at the
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origin of most of the so-called protein sequences that you can find in data-
bases. Many sequence analysis programs acknowledge this fact by offering
on-the-fly translation, so you can process DNA sequences as virtual protein
sequences with a simple mouse click.

More with coding DNA sequences

Using the example in the first paragraphs of the section “DNA Coding
Regions: Pretending to Work with Protein Sequences,” you can see that the
resulting protein sequence depends entirely on the way you converted your
DNA sequence into triplets before using the genetic code. For instance, using
the second position as starting point leads to

1- ATGGAAGTATTTAAAGCGCCACCTATTGGGATATAAG
2- A TGG AAG TAT TTA AAG CGC CAC CTA TTG GGA TAT AAG

3- WKYLEKXKRHLLGYZK

Beginning with the third position (GGA-AGT-. . .) again leads to an entirely
different translation.

Table of Standard Genetic Code

T C A G

TTT Phe (F) |TCT Ser (S) |TAT Tyr (Y) |TGT Cys (C)
TTC Phe (F) [TCC Ser (S) |TAC Tyr (Y) ' TGC Cys (C)
TTA Leu (L) [TCA Ser (S) |TAA Stop TGA Stop

TTG Leu (L) |TCG Ser (S) | TAG Stop TGG Trp (W)
CTT Leu (L) |CCT Pro (P) |CAT His (H) |CGT Arg (R)
CTC Leu (L) |CCC Pro (P) |CAC His (H) CGC Arg (R)
CTA Leu (L) |CCA Pro (P)|[CAA Gln (Q) CGA Arg (R)
CTG Leu (L) |CCG Pro (P) |(CAG Gln (Q) CGG Arg (R)

ATTIle(Ty |ACT Thr (T) |AAT Asn (N)|AGT Ser (S)

ATCTle () |ACC Thr (T) JAAC Asn (N) AGC Ser (8)

ATATe (D) |ACA Thr (T) AAA Lys (K) AGA Arg (R)
ATG Met (M)|ACG Thr (T) AAG Lys (K)| AGG Arg (R)
GTT Val (V) [GCT Ala (A) GAT Asp (D)|GGT Gly (G)
GTC Val (V) |[GCC Ala (A) GAC Asp (D) GGC Gly (G)
GTA Val (V) [GCA Ala (A) GAA Glu (E) |GGA Gly (G)
GTG Val (V) |GCG Ala (A) GAG Glu (E) |GGG Gly (G)

—

@]

-
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Because of the triplet-based genetic code, a given DNA interval, on a given
strand, can theoretically be translated in three different ways — basically three
perspectives that are known in the field as reading frames. Because the DNA
can be used from both strands, a total of six possible reading frames are possi-
ble for translating a DNA sequence into proteins. With very few exceptions
(found in exotic viruses), only one of these six frames is used for any given
DNA coding region. An interval of DNA sequence that remains free of STOP
(the translation of TAA, TGA, or TAG) is called an open reading frame (ORF).

Additional complications arise from the fact that some DNA sequences are
not encoding proteins at all — and that higher organisms have large pieces

of noncoding DNA inserted within their genes. A large part of bioinformatics
is devoted to the development of methods to locate protein-coding regions

in DNA sequences, to delineate precisely where genes start and end, or where
they are interrupted by the noncoding intervals (called introns).

DNA/RNA bioinformatics
covered in this book

Need a road map to the bioinformatic analyses that are relevant to DNA/RNA
sequences covered in this book? Here it is:

v Retrieving DNA sequences from databases (Chapters 2 and 3)

v Computing nucleotide compositions (Chapter 5)

v Identifying restriction sites (Chapter 5)

v Designing polymerase chain-reaction (PCR) primers (Chapter 5)

v Identifying open reading frames (ORFs) (Chapter 5)

v Predicting elements of DNA/RNA secondary structure (Chapter 12)

v Finding repeats (Chapter 5)

v Computing the optimal alignment between two or more DNA sequences
(Chapters 7, 8, and 9)

v Finding polymorphic sites in genes (single nucleotide polymorphisms,
SNPs) (Chapter 3)

v Assembling sequence fragments (Chapter 5)

Working with Entire Genomes

The first truly efficient technique to sequence DNA was discovered in
1977. In 1995, the first sequence of an entire genome (from the microbe
Hemophilus influenzae) was determined. Between these two dates, DNA-
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sequencing technologies improved steadily, but such technologies still
tended to concentrate on mining individual genes for information. During this
period, biologists were mostly sequencing DNA fragments that were a few
thousand nucleotides in length, simply because they were interested in spe-
cific genes that they had started working on years before. Most of the bioin-
formatics tools available today were created during that period. They include

v~ All basic sequence-alignment programs
v Phylogenetic and classification methods

v Various display tools adapted to relatively small-sequence objects (such
as protein sequences no more than a few thousand characters long)

Genomics: Getting all the genes at once

The determination of the first complete genome sequence terminated the
gene-by-gene routine and initiated the era of genomics, the genetic mapping,
physical mapping, and sequencing of entire genomes. As a consequence, the
DNA sequences we have to work with now are much longer — close to a
million-bp in length for microbes and up to several billion-bp in length for
animals and humans. This revolution called for the design of new bioinformatic
tools and databases capable to store, query, analyze, and display these huge
objects in a user-friendly manner. Chapters 3, 5, and 7 present some of the
questions that biologists address at the genome scale, and show the relevant
bioinformatic tools in action.

In contrast to the early days of the gene-by-gene approach, DNA sequences
are now often obtained (along with the presumed protein sequences derived
from those DNA sequences) without any prior knowledge of what is actually
there. In essence, genes are both sequenced and discovered at the same time.
This development prompted the emergence of an entirely new branch of
bioinformatics devoted to the parsing of large DNA sequences into their
components (genes, transcription units, protein-coding regions, regulatory
elements, and so forth). This first pass is then followed by a longer phase of
genome annotation, where the biological functions of these various elements
are (more or less tentatively) predicted. Part IV of this book presents you
with some of these most advanced techniques.

Figure 1-10, representing the whole genome of the bacterium Rickettsia
conorii, illustrates this new level of complexity. This circular DNA molecule is
1.3 million bp long, on the small side for a bacterium. Each little rectangle in
the two most external circles of features (one circle per strand) corresponds
to a protein-coding gene in the circular genome. Each rectangle corresponds
to approximately 1000 bp. Nobody knew which genes — or which proteins —
were in that bacterium before the sequencing started. Almost everything we
know now about this bacterium (and many others we can describe as fairly
inaccessible, such as those thriving on the ocean floor near volcanic vents at
100°C) has been derived from bioinformatic analyses.
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Genome bioinformatics covered in this book

The following list lets you know where in this book you’ll find more in-depth
coverage of specific topics (some of them bristling with scary, mouth-filling
terms) related to genome bioinformatics:

v Finding which genomes are available (Chapter 3)

v Analyzing sequences in relation to specific genomes (Chapters 3 and 7)

v Displaying genomes (Chapter 3)

v Parsing a microbial genome sequence: ORFing (Chapter 5)

v Parsing a eukaryotic genome sequence: GenScan (Chapter 5)

v Finding orthologous and paralogous genes (Chapter 3)

v Finding repeats (Chapter 5)



Chapter 2

How Most People Use
Bioinformatics

In This Chapter

Using PubMed to become quickly knowledgeable on any biological subject
Retrieving protein and DNA sequences relevant to your work
Running your first sequence/database comparison with BLAST

Performing your first multiple sequence alignment with ClustalW

Personally, I'm always ready to learn, although I do not always like
being taught.

— Sir Winston Churchill

In this chapter, we show you enough bioinformatics to perform the routine
— but nonetheless incredibly useful — tasks that experienced molecular
biologists once spent months mastering by wandering helplessly on the Net.
Chances are that you can fulfill 90 percent of your professional needs without
knowing more than the content of this chapter. If you've already got a pretty
good chunk of bioinformatics under your belt — enough to qualify as a power
user — you may still find useful reminders and tricks here. If your back-
ground is in computer science, we show you the kinds of tools that biologists
demand. So get on your favorite PC, follow the guide, and enjoy the ride!

Becoming an Instant Expert
with PubMed/Medline

Think about the following situation: You just got the sequence of the gene
you’ve been working on for years, and you gave it to the grumpy local specialist
in bioinformatics to analyze it for you. (This is, of course, before you had an
opportunity to read this book!) The specialist’s diagnosis comes back, and here
it is: “Jim, your sequence looks pretty much like a dUTPase.”
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Finding out about a protein by its name

The good news is, your gene actually resembles something, and you may have
the beginning of a story. The bad news is that you’'ve never heard the term
“dUTPase” in your entire life. Where do you go from here? How do you find
out more about this seemingly obscure term with the strange spelling? How
do you quickly decide whether this story makes any sense in the context of
what you already know about your gene?

Searching PubMed

The answer is to stay in your chair and go to PubMed! To do so, follow
these steps:

1. Using your favorite Internet browser, navigate to
www.ncbi.nlm.nih.gov/entrez/ on the World Wide Web.

Your screen now looks like Figure 2-1, with a Search window already
preset to PubMed and a For text box next to it, ready for you to type
in a few words relevant to your question.

A service of the National Library of Medicine

and the National Institutes of Health My NCBI 2]
Sian In] [Redister]
wWww.pubmed.gov
Pubhied Hucleotide Protein Genome Structure Qb PME Joumals Books
Search PubMed v for dUTPase
| Limits Prewiewindex History | Clipboard Details |
+ To get started, enter one or more search terms
[P #uoutEntrez + Search terms may be topics, authors or journals
Figure 2-1:
Th e in |t| al -ﬁ% Set up an autemated PubMed update in
less than § minutes.
PubMed
{13 Gt a My MCBT account. (2) Save your search
search [P (3) Your PubMed updates can be e-malled directly to you
window. Read the Lly NCEI Help material to explore other options, such as automated updates
L Fub of other databases, seiting search fillers, and highlighting search terms.
|

2. Type in dUTPase in the For window, and click the Go button.
Soon after, a Results list like the one in Figure 2-2 appears on-screen.

For our dUTPase example, we now have more than 200 references at

our fingertips, more than enough to start unraveling the mysteries of
dUTPase — including its relevance to your gene. But don’t feel you have
to rush to the library with your printed list of references before it closes:
You may not even have to go.

3. For any entry in the Results list, click the associated author names.

Author names stand out because they appear in a blue font, underlined —
two signs of a clickable hyperlink.
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Clicking the link calls up a page containing a rather detailed summary
of the paper you chose. If you have a reasonable background in biology
and a little academic flair, reading a few of these abstracts should be
enough for you to get an idea of what dUTPase is all about.

4. Save what you like to your hard drive by choosing your browser’s
Filew>Save As option.

Alternatively, you can transform the display into a simpler (more printer-

friendly) format by selecting Text from the Send To drop-down menu
and then choosing Filem>Save As.

Click here for printer-friendly format.

A service of the National Librarfy of Medicine
and the National Instifutes of Health
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Saving multiple summaries

When your search yields many references, the best move is to start scanning
a few pages — and select the most promising papers for future use by check-

ing the corresponding boxes. To move through the Results pages, just use the
Next link (top right).

When you think you have selected enough references, just do the following:

1. Choose Abstract from the Display drop-down menu.

The abstracts of all the papers you selected in the various pages appear
for you to read.

2. If you want to print this display as is, choose File~>Print from your
browser menu.
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3. If you want to print this display in a more printer-friendly format, first
select Text from the scroll-down menu on the far right of the menu bar
(refer to Figure 2-2) to display this information in a non-HTML format,
and then choose Filew>Print from your browser menu.

4. If you’d like to save the file in the format of your choice, choose
File>Save As from your browser menu, enter a new filename for the
file, and then choose the file format you want to save to.

Although this particular drop-down menu — the one you see fully extended
back in Figure 2-2 — provides a File option, it sometimes conflicts with secu-
rity settings. We advise you to stay away from it and use the standard
FilewSave As command on your browser menu.

Searching PubMed using author’s names

Although you can certainly search PubMed by using topic keywords (such as
protein names), you do have other search options available to you. For exam-
ple, we're sure you've found yourself in the situation where one of your col-
leagues (or perhaps your advisor) has told you something like the following:
“I read a paper by so and so, published not too long ago, and I think it was on
dUTPase; you should check it out.” In the old-style academic world of card
catalogs and stacks of periodicals, this isn’t much of a lead. But on the World
Wide Web, with PubMed at your side, you're almost home free. Suppose you
only remember one of these author’s names, such as Abergel. Using PubMed,
take the following steps to track down the elusive reference:

1. Point your browser to www.ncbi.nlm.nih.gov/entrez/.

2. Type Abergel — the name of your prospective author — in the For
window, and then click the Go button.

The Results list appears, as shown in Figure 2-3.

We now have a list of many papers, all of them with “Abergel” as an author.
Again, you can browse through this list, select some of them, and bring out
their abstracts. However, the bad news is that none of them appear to have
anything to do with dUTPase. To solve this problem, you simply combine
the protein name and the author information in your query — and you
don’t even need to memorize a complicated syntax or Boolean symbols.

3. Type dUTPase next to Abergel in the For window — don’t forget to put
a single space between the search terms — and click Go.

By default, PubMed assumes that you want to use both search terms —
Abergel AND duTpPase — when looking for the appropriate research
papers. By default, PubMed also assumes that you want to look for these
words in the titles OR in the abstracts of the papers. Figure 2-4 shows
the results of your first combined search.
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Because only one paper corresponds to your query, PubMed automati-
cally switches from the “summary” to the “abstract” mode, and you can
now read what this unique paper is all about.

This must be the paper your boss was talking about. Congratulations!
You’ve just accomplished your first bibliographic search with PubMed!

Click here for full text.
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Figure 2-4:
The result of
a standard
combined
search for
Abergel and
dUTPase.

Laboratory of Structural and Genetic Information, RS EP-91, Marseille F-13402, France. chantal@igs. cars-rars fr

A coding region homologous to the sequence for essential eukcaryotic enzyme dUTPase has been identified in different genomic regions
of several viral lineages. Unlike the nonprimate lentiviruses (caprine arthritis- encephalitis virus, equine infectious anemia virus, feline
iramunsdeficiency wirus, and visna virus), where JUTPase is integrated into the pel coding region, this enzyme has never been
demonstrated to be present in the primate lentivirus genomes (human immuncdeficiency virss type 1 [HIV-1], HIV-2, or the related
sitnian immune deficiency virus). & novel approach allowed us to identify a weak but significant sequence similarity between HIV-1
£p120 and the human dUTPase. This finding was then extended to all of the primate lentivirus lineages. Together with the recently
reported fragmentary structural similarity between the W3 loop region and the Escherichia coll dUTPase (P. D. Kwong, R. Wyatt, T
Robinson, R W. Sweet, J. Sodroski, and W. A Hendrickson, Mature 393:648-65%, 1998), our results strongly suggest that an
ancestral dUTPase gene has evolved mio the present primate lentivims CD4 and cytolane receptor interacting region of gp120

PIID: 9847382 [PubMed - indexed for MEDLINE]
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When a search returns more than a single reference, simply choose the
Abstract option manually from the Display drop-down menu.

But wait! There’s more! In fact, this is your lucky day: You’ve hit upon a
paper from a journal that offers free access to the full text (as indicated
by the large colored rectangles that appear above the title).

4. Click the blue rectangle on the left.

This brings you directly to the publisher’s site, where you read an interac-
tive online copy (HTML) or download a reprint in .PDF format, among
other choices (Figure 2-5). An increasing number of scientific journals —
including some leading journals in their respective fields — are offering
full-text access to articles. However, most of them will still ask you to pay
a fee, to be a registered client (for instance, through your university), or to
hold a personal subscription. For some journals (such as the one in Figure
2-5), full-text access becomes free six months after print publication.

By the way, clicking on the rectangle next to the blue one gives you
access to the same article, this time extracted from the public, open-
access bibliographic repository PubMed Central.

Thus, if you're lucky, you can go through the entire bibliographic
process in a flash — and find out all you need about some mysterious
biological subject — without having to leave the comfort of your chair,
thanks to PubMed and the cooperating publishers.

Click here for a PDF reprint.
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PubMed searches are case-insensitive; the results of the searches that appear
in Figures 2-1 through 2-4 do not depend on the capitalization of query terms
when you type them. Thus typing DUTPASE, dUTPase, or dutpase would pro-
duce the same output (as would typing Abergel or aBERGEL). Be aware, how-
ever, that this is NOT the case with all databases and search programs used
in bioinformatics. Watching for case sensitivity is always a good idea.

Searching PubMed using fields

In addition to searching by author and topic, PubMed offers you many more
ways to narrow down your bibliographic searches to more specific topics. To
get a handle on these different ways, however, we need to know more about
the internal structure of Medline entries — the pool of entries from which
PubMed gathers its search results.

To gain some insight into this internal structure, refer to Figure 2-4. We had
just used the PubMed site (www.ncbi.nlm.nih.gov/entrez/) to track
down a single article after inputting Abergel and dUTPase as a query. With
that Results list on your computer screen, you can now do the following:

1. Click the small arrow to the right of the Display drop-down menu.

The contents of the drop-down menu appear: These options are different
ways to display information related to the current article, or are links to
related information.

2. Select the MEDLINE option (Figure 2-6).

The Medline page appears, as shown in Figure 2-7.

In Figure 2-7 you can see the internal structure of a Medline database record.
The information is spread out over separate sections, called fields, each one
preceded by a specific abbreviation — T1T for title fields, AB for abstracts, AD
for the laboratory address, AU for the authors, SO for the journal abbrevia-
tion, and so forth. This structure applies to all Medline records.

Putting fields to good use

Unfortunately, not all PubMed searches are as easy and productive as the one
we used in the dUTPase example. You can get flooded with an overwhelming
number of hits (the standard term for search results) if you formulate queries
that contain common names (such as Smith or Cohen) or use search terms
(such as Down) that can occur in different contexts — such as titles (for
example, Down Syndrome), abstracts, author names, or even addresses

(955 Down Streef).
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Select MEDLINE format here.
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To alleviate this problem, you can query PubMed by restricting the search
for each word of your query to a given field. Thus papers containing the
word at the wrong place are not selected. To do so, you simply have to
follow each term with the code (in brackets) that identifies the field in
which you want to find the search term. Changing the field can totally
modify the result of the searches. For instance, try entering three different
queries — Down [AU],Down [TI],and Down [AD] into the For text box
at the PubMed site.

When we ran those queries, we got (respectively) 275, 16,318, and 1,213
totally unrelated references. At least that narrowed the search a bit.

Using fields to find experts near you

Field-restricted queries are great for dealing with author’s names or subject
terms that can be found in different fields (which would otherwise inflate

and confuse the search results). But field-restricted queries have many other
applications, as well — they’re especially useful for locating experts in partic-
ular research fields in given locations.
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Suppose (for example) you just landed in Chicago and you’d like to know if
there’s anybody around who can give you some insight into the mysteries of
dUTPase. To get your personalized list of resident experts, just do the following:

1. Point your browser to the PubMed site
(www.ncbi.nlm.nih.gov/entrez/).

2. In the For window, enter dUTPase [TIAB] Chicago [AD], and click Go.

By specifying the [TIAB] field, you'll be scanning the titles and
abstracts of potential articles; the [AD] field specifies the address of the
main laboratory associated with these articles.

A couple of papers show up (Figure 2-8).
3. Click the list of authors (in blue, underlined).

You get the abstract of the corresponding article, together with the main
laboratory address. Alternatively, to get all the abstracts at once, follow
Steps 4 and 5.

4. Go back to the previous URL (after Step 2) using the Go Back button of
your browser.

5. In the Display drop-down menu, change the display option from
Summary to Abstract.

A list of abstracts appears. At the top of each abstract, you get the name
of the relevant laboratory in Chicago.

With the information contained in the Medline records, you have names,
street addresses, and sometimes e-mail addresses. If necessary, you can
use a telephone book (or a Web search engine) to supplement this infor-
mation and find out how to contact these experts — the same day. (But
please don’t call these people on our behalf!)

Searching PubMed using limits

PubMed offers yet another way of fine-tuning your queries: You can pre-define
ranges for different attributes in different fields before you run your search.
Said like this, the process sounds awfully technical and complex — but here’s
where we show you how to do it (again using our dUTPase example).

When you want to quickly find out the basics about a subject you know noth-
ing about, it’s best not to read any single highly specialized article. A better
bet is to stick with review articles, where one expert summarizes the state of
the art for you. Unless you're an historian, you won’t have much need to know
about the state of the art as it was 20 years ago (which seems more like three
centuries ago in the field of molecular biology). Thus, we want to limit our
PubMed search to recent review articles about dUTPase. Here’s how it’s done:
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Check these boxes to select papers.

1. Point your browser to the PubMed site at

www.ncbi.nlm.nih.gov/entrez/

2. Type dUTPase in the For text box.

If you clicked the Go button at this point, you’d get a list of more than 320
articles — a bit too much reading for a nonspecialist! Restricting this list
to the most recent review articles written in English would be practical.

3. Click the Limits tab, located just beneath the little arrow for the pull-
down menu of the Search window.

The Limits screen appears, as shown in Figure 2-9. Here, below the
Limited To line, you now have plenty of fields and attributes you can use
for setting limits. You can go back later to this page and explore these
various options.

4. Check the English box in the Language section.

Unless you're fluent in French, bien siir.

5. Check the Review box in the Type of Article section.
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|
Figure 2-9:
Limiting a
search for
dUTPase to
the titles of
review
articles in
English.
|

a\\J

Language
Languages Subsets
[¥] English L2 dournal Groups -
[ French [ cCore clinical journals
[J German [Dental journals
O italian CINursing journals
[ Japanese Topics
[J Russian Oaips
[ Spanish [Bioethics
More Languages [Cancer
[ Afrikaans [ Complementary Medicine
[J Albanian b7 [MHistorv of Medicine it
Type of Article Ages
[ Clinical Trial L2 CJAllnfant: birth-23 months £
[ Editorial [CJAll Child: 0-18 years
[ Letter CJ Al Adult: 18+ years

[ Meta-Analysis

[ Practice Guideline

[J Randomized Controlled Trial
[ Review

Nore Publication Types

CNewbom: birth-1 month
Cinfant: 1-23 months
[JPreschool Child: 2-5 years
[ Child: 6-12 years
[JAdolescent: 13-18 years

[]] Addresses [Adult: 19-44 years
] Biblicaraphy v [CIMiddle Aged: 45-64 years v
Tag Terms
Default Tag: |Title w

Type of article

Restricted field title

6. Choose Title from the Default Tag drop-down menu.

Choosing Title restricts the search to articles for which the topic of
dUTPase is central.

7. Finally, click the Go button.

Your (new and more concise) Results page appears.

In our hands, searching for dUTPase using these limits resulted in five
articles — much better than the 200 hits we would have gotten without the
limits. More important, we’ve limited the search to review articles, which
hopefully contain — in concise form — all we’d ever want to know about this
subject.

A common use of the Limit menu is also to restrict the search for papers
published within a given date range (such as the most recent).
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A few more tips about PubMed

Finding out how to use PubMed to its full extent is certainly worth your time
because PubMed can be useful in many different ways. Remember that you
cannot break anything, and you risk nothing by exploring what all these
buttons — especially the ones we haven’t talked about — might do. Here
are a few last-minute tips:
\\3

1 How to get the most out of your query:

¢ Quoted queries (for example, "down syndrome") behave as a single
word, and are a great way to improve the relevance of your search.

¢ Impress your colleagues by starting using logical connectors (AND,
OR, NOT) in your queries, as in

dUTPase[TI] OR pyrophosphatase[TI] NOT Smith[AU]

¢ Adding initials to proper names (for example, "Abergel C") can
greatly reduce the number of hits.

e Write down the PubMed Identifier (the number in the PMID field)
of that interesting paper you just found. It can be very useful in any
subsequent searches for related items, such as associated gene
and protein sequences.

¢ Don’t forget to deselect the Limit box when starting a new search.

e Don’t put too much initial faith in a search that produces no
results. Spelling mistakes, wrong field restrictions, or improper
limits settings can all throw off an effective search.

¢ As a beginner researching a new subject, read through a couple of
abstracts to enlarge your initial “jargon” vocabulary — and look for
synonyms. For example, if you don’t know that some papers on
dUTPase might use the term “dUTP pyrophosphatase” instead, you
may miss out on some interesting papers.

¢ Try the Related Articles link — the one to the extreme right of the
PubMed output — to enlarge a search that isn’t giving you enough
references.

v Things you (unfortunately) won’t find in PubMed:

¢ Names ranking beyond the 10th place in the author’s list for
older papers (before 1995). This is a significant problem for many
pioneering articles in genomics.

¢ Papers recorded before 1965. PubMed doesn’t have any. Don’t
rely on PubMed as a primary source if you're writing an historical
WBER article in your field.

¢ Abstracts for most references recorded before 1976. Don’t expect
great results from PubMed searches involving these.
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Retrieving Protein Sequences

If putting PubMed to use for bibliographic searches is the most common
bioinformatics thing biologists want to do, then the next most popular thing
is to retrieve relevant protein sequences from the Web to find out more about
the subject at the molecular level. Although PubMed provides you with a
direct link to the protein world, we find that it’s sometimes confusing to use.
So here we introduce you to another site, where finding protein sequences is
really easy.

ExPASy: A prime Internet site
for protein information

Created and managed by one of the pioneers of protein bioinformatics, Prof.
Amos Bairoch, the ExPASy server is a world-leading resource for protein
information. In addition to the Swiss-Prot protein sequence database, the
ExPASy site provides numerous analysis tools that we use throughout this
book. It also provides a wealth of outside links for more specialized analyses
on other servers.

After using PubMed to acquire some preliminary information about a particu-
lar function that you're interested in — dUTPase, for example — go ahead
and find out more about it by retrieving a few examples of protein sequences
that perform this function. (Don’t worry — we show you how.) Because
FEscherichia coli (abbreviated E. coli) is one of the most studied organisms,
we use it in our example to show you how to retrieve the sequence of the
protein performing the dUTPase function in this bacterium.

1. Point your browser to www . expasy.org/sprot/, the Swiss-Prot data-
base home page (Figure 2-10).

2. Type dUTPase coli in the Search window, and then click the Search
button.

A list of three relevant protein sequences (as shown in Figure 2-11)
appears.

Now, when you click the last DUT _ECOLI (P06968) link, a full page of
information about this dUTPase protein of E. coli appears on-screen, as
shown in Figures 2-12 and 2-13. (No single browser window can hold
such a wealth of information, so we’ve broken up the Results page into
two figures.)
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Figure 2-10:
The Search
window at
the top of
the Swiss-
Prot home
page.
|

|
Figure 2-11:
Three
dUTPase
sequences
from the
Escherichia
coli
bacterium.
|
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[ il ExPASy Home page | sitemap | Search ExPASy [ | contactus [ prROSITE Proteomics tools
Search | Swiss-ProyTEMBL ~| for [dUTPase cal
G .
i P Swiss-Prot

=, _W ol Protein knowledgebase - P‘
~swisyrot TIEMBL UniProt

In-Silico Analyeis of Proteing, C p ter-annotated Pr nt to Swiss- theunivarsal proteln resource
Celebrating the 20th Anniversary of Swiss-Prot ey

Register now!

The UniProt Knowledgebase consists of.

s UniProtKBISwiss-Prot, a curated protein sequence database which strives to provide a high level of annotation (such as the
description of the function of a protein, its domains structure, post-translational modifications, variants, etc.), a minimal level of
redundancy and high lewvel of integration with other databases [Wore details / References f Linking ta Swiss-Prot / User manual f Recent
changes f Disclaimer]

s UniProtKBITrEMBL,; a computer-annotated supplement of Swiss-Prot that contains all the translations of EMBL nucleotide sequence
entries not yet integrated in Swiss-Prot.

These databases are developed by the Swiss-Prot groups at SIB and at EB|

UniProt Knowledgebase Release 8.1 consists of:

UniProtKB/Swiss-Prot Release 50.1 of 13-Jun-2006: 223100 entries (More > Swiss-Prot headlines

statistics) Ivian gave names ta all the .. proteins (Read
UniProtkKBITrEMBL Release 33.1 of 13-Jun-2006: 2965756 entries (More more...}

statistics)

« SRS - Access to UniProtkKBiSwiss-Prot, UniProtkB/TrEMBL and other databases using the Sequence Retrieval System

o Full text search in the UniProt Knowledgebase

o Advanced search in the UniProt Knowledgebase by description, gene name and organism {can be used to create html links to UniProt
Knowledgebase queries)

o Taxonomy browser (NEWT)

« BLAST similarity search

Click here for Advanced Search.

il ExPASy Home page | Site Map [ Search ExPASy I Contact us Swiss Prot

| Hosted by B3 SIB Switzerland | Mirror ites: | Australia | Brazil | Canada | China | Korea |

=)

Search | Swiss-ProyTrEMBEL | for dUTPase coli

Search in UniProt Knowledgebase (Swiss-Prot and TrEMBL) for:
dUTPase coli

UniProtKB/Swiss-Prot Release 50.1 of 13-Jun-2006
UniProtKB/TrEMBL Release 33.1 of 13-Jun-2006

» Mumber of sequences found in UniProt Knomledgebase (Swias-ProtG) andTrEMBL)m) 3

» Mote that the selected sequences can be saved to a file to be later retrieved, to do 5o, go toa the bottom of this page
» Far more directed searches, you can use the Sequence Retrieval System SRS

Search in UniProtKB/Swiss-Prot: There are matches to 3 out of 223100 entries

| DUT_ECO57 (P64007)

Deoxyuridine 5-triphosphate nuclectidohydrolase (EC 2.6.1.23) (dUTPase) (dUTP pyrophosphatase). {GCENE: Name=dut;
OrderedLacusNames=75064, ECs4515} - Escherichia coli O157:H7

+DUT_ECOLE (P640086)

Deoxyuridine 5-triphosphate nuclectidohydrolase (EC 3.6.1.23) (dUTPase) (dUTP pyraphosphatase). {GENE: Name=dut,
OrderedLacusNames=c_4464} - Escherichia cali O6

+ DUT_ECOLI (P06968)

Deoxyuridine S-triphosphate nuclectidohydrolase (EC 3.6.1.23) (dUTPase) (dUTP pyraphosphatase). {GENE: Name=dut,
Synanyms=dnaS, sof, OrderedLocushNames=b3640} - Escherichia coli

3relevant dUTPase entries found.
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\\3
A typical Swiss-Prot entry is made up of four parts. Here’s how that
looks for our example of dUTPase:

¢ The top of the entry contains the entry name DUT_ECOLI on the
first line and the unique identifier P06968 (called a primary acces-
sion number) on the second line. As with PubMed identifiers, these
codes are worth writing down; they’re used to cross-reference
related entries in other databases.

¢ The top section offers a biochemical description of the protein,
including its standard name, its international Enzyme Committee
number (“E.C.” does not mean “E. coli”), as well as a couple of syn-
onyms. These synonyms can be very useful to broaden your
search for relevant articles in Medline. Then comes a list of biblio-
graphic references relevant to the sequencing of the protein or
some functional studies. Note that the PubMed ID is given for all
cited articles to allow for easy cross-referencing.

¢ The middle section offers a whole series of links to various func-
tional classification schemes — including relevant protein
domains, 3-D structures, and functional signatures. (We describe
this section in more detail in Chapter 4.)

¢ The bottom section — the sequence section — provides you with
the actual amino-acid sequence of the protein. In Figure 2-14, you
can see that the E. coli dUTPase is made up of 151 amino acids,
corresponding to a predicted molecular weight of 16,155 Da. (The
sequence shown in Figure 2-14 uses the one-letter code format for
describing amino acids. For more on the different formats used,
see Chapter 1.)

For further studies, you need this amino-acid sequence in the FASTA
format — a much simpler format that doesn’t bother with punctuation.
See the sidebar “The FASTA (and RAW) format,” elsewhere in this chap-
ter, for more information.

3. To get the FASTA format, click the FASTA Format link, on the extreme
right of the very bottom of the entry.

The FASTA format for your sequence is shown in Figure 2-15.

In just three easy steps, you've gone all the way from an informal definition
such as dUTPase to the complete description of the protein that performs
this function in everybody’s “favorite” bacterium. (And you thought bioinfor-
matics was complicated?)
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Accession number

Synonyms Swiss-Prot name
- - 5 35/ W :
UniPrgtKB/Swiss-Prot VR
entry F06968 ~Swissprot
In-Silico Analysie of Proteing
Celebrating the zg:gﬁ:ﬁﬁw of Swiss-Prot
[Entry iinfo] [Name and|origin] [Refferences] [Comments] [Cross-references] [Keywords] [Features] [Sequence] [Tools]

ote: most headibgs are clickabie, eten if they doilt appear as links. They iink to the user manual or ather documents,
Eymtormgtion |

Entry name DUT_ECOLI
Primary accesion number P0B968
Secondary acdession number Q2MTW4
Integrated into [Swiss-Prot on April 1, 1988

Sequence wad last modified on April 1, 1988 (Sequence version 1)
Annotations were last modified on  June 12, 2008 (Entry version 68)
gin of the protein

— Protein name Deoxyuridine 5'-triphosphate nucleotidohydrolase
: . [Synonyms EC36.1.23
Figure 2-12: [=¥mony BpoLal
Swiss-Prot dUTP pyrophosphatase
Gene name Name: dut
entry for the Synonyms; dnas, sof
E CO" OrderedLocusMames: b3640
) From Escherichia coli [TaxD: 562] [HAMAF proteome]
dUTPase [Taxcnomy Bacterig, Proteobacteria, Gammaproteobacteria; Enterobacteriales; Enterobacteriaceae; Escherichia

prOtem [1] NUCLEOTIDE SEQUENCE [GENOMIC DNA]
(upper STRAIN=K12,

) FubMed=6139280 [NCEBI, ExFASy, EBI, Israel, Japan]
sectmn)_ Lundberg LG, Tharesson H-0., Karlstroem O H., Nyman P.O.;
"Mucleotide sequence of the structural gene for dUTPase of Escherichia cali K-12.",

I EMBO J. 2:967-971(1983)

Bibliography

More advanced ways to retrieve
protein sequences

Identifying the right protein in Swiss-Prot isn’t always so easy because the
information you start with may not be specific enough. For instance, the
Search feature we outline in the previous section may not work particularly
well if the same term is found in different sections of the Swiss-Prot entry. To
get better results, you have to use some field restriction (which we describe
in the context of PubMed searches).

This type of restricted search always depends on the organization of each
particular database, as well as on the idiosyncrasies of search software. For
Swiss-Prot, the steps are as follows:

1. Point your browser to www.expasy.org/sprot/.

You'll see the by-now-familiar Swiss-Prot database home page (refer to
Figure 2-10).
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Figure 2-13:
Swiss-Prot
entry for the
E. coli
dUTPase
protein
(middle
section).
|

2. Click the Advanced Search in the UniProt Knowledgebase link (located

near the bottom of the opening screen, below the Access
to the UniProt Knowledgebase banner).

The Advanced Search page appears (Figure 2-16). Using this electronic

form, you can retrieve protein sequences by using keywords associated

with three specific fields: Description, Gene name, and Organism.

3. For the purposes of our example, type dUTPase in the Description
field, choose baker’s yeast from the Organism drop-down menu, and
click the Submit Query button. (Refer to Figure 2-16.)

Your results appear on a new page. If you use the dUTPase example,

you’ll successfully retrieve the yeast dUTPase protein, no ifs, ands, or
buts — that’s to say, exactly the protein you were looking for. Its Swiss-
Prot entry name is DUT_YEAST, and its accession number is P33317.

Links to relevant entries in other databases (structure, biochemistry, signatures, .. ., etc.)

3D structure databases
10Uy Xeray, @=1-151.[ExPASYy { RCSE / EBI
10URP; Xoray, A=1-151. [ExPASY f RCSE fEBI]
TEUS; Xoray, A=1-151 [ExPASy /RCSB/EBI
TEUWY, Xeray, A=1-151. [ExPASY f RCSE F EBI]

FPDE TRNE; X-ray, A=1-151. [ExPASYy/RCSE/EBI]
RN, Xeray, A=1-151. [ExPASy { RCSE/EBI]
1SEH; Xeray, A=1-151. [ExPASy / RCSB/EBI
1SYL, Xeray, A=1-151. [ExPASYy / RCSE/EBI
Detailed list of linked structures.

ModBase POBIGE.

Protein-protein interaction databases

DIFP POBI63

Enzyme and pathway databases

BioCyc EcoCyc: DUTP-PYROP-MONOKWER; -.
2D gel databases

SWISS-

SOPAGE POB9GE, COLIL

ECO2DBASE  (C017.2; BTH EDITION.
Organism-specific gene databases
EchoBASE EB024T -
EcoGene EG10251; dut
HOGENOM [Family # Allgnment / Tree]
Family and domain databases

MF_001186; - 1.
AR PBIL [Farmily / Alignment / Tree)]
IFRO0B130; DeomylTPase
InterPro IFRO0Z181, dUTPase_1.
Graphical wiew of domain structure
PFO0B92; dUTPase; 1
Ffam graphical view of domain structurs.
TIGRFAMS TIGROOSTE: dut; 1
ProDom [Domain structure / List of seq. sharing at least 1 domain]
BLOCKS POBI63

Ffam
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Figure 2-14:

Amino-acid Sequence information
sequence Of Length: 151 AA [Thisis the length of the  Molecular weight: 16155 Da [This is the MW of CRCH4: 9

Sequence

ASDEOBCTOFFB2 [This is a

. |unprocessed precursor] the unprocessed pracursar] chacksum ¢n the sequence]
the E. coli 10 20 30 40 50 60
dUTPase MEKIDVEILD PRVGKEFPLP TYATSGSAGL DLRACLMDAV ELAPGDTTLY PTGLATIHIAD
H 70 80 90 100 110 120
DrOteln PSLAAMMLER SGLGHEHGIV LGNLVGLIDS DYQGQLMISV WNRGQDSFTI QPGERIAQMI
(bottom 130 140 150
SeCtIOFI). FVEVVQAEFN LVEDFDATDR GEGGFGHSGR Q
I POB968 in FASTA format
Fasta
I
Figure 2-15:
E. coli

dUTPase | >SP | P06968 | DUT_ECOLI Deoxyuridine 5’ -triphosphate nucleotidohydrolase (EC 3.6.1.23) (dUTPase)
>~ | MKKIDVKILDPRVGKEFPLPTYATSGSAGLDLRACLNDAVELAPGDTTLVPTGLAIHIAD
protein | pgi AAMMLPRSGLGHKHGIVLGNLVGLIDSDYQGQLMISVWNRGQDSFTIQPGERIAQMI
sequence | FVPVVQAEFNLVEDFDATDRGEGGFGHSGRQ

in FASTA
format.
I
Protein description
Prot SwissiProt/TrEMBL Advanced Search
This search program uses SRS to perform giieries. Simpler forms are available to search by description or by full text. Available connectors
within a field are "&" {and), "|" {or) and "I" {buf not). You can prefix your search terms by | to specify "not" (this is not possible in SRS). Example
queries:
« Toretrieve all AP 1 complex proteins frgm mouse (AFP1571, AP1G1, etc. but not MIAP 1, IQGAP1, ), specify Gene Mame: ap ™,
Crganism: Mus, and deselect "Append and prefix *io querny lerms”.
« Torefrieve the three human beta-adrengrgic receptor proteins in Swiss-Frot, but not the beta-adrenergic receptor kinases, specify
Description: bela&adrenergic&recepfdrikinase, Organism: Homo sapiens, and select “Append and prefix *fo query terms”
Search [ Swiss-Prot M TrEMBL
I
Description | dUTPase
Flgure 2-16: AND v| Gene name
i USIng AND Organism Saccharomyces cerevis | Baker's yeast v
- or choose from the list
SWISS PI’O'[ [ Append and prefix * to query terms Hurman
Baker's veast
Advanced detailed | wiew of 100 |v|results E. coli
Mouse
SearCh' [ Sournettre la requéte H Prétablir ] Rat
Fruit fi
I

Organism
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The FASTA (and RAW) format

FASTA is the name of a popular sequence-
alignment-and-database-scanning program cre-
ated by W.R. Pearson and D.J. Lipman in 1988
(you can use your brand new PubMed skills to
find the original article). The sequences used by
FASTA have to obey the following format:

>My. Sequence_Name
ARCGTCRGCKINTANDRGCKINTAND
CKINTANDARCGTCRGCKINTANDRG
CKINTAND

The line starting with > (the definition line) con-
tains a unique identifier followed by an optional
short definition. The lines that follow it contain
the DNA or protein sequence (in one-letter
code) until the next > character in the file indi-
cates the beginning of a new sequence.

Because FASTA is easy to parse, this format has
become hugely popular — and is now the
default input format for much sequence analy-
sis software, including BLAST and CLUSTALW.

Be aware, though, that programs using FASTA-
formatted sequences as input are sometimes
case-sensitive. Here are some pointers:

v~ Always use CAPITAL letters for the one-
letter codes.

v When using FASTA-formatted sequences
on a PC, always use the TEXT option of your
preferred word-processing software (that
is, skip the formatting and use nothing but
ASCII characters).

v When displaying these sequences as
a word-processing document, use the
Courier font for easy alignment.

Some programs analyzing one sequence at a
time work with the RAW format. This is simply
the sequence part of the FASTA format, without
the definition line — but machines can be
finicky. Using the FASTA format when the RAW
format is required may cause an error — or
some of the definition line may end up included
in the protein or DNA sequence (!).

Retrieving a list of related

protein sequences

Many questions in molecular biology (your dissertation topic, your own

research, or your personal interests) require downloading a large collection
of similar protein sequences, all related to the same function, rather than just
one sequence. These biological questions typically include the detection of
conserved functional motifs (segments of sequences that look the same in
proteins with the same function), the simultaneous alignment of multiple
sequences, the assessment of their variability, or phylogenetic studies — how
sequences relate to each other through evolution.
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Building your own specialized sequence data file, right on your PC is easy
and enables you to use it with other analysis programs accessible from other
bioinformatic sites. To continue with our previous example, we now show
you how to build a file containing all well-documented dUTPase protein
sequences. To make it usable by other programs, you generate this file in
FASTA format. Here’s the procedure:

First, go back to the Advanced Search page of the ExPASy server:

1. Point your browser to www . expasy.org/sprot/ and click the
Advanced Search in the UniProt Knowledgebase link.

2. In the Search line — directly above the Description window — keep
the Swiss-Prot box checked but deselect the TrEMBL box.

TrEMBL is a database made up of unsupervised computer translations
of new DNA sequences, Swiss-Prot only includes entries validated by
expert curators. Restricting the search to Swiss-Prot thus ensures — to
the best of our knowledge — that all returned proteins are actual
dUTPases.

3. Type dUTPase in the Description window.

Be sure that you don’t type in anything else. In particular, don’t put
anything in the Organism window.

4. Click the Submit Query button.

A Results page appears, as shown in Figure 2-17. This particular search
(at the time of writing) yielded 211 Swiss-Prot entries. (You may get
more entries when you get around to doing your own search.) Scrolling
down the list, you can see that all the entries look like fine and upstand-
ing dUTPase protein sequences. At this point, you can click each of the
individual names (such as DUT_ADEGL) to access a complete ID card.
(For a sense of what you can find on such an ID card, refer to Figures
2-12, 2-13 and 2-14.)

But to complete your assignment on dUTPases, for instance, you now have to
gather all these sequences into a single file. This is easy; just do the following:

1. Perform Steps 1 through 4 in the preceding list, and then click the Select
All button at the top-right of the Results screen (refer to Figure 2-17) or
check the boxes for some specific sequences you are interested in.

2. Don’t waste any time here and don’t change anything; simply click the
Send query button (that’s soumettre la requéte in French).

The Download page appears, as shown in Figure 2-18. Your sequences
are ready to be saved to your hard drive.
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Click here to select all entries.

Retrieve selected entries.

iy ExPASy Home page | Site Map [ Search ExPASY | Contact us Slwiss Prot
Search | Swiss-ProyTiEMEL ~| for [dUTPase cali

UniProtKB/Swiss-Prot description: dUTPase

There are 2711 UniProtB/Swiss-Prot entries with the description dUTPase. The following is a list of|the first 100 entries, sorted |2y entry name
(=)}

Entries in UniProtKBISwiss-Prot (211):

Send selected sequences to | Petieve sequences (FASTA format) ~

Soumnettre la requéte Selectall

Deoxyuridine 5'-triphosphate

O DUT_ACIAD QBFDRO dut, ACIADOSDT nucleotidohydrolase (EC 3.6.1.23) ﬁg;ﬁgﬂbacms” (strain 150
(dUTPase) (dUTF pyrophasphatase)
Deoxyuridine 5'-triphosphate Avian adenovirus gall {strain
I | [ DUT_ADEGT Q89852 nucleotidohydrolase (EC 3 6 1.23) Phelps) (FAdV-1) (Fowl 178
. (dUTPase) (dUTP pyrophosphatase) adenovirus 1)
Flgure 2-17. Deoxyuridine 5'-triphosphate Avian adenovirus § (strain
T fth O DUT_ADEGS Q9vvs0 nucleotidohydrolase (EC 3.6.1.23) ATCC A-2A) (FADV-8) (Fowl 163
Op 0 e (dUTPase) (dUTP pyrophosphatase) adenovirus 8)
||St Of a|| Probable deoxyuridine 5'triphosphate
O DUT_AERPE Q9VG32 dut, APEOOGD nucleotidohydrolase (EC 3.6.1.23) Aeropyrum pernix 163
dUTPase (dUTPase) (dUTP pyrophosphatase)
roteins Deoxyuridine 5'-triphasphate
P . [ DUT_AGRTS QsUI1 :.g;fgo;g nucleotidohydrolase (EC 3.6.1.23) é%g?accgeg‘;’;”{é@eafgg%f 156
found in == (dUTPase) (dUTF pyrophosphatase)
iea. Deoxyuridine 5'-triphasphate
Swiss-Prot. [ DUT_ANAMM Q5PAEG dut, AMSOS5 nucleotidohydrolase (EC 3.6.1.23) g{‘ahﬁ‘;?e”;? marginale (sTain 44y
E—— (dUTPase) (dUTF pyrophasphatase)

You can save the content of this page in various ways, depending on the
Internet browser version you’re using. We recommend the following proce-
dure because it always works — and it doesn’t add mysterious extra charac-
ters to the resulting file!

)

. Choose the Select All feature from your browser menu (in Internet
Explorer, choose Edit=>Select All) and then choose Copy. (Again, in
Internet Explorer you choose Edit~>Copy.)

2. Open a new document in your word-processing program (Microsoft
Word, for example).

3. Choose Paste from the Edit menu of your word-processing program.

4. Reformat the whole document with a Courier font (8 or 10 point) to
realign the sequences.

5. Finally, save your document as dUTPaseDB. txt, using the Save As
type option text only (* . txt).

You now have, on your own personal computer, all the well-characterized
dUTPase protein sequences known to man. Keep this file on your hard drive;
you need it later in this chapter.
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|
Figure 2-18:
FASTA
sequences
ready to be
saved to
your hard
drive.
|

>sp| Q6FDRO| DUT_ACIAD Deoxyuridine 5'-triphosphate nucleotidohydrolase (EC 3.6.1.23) (dUTPase
MKVOVKILDORLGQENPLPSYATTGS AGLDLRACLDEATQIEFGOTVL IKTGHATY IHDT
NF 2GLILPRSGLGHKEGIVLGNLYGL IDSD TQGELM ISVWNRGONTF TLEF GERLAQYVL
WPVIQAEFEQUEEFWATDRGLGGF GHTGQE
»sp| Q89662 | DUT_LDEGL Deoxyuridine 5'-triphosphate nucleotidehydrolase (EC 3.6.1.23) (dUTPase
MDPFGESSVPPCSTEDLPEPKLYFVRLSPHAVPPYRATHGAAGVDLF S AYDIKVEARGRA
L¥PTDLVFOFPPGCTGRIAPREGLALKFF IDVGAGY IDPDYRGNVEVYLFNFSESSFNIR
RGDRVACLILERIMVPELSELTOLGETDRGASGFGS TGHGAVD RNORSVLEUL TPGER
>sp|QIYYS0| DUT_ADEGE Deoxyuridine 5'-triphosphate nucleotidohydrolase (EC 3.6.1.23) (dUTPase
MSFDSGCPPTPFVKLLFRRHSPF AVTPQRATSGAAGYDLCSS ADVVVPFKSRSLIPTDLS
FQFPRGVYGRIAPRSGLAVKFF IDVGAGVIDSD YRGIVSVLLFNFSDHNFNVRRGDRIAQ
LILERHLTPDLEERSGLDETARGLAGFGSTGGFDTGUCPSSFS
»sp|QIYG32 | DUT_AERPE Prohable deowyuridine 5'-triphosphate nucleotidohydrolase (EC 3.6.1.23
M3 AAVFLEGRDLVLLGVVRGHENGATQP AGVDLSVGE IESLAD AGFLGEEDE INPKGDRT

E ELEPGAYRLRFNEVVS IPPGHVGFCFP LEMGCYLGC AVIDPGYTGRGOA
MLLVANPHGLRLEMGSRIAQLVVARVEGFLTSLYRGDTOGEGL
>sp|QBUIL1| DUT_AGRTS Deoxyuridine 5'-triphosphate nucleotidohydrolase (EC 3.6.1.23) (dUTPase
MTVONDHRPLLRLVRL ANGADLELFSVETRGAAGHDLRALVE ADEFLNLOPGERALVPTG
FIFEVPQGYEAQIRPRSGLAIENGITCLNSPGTVDSD YRGEVKVIL ANLGQDDF TIERGH
RIAQMVIAPVTQUTWSEWTETSETARGAGGFGSTG!
>sp| QSPAEG| DUT_ANAMN Deoxyuridine 5'-triphosphate nucleotidehydrolase (EC 3.6.1.23) (dUTPase
MLEVEILELASGVGLPLPSYATPKSAGLDL YA AVDSKLVVHP GGRC AVKTGVALELPDGY
EAQIRSRSGLAANFGICYLNAPGTIDEDYRGE ITVVLSNFGSED YWISRGDREVACHVIAP
VERVEUEEVNS ITATSRGEGGFGSTGT
>sp| @6E4Q0| DUT ANTLO Deoxyuridine 5'-triphosphate nucleotidohydrolasse (EC 3.6.1.23) (dUTPase

Retrieving DNA Sequences

Protein sequences are simple objects with a relatively narrow range of sizes
(they’re about 300 amino acids long, plus or minus 200, except for a few
giant ones), clearly defined boundaries, and specific functional attributes.
Furthermore, proteins of microbes or higher eukaryotes (animal and plants)
have roughly the same properties.

As you might expect, the corresponding gene (DNA) sequences get more
varied and complex in higher animals. Gene sizes in humans may vary from
microbe-like lengths (a few thousand bp) to several hundred thousand bp.

Not all DNA is coding for protein

Various types of DNA sequences are involved in defining a gene:

v Regulatory regions (usually preceding the coding region)
v Untranslated regions that precede and follow the coding regions
v The protein-coding region
In eukaryotes (yeast, plants, animals), the protein-coding region is divided

into a variable number of exons — gene segments that contribute to the final
protein — interspersed with infrons — gene segments that do not.

As a consequence, working with DNA sequences is always trickier than work-
ing with protein sequences. Go to Chapters 3 and 5 to find out more about
the architecture of genes.
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Beware of parasite characters
in downloaded sequence files

In the dUTPAse example, we didn't use the
Filec>Save As command on the Internet browser
main menu to download the content of the
window because files saved using the File=>
Save As command have some problems:

v They may contain some hidden para-
site characters — Control/Alt/Shift +
something — often displayed as <PRE> at
the beginning of the file — which corrupts
the FASTA format.

v They're trickier to reopen by your PC word-
processing software, because they don't
have the right extension (for instance .doc),
or ask you to choose an obscure encoding
scheme (about which we know nothing, so
we can't advise you) to load the file.

It is our experience that using a browser's
Filec>Save As option produces unpredictable
results, depending on the browser type, version,
or implementation. In general, it's a good and
wise practice to inspect the sequence data files
that you download from the Internet for un-
expected leading or trailing signs. For most
sequence-analysis programs, FASTA-formatted
sequence files must begin with a definition line,
such as

>P0343456
My Sequence_definition

and nothing else! Any leading character (even
blank ones) that differs from > may produce an
error. (For instance, the definition line might be
considered part of the protein sequence.)
Sequence-data files also have to end with a
final <New Line> character (showing as a
blank line).

The good news is that usually no constraints
restrict the length of the definition and sequence
lines (but use reasonable numbers, no more
than about 60 to 100 characters long, to be safe).
Except for the constraint of having > as the first
character of any definition line, you can freely
use blank characters, such as <Space>,
<Tab>, and line delimiters without interfering
with the parsing of the sequences.

Finally, do not use characters that are not
among the standard amino-acid codes such as
<->or<*>,Theyaren'ttreated in a consistent
way by different analysis programs. They're
skipped (deleting a position), replaced by X, or
may simply cause an error. (For more on stan-
dard amino-acid codes, see Chapter 1.)

Going from protein sequences

to DNA sequences

In databases, the correspondence between protein and DNA sequences is not
one-to-one. Many different — even non-overlapping — DNA sequences can be
linked to the same protein or gene name, as the following list makes clear
(flip ahead to Figures 3-1 and 3-2):
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v The primary transcript — that is generated by copying the DNA sequence
of a gene from beginning to end, (including exons + introns)

v The mature transcript — the mRNA, generated from the primary tran-
script by discarding the introns)

v The strict protein-coding region — the open reading frame or ORF

v Numerous types of partial sequences

Life is a lot simpler if you can stick to working with just protein sequences,
but we realize that situations will arise that will require you to go back to the
DNA sequence. The most common situation of this kind is when you want to
amplify a gene to transfer it to another organism — using a technique called
Polymerase Chain Reaction or PCR — and then either synthesize the corre-
sponding protein or induce specific mutations. Your problem, succinctly
stated, is this: Given a protein sequence, how can I retrieve the DNA sequence
encompassing its coding region?

Retrieving the DNA sequence relevant
to my protein

Imagine that you want to retrieve enough DNA sequence to clone the
dUTPase gene of E. coli. Sounds tricky, right? We show you how it’s done in
the following steps:

1. Point your browser to www . expasy.org/sprot/.

2. To access the E. coli dUTPase entry quickly, simply enter the accession
number (P06968) in the Search window at the top of the page and then
click the Search button.

Again, we have the information page devoted to protein P06968 at hand
(refer to Figure 2-12.).

3. Click the Cross-References link near the top of the form.

Your browser jumps to the relevant section, as shown in Figure 2-19. The
Cross-References section consists of successive groups of lines intro-
duced by keywords such as EMBL, PIR, PDB, and so on. All these key-
words correspond to databases of various kinds that can give you
additional information about your protein sequence. By clicking the dif-
ferent underlined words, you jump right to the corresponding entry in
those different databases. This web of links between different sites that
concern the same object is, in fact, a web of cross-references. Take the
EMBL group of lines, for instance: There are four of them, starting with
obscure numbers and followed by a set of four underlined links to EMBL,
GenBank, DDBJ (those are databases), and CoDingSequence (the precise
DNA segment coding for the protein). Let’s see what happens when we
use them.
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|
Figure 2-19:
Cross-
References
section of
the P06968
information
page.

|
Figure 2-20:
Top of
GenBank
entry
ECDUT/
X01714.

Click here to get the DNA sequence.

EMBL

PIR

PDE

Sequence databases

HO1714; CAAZE829.1; -, Genomic_DMA.
V01578, CAA24897 1, - Genomic_DNA
L10328 AAAG1893 1, -
U00096; AACTEEEA .1,

Genomic_DMNA

[EMBL / GenBank f DDBJ] [CoDingSequence]
[EMEL f GenBank f DDBJ] [CoDingSequence]
. Genomic_DMA.  [EMBL / GenBank / DDEJ] [CoDingSequence]
[EMEL f GenBank f DDEJ] [CoDingSequence]
[ i

AP009048; BAETT652.1; -, Genomic_DMNA.[EMEL / GenBank / DDBJ] [CoDingSequence]

A30388, WPECDU

3D structure databases

1DUD; % ray, @=1-151 [ExPASy | RCSB /EB]
DUP; X-ray, A=1-151. [ExPASy/ RCSB/EB]
1EUS; Xoray, A=1-151. [ExPASy/RCSB/EB]
AEUW, Xoray, A=1-151. [ExPASy / RCSB/EB]
1RNS; X-ray, A=1-151. [ExPASy/RCSB/EB]
1
1
1

RN, Heray, A=1-151. [ExPASy/RCSB/EBI
1SEH, X-ray, A=1-151. [ExPASy/RCSB/EEI
1SYL; Xeray, A=1-151. [ExPASYy/RCSB/EBI
Detailed list of linked structures

4. Click the GenBank link in the EMBL row’s first line.
The GenBank record (Accession # X01714) corresponding to protein

P06968 appears, as shown in Figure 2-20. It is several pages long.

Accession number

GenBank name

Bibliography

Search | Nucl

Display | Gen|
Range: from
[1: X017
Comment

LOCUS
DEFINITION

botide

begin to end [] Reverse complemented strand  Features:

~ | for 01714

Limits Previewntex Histary

Bank ~| Show 20 |v| Sendto |w

H. Reppris E. coli dut gene .. [g1:41236]
Featules  Sequence

ECDUT 1609 bp DNL linear  BCT 12-SEP-1993

E. coli dut gene for dUTPase (EC 3.6.1.23] (deoxyuridine
5'-triphosphate nucleotidohydrolase) .

ACCESSION Lxo1714

VERSICN X01714.1 GI:41296
KETWORDS dUTPase; unidentified reading frawe.
SOURCE Escherichia coli
ORGANISM Escherichia coli
Bacteria; Protecbacteria; Gammaprotecbacteria; Enterobacteriales:
Enterchacteriaceas; Escherichia.
REFERENCE 1 (bases 1 to 1609)
AUTHORS  Lundberg,L.G., Thoresson,H.0., Karlstrom,0.H. and Nyman,P.O.
TITLE Mucleotide sequence of the structural gene for dUTPase of
Escherichia coli K-12
JOURNAL  EMBO J. Z (6, 967-971 (1983)
PUBMED  £139280
COMMENT Data kindly reviewed (25-NOV-1985) by L. Lundberg.
FEATURES Location/Qualifiers
source 1..1609
/organism="Escherichia coli”
/ol type="genowic DNA™
fdb_xref="taxon:56z"
promoter 286..291
/note="-35 region"
promoter 310..316
/note="-10 region™
mise feature 322..324

ne

/note="put. transcription start region”

_:”\thleotide

Cliphoard

Details

My NCBI
Sign In] [Reqister]

Links

Features
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|
Figure 2-21:
The
Features
section of
GenBank
entry
ECDUT/
X01714.

Roughly speaking, a GenBank entry consists of four parts. Here’s how

they |

ook for our dUTPase example:

The locus name (ECDUT) — an arbitrary identifier — is followed by
a short definition line and a unique accession number (X01714).
This number is the most stable identifier for the entry; we recom-
mend that you write it down because it’s used to cross-reference
related entries in other databases (which is what we did with
Swiss-Prot). A few lines below, the SOURCE and ORGANISM fields
describe the biological origin of the DNA sequence.

The Reference section lists article(s) relevant to the sequence
determination. This list can be quite long for large sequences.

The Features section lists the definitions and exact ranges of multi-
ple types of elements that have been recognized in the sequence.
Our example — the X01714 entry — includes promoter elements,
ribosome binding sites (RBS), and protein coding segments (CDS).
Figure 2-21 shows — right next to the keyword CDS — the limits of
the dUTPase ORF as 343 . .798. The CDS range is followed by the
name and the amino-acid translation of the corresponding protein.

The Sequence section rounds out the GenBank entry, where the
nucleotides are listed between the Origin keyword and the final //
that signals the very end of the entry. Numbering is provided to
help relate the location of the dUTPase ORF (343-798) to the actual
nucleotide sequence. (See Figure 2-22.)

When you’ve read through the entry, you can save the whole thing to your

hard drive
Swiss-Prot

by using the steps we defined in the preceding list for saving
sequences.

Range of dUTPase ORF (CDS).

FEATURES
source

promoter
promoter

misy_feature

i
I3

E.

s}
i

D:

misc_feature

Lecation/Qualifisrs

1..1609

/orgenism="Escherichia colif
/wol_type="genomic DHMA"
/db_xref="taxon:5ez”

286..291

/nore="-35 region”

310..316

/note="-10 region”

322..324

/note="put. transeription Start region”
330..333

/note="put. TRNAL binding site”

'— 343..798

/note="unnamed protein product; dUTP-ase (as 1-151)"
/oodon_start=1

/transl_table=1i

/protein id="CAk25853.1"
Jdb_xref="GI:41297"
Jdb_xref="GOL:POEIES"
fdb_xref="UniProtkE/Swiss-Prot:POEIES"
/translatien="EERIDVKILDPRYGKEFPLPTYATSGSAGLDLRACLNDAVELAR

GDTTLWPTGLAIHIADPSLAAHHMLPRSGLGHKHGIVLGNLVGLIDSDY QGOLHISWIN
RGODSFTIQPGERTAQNIFVPVVQAEFNLVEDFDATDRGEGGFGHIGRQ"
&31..851

/note="put.stem-loop structure”

ORF translation
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End of the dUTPase ORF Start of the dUTPase ORF

QRIGIN
1 cagagasaat casasagoag gocacgcagg gtgatgastt
f1 Aaccoogatat cgtogodgye gLLgonghac Casaagacos
121 ttgoogoocgs sacasalfaat giggasgasat sScgoooggosa
181 ttgatctgat ctgogogaac gatgtttooo agocaactca
241 aCgUattaca COLTLLYUUY Caggacygay AUasagtott CHCRAanyRyC
301 toottggoos attatbichc gacgagabog tgaccogbta aatcgacgtt
361 aagattotgy acccgogoght tgygaaggaa tttoogotco cgactbtatgo cacctotgoo
421 toTgoCHyRC CLORCCYUNY TUCCLOLOLC AAaUQacdecy Tagasclyge toeogggtgac
451 actacgotgy tiocogagody gotggogatt catabltgocg atccLioact guoggoaaty
541 atgotgocge gotcoggatt goyacataag cacggtatcg tgottggtas cotggtaggsa
601 CLORLOgACT CLOgactdios gU@ecagitdg atgatticod COnggaaccy togroaggac
661 agcttoacca ttcaacdtoy cgascgoatc goccagatga tLtttgttce gotagtacag

atggttasaa
grogrogyar
cgtaasasce
agogacaaca

| | 721 gotgaattta atctggigga agatttocgac gocacogace goggtyaagyy cggotttggt
. 781 cactotggte gtcagﬁégba CALACHCRLC CURACLaACQl CAURACATAY CCQUUASACAt
Flgure 2-22: 8§41 ttegtttgog gtoatagogt ggghtgocgoc tggoasgbge ttattbtoag gogbattttg
901 taacatggoa gasaaacasa cbyogassay gasaccgtege gaggaaatac thoagtbotot
1-he 961 QgUOoUCTLUALY CTOUARLCCA JCUALJUUAAY CORARCJHUALC ACHACQUCAR Asctggoodo
Sequence 1021 cteoctghocgge gittcogasg cggoactgta togocacttc cocaghbaaga coocgoabogth
) 1081 cgatagocty attgagttta togaagatay cotgattact cgoatcaaco tgattotgas
Sectlon of 1141 agatgagans QacACCAaCsy CYogQoCtgly LCOLUARLUYTY TLUCLUoLLC LOQOnToTOl
1201 tgageogtaat cotggoctga coogoatoct cactggtoat gogotaatdgt ttgaacaggsa
GenBank 1261 tegooctgoaa goggogoatoa accagotght cgagoegtatt gaagogoage tgogocaggt
entry 1321 attgogtgas sagagasabygc gtgsgogyhga sggtbacacce accgabgasa cocbtgobggo
1381 asgococagatc ctggocttot gtgaagobat gotgtocacgt tttghbcogoa gogaatttas
ECDUT/X017 1441 ataccgoooy acggatgatt ttgacgooog ctggoogota attgoggoca ghtgoagtas
1501 tatgacgooy gabgachLibt cabtccggoga ghttcocLbtbaa acgoosasach ctbiogogata
14- 1561 ggcocttaace googocagat gttocogoocat ttocggottco tottooago
/f
|

End of the X01714 entry

However, to use the nucleotide sequence as input for other programs (for
instance, to design primers), you may need to isolate it from the text part
of the entry and convert it in FASTA format. Here’s how that’s done:

J—

. Scroll back to the top of the page for the ECDUT/X01714 entry.
Refer to Figure 2-20 for what your screen should look like.

2. Choose FASTA from the Display drop-down menu, as shown in
Figure 2-23.

3. Transform the content of this window into plain text by choosing
Text from the drop-down menu located on the far right of the
menu bar.

4. Save the FASTA sequence by using the following protocol:

a. In the Edit menu of your Web browser, click Select All and then
click Copy.

b. Open a default Word document and, in the Edit menu of Word, click
Paste. Then select a Courier font (8 or 10).

c. Finally, save your document as dUTPaseDNA.txt by choosing the
Save as type option text only (* . txt).
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Send to TEXT for printer-friendly display.
Select FASTA format.

Search MNucleotide ™| for

Limnits Preview/Index Histary Cliphoard

Display | FASTA v| show 5 |¥|Sendta |

Range: from begin 1o |end [ Reverse complemented strand

1 X01714 Repotts E. cofi dut gene . [gi41296]

>gil 41296 enda| X01714. 1| ECDUT E. coli dut gens for dUTPase (EC 3.6.1.23) (deoxvuridine
CAGAGRAMATCAARRAGCAGGCCACGCAGGGTGATGAATTARCARTARARATGGTTAARRACCCCGATAT
COTCOCAGGCGTTECCGCACTARLAGACCATCOACCCTACGTCOTTGOATTTGCCGCCGRRACARATART
GTGGAAGEATACGCCCGGCALALACGTATOO0TALLRACCTTGATCTGATCTGCGCGARCGATETTTCCE
N | AGCCAACTCLAGGATTTAACAGCGACAACAACOCATTACACCTTTTCTGGC AGGACGEAGATLLAGTCTT
LCCGCTTGAGCGCARAGAGCTCCTTGGCCAATTATTAC TCGACGAGATCGTGACCCGTTATGATGLLALL
Fi r 2_23. AATCGACGTTAAGATTCTGGACCCGCGCGTTGGGAAGGAATTTCCGCTCCCGACTTATGCCACCTCTGGC
gure | TCTGCCGGACTTEACCTGCGTGCCTGTCTCARCGACGCCGTAGLACTGGCTCCGGGTGACACTACGCTES
Nucleotide TTGCGACCGGGCTEOCGATTCATATTGCCGATCC TTCACTGOCGECAATGATGC TGCCGCGCTCCGGATT
GGGACATLLGCACGOTATCGTGCTTGGTAACC TOSTRGGATTGATCGATTC TG ACTATCAGGECCAGTTG
LTGATTTCCGTGTGGAACCGTGETCAGGACAGC TTCACCATTC AACCTGGCGLACGCATCGCCCAGATGL
sequence Of | TTTTT6TTCCaoT A TAC AGaETO AL T T TAA TETATOO ARG ATTTC GACEAC ACCORCCOOGETEAAGE
GGGCTTTEGTCACTCTGGTCOTC AGTARCACATACGCATCCOAATAACGTCATALCATAGCCGCRAACAT
GenBank | rreerrreceeTeaTacceTeaoToccaaCToRC AAGTOOTTATTTTCAGCGRTATTTTOTAACATGECA
G. TGC T TACTTCAGTCTCTGRCGCTGATGCTEGAATCCL
entry GCGATGGAAGCCAACGTATCACGACGGCALLAC TEGCCECCTCTETCOGCGTTTCCGLAGCGGCACTGTA
TCGCCACTTCCCCAGTARGACCCGC ATGTTCOATAGCCTGATTGAGTTTATCG L GRTAGCCTGRTTACT
ECDUT/XO‘|7 GGGATCAACCTGATTCTGALAGATGAGERAGAC ACCRCAGE TGCGTCTGATTGTGTTGCTGCTT
i TCGGTTTTGGTGAGCBTARTCCT TGACCCGCATCOTC ACTEETCATGCGCTAATGTTTG,ECAGGA
14 in FASTA | 766cCToCARG66C60ATCAACCAGCTOTTCOAGCGTATTGALGCGC AGCTOCGCCAGOTATIGCGTGAR
LAGAGAATGCGTGAGGGTGAAGGTTACACCACCOATGALACCCTGCTGGCARGCCAGATCCTGGCCTTCT
format, |CTeRAGETATGETETEACGTTITOTCCGEAGEGAATTTARATACCGCCCRACGEATEATTTTGACGCCES
GTGGCCGCTAATTOCGGCCAGTTOCAGTAATATOACGCCGGATGACTTTTC ATCCGGOGAGTTTCTTTAL
ACGCCARACTCTTCOCGATAGGCCTTARCCGCCOCCRGATGTTCCGCCATTTCCGGCTTCTCTTCCAGS

Using BLAST to Compare My Protein
Sequence to Other Protein Sequences

After you know the basics of retrieving a protein sequence from a database
(see the earlier, aptly named “Retrieving Protein Sequences” section), you're
ready to perform your first analysis with it. For most people, the next step is
to perform a BLAST search.

BLAST (short for Basic Local Alignment Search Tool — with a name like
that, no wonder they shortened it to BLAST) is a great sequence-comparison
tool that quickly tells you which of the other known proteins out there has a
sequence similar to yours. You can then use this information for a variety of
purposes — including the prediction of protein function, 3-D structure and
domain organization, or the identification of homologues (similar proteins)
in other organisms. (In Chapter 7, we show you how to use BLAST in great
detail. At this point, we only want to get you started and show you how easy
it is to use.)
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BLAST comes to us under the auspices of the National Center for
Biotechnology Information (NCBI), already familiar to us as the hosts for the
PubMed bibliographic database we cover at the beginning of this chapter.
You'll soon discover that using BLAST is just as easy as using PubMed. To
start off, follow these steps:

1. Point your favorite Internet browser to

www.ncbi.nlm.nih.gov/BLAST/

The BLAST home page — probably the most frequented bioinformatic
Web page in the world — appears, as shown in Figure 2-24. Because this
is your first time here, keeping things simple is best.

2. Click the Protein-Protein BLAST (blastp) link in the top right.

A Query screen appears, as shown in Figure 2-25. At this point, you need
a FASTA-formatted protein sequence.

3. Open the file that contains your dUTPase FASTA-formatted protein
sequence.

This is the file that you (hopefully) created on your PC by using the
steps shown earlier in the “Retrieving a list of related protein
sequences” section of this chapter.

Standard protein BLAST

= NCBI —» BLAST
[oout The Basic Local Alignment Search Tool (BLAST) finds regions of local similarily between sequences. The
program compares nuclectide or protein sequences to sequence databases apd calculates the statistical
significance of matches. BLAST can be used to infer functional and evolutionang relationships between
geguences 3s well as help identify members of gene families,

Nucleotide Protein

Quickly gearch for highly similar sequences & Protein-protein BLAST (hlastn)
(megablasty « Fosition-specific iterated and pattern-hit
Quickly search for divergent sequences initiated BLAST (PSI- and PHBLAST)
tdiscontiguous megahlast Search for shor, nearly exact matches
Mucleotide-nucleotide BLAST (blastn) Search the conserved domain datahase
Search for short, nearly exact matches (rpsblash

Search frace archives with megablast or Protein homolagy by domain architecture
digrontiguous megahlast (edart)

Translated Genomes

& Translated query vs. protein database

Hurnan, mouse, rat, chimp, cow, pig, dog,

tblasto sheep, cat
& Protein gueryvs, franslated database & Chicken, puffer fish, zebrafish
(thlastn)  Fly, honey hee, ofher insects
o Translated query ve. translated database = Mhicrobes, emvironmental samples
(thlasty & Plants, nematodes
« Fungi, protozoa, other eukaryotes
|
. Special Meta
Figure 2-24:
NCBI ® Searchfor gene expression data (GEO * Retrieve results
BLAST)
« Align two seguences (bi2seq)
BLAST entry & Screen forvector contamination (ecScreen)
o Immunoglobin BLAST {IgBlast)
page' * SMHP BLAST




|
Figure 2-25:
NCBI

BLAST
query form.
|
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4. Using your browser’s Edit menu, copy and paste ONE of the protein
sequences (with its definition line) into the BLAST Search window.

We used DUT_ADEGLI. If you don’t have the protein sequence ready, open
a new navigation window and go get this sequence on the ExPASy server.
Here’s the quick detour:

a. Point your browser to www . expasy.org/sprot/.

b. Enter DUT_ADEGT1 in the Search window at the top, and then click
Search.

d. Copy the protein sequence with its header line.

e. Close that navigator window, and paste the sequence in the BLAST
Search window.

Paste your query sequence in here.

Uncheck the CD search box.

-
<3 NCBI

Nuclestide " Frotein

protei

-BLAST

Retrigve s for an RID|

>DUT_ADEG1 |
NLPFGEEEVPPCITEDLPEPELYFVRLSPHAVPPVRATHGALGYDLFSAYD IKVP ARGR.
Bearch || ALVPTDLVF QFPPGCTGRIAPRIGLAAKFF IDVGAGYVIDPDYRGNVSVULFNFSESSFN
IRRGDRVAQLILERIMVPELSELTQLGETDRGASGF GSTGHGAVDRNQRSVLEWLTPGS |
B ha

Set subsequence | Fram: To:

Choose database (| nr ™

Lo CD-Zearch L[]

5 LAST! R meseraueny rosetar

Click here to run the search.

5. Deselect the Do CD-Search box, but don’t change the Choose
Database setting.

The nr (for nonredundant) default database includes all protein
sequences known to man — so you don’t have to bother about
selecting a specific organism or subset.

6. Click the BLAST! button.
You just launched your first BLAST search. Welcome to the club!



Part I: Getting Started in Bioinformatics

< The next form that appears (titled “Formatting BLAST”) allows you to
change a number of output features. (See Figure 2-26.) For now, keep the
defaults as they are.
[ A O
<3 NCBI BLAST
Mucleotide Protein Retrieve results for an RID)|
I | Your request has been successfully submitted and put into the Blast Queue
Figure 2-26: Query =DTUT _ADEG] (178 letters)
NCBI
BLAST
“format- The request ID is |1151075325-26818-16621031275. BLASTQ4
while-you- o D
wait” form.
The results|are estimated to be ready in 12 seconds but may be done sooner

Click here once and wait.

7. Click the Format! button.

BLAST now gives you an estimated running time for your query. If the
time of the day is right, this shouldn’t take more than a few seconds.

8. When the Results page appears, scroll down the page until you reach
a long list of sequences (Figure 2-27).

What you have here are all the sequences that have a significant similar-
ity with your query sequence, ranked by decreasing score values. If you
used DUT_ADEG1 or another protein sequence taken from a database, the
best matching protein is probably the one you started with. (This is what
happened in Figure 2-27, with the Fowl adenovirus dUTPase.) Here the
highest similarity score is 361. The score value depends on the length of
the most-similar segments that occur between two sequences — as well
as on the quality of the match. It is not normalized to 100 percent. (See
Chapter 7 to find out more about the significance of BLAST scores.)

In this list of sequences, you would simply click an underlined identifier
to link to the corresponding nr (nonredundant) database entry.

9. Click one of the underlined scores in the second column from the right.

This brings you further down in the page (Figure 2-28), to see the align-
ment between your query sequence and the matching nr sequence of
the protein that corresponds to this score.

In our example, the best match is (not surprisingly) an identical one. By going
down the list, you can see less-than-perfect matches, slowly degrading as the
corresponding score decreases and the E-value increases. The E-value is an



|
Figure 2-27:
NCBI

BLAST
output form:
best match
listing.
|

|
Figure 2-28:
NCBI

BLAST
output form:
local
sequence
alignments.
|
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assessment of the statistical significance of the score. E-values close to 1 are
a warning that the conclusion you might draw from the alignments is not reli-
able. (Go to Chapter 7 to find out more about these issues.)

Click here to see the nr entry.

Seore E
Sequences produciny significant aligmments: (Bits) | Value
gi|56160739 | ref| 4P 000401.1] ORF1 [Fowl adenovirus 1] >gil962... _361 6e-99
11385409 gb| AAB26434.1] 19.3 kda polypeptide [fowl adenovirus 1 _353 | 3e-98
71[39653359 | gb| AhR20345.1| ORF1 [Fowl adenovirus 1] 352 Se-96

1|78065034|gh| ABB18356.1] ORF1 [Fowl adenovirus 8] 197 1e-49

1|78067995|gh| ABB18520.1] ORF1 [Fowl adenovirus 2] >gi|57390... 1595 | Be-49
gi|108061029|ref|XP_001113023.1) FPREDICTED: dUTP pyrophosphatase _156 | 4e-46
oi|109081023 |ref|XP_001112092.1] PREDICTED: dUTP pyrophosphatase 186 2e-a6
1| 109081025| et |XP_001113050.1| PREDICTED: dUTP pyrophosphatase 186 | Se-46
1|109081031|zef |XP_001112963.1| PREDICTED: dUTP pyrophosphatase 182 — Se-45
gi| 78066021 |gh| ABE15344.1| ORF1 [Fowl adenovirus 10] 182 Se-45
oi|7513966|pir| [TI0818 dUTP diphosphatase (EC 3.6.1.23) - rat 181 1e-44
194400930 | ref [NP_001035361.1| deoxyuridine triphosphatase isof 181 1e-44
gi|16758374|ref |NP_446044.1] deoxyuridine triphosphatase isof... 181 1e-42
1021705114 |gb| AAH33645.1| DUTP pyrophosphatase [Howo sepiens... 180  2e-44

gi| 0654529 | gh| AAX29955.1] dUTP pyrophosphatase [synthetic const 180 2e-44
gi| 60831644 | gh|AAX36986.1] dUTF pyrophosphatase [synthetic const 180 2e-44

il 7E066007 | gh | APE18331.1) ORF1 [Fowl adenovirus 4] _180 Je—44
gi|47123503 |gh| AAH70339.1] DUTF pyrophosphatase, isoform 1 pr... 179 Je-44
1| 70306444 |ref |NP_001020420.1| dUTP pyrophosphatase isoform ... 173 3e-44
gi|3041664|sp|P33316|DUT_HUMAN Deoxyuridine 5'-triphosphate n... _179 3e—44
gi|34810562|pdb|1050| 2 Chain Z, Human Dutp Pyrophosphatase >g... _179 3e-44
gi|74000610|ref|XF_551869.1] PREDICTED: similar to Deoxyuridi... _178 Ge-44
gi|55236363 |gh|EAAI3851.2] ENSANGPODOOO012604 [Anopheles gamb... 178 Te-44
gi|B4201701 | gh|AAT11642.1| Unknown (protein for MGC:137641) [Bos 178 Te-44
gi|41018627 | gh| AARSB232.1] ORFO07 dUTPase [Orf virus] »gi|4i0... 178 1e-43
i]18043437|gh| AAH139759.1] Dutp protein [Mus wusculus] >gi| 74. 176 3e-43
gi|21281687|ref|WP_076084.2] deoxyuridine triphosphatase [NMus... _17§ 3e-43
i 53130842 |emb|CAGI1750.1| hypothetical protein [Gallus gallus] 176 3e-43
gil|0347082 | gh | AAF74514.1] dUTPase [Mus wusculus] _176 3e-43
gi|50752967 | ref|XF_4135814.1| PREDICTED: similar to husstanide... 176 3e-43

gi|47230657 | emb| CAF99850.1) unnawed protein product [Tecracdon n 175 6e-43

Click here to see the corresponding alignment.

Query sequence

[__Get selected sequences | [ Select all | [ Deselect all ][ Tree View

>[gi| 56160738 | ref| AP_000401.1) ORF1 [Fowl adenovirus 1]

i|9628836|ref |NP_043869.1 dUTP pyrophosphatase [Foul adenovirus i)
gi]|58424|enb| CAAT8921.1] unnamed protein product [Fowl adenevirus 1)

i]1314433 | gh| AAC54895.1 ORF1

@i|7531092 | sp| Q69662 | DUT_ADEGL Deoxyuridine 5'-triphosphate nucleotidohydrolase
pYrophosphatase

Length=174

Score = 361 bits (827), Expect = 62-98
Identities = 176/178 (100%), Fositives = 178/1768 (100%), Gaps = 0/178 (0%)

Matching sequence

Query 1 MDPFGEES¥PPCSTSDLPEPKLYFVYRLEPHAVPPVRATHGAAGYDLF SAYDIKVPARGRA 60
MDPFGSSSWPPCSTSDLPEPKLYFVRLSPHAVPPVRATHGALGYDLF SATD IKVP ARGRA
Shjet 1 MDPFGS3SWPPCSTSDLPEPKLYFWRLSPHAVFPVRATHGLAGYDLF SAYDIKVPARGRA 60
Query &1  LUPTDLVFQFPPGCYGRIAPRSGLLAKFFIDVGAGVIDPDYRGNVSVVLFNFSESSFNIR 120
LYPTDLY¥FQFPPGCYGRIAPRSGLALKFF IDVGAGY IDPD YRGNVEVVLFNFSESSFINTR
Sbjet 61  LUPTDLWFQFPFGCYGRIAPRSGLAAKFFIDVGAGVIDPDYRGNVSVVLFNFSESSFNIR 120

Query 121 RGDRVAQLILERIMVPELSELTOQLGETDRGLSGFGSTGMGAWDENQRSVLEWLTPGSR 178
RGDRVAQLTLERINVPELSELTOLGETDRGASGFGS TGHGAVD RNORSVLEWL TEGSR
Sbjct 121 RGDRVAQLILERIMVPELSELTOLGETDRGASGFGSTGHMGAVDRNQRSVLEWLTPGSR 178

Database sequence
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Making a Multiple Protein Sequence
Alignment with Clustalll/

Besides running database searches to identify similar proteins pair by pair,
the second most common bioinformatic task that biologists like to perform
with protein sequences is a multiple alignment. Multiple alignments consist in
lining up many similar proteins side by side for the sake of comparison.
Multiple alignments are used to

v Identify sequence positions where specific amino acids really matter for
the structural integrity or the function of a given protein

v Define specific sequence signatures for protein families

v Classify sequences and build evolutionary trees

We detail all the intricacies of making good multiple alignments in Chapter

9. At this point, however, we simply want to show you that performing a
multiple alignment is really easy — especially when you have the pleasure

of using some nice Internet server, such as the one maintained by the Protein
Information Resource (PIR) people at Washington, D.C.’s Georgetown
University.

The PIR actually originated from the Atlas of Protein Sequences, the first pro-
tein-sequence collection (which was built by the late Prof. M. Dayhoff in the
late 1970s). The PIR site offers some useful protein analysis tools and data-
bases that we invite you to explore by yourself. Among these tools, it offers a
multiple-alignment server (running the standard ClustalW program) that is
really easy to use for beginners.

Do the following to get your feet wet using ClustalW:

1. Point your browser to pir.georgetown.edu.
The PIR home page appears, as shown in Figure 2-29.

2. Under the Search/Analysis heading, choose Multiple Alignment from
the drop-down menu to display the input form.

The input form appears. At this point, you need a few FASTA-formatted
protein sequences.

3. Open the dUTPase FASTA-formatted sequence file that you created on
your PC in the previous section of this chapter.
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|
Figure 2-29:
Another
useful
protein
analysis
center: PIR.
|

Alternatively, you can go to the Swiss-Prot home page at
WWW . expasy.org/sprot/

and grab a few dUTPase sequences (such as DUT_AQUAE, DUT_BRAJA,
DUT_BPT5, DUT_CANAL, and DUT_BUCAI), as we spell out in the section
“ExPASy: A prime Internet site for protein information,” earlier in this
chapter.

4. Copy/paste five of these sequences (all at once) into the input window,
as shown in Figure 2-30.

Be careful to copy the definition line and the entire amino-acid sequence
for each of them.

5. Click the Submit button.

Within a few seconds, your screen (Figure 2-31) is proudly displaying its
first successful multiple-sequence alignment — and a tree-like represen-
tation of the pair-wise similarity of these sequences.

Select Multiple Alignment.

S RESOURCE
RESEARCH

niProt) provides the scientific
zed, authoritative resource for
| information.

tha univarsal pratain rasource
UniProtkB | UniRef | UniParc = Cument raleaze: &1

FASTA Search

[l Peptide Match

. iProl INK
Protein Family uation Systen Literature. Information & Knowledge

Pattern Search

Pairwise Alignment

Multiple Alignment

D Mapping

PIRSF Scan

" Source for text mining and
ontology development

Classification reflacting
evolutionary relationships

[ ition/Mol Weight
of full-length proteins omposition/Hol Weig

" BioThesaurus of

* Functional site and protein " Functional analysis and protein/gene names and
name rules protein ID mapping RLIMS-P text mining toaol
*Sample family report™ *Sample protein report™ ® Bibliography mapping
i bog T

OTHER RESOURCE P PEPTIDE SEARCH ? T TEXT SEARCH ki

DATABASE: UniProtks DATABASE: /Proclass

" Profeomics: NIAID Bisd
Protecmics Admin. Center Use single |etter amina

* PIR Grid-Enablement: 2cid code i -]

Data node on NCI's caBIG

Home | About PIR | Databases | SearchjAnalysis | Download | Support SITE MAP | TERMS OF USE
ey
R Copyright © 2005 - 2006 Protein Information Resource, Georgetown University Medical Center
3300 Whitehaven Street, NW, Suite 1200, Washington, DC 20007, USA
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This output (if you used the same sequences as we did here) illustrates the
power of multiple alignments:

v~ It clearly delineates a region of high-versus-low sequence similarity in
these related proteins.

Positions 100 percent identical (highlighted by <*>) or occupied by
chemically similar amino-acids (highlighted by <:> or <.>) tend to occur
in a clustered fashion along the sequence, defining regions that are prob-
ably directly involved in shaping the catalytic site or performing the
pyrophosphatase biochemical reaction.

v Various types of functional signatures (small sequence segments
associated to a given biochemical function) can be extracted from
such a multiple alignment.

v Evolutionary relationships between proteins are inferred from
phylogenetic trees.

In Chapters 9, 11, and 13, we tell you more about these key applications of
bioinformatics.

Paste your sequences here.

Protein Information Resource i) :
A [ITIGE O N5 ORIIUM MEVEER Text Search:

I HOME / Search / Multiple Alignment

Multiple Alignment Form n

Get the CLUSTALW alignment and neighbor-joining tree for the input sequences

Insert sequences with their 1D lines in FASTA format:

~DUT_AQUAE E
MSKVILKIKRLPHAQDLPLPSY ATPHSSGLDLRAAIEKPLKIKPFERVLIPT(
GYEGQVRPRSGLAWKKGLT VLNAPGTIDADYRGEVKVILYNLGNEEVVIE
APYQRVEVVEVEEYSOTORGEGGFGSTGTE [v]

€1 m | 3]

and/or

Enter multiple UniProtkB identifiers:

|
Figure 2-30:
Filling up —
the multiple Example: Selected members of PIRSFOD0185 (sample output/annotated output)
alignment
. NOTE: You can submit up to 50 sequences at a time. If you have only 2 sequences, you may alsa
lnput try Pairwise Alignment,
window
at PIR.

— Click here to start the multiple alignment.
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Guide Tree
DUT_BUCAI
DUT_AQLUIAE
DUT_BRAJA
DUT_BFTA
DUT_CANAL
‘Show Numbers Click on the Above IDs for More
|
Branch langths are drawn to scale {For best prntout, use IE ar use Netsoape 6.0 or higher browser. )
Figure 2-31:
Multiple | i Semames mmamen
alignment of
. . DUT_AQUAE -MS-EVILKIKRLPHAQDLF---LPSVATPHSSGLDLRAAI-----ERPLEIKPFERVLI
flve bactenal DUT_BRAJL -MSTEVTVELQRLPHAEGLP-——LP AYQTAE A AGLDLMALVPE-—-DAPLTLASGRYALY

DUT_BPTS - MIKTKLTHFDCHP-———-KIGSED kAGHDLEAFFGTNE i ADLRATAPGESLYT
dUTPase DUT_GANAL MTSEDQSLKKOKLES TOSLEVYLRSPKGKVPTRGSAL AAGYDLYS AELATIPAHGQG-LY
DUT_BUCAI MSHIETKILDSRUKNNFSLE-——— SYATLGSSGLDLRACL-———— DETVELEAHKTILI
sequences L : T Lo
and the DUT_AQUAE PTGLILEIP-EGYEGQVRPRSGLAVKKGLTVLNAPGTIDADYRGEVEV ILVNLGHEEVVT
DUT_BRAJAL ETGLATALE-PGHEAQVRPREGLAAKHGY TYLISPGT IDADYRGE TRV ILTHHGALAFVT
COrrespOnd' DUT_BPTS DTGVAVELP-ROWF GLVVPRSSLGKRHLUI ANT- 4GV IDSDYRGTIKINIL ¥HY GSEMQTL
DUT_CANAL STDISIIVE- IGTYGRVAPRSGLAVKHGISTG--AGYIDADYRGEVEVVLFNHSERDFE I
H H DUT_BUCAT PTGIAIVIANPNITALILPRSGLGHKKGIVLGNLYGLIDSDYQGQLMISLUNRSDODF V'V
ing tree built - IR P X
from their DUT_4CUAE ERGERIACLVIAPVORVEVVEY—-EEVSQTORGE
. . DUT_BRAJL KRGERIAQHVIAPVVQLALVPY——ATLSATDRGAGG!
pair-wise DUT_BPTS ENFERLCOLVVLPHYS THNFE]-VDELEETIRGEGGI GSSGSK-—~
Lo DUT_CANAL REGDRIAQLVLEQIVNAD TRE JSLEELDNTERGEGG
Slmllarlty. DUT_BUCAI HPHDRVAQIIFVPIIRPCFLLY-—KNFNE TSRSERG] GHSGVSOVT

EEETLEN

Invariant regions
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Part i

A Survival Guide
to Bioinformatics

The 5th Wave By Rich Tennant
CRILTENNNT

“Well, that proves it. He’s definitely from
your side of the family.”



In this part . . .

Bioinformatics is about finding and interpreting bio-
logical data online. In this part, we show you how to
go shopping in the main bioinformatics databases. We’'ve
got lots of great tips for picking up the freshest, ripest
data (and not just the low-hanging fruits!). Because all
these databases are linked with one another, we also show
you how you can travel across them and gather every
piece of information you need. It’s a fascinating journey
across human knowledge — and a compulsory starting
point for any research project.

With the right data in the fridge, it’s time to start cooking.
In this part, we show simple recipes for working with DNA
and protein sequences in order to predict their most basic
properties.




Chapter 3

Using Nucleotide
Sequence Databases

In This Chapter
Nabbing a quick refresher on the structure of genes and genomes
Making use and sense of GenBank
Finding out about a specific gene
Working with complete microbial genomes
Browsing the human and other animal genomes

The secret of success is to know something nobody else knows.

— Aristotle Onassis (1906-1975)

Sequence databases are great tools because they offer a unique window
on the past. They make it possible to answer today’s biological questions
by enabling us to analyze sequences that may have been determined as many
as 25 years ago, when the whole technology emerged. By doing this, they
connect past and present molecular biology.

The first databases were in fact created as some sort of sequence museum,
where sequences could be preserved for all eternity in pristine form, just as
they were determined, interpreted, and published by their original authors.
This historical (time capsule!) perspective pretty much remains in GenBank,
the leading nucleotide sequence repository maintained as a consortium
between the U.S. National Center for Biotechnology Information (NCBI),

the European Molecular Biology Laboratory (EMBL), and the DNA Data
Bank of Japan (DDBJ). In this chapter, we show you how to use GenBank
and decipher its entries.

Repository-type databases are great tools when you want to come up with a
bibliography for a particular sequence, but they do not provide easy access
to sequence data when your query deals with broader issues related to a
gene or function rather than with a specific paper. For this reason, the
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second-generation nucleotide-sequence databases have adopted a more gene-
centric perspective, where all the sequence information relevant to a given
gene is made accessible at once. In addition to unraveling the mysteries of
the more traditional GenBank, then, we also show you how to use NCBI's
Entrez Gene, a good example of a gene-centric database.

These days, nucleotide sequences are routinely determined at the whole-
genome or chromosome scale — at least for microorganisms. We now have
information not only about individual gene sequences, but also about their
relative positions, strand orientation, and the presence or absence of bio-
chemical functions within an entire organism. To take advantage of this more
global information, researchers have had to design state-of-the-art genome-
centric sequence-information management systems that can connect special-
ized sequence collections with browsing tools. As an added bonus, this
chapter presents some of the great genome-centric resources dealing with
viruses, bacteria, or (you guessed it) human beings.

However, before you start delving into these information-management systems
in earnest, you may find it useful to read the next section. There, we quickly
summarize the fundamentals of genes and genomes and introduce the vocabu-
lary you need to read GenBank fluently. If you're an experienced biologist, you
can skip this section completely — or read it word for word in hopes of finding
some embarrassing mistake. Go ahead. We dare you! Conversely, if you want to
learn much more, we advise you to go get Genetics For Dummies, by Tara
Rodden Robinson, a great companion book for would-be bioinformaticians.

Reading into Genes and Genomes

True, nucleotide sequences are universal, but the structure of the genes they
encode is markedly different between prokaryotic organisms (organisms lack-
ing a true nucleus) and eukaryotic organisms (the kind lucky enough to have
a true nucleus). You have to know the basic architecture of both types of
genomes and genes to make sense of a simple GenBank entry. Remember that
we need to define a gene as the contiguous genome segment encompassing
all the nucleotide-sequence information necessary to bring about its success-
ful expression — that is, the production of protein or RNA. This handy defini-
tion includes both the coding and regulatory parts of a gene.

Prokaryotes: Small bugs, simple genes

The three most basic classes of living organisms are the prokaryotes (usually
bacteria), the archaea (bacteria-like organisms living in extreme conditions),
and the eukaryotes. Eukaryotes go all the way from microscopic yeast to
humans, animals, and plants.
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For bioinformatic purposes, prokaryotes and archaea are very much the
same. With few exceptions — far beyond the realm of this book — they have
the following properties in common:

v They are microscopic organisms.
v Their genome is a single, circular DNA molecule.
v Their genome size is in the order of a few million base pairs [0.6-8].

v Their gene density — the number of genes per base pairs in the genome —
is approximately one gene per 1,000 base pairs.

v Their genome is lean and mean, containing few useless parts (70 percent
is coding for proteins).

v Their genes do not overlap.

v Their genes are transcribed (copied into messenger RNA) right after a
control region called a promoter.

v These messenger RNA (mRNA) are collinear with the genome sequence.
In other words, genes are in a single piece, not interrupted by noncoding
patches (called introns).

1 Protein sequences are derived by translating the longest open reading
frame (from ATG to STOP) spanning the gene-transcript sequence.

Figure 3-1 illustrates the simple collinear relationship between a bacterial
genomic (gene) sequence, the transcript (mRNA), the open reading frame
(ORF), and the final protein. (For a peek at a typical [small] bacterial genome,
flip to Figure 1-10 in Chapter 1.) The mRNA sequence gets translated into a
protein right after a special signal, called the Ribosome Binding Site (RBS in
Figure 3-1). The ribosome is the main piece of machinery of the cell’s protein-
translation apparatus.

Accordingly, database entries describing a coding prokaryotic sequence
should include three important features:

v The coordinates of some promoter elements

v The coordinates of the RBS

v The coordinates of the ORF boundaries
That’s about all there is to say regarding the simple architecture of prokary-
otic genes. Not all genes encode proteins; for some of them, the function is
directly carried out by the transcribed RNA molecule. This includes transfer

RNA (tRNA), ribosomal RNA (rRNA), and a few other fancy RNAs that shall
remain nameless.

/1
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Eukaryotes: Bigger bugs, complex genes

Eukaryotes encompass a wide variety of organisms, from microscopic yeasts

and fungi to elephants, plants, and humans. Yet eukaryotes, too, have basic

properties in common — properties that end up making them a bit more
NMBER challenging when it comes to genomic and bioinformatic analysis:

v Their genome consists of multiple linear pieces of DNA called
chromosomes (up to a hundred million base pairs long).

v Their genome size (10-670,000 million base pairs), especially for ani-
mals, plants, and amoebae (1), is much bigger than in prokaryotes.

v Their gene density is much lower than that for prokaryotes (one
human gene per 100,000 base pairs).

v Their genome is no model of efficiency, containing many useless parts
(less than 5 percent of the human genome code for proteins).

v Genes on opposite DNA strands might overlap — although that’s a rela-
tively rare occurrence.

v Their genes are transcribed right after a control region called a promoter,
but sequence elements located far away can have a strong influence on
this process.

v Gene sequences are not collinear with the final messenger RNA (mRNA)
and protein sequences. Only small bits (the exons) are retained in the
mature mRNA that encodes the final product.

v Genes often exhibit more than one mRNA (and protein) form.

Genes of higher eukaryotes (animals) may span up to millions of base pairs —
the human dystrophin gene (the mutation of which causes a dreadful disease),
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for example, is 2.2 million base pairs long. The relationships among a gene
DNA sequence, its primary transcript, the various forms of mature mRNA,
and the final protein sequence can be very complex. This is why understand-
ing a database entry that describes all these things may take a bit of work. In
addition, a lot of database entries correspond to partial gene sequences, or
different gene-related objects (such as promoter regions, mRNA, or genome
fragments). Throughout the rest of this chapter, we show you several exam-
ples so that, after a bit of study, you can decipher the most intricate GenBank
entries by yourself.

Making Use (and Sense) of GenBank

For prokaryotes, the limited size of the genes involved — as well as the
simple (linear) relationship among the gene DNA sequence, the mRNA, the
ORFs, and the final protein sequence — make all that information relatively
easy to annotate and store in database records. This is why database entries
corresponding to bacterial genes are relatively easy to read and understand.
In this section, we take you through the entry of the Escherichia coli dUTPase
gene step by step (handy GenBank ID X01714).

Making sense of the GenBank entry
of a prokaryotic gene
First things first, we have to fetch our sample GenBank entry, as follows:

1. Point your browser to www.ncbi.nlm.nih.gov/entrez/.

The NCBI PubMed home page appears.
2. From the Search pull-down menu, choose Nucleotide (as in Figure 3-2).
3. Type the GenBank ID X01714 in the For field, and then click Go.

A Results page appears, displaying a short definition for the nucleotide
sequence entry, preceded by its ID X01714 (underlined in blue).

4. Click the X01714 hyperlink. (Alternatively, you can change the display
option from Summary to GenBank.)

The X01714 GenBank entry appears in the default GenBank format, as
shown in Figure 3-3.

Gurus refer to this as the GenBank flat-file format because you can read it
in a linear fashion, and it doesn’t involve indexes, pointers, or accessory
information (which are customary in the structure of more sophisticated
databases).

In fact, what you have here isn’t totally “flat” because it contains a few
hyperlinks.

/3
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5. Select the Text option from the Send To pull-down menu to generate a
true flat file (text) format of the X01714 entry.

6. Save your entry as a text document on your hard drive by choosing
Filer>Save As from your browser’s main menu.

Choose Nucleotide.
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AU Set up an automated PubMed update in
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Seq uence 1 gs:zz;&%ﬁ;:ﬁs NCBI less than § minutes.
X01714 at 3D Domains

t o vy MCBT account. (2) Save your search,

NCBI S Genome Project ur PubMed updates can be e-mailed directly to you.
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Reading the header of a GenBank prokaryotic entry

The entry text saved in the preceding steps is divided into sections, with key-
words introducing each section. Typical keywords include LOCUS, DEFINI-
TION, ACCESSION, VERSION, KEYWORDS, and SOURCE. Refer to Figure 3-3 as
we go through these keywords step by step:

v LOCUS gives us the locus name (an arbitrary name; here it’s ECDUT)),
the size of the nucleotide sequence in base pairs, the nature of the mole-
cule (here it’s DNA), and its topology (linear or circular molecule — in
this particular case, linear).

v+ DEFINITION provides a short definition of the gene that corresponds to
the entry sequence. Here, it’s the E. coli dUTPase gene.

v ACCESSION lists the accession number — a unique identifier within and
across various databases (such as the protein-sequence databases).
Here, the accession number is X01714.

v VERSION fills you in on synonymous or past ID numbers.

v KEYWORDS introduces a list of terms that broadly characterize the entry.
You can use these terms as keywords for certain database searches. (For
more on using keywords in database searches, check out Chapter 2,
where we discuss using PubMed with limits.)

v SOURCE divulges the common name of the relevant organism to which
the sequence belongs.
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|
Figure 3-3:
GenBank
entry
X01714.

1 ORGANISM gives a more complete identification of the organism,
complete with its technical taxonomic classification.

Notice that ORGANISM is set in a bit from the left margin of the page —
more so, at least, than the other keywords. This isn’t a mistake; com-
puter scientists call this arrangement indentation. The precise position
where a keyword begins on the various lines denotes its subordination
to other keywords. Keywords starting at the same position are said to be
at the same level. The leftmost position delimits sections of the GenBank
entry that are independent, such as the preceding six sections.

In contrast, ORGANISM is indented to indicate that it’s part of the
SOURCE section. (The same thing happens in the REFERENCE section.)

v REFERENCE introduces a section where the credits for the sequence
determination are given (different parts of the sequences can be cred-
ited to different authors). The REFERENCE section contains multiple
parts as denoted by the indentation of the following self-explanatory
keywords: AUTHORS, TITLE, JOURNAL, and PUBMED.

v+ COMMENT introduces the last line of the top of the X01714 GenBank
entry. It contains free-formatted text, such as acknowledgments or info
that doesn'’t fit in the previous sections.

Use this menu for FASTA format.

Click here for text format.
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Escherichia coli K-12
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The next (middle) section of the entry is the FEATURES table (see Figure 3-4).
It describes precisely the gene regions and the associated biological proper-
ties that have been identified in the nucleotide sequence. This entire section
is under the control of the FEATURES keyword. A large variety of biologically
related keywords are subordinated to FEATURES, as we make clear in the
following list:

v~ source indicates the origin of specific regions of the sequence. This is
useful when you want to distinguish cloning vectors from host sequences.
In X01714, the whole sequence comes from E. coli genomic DNA.

v promoter shows the precise coordinates of a promoter element. In
X01714, a =35 region is indicated from position 286 to 291 (indicated by
286..291) in the nucleotide sequence.

promoter introduces another line that contains the coordinates of
another promoter element, this time a —10 region at positions 310 to 316.

v misc feature (miscellaneous feature) indicates the putative location
of the transcription start (mRNA synthesis). For X01714, this is from
positions 322 to 324.

* RBS (Ribosome Binding Site) indicates the location of the last upstream
element. For X01714, this is at position 330 to 333.

v CDS (CoDing Segment) introduces a complex section that describes the
gene’s open reading frame (ORF):

¢ The first line indicates the coordinates of the ORF from its initial
ATG to the last nucleotide of the first stop codon TAA. (For
X01714, it’s 343 to 798.) See Chapter 1 if you don’t remember what
a codon is.

¢ Each of the following lines (indented at the same level) gives the
name of a protein product, indicates the reading frame to use
(here, 343 is the first base of the first codon), the genetic code to
apply, and a number of IDs for the protein sequence.

e /translation, the final keyword of the CDS section, introduces
the conceptual amino-acid sequence of the coding segment. This
sequence is a computer translation that uses the coordinates,
reading frame, and genetic code indicated in the preceding lines.

v Another misc feature follows the CDS section. It contains lines that
point out putative stem-loop structures and repeats. These are potential
regulatory elements of the dUTPase gene.

The FEATURES section of entry X01714 is typical of a simple, well-annotated
bacterial nucleotide sequence, centered on a well-identified gene. However,
this straightforward entry includes a complication: a putative additional
reading frame. We selected this entry because we were interested in one
gene: the dUTPase. However, the entry exhibits an extra putative gene, indi-
cated by an additional RBS element and a second CDS section.
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Figure 3-4:
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FEATURES
table part.
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Protein sequence

JOURNAL ~ EMBO J. 2 (6], 967-971 (1983}

MEDLINE 84057777
PUBMED 139280

COMMENT Data kindly revieved (25-NOV-1985) by L. Lundberg

FEATURES
source
promoter
promoter
wisc feature
EES

cDg

misc feature
repeat unit

repear unit

misc feature
repeat unit

repeat unit

EES

cDg

Location/Qualifiers

1..1609

/orgenism="Escherichia colif
Jdb_xref="taxon: 562"

286..291

/note="-35 region”

310..316

/note="-10 region”

322..324

/note=rput. transeription Start region®
330..333

/note="put. rRNL binding site”
343..798

/rote="dUTP-ase (as 1-151)"
/eodon_start=1

Jtransl table=11

/protein 1d="CAA25859.1"
Jdb_xref="GIL:41297"

/b _xref="SUISS-PROT: POESEE"
/translation="HEKIDVEILDPRVGKEF PLETYATSGEAGLDLRACLND AVEL AP

GDTTLVPTGLATHTADPSLAANMLPREGLGHEHG IVLGNLVGL IDED YQGQLU TSV
RGODIFTIQPGERIAOQNIFVEVVOAEFNLVEDFD ATDRGEGGFGHIGRO"
831..851

/note="put.stem-loop structure”

831..838

/nore=rinverted repeat A"

844..851

/note="inverted repeat A'"

566..893

/note="put. stem-loop structure”

866..872

/note="imp. inverted repeat B"

888..0893

/note=rimp. inverted repeat B'7

889..855

/note="pot. rRNL binding sice"

505..1540

/note="unidentified reading frame"

/oodon_start=1

GenBank entries containing more than one gene are frequent.

Using the Sequence section of a prokaryotic entry

The last section of GenBank entry X01714 is the nucleotide sequence section.
It starts with the ORIGIN keyword and finishes with the end-of-entry line intro-
duced by two slash marks (/ /). Each line of nucleotide sequence starts with
the position number of the first nucleotide in that line. Each line contains 60

nucleotides.

Because the sequence section of a GenBank entry mixes numbers and
nucleotides, you cannot directly use it as an input on most sequence analysis
servers. You first need to generate a FASTA-formatted sequence, as follows:

1. On your GenBank entry page, choose FASTA from the Display pull-
down menu. (Refer to Figure 3-3.)

You'll find the Display pull-down menu at the top-left of the page.

2. Select the Text option from the Send To pull-down menu.

The nucleotide sequence appears now in a form suitable for most
sequence-analysis programs.

3. Save this entry by choosing File=>Save As from your browser’s main
menu or by copying/pasting it into an empty Word document.

/7
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Making sense of the GenBank entry
of an enkaryotic mRNA

We now continue with the dUTPase gene because it’s quite ubiquitous and
present in both prokaryotes and eukaryotes: Humans have it, too. Looking
at the GenBank entries describing the human version of dUTPase clearly
illustrates the increased complexity of higher eukaryotes compared to
prokaryote genes. We start here with a simple one, GenBank entry U90223:

1. Point your browser to www.ncbi.nlm.nih.gov/entrez/.
The NCBI PubMed home page appears on cue.
2. From the Search pull-down menu, choose Nucleotide.

3. Type in GenBank ID U90223 in the For window, and click Go.

A Results page appears, displaying a short definition for the nucleotide
sequence entry, preceded by its ID U90223 (underlined in blue) as
shown in Figure 3-5.

Jump to the corresponding gene.

Get related sequences.
=
, XeF " My NCEI
N ’—‘ w o5 Nuc'eotlde S In] [Fegister]
PubM: Hueleotide Protein Geneme Structure PMC Taxonomy Books
Search Mucleatide ~| for UBO223 e
Limits ‘ Preview/ndex ‘ Histary ‘ Clipboard ‘ Details ‘
Display| Summary | show 20 [+]Sendta [v
‘Alkl |bacteriz 0 | mene 1 | Rerseq 0
Show only records from: CoreNuclestide (1), EST (0}, GSS (). [What's this?]
01 U30223 Reports 2| tinks 0o
| .
Human deoxyuridine friphosphat ohydrolase precursor mRA, nuclear gene encoding mitocHondrial) gene :
. . 2735251 |gb[T00223 1HITH0223[2735201] » Gene Genatype
Flg“re 3-5: b GeneView in dbSHP
H L——|F Related Sequences
Initial b Map Viewer 3
H B OMIM
display for e
GenBank o
¥ Taxonomy
entry F UniGene
U90223 P UnIiSTS

b Linkout

4. Click the U90223 hyperlink. (Alternatively, you can change the Display
option from Summary to GenBank.)

You’re now ready to read your first human GenBank entry:.
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5. Select the Text option from the Send To pull-down menu to generate a
true flat-file (text-format) entry.

6. Save your result by choosing Filez>Save As.

Although it’s related to a human gene, GenBank entry U90223 doesn’t look
very different from entry X01714, the one that describes its bacterial homo-
logue. The top part of the entry follows the general information keywords
order: LOCUS, ACCESSION, DEFINITION, and VERSION.

The KEYWORD line, which is supposed to list readily relevant and searchable
terms (such as dUTPase), is empty for entry U90223. Unfortunately, this isn’t a
fluke. It illustrates a common problem in sequence databases — annotations
may be incomplete. As a result, keyword-based database searches usually
don'’t retrieve all the relevant sequences in GenBank. On a related note, the
information slated for the SOURCE and REFERENCE sections may also be miss-
ing or incomplete. The U90223 entry, for example, says that the sequence here
comes from an unpublished source. However, a simple PubMed search (see
Chapter 2) using the author’s names — Ladner RD and Caradonna SJ — brings
us the relevant article in the Journal of Biological Chemistry — from 1997! A
word to the wise: You should never expect GenBank (or any sequence data-
base) annotations to be up to date; no wonder it’s sometimes impossible to
retrieve some sequences with PubMed searches.

Figure 3-6 displays the FEATURES section of the U90223 entry. The CDS key-
word indicates a coding region (63-821) sequence that corresponds to the
mitochondrial form of human dUTPase. Following the conceptual amino-acid
translation of the OREF, the sig peptide keyword indicates the location of a
mitochondrial targeting sequence, and the mat peptide keyword provides the
exact boundaries of the mature peptide.

This human GenBank entry isn’t really more complex than its bacterial homo-
logue because we carefully selected an entry describing an mRNA sequence,
not a genomic one. At the level of the mature mRNA, the relationship between
a eukaryotic protein and its encoding nucleotide sequences is as collinear as
its prokaryotic counterpart. As the next section shows, genuine genomic data
can be a bit trickier.

Matking sense of a GenBank
eukaryotic genomic entry

The previous section described the GenBank entry corresponding to the
mRNA sequence of the human dUTPase gene. In this case, we want to look at
the GenBank entry AF018430 related to the gene sequence (as it is on the
chromosome) from which this mRNA originated.

79
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Protein (translation) sequence

FEATURES Location/Qualifiers
source 1..960
/organism="Homo =sapiens"

fdb_xref="taxon:9606"

63..821

/note="mitochondrial dUTPase isoform; DUT-M"
/eodon_start=1

/product="deoxyuridine triphosphate nucleotidohydrolase
precursor™

/p):ut,ein_l =rAAE94642.1"

fib_xref="GI:2735292" _
/translation="MTPLCPRPALCYHFLTSLLRS AMQNARGTAEGRSRGTLRARPAP
RPPLAQHGIPRPLESAGRLIQGCRGAS TVGAAGEGELPEAGGSPAPGPETPAISPEK
RARPAEVGGMQLRFARLSEHATAPTRGIARAAGYDLYSAYDYTIPPHEEAVVETDIQI _
ALPSGCYGRVAPRSGLALKHF IDVGAGYIDEDYRGNVGUVLFNF GEEEFEVEEGDRIL
QLICERIFYPEIEEVQALDDTERGSGGFGSTGEN"
gig pepride 63..269

/note="mitochondrial targeting preseguence'

mat_peptide 270..818

/product="deoxyuridine triphosphate nucleotidohydrolase™

s}
=1
in

ORIGIN

1 ggtggaageo tggogoacgt coggaggtge Cgaggaccca accagoccas actotggggg
61 amatgacteoc cototgooot cgococogoge totgotacoa tttocttacy tototgotto
121 gortocagogat goaasschcy cgagycacdy cayaydyocy sagocgoydt astotocggy
181 coaggooogs CoCTOgORoY COUUOOUoOr agracdgyat Loocoggood CTOnooagry
241 ctggoocgoct gagocaaggo tgoogoggag coagtacagt cggggoogot gootggaadg

| 301 gogagetteoo taaggegdygy ggaagoocdd cgoogdgoos ggagacacos gocatttoac

. 361 coagtaagody gogocoggoct Joggagutdy Jogucatgoa goLOCOoTLL gooogyotot
Flgure 3-6: 471 CoUAPoACOD CACYYUOCCOC ACCCHUYECh COQOQUoEoQs COCQUOCLAac gacctghacsa |

FEATURES 481 gtgoctatga thacacsats CCACCLALOY agaaagectgt Lotgassacy gacatbcags

541 tagocgotoco thotggutgt tatggaagag tggotocacy ghcaggottg gotgoamaac

section of 601 aCLiCAntya LUTAadyadot JYLUTCAatay STLURAgAtLa CAJRgQgasat TLOgngLoy

f61 tactghibtas LLLLgyoRas gasasaghliiy Saghcasssas S@ULgatcys SLLOCEacags

GenBank 721 toatttgoga acggattttt tatcocagass tagaagasgt Loaagootty gatgacacod

781 asaggggttc aggaggtttt gyttcoacty gasagaatta asatttatge caagaacagsa

entry G41 amacaagasy CCRCACCLLL CLOLLARAAS GOAAR8RA0C LLTLOCLOOR AUCUTLTLOY

U90223 " 901 tgttttgoscs tboctgtbasac ttactagotht LAaccttobas asgtactgosa LLLtbtactt

|

mRNA (nucleotide) sequence

First, however, we have to fetch the entry by using the same protocol
as before:

J—

. Point your browser to www.ncbi.nlm.nih.gov/entrez/.
The NCBI PubMed home page appears.

2. From the Search pull-down menu, choose Nucleotide.

. Type in AF018430 in the For window, and click Go.

4. Click the AF018430 link.

The AF018430 entry appears, as shown in Figure 3-7.

w

You’'re now ready to read your first human genomic GenBank entry. We've
selected a simple one for you to start with, but it contains some of the speci-
ficities only encountered in eukaryotic entries.
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Pubhizd Nuclsofids Protain Genoms Struct

ucture iC
Search| Nusieotide ] for
Lirnits PreviewsIndex History Clipboard
Display | GenBank v Shew 5 |¥|Sendto v

Range: from  begin to |end [ Reverse complemented strand.  Features

[J1: AF018430. Reports Homo sapiens dUTP... [gi2443576]
Features Seguence

LOCUS HSDUTZ 1177 by juiry linear PRI 28-SEP-1997
DEFINITION Howmo sapiens dUTPase (DUT) gene, exon 3.

ACCESSTON  AFO18430

VERSION AF018450.1 GT:2443576

KETUORDS

SEGMENT 2 of 4

SOURCE Homo sapiens {human)

ORGANISH Howo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomis

| Mexwalia; Eutheris; Euarchontoglires; Primates: Haplorrhini:
Catarrhini; Hominidae; Homo.
Figure 3_7: REFEREHCE 1 (bases 1 to 1177)
AUTHORS  Pearlman,R.E.
GenBank TITLE Human genomic nuclear and mitochondria dUTPase gens

JOURNAL  Unpublished

entr REFERENCE 2 (bases 1 to 1177)
y AUTHORS ~ Pearlman, R.E.
AF018430 TITLE Direct Submission .
. JOUBNAL  Submitted (11-2UG-1997) EBiology, Vork University, 4700 Keele St.,
Norch York, ONT M3J 1P3, Canada
| | FEATURES Location/Oualifier:

The top part contains general information introduced by the usual keywords:

v LOCUS: The locus name is HSDUT2. The rest of the line tells us that
we're dealing with 1177 bp of linear DNA.

v DEFINITION: This line indicates that the name of the gene is DUT and
specifies that the entry encompasses exon 3 of the gene. This reminds
us that human genes generally spread their protein-coding regions
across many disjointed pieces, the exons.

v The ACCESSION, VERSION, and KEYWORDS lines are standard. Note
that for AF018430, the latter is empty, meaning you can’t retrieve this
entry via a keyword-field-restricted search.

\‘@N\BEB v SEGMENT: This field relates to the mosaic structure of eukaryotic genes.
S It indicates that this current GenBank entry is the second segment of a
super entry made of four. You need all four entries to reconstruct the
complete mRNA sequence used as a template for producing the protein.

v The ORGANISM, SOURCE, and REFERENCE lines are standard.

The FEATURES table is what really makes a eukaryotic genomic entry
special — and, as such, is much longer than the ones for prokaryotic
organisms. It contains the following elements (see Figure 3-8):

v The source section contains a /map section. For AF018430, it indicates
that the sequence belongs to chromosome 15, and was more precisely
mapped on the long arm (q) of this chromosome, within the q21.1 cyto-
genetic band.
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v+ The gene keyword introduces complex-looking formulas. Their purpose
is to describe precisely the reconstruction of the various mRNAs spread
over several separate entries.

Concentrate on the first gene order formula to understand how this works:

AF018429.1:<1..1735,1..1177,AF018431.1:1. .45,
AF018432.1:658..732,AF018432.1:884..954,
AF018432.1:1391..>1447

This is nothing more than an exon splicing recipe telling us how to recon-
struct the mRNA sequence. All it says is:

1. Take nucleotides from positions 1 to 1735 from entry AF018429.

2. Add nucleotides from positions 1 to 1177 from the current entry
(AF018430).

3. Add nucleotides 1 to 45 from entry AF018431.
4. Add nucleotides 658 to 732 from entry AF018432.

Protein form 1

mRNA form 1

FEATURES Location/Oualifiers

source 1..1177
/organisw="Homo Sapisns”
/dla_xref=rtaxon:gens”
/wap=riSqiS-g2i.1n

gene order [AF018425.1:<1..1735,1..1177, AF018451.1:1..45
AFD18432.1:658..732, AFO18432 . 1: 564, . 954,
AFD18432.1:1391..71447
/gene="DUT"

wRHA join (AF018429.1:<282..561, AF018429.1:1034..1172,
560..651,AF016431.1:1..45, AF018432.1:658..732,
AF018432.1:884..954, AF018432.1:1391. .>1447
/gene="DUT"
/product="dUTPase"
/note="alternatively spliced; encodes mitochondrial form
of the protein”

cos join(AF018429.1:282..561, AF018429.1:1034. .1172,560. . 651, :]_

AF016431.1:1..45,AF015432.1:658. . 732, AF016432.1:854. .954,
AFO16432.1:1391..1447)

fyene="DUT"

/note="DUT-M; alternatively spliced; mitochondrisl form of
the protein; similar to H. sapiens dUTPase encoded by
GenBank Accession Number USDZZ4"

I /codan_stare-1
fproduct="dUTPasze"
H _Q- /FEDEE].D7 ="LLB713583.1"
Flg“re 3 s' /&7xref= 12443580
G e n B a n k /rranslation="MTPLCPRPALCYHFLTSLLRSAMONARGTAEGRSRGTLRARPAP
RPPALQHGIPRPLSSAGRLSQGCRGAS TWGAAGUKGELPEAGGSP APGPETPAISPSE
RARPAEVGGHQLRF ARLSEHATAPTRGS ARAAGYDL VS AYDYTIPPHEEAVVETDIQT
e ntry ALPEGCYGRVAPREGLAAKHF IDVGAGVIDED VRGN VGV LFNFGKEKFEVEKGDRI L
. QLICERIFYPEIEEVOALDDTERGEGGF GETGRMN™
AF018430- mENA Join(AFD18429.1:<1018..1172,560. . 651, AF018431.1:1. .45,
AFD15432.1:658..732, AF015432.1:554. .954,
FEATURES AFD15432.1:1391..>1447)
/gene="DUT"
table fOr a /product="dUTPase”
. /note="alternatively spliced; encodes nuclear form of the
eukaryotic protein”
% Join(AF018429.1:1018..1172,560..651, AF018431.1:1. .45,
g ene_ AFD18432.1:658..732, AF018432,1:884..954,
AFD15432.1:1391..1447)
E— /gens="IUTY
mRNA form 2

Protein sequence form 1
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5. Add nucleotides 884 to 954 from the same entry (AF018432).
6. Add nucleotides 1391 to 1447 from the same entry again.

The < (less-than sign) at the beginning of the formula indicates that
the gene might actually start before the indicated position, while the >
(greater-than sign) at the end of the formula indicates that the gene
might actually continue beyond the indicated position.

v The mRNA: The AF018430 entry has two mRNA fields, which are inter-
esting because they illustrate the way GenBank represents alternative
splicing patterns. Alternative splicing is a common property of higher
eukaryotic gene expression. If you use the same parsing logic as gene
order (which we describe in the preceding bullet), you can produce the
results we summarize in Table 3-1.

Table 3-1 Mitochondrial or Nuclear dUTPase mRNAs in AF018430

Mrna AF018429 AF018430 AF018431 AF018432
Type 1 282-561 560-651 1-45 658-732
(Mitochondria) 1034-1172 884-954
1391-1447 ->
Type 2 <1018- 560-651 1-45 658-732
(Nuclear) 1172 884-954
1391-1447 ->

Table 3-1 makes it easy to understand what’s going on here:

¢ There are two alternative mRNA: type 1 (for the mitochondria) and
type 2 (for the nucleus).

¢ The nuclear mRNA does not contain the first exon (stored in entry
AF018429) although the mitochondrial mRNA uses this exon.

¢ The nuclear mRNA uses a part of the second exon (stored in
the AF018429) in a different reading frame from its mitochondrial
counterpart.

¢ The two protein sequences become identical on the third exon. You
can see this in the two /translation fields (ETPAISPSK and so on).
See Figure 3-9 for the sequence of the nuclear form of the protein.

v The exon keyword indicates the position of the sole exon present in this
sequence. This is near the end of the FEATURES part of the AF018430
entry (refer to Figure 3-9, positions 560-651). Look at AF018432 if you
want to see multiple occurrences of the exon field in a single entry.

The sequence section, located in the bottom part of the entry, is format-
ted as usual. (Refer again to Figure 3-9.)
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|
Figure 3-9:
GenBank
entry
AF018430:
Bottom and
sequence
part.
|

\\3

Protein sequence form 2

o
=
i

join(iFD18429.1:1018. 1172, 560, .651, AF018431.1:1. .45
AF018432.1:658, 732, AF015432.1:884, .954,
AF018432.1:1391..1247

/gene="DUT"

/note="DUT-N: alternatively spliced; nuclear Lorm of the
protein; similar to H. sapiens dUTPase encoded by GenBank
Accession Humber U90224"
/oodon_start=1
/product="dUTPase"
/protein_id="AB71394.1"
Jdb_xref="GI:2443561"
/translation="NPCSEETPATSPSKRARF AEVGGNGLRF ARLSEHATAPTRGSAR
AAGYDLYSAYDYTIPPHERAVVKTD IQIALPSGCYGRVAPRIGLARKHF IDVGAGVID
EDVRGNVGVVLFNF GRERFEVKKGDRIACLICERIF YPEIEEVOALDDTERGIGGF GS
TGEN™

exon 560..651
/gene="pUTr
/number=3

ORIGIN

1 toectasate at gt

61 tt grtierggog gygettat toeatggata gootagratt
121 attaghtagh aatiygyece LLLLLLOOLT TELLLOLLLT GOLOALLLLE LLOOLLLGoA
181 asctabgggt tgtassgoat coacctbbtg asaghtbgoc LELotgocot thoacgotga
241 LAAJTACCTC AULTLCCART ASACLLULOT TCAUUNUCAR ACACULACAR TULLURCANC
301 ¢ 33 AtTSCLCtat CLEsagetgt Crttttasts
361 at rag! ter Ttorteatas actrttaage Coeatiggta actcatcata
421 goamgghtga LLLTLRGRAAC GAARELLUoR CLRACLOALT ARACACACLY RRAULAathh
451 tgtatgottyg gtocacasaga aastataaaa acaattitat asatagatit goagtbtattt
541 totttoasta TTTTCLLAYE JOCTALUATT ACACAALACT ACCTATIJAY ASAUCTOTLY
601 tyasascyga CATLCAyAtA GOOUECCCLT CEUYULOTTA CUYSadagty gutasgroat

661 tt ggtascratt tgroaaghite TCOLCLOLga CAGACLLOTLC ACgLTTeatt
721 t attgotbgoy ctgtghboot tttgtgat
781 agoasatgoa ctotttgasa ggs acatctot Tt oErt 13

841 CLATTLLLCD COTTOCLCAC TOUAUCUITT AgUCCOAcac LOUCCTAgAs gootgrtone
901 agaacatgye ATTTtatatt atgagagtas aacttotgas CLOLLOgrec Cagastgtyt

a61 ot tggggLLt Lottoagt
1021 t aoaggtttga
1081 tttttoctygg aagegaatic agtgtttace = gttagttect
1141 ¢t ta geatgga

Genomic sequence

Understanding how to splice back the various nucleotide sequence fragments
to form an mRNA and the associated coding regions from segmented
GenBank entries was the main difficulty of this chapter. When you’ve done
that, congratulations — you can sit back and relax while we continue our
tour of GenBank.

Working with related GenBank entries

In every example that we’'ve used so far, we knew the accession numbers for
the entries we wanted to look up — X01714, U90223, or AF018430, for exam-
ple. Normally you get these accession numbers by reading articles that
explicitly mention them when reporting about the corresponding sequence.

That’s a good strategy to start off with, but after you’'ve accessed the first
GenBank entry relevant to your work, you can retrieve other related genes by
selecting the Related Sequences option in the pull-down menu that appears
when clicking the Links link on the right side of the screen for each GenBank
entry retrieved by its accession number (refer back to Figure 3-5). If you click
this link for entry U90223, for example, it returns 37 human dUTPase-related
GenBank entries. They include various mRNA forms and partial sequences,
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partial genomic sequences (around exons), and two large (154kb and 192kb)
sequences of the 15g21.1 genomic region. There are some monkey sequences
as well!

Retrieving GenBank entries
without accession numbers

Although GenBank isn’t the best database for keyword-based searches (see
“Using a Gene-Centric Database,” a bit later in this chapter, for a better
method), querying GenBank by using gene or protein keywords rather than
accession numbers is still possible. Suppose that you want to find the
nucleotide sequence encoding the human dUTPase, but you don’t have any
handy accession numbers lying around. The following shows you how you
should proceed, step by step:

1. Point your browser to www.ncbi.nlm.nih.gov/entrez/.
The NCBI PubMed home page appears.
2. From the Search pull-down menu, choose Nucleotide.

3. Type human [organism] AND dUTPase [Protein name] in the Search
window, and then click Go.

This search retrieves five GenBank entries: AH005568, AF018429,
AF018430, AF018431, AF018432. They encompass exons 1 and 2
(AH005568), exon 3 (AF018430), exon 4 (AF018431), and exons 5, 6,

and 7 (AF018432). The four last entries indicate the full amino-acid
sequence of the two forms (nuclear and mitochondrial) of the dUTPase
protein, as well as the alternative exon usage pattern. Not a bad start!

4. Click the Links link to the right of the AF018432 entry ID line, and
then choose Related Sequences from the pull-down menu that
appears.

This retrieves a total of 20 entries. Among these entries, some contain
mRNA sequences such as U90223.

Note: We do not yet have all the entries related to human dUTPase in
GenBank. By looking at some of the new entries we just pulled out, we
realize that dUTPase is a nickname for “dUTP pyrophosphatase”. Let’s
try to use these new terms in our next search:

5. Type human [organism] AND “dUTP pyrophosphatase” [Title] (the
“quotes” are important here) in the Search window, and then click
the Go button.

Notice that we restricted the search to the [Title] field here — not as
a protein name, which is what we did in Step 3.
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This search now retrieves 20 GenBank entries that are not exactly the
same ones we identified earlier! This illustrates the general difficulty in
retrieving all entries relevant to a given subject, due to inconsistent
usage of synonymous terms (such dUTPase, dUTP pyrophosphatase, or
deoxyuridine triphosphatase) and fields. About half the current entries
correspond to short, single-pass, partial mRNA sequences called
Expressed Sequence Tags (ESTs).

To remove these ESTs from the list, you can use the Search-within-Limits trick
we used with PubMed in Chapter 2:

1. Open the Limits setting menu by clicking the Limits link (below the
Search window).

2. Select the Exclude ESTs check box.

3. Scroll to the top of the form, and click the Go button.

Only eleven GenBank entries survive this particular limit-setting.

Feel free to use this handy Search-within-Limits protocol to try other field-
restricted searches in GenBank.

Using a Gene-Centric Database

Besides the traditional GenBank, NCBI recently developed other databases
(or database interfaces) that are more adapted to gene-centric queries.

Making a gene-centered query involves asking a question that relates directly
to a specific gene, rather than going through all known pieces of sequences
related to that gene. The main advantage of gene-centric databases is that
they return results that are more synthetic than a long list of GenBank
entries, and make much more sense to the biologists. Basically, you get the
whole story at once.

In this section, we take you through the Entrez/Gene resource available on the
NCBI server. This resource makes it possible to gather important information
related to a genetic locus, a specific place on a chromosome where a given gene
has been identified. Thanks to this service, you can rapidly find out everything
that is known about your favorite gene, or its genomic surrounding.

1. Point your browser to www.ncbi.nlm.nih.gov/entrez/.

The NCBI/Entrez home page appears, eager to serve.
2. From the Search pull-down menu, choose Gene.
3. Type DUT [gene] human[organism] in the For window, and then click Go.

You get a screen that looks like Figure 3-10.
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Figure 3-10:
Entrez Gene
entry page
for human
gene DUT.

Different queries such as DUT [gene name] AND "homo

sapiens" [organism] produce the same result. More importantly, it’s
a way to land at the same place — by selecting Gene in the pull-down
menu of Links associated with the nucleotide GenBank entry retrieved
by accession number U90223 (see Figure 3-5). Now, that’s a great way to
link a piece of sequence with the corresponding gene!
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MIM: 601266

GenelD: 1854

The Results page you see in Figure 3-10 is your doorway to a wealth of infor-
mation. By clicking the DUT link — or by changing the display option into Full
Report — you can now get to a large body of information concerning this par-
ticular gene and its genomic environment.

The top of the DUT entry (see Figure 3-11) provides a general description of
what this gene is all about — and what function its products are known to
perform, as well as a large variety of links (right-side menu) to other data-
bases or NCBI files.

Figure 3-12 displays the next part of the entry: a schematic view of the
Human DUT gene structure, with its seven exons used differentially and
spread over 11,909 base pairs of genomic DNA on Chromosome 15.

The long entry then continues — additional sections provide information on
potential interactions with other gene products, homologous sequences in
other organisms, protein functions, and relevant metabolic pathways — as
well as a list of all corresponding sequence entries in GenBank.

Each section, in turn, provides multiple links to help you get a complete (and
sometimes redundant) picture of what’s known about your gene. This one-stop
shopping capacity illustrates the useful concept of a gene-centric database.

What you have here are all the types of mRNA sequences that have been
observed and recorded in GenBank for this gene. You can see that variations
mainly involve the two first exons. These variants (alternative transcripts)
include the mitochondrial and nuclear forms of dUTPase (Table 3-1).
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Figure 3-11:
Top of the
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Click the See DUT in MapViewer link to go to a detailed display of the gene
structure. You can review for yourself the experimental arguments in favor of
the various mRNA models presented, right down to the nucleotide level.

Working with Whole-Genome Databases

The most recent genome-centric databases are the modern bioinformatic
response to the proliferation of complete genome sequencing projects. The
goal of these new types of resources is to gather all the information you need
on a given organism, clearly separated from all the others, so you can more
easily target your analyses on all genes from a specific genome. These new
resources also promote comparisons of whole genomes with whole genomes,
a new field of endeavor called comparative genomics.
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These new databases still provide sequence information on isolated genes,
but now bring in the additional capacity of showing them in relation to each
other within the global framework of an entire genome.

The best way to interact with these databases is to zoom in and out until
you reach the level of detail you need for the question you’re interested in.
Genome-centric databases also provide the easiest way to gather every
gene/protein sequence of a given organism at once, with only a few mouse
clicks.

We start our exploration of whole genome databases by taking a peek at the
Viral Genome section available on the NCBI server.

Working with complete viral genomes

Viruses are fascinating objects, on the edge of the living world. They function
as minimal molecular bits of machinery, cleverly designed to ensure the mul-
tiplication of nucleic-acid molecules (the viral genome) at the expense of cel-
lular hosts (eukaryotic, bacterial, or archaebacterial). While going about
their business, viruses might go unnoticed — or trigger dreadful diseases and
epidemics, such as smallpox, poliomyelitis, or AIDS. Viral genomes come in
all varieties of biochemical forms (RNA/DNA, circular/linear, single/double
stranded) and size (a few kb to a million bp).

Visiting the NCBI Viral Genome resource is a great way to find out more about
them. To demonstrate, we show you what you can find out about the dreadful
AIDS-causing, type-1 human immunodeficiency virus, or HIV-1.

1. Point your browser to www.ncbi.nlm.nih.gov/entrez/.

You’ve probably memorized this address by now. The NCBI PubMed
home page appears.

2. On the black menu bar at the top of the form, click Genome.
This takes you to the Entrez Genome page.

3. Click the Viruses link (on the right side of the form).

The Viral Genomes reference page appears.

4. Scroll down the Viral Reference Genomes page until you reach the
table of available viral-genome sequences grouped by class
(Deltavirus, Retroid viruses, and so on), as shown in Figure 3-13.

5. Type HIV1 in the Search window, and then click the Find button.

Your browser returns a nice global summary of the HIV-1 genome, as
shown in Figure 3-14. At the bottom, a clickable picture indicates the
identity and respective positions of all the genes.
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Similar pages are available for all viruses, regardless of their sizes.

Clicking the here link (bottom of Figure 3-14) gets you a live map,
allowing you to zoom in on any genome region, down to the nucleotide
sequence level, as shown in Figure 3-15.

Navigate/zoom in on the viral genome using these buttons.
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Figure 3-15 shows a position in the genome where the end of the Pol
gene slightly overlaps with the beginning of the Vif gene. Viruses com-
monly have the same nucleotide sequence involved in the making of
two different amino-acid sequences.

6. Click your browser’s Back button.

This takes you back to the HIV-1 Genome entry page. (Refer to
Figure 3-14.)

7. Click the number (9) following Protein coding (second column and
row of the table).

The Protein List page appears, as shown in Figure 3-16. Here, you can
retrieve the DNA and protein sequences in different formats — GenBank
format, or FASTA format — by clicking one of the three lozenges in the
rightmost column.
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Select Protein FASTA here to download all sequences.

Working with complete bacterial genomes

NCBI Entrez offers a nice interface to all publicly available complete bacterial

genome sequences. For a quick tour, do the following:

1. Point your browser to www.ncbi.nlm.nih.gov/entrez/.

The NCBI PubMed home page dutifully appears.

2. Click Genome on the black menu bar near the top of the form.

This takes you to the Entrez Genome page.

3. In the left dark-blue margin, click the Chromosome link located under

the Bacteria heading.

This step returns a listing of all bacteria whose chromosomes have been
fully sequenced. (Directly clicking Bacteria would have given you a
longer list, including parasitic DNA segment called plasmids.) Figure 3-17

shows the top of the list.
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4.

Click here.

Click the NC_007530 link corresponding to the dangerous bioterror-
ism agent Bacillus anthracis.

Your browser displays a table that summarizes the content and features
of the bacterial genome. It’s similar to what we already got for viruses
(see Figure 3-18).

Clicking the Here link near the bottom gets you the same type of live
map we saw with the HIV-1 virus (see the previous section), although
the genome is now much larger. On this map, you can click to zoom into
a particular region of the genome. The genome summary table contains
numerous links to analyses pre-computed for all the genes (function,
similarity, evolutionary relationships) that we leave you to try out for
yourself.

Back in the Summary table (refer to Figure 3-18) click the Genome
Project link.

Doing so gets you a quick description of the bacterium, along with a pic-
ture, details about its habitat, the disease it causes, and so on — as well
as the reasons why it was important to decipher its genome sequence in
the first place. (See Figure 3-19.)
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Figure 3-18:
Bacillus
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genome
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Figure 3-19:
Genome
Project
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Click here to learn about the bacteria.
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More bacterial genomics at TIGR

The Institute for Genome Research (better known by its acronym TIGR) is
home to a team of scientists who pioneered the field of bacterial genomics. In
1995, these scientists produced the two first complete bacterial genomes:
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Hemophilus influenzae and Mycoplasma genitalium. Since then, they have con-
tributed to more than 70 complete bacterial genomes, with more on the way.

TIGR offers a site that is quite complementary to the NCBI resource because
it keeps track of all ongoing bacterial genome sequencing projects (not only
of the completed ones), propose its own variety of well-integrated analysis
tools for use, and offers the possibility to run similarity searches on its
genome sequence data well before the actual completion of the projects
themselves. In addition, TIGR’s scientists offer a specific perspective on the
genomes they have sequenced through their own genome viewing software.

To pay them a quick visit, do the following:

1. Point your browser to www.tigr.org/tdb/.
The TIGR home page appears, as shown in Figure 3-20.
2. Click the Comprehensive Microbial Resource (CMR) link.

Along list of micro-organisms appears, from which you get to select the
one you are interested in.

3. Select one microbe in the list, and then explore the various analyses
tools by clicking the Genome Searches, Genome Toolbox, and Genome
Analyses links at the top of each microbe-specific page.

Click here.
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Figure 3-21:
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Integrated
Microbial
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DoE Joint
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Institute.
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Microbes from the environment at DoE

The U.S. Department of Energy (DoE) is also a main player in microbial
genomics. Its Joint Genome Institute specializes in the study of organisms
that are either (a) important for preserving (or de-polluting) our environ-
ment, or (b) offering some new perspective in solving the incoming world-
wide energy crisis (such as cheap ways of producing hydrogen).

To take a look at its data, follow these steps:

1. Point your browser to img.jgi.doe.gov/.

The Integrated Microbial Genomes resources home page appears, as
shown in Figure 3-21. As was the case with the NCBI and TIGR sites, spe-
cific sets of tools are proposed. The next step looks at the IMG genome
display — one of the more useful IMG resources.

2. To access the IMG Genome display, first click the Find Genomes link.

A table of the available organisms appears.

Click here to start.
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The IMG user interface (see User Interface Map).
allows navigating the microbial genome data space
along its three key dimensions (genes, genomes,
and functions), and groups together the main
CuestionsiConments comparative analysis tools. Microbial genome data
analysis in IMG usually starts with the definition of an
analysis context in terms of selected genomes,
functional annotations, andior genes, followed by the
individual or comparative analysis of genomes,
functional annotations, of genes

Disclaimer

3. Select an available organism by checking the corresponding box, then
clicking Save Selections.

The first organism, Aeropyrum pernix, would be a good choice for now.
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Figure 3-22:
The
chromosome
viewer at
the
Integrated
Microbial
Genomes
DoE
resource.
|

4. In the new page that appears, confirm your selection by clicking
Compare Genomes.

A Genome Statistics page appears.

5. In the Genome Statistics page, click the number one in the DNA
scaffolds row.

6. In the new page that appears, select a coordinate range (for instance
1...500000).

This results in a live display of the microbe gene content in that range,
as shown in Figure 3-22. Putting the mouse pointer over the gene symbol
gets you its name — and clicking the symbol provides you with a wealth
of information on the corresponding protein.

Click on a gene symbol to find out more about its function.

Chromosome Viewer
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(coordinates 1-500000)
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Exploring the Human Genome

The sequencing of the human genome is probably one of the greatest scien-
tific accomplishments of modern times. With 3000 million (and then some)
nucleotides spread over 23 chromosomes, this genome is definitely a com-
plex object to deal with. The major task ahead for bioinformatics is to inte-
grate all the past, present, and future information that human genes contain
in a maintainable, user-friendly resource.
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If you want to make sense of human data, you must have clear ideas on the
current state of the data:

v The complete nucleotide sequence of the human genome is now at
hand — except for a few thousand holes that are still being filled up.
This is a reason why new versions (also called “assemblies™) of the —
almost-finished — human genome are periodically released. This state
of flux is true for all large animal genomes.

v This sequence was obtained in raw format; the next challenge is the
annotation of the raw data — creating a detailed and accurate FEATURES
table of the human genome.

v Throughout the world, new information is generated daily on human
gene properties and functions, using a wide array of techniques. Ideally,
someone has to gather it all, package it nicely, and offer it to the whole
research community for free!

Having doubts that the last goal will ever be attainable in this less-than-perfect
world? Well, think again, because this is where we’re taking you right now.

Finding out about the Ensembl project

The Internet home page of Ensembl (www . ensembl . org) says it all: Ensembl
is a joint project between the European Bioinformatics Institute (EBI) and the
Sanger Institute, both located near Cambridge (U.K.). Together they’ve devel-
oped an integrated database and software system to produce and maintain
automatic annotations for the genomes of animals, with a special attention to
our closest relatives: the vertebrates. This project — like the others we
describe in this chapter — relies heavily on the collaboration of a large
number of individual laboratories. It all started as part of the International
Human Genome Project, continued for the Mouse Genome project, and is
now being pursued for other animals. Data and software are also freely flow-
ing among numerous national database and bioinformatics centers from all
over the world, allowing a complex cross-linking to take place.

Getting started on the Ensembl site

Considering how complex the human genome is, you may not be surprised to
find that you can attack the Ensembl resources from many different angles.
To quickly find out about your options, the best thing to do is to jump on the
guided tour that Ensembl proposes on its home page. Here’s how it’s done:

1. Point your browser to www.ensembl .org/.

The impressive Ensembl home page appears, as shown in Figure 3-23.



|
Figure 3-23:
The

Ensembl
project
home page.
|
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The page densely filled up with links, much too numerous to be explored
in detail in this chapter. You can literally spend weeks navigating all the
possibilities. For now, let’s focus on the right half of the page, where
links to specific animal genome areas are indicated by small pictures.
Thanks to them, you already learned the Latin species name for chim-
panzee (Pan troglodytes!), rabbit (Oryctolagus cunicumus!), or armadillo
(Dasypus novemcinctus!). However, the main reason we're here is to take
a look at the human genome, so let’s click the DaVinci-inspired Homo

sapiens icon.

Use BioMart for serious data mining.

Click here to start navigating the human genome.
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2. Click the Homo sapiens icon.

The page that appears (see Figure 3-24) presents a schematic image of
the various human chromosomes (numbered according to their size),
including the sex chromosomes X and Y, as well as the DNA molecule of

the human mitochondria (a small energy-producing organelle present in

all human cells). This schematic image is “hot,” meaning that clicking a
certain area brings up a new window associated with that area.

2|
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|
Figure 3-24:
Starting
your journey
in the
human
genome.
|
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3. Click anywhere on the chromosome 15 picture.

This lands you in the Chromosome 15 data subset (Figure 3-25), within
which we can now ask specific questions, such as: Where is the dUTPase
gene? We can do this the hard way by clicking in the region of the q21.1
band and then manually scanning the region. (We see this information
earlier in this chapter — remember Figure 3-8?) An easier way is to use
the Feature Locator at the bottom right corner of the page, below the
Jump to ContigView yellow banner, as shown in Figure 3-26. To do so,
follow these steps:

a. Select Gene in the From pull-down menu.

b. Enter DUT in the search window, then click the red Go button.

You are now looking at a complex output, giving you the structure
and the genomic context of the DUT gene at increasing resolution
from top to bottom: a schematic overview (1 Mbp range) (see
Figure 3-27), a detailed view (10-kbp range) (see Figure 3-28), and
even a base-pair view (100-bp range).

Mousing over the display at various levels lets you examine any
chromosome location (down to the level of a gene and its neigh-
bors), study the internal structure and the alternative forms of
expression of this specific gene, and assess the eventual conse-
quences of single-nucleotide polymorphisms within that gene (SNP).
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Getting a complete 1D card on the Human DUT gene

Notice that in the overview display (refer to Figure 3-27), the DUT gene name
is highlighted. Clicking the gene name here reveals a label with its Ensembl
gene number, its location, length, and type (protein coding). In turn, clicking
the gene number returns an exhaustive ID card where everything you ever
wanted to know about this gene can be found, either explicitly, or as one of
the zillions of links to relevant entries in other databases. Check out Figure
3-29 to see how the Human DUT ID card looks like.
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|
Figure 3-27:
The Human
DUT gene
location:
1-Mbp

range
overview.
|

|
Figure 3-28:
The Human
DUT gene
location:
10-kb range
detailed
view.
|

Click here to get the gene ID card.
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